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CONIEXI l VERMONT'S IRON-MAKING INDUSTRY AND MANUFACTURING (1790-1900) 

1) How it developed (geographic; cultural; social; other influences): 
Vermont's iron-making industry developed In association with other pio-
neer works (grist and saw mills, blacksmith shops, etc), which reflect-
ed the needs of early settlers in the state- Ironworks were built near-
water power, ore beds, and sources of fuel (charcoal); blast furnaces 
along lower elevation sites near good roads to transport heavy ingots; 
bloomeries sometimes at higher elevations (i.e. Bristol, Cady's Falls, 
Lincoln, etc)- The works were also influences by Lake Champlain and the 
ironworks that developed in New York. The Lake and later the Champlain 
Canal changed the character of Vermont ironworks from a larger number 
of small speculative operations in pre-canal days to costly, high pro-
duction works after the canal- The railroad eventually brought in 
better iron made cheaper than local works could produce and ended iron-
making in Vermont- Iron-working, in the form of machine shops (mill 
gearing, machinery, tools, scales) and foundries (agricultural imple-
ments, castings, stoves, railroad iron), expanded to reach peak produc-
tion about 1880-1890, dwindling in numbers and production thereafter. 

2) Limitations of development: Vermont ironworks were limited by the 
quantity and quality of its ore (earlier ironworks worked bog ore; 
later works imported ore from NY to mix with and improve the quality of 
locally-made iron); the length of the winters, which froze streams that 
powered the works; the works' remoteness from major industrial centers 
and seaports nearer to the ocean. 

3) Known geographic distributions and patterns: Pre-1800 ironworks were 
distributed near developing population areas that, created the demand 
for raw iron product. With better transportation (road, railroad, and 
lake barges) industrial demand commenced (1800 -1850) and ironworks 
located closer to fuel, ore, and more reliable water power- Better than 
907. of the ironworks operated to the west of the Green Mountain range, 
c oncentr at ed i n Add i son and Rut 1 and Counti es-

4) Historic highlights (i.e., significant events [natural and social!, 
people, technical advances, social trends, etc.): Earliest ironworks in 
Vermont were developed by major political figures: Nathaniel Chipman, 
Ira Allen, Matthew Lyon, etc. The first, ironworks in the NY Adirondacks 
imported ore from the Basin Harbor area. Major NY ironworks, the Crown 
Point. Iron Co was founded by Vermonters: Penfields and Hammonds of 
Pittsford. Blast furnace at East Bennington used preheated blast, (hot 
blast) year before generally accepted date (1834) for first use at a 
furnace in New Jersey. In 1809, Monkton Iron Co at Vergennes attempted 
use of piston driven blast machinery, 26 years before accepted date of 
use in Northeast; first documented successful use was 1839 by Conant at 
Brandon. Last significant, bloomery forges in New England operated in 
Vermont (1850-1880's): Salisbury, Vergennes, Fair Haven, Lincoln, East 
Middlebury; then known throughout US industry for high quality wrought 
iron- Most all major 1790-1830 Vermont ironworks families interrelated: 
Austin, Harwood, Lothrop, Page, Dike, Sax, Bogue, Keith, Drury, Cooley, 
Conant, Broughton, Penfield, and Sutherland; also Col burn and Davey. 
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5) Time frame: 1785 to 1890. (justification: archival research Usee 
(10) below, selected bibliography!. 

6) Property types known and/or expected: Stone-built blast furnace 
structures; workers housing; village support (blacksmiths, carpenter 
shops, schools and churches, company stores and offices, ironmaster's 
house, etc); industrial support (ore crushers, washers, and roasters; 
dams and flumes; iron mines; charcoal kilns, and coal and ore storage 
sheds; forge hearths; triphammers and anvils; waterwheel and turbine 
pits); slag heaps; puddling furnaces; foundry cupola furnace and pat-
tern (mold) shops. 

7) Information gaps/research questions: Specific uses and applications 
(local or exported) of raw iron (cast and wrought) before ca. 1850; 
published references to ironworks at places otherwise not supported by 
local histories or field inspections (C.R. Harte's research notes un-
located); pre-1850 ore processing data (washing, roasting, etc); defi-
nition of 'pocket furnace' in local histories undetermined through 
archival research or field inspection. 

8) Biases: Disproportionate physical sizes of blast furnaces and forges 
and extent of remains result, in misleading economic conclusions based 
on numbers of field remains as compared to documented operations. 

9) Relevant constituencies: Vermont State Parks; private property own-
ers; U.S. Forest Service; local (town, county, and state) archeological 
and historical societies; Society for Industrial Archeology (SIA); in-
dustrial labor history societies; hiking and camping associations; 
public educational television. 

10) Selected bibliography: See V.R. Rolando manuscript 200 Years of 
Soot and Sweat 1985 (copy at DHP). 

Prepared by: Vic Rolando Date: August 9, 1985 



SUGGESTED READING LIST - 19th CENTURY IRON AND CHARCOAL MAKING 
Updated to May 1, 1985 

Ironworks - General: 

W. David Lewis Iron and Steel in America Greenville, Del: The 
Hagley Museum, 1976, 64pp, illus, biblio, index ($3.50). - Excellent. 

David Wei tz man Traces of Jhe Past:_ A Field Guide to Industrial 
Archeology New York: Charles Scribner's Sons, 1980, 227pp, illus, 
biblio, index ($17.95). - Good for both young people and 'the experts'. 

Kenneth Hudson The Archeology of Industry New York: Charles 
Scribner's Sons, 1976, 128pp. illus, biblio, index ($10.00). - North 
America and Europe. 

William F. Robinson Abandoned New England New York: Little, 
Brown and Co, -for the N.Y. Graphic Society, 1976, 211pp, illus, biblio, 
index ($19.95)> - Poorly written but interesting. 

Joseph E. Walker Ho dewe11 Village: The Dynamics of a Nineteenth 
Century Iron-Making Community Philadelphia: University of Pennsylvania 
Press, 1966, 526pp, illus, biblio, index ($5.95). - Excellant. 

Mary Stetson Clarke Pioneer Iron Works Philadelphia: Chilton 
Book Co, 1968, 80pp, illus, biblio, ($3.97). - Good for young people. 

Victor R. Rolando A Survey of Stone Blast Furnaces of New 
Enalind. Eastern New York State Unpublished Ms, 1977, 141pp, illus, 
biblio, index. - Somewhat outdated by current research. Copies at UVM 
Library, Burlington and VHS Library, Montpelier. 

Ironworks - Vermont: 

Richard S. Allen "Furnaces, Forges and Foundries" Vermont. Life 
Winter 1956-57, pp. 2-9, illus. - Somewhat outdated by current research 
but good reading. 

Gina Campoli "Current Research in New England: Vermont - The 
Troy Furnace Site" Society for Industrial Archeology - New England 
Chapters Vol 1, No 2, October 1980, pp. 11-13. - Field work at the Troy 
Furnace Site, Vt. 

Brandon, Vermont: A History of the Town The Town of Brandon, 
1961, biblio, index, ($5.95) pp. 11-13. - Brandon and Forestdale 
i ronworks. 

Carl Seaburg and Stanley Paterson Merchant Prince of Boston: 
Colonel T.H. Perkins. 1764-1854 Cambridge, Mass: Harvard University 
Press, 1971, Chapter 18 "Short Blast on the Otter" pp. 199-210, biblio, 
index ($22.50). - Monkton Iron Co, Vergennes, ca 1808-09. 



Suggested Reading List - 19th Century Iron and Charcoal Making Ccont) 

Ironworks — Vermpnt _(.cont )_: 

Victor R. Rolando Ironmakinq in Vermont: 1775-1890 MA Thesis, 
The College of Saint Rose, Albany, NY, 1980, 132pp, illus, biblio. -
Somewhat outdated by current research. Copies at UVM, Burlington; VHS 
Library, Montpelier; The Rutland Historical Society, Rutland; and 
Sheldon Museum Library, Middlebury. 

"Eighteenth Century Forges" VAS Newsletter 
Burlington: The Vermont Archeoloqical Society, Inc, No 27, April 1979, 
pp. 5-6, illus, biblio. - Overview of 18th-century forge sites in Vt. 

"Search for Vermont Furnaces Yields Dramatic 
Discoveries" VAS Newel ett.er No 32, August 1980, pp. 1-4, biblio. -
Description of blast furnace; sites at Bennington, Dorset, Forestdale, 
and Troy, Vt. 

"Stone Blast Furnaces in Vermont" VAS News!etter 
No 33, October 1980, p. 6. - List of blast furnace sites located as of 
1980. 

"Searches Find More Vermont Furnace Sites and a 
Standing Ruin in 1981" VAS Newsletter No 38, January 1982, pp. 4-5, 
biblio. - Sites located at Bennington, Orwell, and North Dorset. 

"Current Research in New England: Vermont - Iron and 
Charcoal Sites" Society for Industrial Archeology - New England Chapters 
Vol 5, No 1, 1985, pp. 13-14. - Background leading to location of ca. 
1825 Colburn blast furnace at West Haven, Vt. 

Hon. Harvey Munsill, Esq The Early History of Bristol, Vermont 
The Book Committee of the Bristol Historical Society, (1979?) ($11.75). 
- "Forges": pp. 107-112. - Forges along the New Haven River and Baldwin 
Creek in Bristol. 

Aleine Austin Matthew Lyon: "New Man" of the Democratic 
Revo] ution. .1.749-1822 University Park, Penn: The Pennsylvania State 
University Press, 1981, 192pp, biblio, index ($19.50). - Lyons Works at 
Fair Haven. 

Charcoal Making - general: 

Jackson Kemper III American Charcoal Making Eastern National 
Park S< Monument Assn, US Dept of Interior, (1960's?) 25pp, illus. - Good 
little Park Service booklet on making charcoal in mounds. 

Rob Wool mi ngton "Coking Charcoal Down in Rattlesnake Gutter" 
Y a n k e e Magazine. December 1979, pp. 80-85, 132-134. - Charcoal kilns in 
Massachusetts and southern Vermont. 



Suggested Reading List. -• 19th Century Iron and Charcoal Making (cont) 

Charcoal Mai : i no - Vermont.; 

Rob Wool mi ngton "The Charcoal Era" Vermont Summer Magazine 
Bennington: The Bennington Banner, July 7, 1977, pp. 17-20. - Charcoal 
making areas in southern Vermont. 

"Ghost Towns in New England" New England Boston: The 
Boston Globe, October 23, 1977, pp. 38-40, 42, 44-45. - Abandoned 
charcoal making towns in southern Vermont. 

J.R. Chapin "The Charcoal Burners of The Green Mountains" Outi ng 
Maganine April 1885, pp. 4-18, illus. - Charcoal making at Mt Tabor in 
the 1880's; copy at VHS Library, Montpelier. 

Victor R. Rolando "Current Research in New England: Vermont -
Charcoal Kilns" Society for Industrial Archeology - New England Chapters 
Vol 3, Nos 1/2, 1982, pp. 12-14. - Field work in southern Vermont in 
1982; copy at VHS Library, Montpelier. 

"Current Research in New England: Vermont -
Charcoal Kilns" Society for Industrial Archeology - New England Chapters 
Vol 4, No 1, 1984, pp. 3-4. - Field work in southern Vermont in 1983; 
copy at VHS Library, Montpelier. 

"Current Research in New England: Connecticut - The 
Connecticut. Charcoal Company" Society for Industrial Archeology - New 
Ì0.gi..and Chapters Vol 5, No 1, 1985, pp/ 5-6. - Present-day charcoal 
making 'the old way', with modern twists; comparative to Vermont work. 
Copy at VHS Library, Montpelier. 

Vic Rolando 
33 Howard Street 
Pittsfield, MA 

0 1 2 0 1 

(File B:SRL.585) 



IRON INDUSTRY 
Adams, Charles Baker. First Annual,Report.on,the.Geology.of 
the,.State.of.Vermont "Burlington;Vt.7 ChaunceyGoodrich, 
i f c . 

Adams, Charles Baker. Second Annual,Report.on,the.Geology.of 
the State of Vermont. Burlington," vt. 7"Chauncey""Goodrich! 
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(Allen, Edward L.). Rufus Cushman Colburnjborn February, 14,. 
1829»_Digd.February.^iIIB§9«~(Fair"Haven, i899^I~t3p» 

Traces~CoIburn^"Davey families, iron manufacturers. 

Allen, Richard Sanders. "Furnaces, forges and foundries." 
Vermont,Life 11(Winter 1956-1957)»2-9. 
Allen, William G. at al. "Sequential Souvenir Editions 
Vergannss, Vermont." Enterprise,„and .Vermonter, Aug. 15» 
1939. 2kp. 

Elsie Chatterton on Monkton Iron Company. 
Asselin, Edward Donald. "An early Vermont Industry« 
Paddock's Iron Furnace, St, Johnsbury, Vermont." Vermont 
Historical Society.News.and.Notes lM1963):3^-35. 
Bassett, Thomas Day Seymour. "19th Century Vermont." Sunday 
Rutland_Herald__and Barre_Times-Argus Oct.23 1977 -FelT^T?? 

Early iron, glass and distilling industries. 
Blaisdell, Katharine. Over_thg_Riyer_and_Through.the_Years -
Book, .Four s .Mills and" JjingsT~Bra<I?orI~~anI~ WooIIorl!"~The 
Journal"Cpinlon! ~19857 
Buttorfield, Anne Huckins. IJemories.of. the .early .days .in. the 
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Campoli, Gina. "The Troy Furnace /site." Society, for 
Industrial.Archeology_-.New.England.Chapter.News i 7/2 
( ' " ' J : I l - I ^ 

Carrier, Ruth Ward. "The Old Stone Shop." Green.mountain 
Whittlings 7(195*0 «21-22. 

Lyman Batcheller's forge, ca. 184-0. 
Clarke, Mary stetson, Pioneer, ... _I/6r/n Works. 
Philadelphia+Chilton Book Co., 1968." 

Uses Saugus Iron Works to illustrate early iron 
smelting, and rolling. 
Deaircliption of Property ... Brandln Iron and_Car.Whegl.Co. 
r w k ^ n t ' s ' j l e p o H 0 ? ; 1 8 3 S ' ' f t u t l a n a T ' V t r T ' g u ^ I a 
an!~CompanyTs Steam Printing ~Est77"T&34-. 



Ellis, Zenas H. "Episode in history." Fair.Haven.Era Aug. 1, 
1929. * 

Matthew Lyons; iron v/orks. 
Griffith, Roger. "Made in Vermont, Used by the World: 
Blodgett Ovens." Vermont.Life 9(Spring 1955)s48-53. 

C.S. BlodgettSo77 organized 1848. 
Hard, Walter Rice. "Lincoln Iron: The Story of the lincoln 
Iron Works of Rutland, Vermont." Vermont..Life 7(Spring 
1953):10-13. 

Founded 1864. 
Hodge, James T. "Iron Ores and the Iron manufacture of the 
United state: Vermont." American Railroad Journal V. 5» no. 
19 (May 12, 19^9)«2^0-5^17 v ? ~ T i no7S6(May 19, 
1 8 4 9 ) : 3 0 5 - 3 0 6 . 

Hubbard, Guy. Industrig.1 _History_of_.WindsorL_Yt. Windsor, 
The Town School"Districti 19227 
Hyzer, Muriel T. "Iron Mining in Pittsfield in 1880." 
Vermont.History 22(195^): 132-133« 
Inghan, Adella. In,the DgLys.of_thg. Monkton.Irgn.Company,of 
Vergennes, . Vermont i BoZa i 83o7 ' ~Ms ~ 1932 

In~Bixby~Memorial Library, Vergennes. 
Jacobs, Eldridge Churchill. "Iron in Vermont — a glance at 
its story." Vermont,Quarterly 20(1953)«128-131. 
Lesley, Ruth. The.Iron.Manufacturer'g_Guide_to_the_Furnaces1. 
Forges and.Rgli-inglrjliiilof7 khe"7uniiid7Illilii7~"New~ "York: 
John Wiley7"19597 " -
"May reopen Old Smelter: Pittsford Furnace, idle since 1882, 
once was thriving business." Rutland.Herald June 13» 1941. 

Started 1791. 
McFadden, Fay F. "Early Vermont Industries." Burlington.Free 
Press, Aug. 3-5, 7-12, 14-19, 1933« 
McWhorter, Betty. "Mooney, 86, turns back years; Reviews era 
of smelting. Long-forgotten days of Pittsfield's Part in 
Iron Industry Relived." Rutland.Herald, Oct. 2, 1953« 
Neilson, William G. Charcoal.Blagt.Furnaces.Rolling Millgj. 
forgo3.and steel.Workilo^NswIEngland"In]^ 
T r o n ~ a n J _ § i e e I " A s 3 n 7 7 " n 7 5 7 

Patch, Fred R. "Old Time iron Making." Thg.Vgrmonter 23(June 
1918):153. 



Peck, Joseoh A. "Early Vermont Industries." The, .Vormgntgr 
23(1918):185. 
Putnam, Ralph W. "Vermont's Part in Industry." Vermont 
Historical_Scvoiety .Proceedings. 8(1940)s357-373« 
Rolando, Victor R. Ironmaking .in, ..Vermont 1 17.75- 1880. MA 
thesis College of saint "Rose, Albany"ihY." ̂  " 1980. * " ' + ' 

. "Eighteenth Century Forges." Vermont,Archaeological 
Sociity_N-3wslett§r 27(April 1979) ¡5-6. 

"Searches Find More Vermont Furnace Sites and a 
Standing Ruin in I 9 8 I . " The .Vermont_Archaeological_Socigty 
Newsletter 38(Jan. 1982):^^ 

Search for Vermont Furnaces Yields Dramatic 
Discoveries." Vermont .Archeaological _Society__Ngwsl9tter 
32(August 1980)s1-47 

. "Stone Blast Furnaces in Vermont." The..Vermont 
Arc&eaological.Society.Newsletter 33(Oct. 1980):S7 

A .Survey Stgrpj.. .Blast .Furnaces, of.Ngw.England.and 
E a s t ernJlsw YorkIS ua^e7 ~ ~Ms~ 1977« ~^ + 

2 00. Years., .of .Sootagd Sweat.: _ A. History, of .Vermont .Iron 
and1C har c o al I Ha k inj I Industrios"M3"l9557" 

.. "Vermont Blast Furnace site Threatened." Society.for 
Injujtrial.Archeology.Ngwsletter. 9( )»6. 
Salisbury.Iron. Salisbury,Vt.: Barnum Richardson Co., 1978. 
Sanders, Willard K. "Iron Mining in Elmore." Vermont 
Quarterly 21(April or? July 1953)»2^0-242. 

Sal 1828-1890. 
Stickney, J.W. "Isaac Tyson, Jr., in Vermont." Vermont.Dept. 
Ag..Review 3(1875-1876)s655-660. 

Exploration, mining and processing iron and copper. 
Spar go, John. Iron. .Mining .and.Smelting..in .Bennington,. 
Vermonti. _ 1786- I8'̂ 2j~ ".lHl|^orici.i~lNolii7 Bennington^" vTTT 
5onningPon~HisiorIcaI Museum" 19387"30p^~ 
(Van Santvcord, George, William Leroy Shields, and Ruth Hart 
Eddy). Furnace Grove- 1858- 19581 .The. Story .of .a. family, home. 
( B e n n i n g t o n ? " " ! ^ ? ) I68pp!~ 5 + 

Vermont Development Commission. Vermonths.. ..Changing 
Industrial .Pajtoprpt .Changes _ .in. ..Manufacturing and .fining 
astabllihmonisr ~ 19 55. and" 19^7 • " "Monipelier!"Vt. 1958!~59PP» 



VJelter, Rush. Benningtgru Vermont| An_Industrial_History. 
New uyork:Columbia""UniversitySchool orLibrary Service, 
1959. 
Wiedemayer, . "Lincoln, Iron: The Story of the Lincoln 
Iron Works of Rutland, Vermont." Vermont _.Life 7(Spring 
1953)s10-13. 

Foundry, founded in 1864. 
Wood, Walter C. "Bennington's Iron Industry." Greenjjountain 
Whittlings 6(n.d.):12-13. 
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IRON INDUSTRY - BUILDING TYPES 
Bellows 
Blacksmith shop 
Bioornery 
Dam 
Flume 
Forge 
Foundry 
Furnace: Pudding, Air, Reverberatory 

Anthracite 
Blast 
Charcoal 

Rammer, tilt 
Kiln 
Hill, slitting 
Mine - open pit 
Offices 
Race 
Smelter 
Turbine 
Water wheel 
Wheel pit 
Worker housing 
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SUGGESTED READING LIST - 1.9th CENTURY IRON AND CHARCOAL MAKING 
Updated to November S. 1985 

Ironworks - General; 

W. David Lewi s Iron and Steel in America Greenville, Del: fhe 
Hag ley 'Museum, 1976, 64pp, i 1 lus, biblio, index ($3.50). - Excel I ant. 

Davi d Weitsman Traces of The Past: A Field Guide to Industrial 
Archcol oov New York: Charles Scribner ' s Sons, 1980, 227pp, .ill us, 
biblio, index ($17.95). - Good for both young people and the experts'. 

Kenneth Hudson The Archeology of Industry New York: Charles 
Scribner"s Sons, 1976, 128pp. ill us, biblio, index ($10.00). - North 
America and Europe. 

William F. Robinson Abandoned New England New York: Little, 
Brown and Co, for the N.Y. Graphic Society, 1976, 211pp, illus, biblio, 
index ($19.95). - Poorly written but interesting. 

Joseph E. Walker Hopewell Village: The Dynamics of a Nineteenth 
Century Iron-Making Community Philadelphia: University of Pennsylvania 
Press, 1966, 526pp, illus, biblio, index ($5.95). - Excel 1 ant. 

Mary Stetson Clarke Pioncor Iron Works Philadelphia: Chilton 
Book Co., 1968, SOpp, illus, biblio, ($3.97). - Good for young people. 

Victor P. Rolando A Survey of Stone Blast Furnaces of Now 
England and Eastern New York State Unpublished Ms., 1977, 141pp, illus, 
biblio, index. - Somewhat outdated by current research. Copies at UVM 
Library, Burlington and VHS Library, Montpelier. 

I r o n w o r k s - V e r m o n t;, 

Richard S. Allen "Furnaces, Forges and Foundries" Vermont Life 
Winter 1956-57, pp. 2-9, illus. - Somewhat outdated by current researcf 
but good reading. 

Gina Campoli "Current Research in Mew England: Vermont - The 
Troy Furnace Site" Society for Industrial Archeology - New England 
Chanters Vol. 1, No. 2, October 1980, pp. 11-13. - Field work at the 
Troy Furnace Site, Vt. 

Brandon, Vermont:, A Hi story of the Town The Town of Brandon, 
1961, biblio, index, ($5.95) pp. 11-13. - Brandon and Forestdale 
ironworks. 

Carl Seaburg and Stanley Paterson Merchant Prince of Boston: 
Col one1 T.H• Per k1 n s, 1764-1854 Cambridge, Mass: Harvard University 
Press, 1971, Chapter 18 "Short Blast on the Otter" pp. 199-210, biblio, 
index ($22.50). - Monkton Iron Co., Vergonnes, ca. 1808—09. 

Christine M. Pel essak The Abandonment of Leicester Hollow BS 
Thesis, UVM, Burlington, 1984-, ilipp, illus, biblio. - Awarded Honors 
by UVM Dept. of Ag r i cu 11ure. 



Suggested Reading List. -• 19th Century Iron and Charcoal Making (cont) 

Ironworks — Vermon t (cont) : 

Victor R. Rolando Iron making in Vermont,-, 1775-1890 MA thesis. 
The College of Saint Rose, Albany, N.Y. , 1980, 132pp, i 11 us, biblio. 
- Somewhat outdated by current research. Copies at UVM, Burlington; VHS 
Library, Montpelier; The Rutland Historical Society, Rutland; and 
Sheldon Museum Library, Middlebury. 

"Eighteenth Century Forges" VAS Newsletter 
Burlington: The Vermont Archeological Society, Inc., No. 27, April 1979, 
pp. 5-6, illus, biblio. - Overview of 18th-century forge sites in Vt. 

_ "Search for Vermont Furnaces Yields Dramatic 
Discoveries" VAS Newsletter No. 32, August 1980, pp. 1-4, biblio. 
- Description of blast furnace; sites at Bennington, Dorset, Forestdale, 
and Trov, Vt. 

"Stone Blast Furnaces in Vermont" VAS Newsletter 
No. 33, October 1980, p. 6. - List of blast furnace sites located as of 
1980. 

"Searches Find More Vermont Furnace Sites and a 
Standing Ruin in 1981" VAS Newsletter No. 38, January 1982, pp. 4-5, 
biblio. - Sites located at Benninqton, Orwell, and North Dorset. 

"Current Research in New England: Vermont - Iron and 
Charcoal Sites" Society for Industrial Archeology - New England Chapters 
Vol. 5, No. 1, 19851, pp. 13-14. - Background leading to location of 
ca. 1825 Col burn blast, furnace at West Haven, Vt. 

Hon. Harvey Munsill, Esq The Early History of Bristol, Vermont 
The Book Committee of the Bristol Historical Society, (1979?) ($11.75). 
- "Forges": pp. 107-112. - Forges along the New Haven River and Baldwin 
Creek in Bristol. 

Aleine Austin Matthew Lyon: "New Man" of the Democratic 
Revolut i on, 1749-1822 University Park, Penn: The Pennsylvania State 
University Press, 1981, 192pp, biblio, index ($19.50). - Lyons Works at 
Fair Haven. 

Charcoal Making — General; 

Thomas Egleston "The Manufacture of Charcoal in Kilns" Tr ansae -
tlons of the American £nstitute of Mining Engineers Vol . 6, May 1879-
Feb. 1380, pp. 373-397. - Copy at UVM Library; includes some Vermont 
data. An excellent research tool. 

Jackson Kemper III A m e r i can Charcoal M a k. inn Eastern National 
Park & Monument Assn., U.S. Dept. of Interior (1960's?) 25pp, illus. 
- A good little Park Service booklet on making charcoal in mounds. 

Rob Woolminqton "Coking Charcoal Down in Rattlesnake Gutter" 
Yankee Magazine December 1979, pp. 80-85, 132-134. - Charcoal kilns in 
Massachusetts and southern Vermont. 



Suggested Reading List. -• 19th Century Iron and Charcoal Making (cont) 

C h a i- c o a 1 M akin o V e r m o n t : 

Rob Wool mi noton "The Charcoal Era" Vermont Summer Magazine 
Bennington: The Bennington Banner, July 7, 1977, pp. 17-20. - Charcoal 
making areas in southern Vermont. 

"Ghost Towns in New England" New England Boston: The 
Boston Globe, October 23, 1977, pp. 38-40, 42, 44-45. - Abandoned 
charcoal making towns in southern Vermont. 

J.R. Chapin "The Charcoal Burners of The Green Mountains" Outing 
Maqaz i. ne April 1885, pp. 4-18, il'lus. - Charcoal making at Mt Tabor in 
the 1880's; copy at VHS Library, Montpelier. 

Victor R. Rolando "Current Research in New England: Vermont -
Charcoal Kilns" Society for Industrial Archeology - New England Chapters 
Vol. 3, No. 1/2, 1982, pp. 12-14. - Field work in southern Vermont in 
1982; copy at VHS Library, Montpelier. 

"Current Research in New England: Vermont -Charcoal 
Kilns" Society for Industrial. Archeology - New England Chapters Vol. 4, 
No. 1, 1984, pp. 3-4. - Field work in southern Vermont in 1983; copy at 
VHS Library, Montpelier. .. 

„"Current Research in New England: Connecticut - The 
Connecticut Charcoal Company" Society for Industrial Archeology - New 
Enq.1 and Chapters Vol. 5, No. 1, 1985, pp. 5-6. - Present day charcoal 
making the old way', with modern twists; comparative to Vermont work. 
Copy at. VHS Library, Montpelier. 

Vic Rolando 
t 33 Howard Street 

Pittsfield, MA 
0 1 2 0 1 

(413) 443-1461 (h) 
B: SRL (413) 494-4574 (w) 



The Green Mountain Iron Company: 1823-1365 

The blast furnace stack that stands today at Forestdale, Vermont 

is the remains of that built about. 1323 and modified in 1854. People 

associated with the works' operations included Stephen Smith of Leices-

ter and Samuel Buel1 of Brandon in 1824, Royal Blake and Barzillai 

Davenport in 1824, and Blake and (Charles?) Hammond in 1836. The works 

at this time were known as the 'upper works to distinguish it from the 

works at Brandon village. In 1845, the furnace produced 1200+ tons of 

pig iron and stove castings. The works was organized into the Green 

Mountain Iron Company in 1854 and the casting of parlor stoves was the 

mainstay of production. But that same year an unsuccessful attempt was 

made to convert the stack to burn anthracite instead of charcoal for 

fuel. It shut down soon after. In 1864, the works was owned by the 

Brandon Iron Company and included three newly-built bioomery forges. 

The furnace was fired in early 1865, the first time since 1854, and it 

along with the forges operated for about two months, only to shut down 

again, this time for good. 

In 1974, a few years after being donated to the Vermont Division 

for Historic Praservation, the furnace and a few surrounding acres were 

placed on the National Register of Historic Places. Under Division 

ownership and care today, lack of public funds prevents needed stabil-

ization/repair cf the stack and maintenance and interpretive restora-

tion of the grounds. 

Further reading: 

Brandon, Varmont Brandon, The Town of Brandon, 1961. 

Pel esza k , Christine M The Ab an d on men b. of Loi coster H ell ow \ u n der— 
graduate thesis: BS in Environment Program - UVM Burlington, 
1984) pp. 11-17. 

Vic Rolando 
Exploring Local Industry: Middleburv 1800-1900 
November 8-10, 1985 
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S W A N T O N . I02I 
They lef t Bennington in the fall of 1798, 

came north, and first made an effort to 
purchase the water-power in Highgate now-
known as Keyes' Falls, then owned by a 
man by the name of Potter, and then 

' called Potter 's Falls; but he refused to 
sell, and they then concluded to purchase 
from Silas Hathaway the undivided half of 
200 acres (Simeon Hathaway, Jr . , owning 
the other half of the 200 acres), on the 
westerly side of the river at Swanton Falls, 
which took in all the water-power below 
the dam on the west side of the river. 
After closing their trade, Feb. 23, 1799, 
they returned to Bennington, and my 
father from thence to Taunton, Mass. In 
the spring, Elisha Barney employed a man 
by name of Ricord to come to Swanton 
and build a small house, and assist in pre-
paring for the erection of a forge. He 
also furnished a span of horses, and hired 
Mr. John Dunbar to go to Swanton with 
them and take his famjly with him. As 
Dunbar was a bloomer by trade, it was de-
signed he should work at making iron as 
soon as the forge was completed. Capt. 
Rufus came from Bennington with Dunbar 
to Swanton, and remained during the 
season, boarding at the widow Holgate's, 
the only tavern then in the place. He su-
perintended building the'forge, forge-dam 
and long flume from the main dam to the 
forge-pond. They had to dig a channel 
w here the forge-pond now is, then covered 
u'ith a heavy growth of pine. This was in 
799. and they built a small frame-house, 
at that time connected with the forge priv-
Jege, on " t h e Island "—the first °frame-
•'ouse on the west side of the river, about 
6 rods to the west of the house now owned 
K Geo. Bui lard, 2d. This house was de-
molished years ago. Having given a 
c"eful oversight to these operations during 

season, Capt. Rufus returned to Bern 
r-'ogton, Elisha having remained in Taun-
° n d u r i n g the year. At length, Feb. 20, 

he> with wife and two children, 
l ^ ' u s and Evaline, left Taunton with 
•/"rses and sleigh for Swanton, bv way of 
•snnington, arriving there in ' 5 days. 

_ Mvmg there the next Wednesday morn-
" S- they proceeded on their way toward 

Swanton. There came on a severe storm, 
and snow fell very deep and hindered them 
much. On the third day, near night, the 
sleigh turned over, and all were buried in 
snow. It being near night, and no tavern 
near, they sought lodging at a private 
dwelling near. ~ The people received them 
kindly, but could not lodge them, so they 
took their own bed from the 's leigh, and 
made it on the floor, and passed the night 
very comfortably. They arrived in Swan-
ton on the Tuesday night after leaving 
Bennington, and lodged at the house ofLevi 
Hathaway, a log-house which stood on or 
near the place where C. H. Bullard carried 
on the manufacture of wagons and sleighs 
many years. There is now no building 
on the spot. The next morning they took 
breakfast at Jlolgate 's. There were' then 
large stumps on the green, and they nearly 
covered with snow. They crossed the 
river on the ice, and took up their resi-
dence in the small frame-house built the 
season previous. It was, however, already 
occupied by two families, James Hoard 
and wife and Asa Withered and wife and 
some 4 children. Their domicile was not 
very airy, but they were young and could 
endure privations, looking forward for 
better days. At that time the west side of 
the river was covered with the forest 
nearly to the river. A spot had been 
cleared on what is known'as Willow Point, 
near the mouth of the Forge brook. On 
this spot there was a little grass, but in no 
other place nearer than about a mile below 
the Falls, on a plat now covered by a beau-
tiful grove of pine trees, which have come . 
up and grown.since that time. There were 
a few farms cleared by the Indians, two or 
three miles below the Falls, one in par-
ticular where the Indian village formerly 
stood, now the farm owned'by Asa Brooks. 
There was also the Wagoner farm, with -
Rood's and Hilliker's, already mentioned. 
There was one saw-mill only on the west 
side of the river, that was at the west end 
of the dam owned by Hathaway. This 
saw-mill, with the house they moved into, 
and a log-house on the site of the one now-
owned by the Scott family, and occupied 
at the time by John Dunbar and family, 

H 
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were all the buildings on the west side ot-
the river at the time of their arrival about 
two months after, the beginning of the 
present century. 

On the east side of the river there were 
9 families : Joseph Robinson, living in a 
house near where Nelson Bullard now re-
sides; Levi Hungerford and Dr . Smith, 
both families in one house, on the flat 
ground near, the old tannery below the 
hill, in rear of the old stone house; Thos . 
Butterfield, on summit of hill , near where 
the old stone house now s tands; Orange 

• Smith, house near where the Ferris house 
now stands ; Widow Holgate, whose hus-
b a n d , Asa Holgate, died about one year 
p r e v i o u s , house near where Lorenzo Lasell's 
now s tands; Joseph Clark, house below 
the hill near the residence of A. Forbes ; 
Old Spoor, as he was called, house on hill-
side neat the present site of bank ; Jona-
than Butterfield, house near the old ferry. 
. There were no goods kept in the place 
for sale, nor were any to b e had nearer 
than St. Albans Bay. There was also a 
house standing on land now owned by 
Geo. M. Kidder, near the hollow east of 

' the village, in which Alex. Ferguson soon 
after kept a small assortment of goods for 
sale.-

John B. Joyal, who lived to a great age, 
as will be noticed in another place, then 
lived at, and kept a ferry about one mile 
south of the village, "and some time alter 
assisted in budding and kept a toll-bridge 
near where the ferry was kept, which ever 
after went by the name of Old John's bridge. 
Levi Scott, who married Silence, the daugh-
ter of Capt. Rufus Barney, at Bennington, 
made his arrangements to leave Benning-
ton with Elisha Barney, but did not in 
consequence of the Severe storm, but wait-
ed a few davs, and arrived in Swanton 
about one- week after. He moved into 
one part- of the log house occupied by 
John Dunbar. The Scott family have 

"ever since retained the land on which this 
first house on the west side of the river 
was built. Scott took a part of Capt. 
Rufus Barney's interest in the forge. . He, 
Rufus, came on about the month of May, 
bringing with him his Uncle Jonathan and 

his two sons, who all labored during the 
season on the forge and improvements 
connected therewith. In the meantime, • 
wood was prepared and set together in 

large heaps, and a covering of straw and 
earth placed over them. These heaps were 
called coal pits, a name not very appro-
priate, as a pit- denotes a hollow or de-
pression, while these were exactly the re-
verse. These pits were set on fire at the 
top, and the fire regulated by vents made 
through the earth covering, and thus 
slowly burned to charcoal. A number of 
these were burned during this season, Asa 
Witherell , an old man, being the collier. • 

; Bo<r ore was dug from the wet land about 
I a half mile east of the village, and was 

then known as the ore swamp. This kind 
of ore was formed by being deposited 
from water, highly impregnated with iron, 
which stood on the surface of the swamp 
nearly-or quite the year around. It was 
shoveled from the surface of the ground, 
the water generally, covering it, the work-
men standing in the water. After much 
of labor and delays, they got the forge com-
pleted, and commenced making iron in 
Nov. 1800,"this being the first wrought 
iron made in this section of country." The 
business was discontinued during the win-
ter, and resumed in the spring of 1801. 
T o Seth Pollard belongs the distinction 
of making the first iron in Swanton. Ac-
cording to the recollection of my mother, 
he watted here a long time for the com-
pletion of the forge, before leaving 
for Bennington, which he did soon after 
making the first iron. John Dunbar also 
worked at the business, from the start, or 
nearly so, he probably being what was 
known as the " hammersman," or the man 
that forged the iron under the hammer. 

There were a number of iron workers, 
or bloomers, ready for work on the com-
pletion of the forge, among the names re-
membered by my mother are Major Keep, 
Isaac Williams, Job Spinks, and a collier 
by the name of Heddell . 

About the time of the completion of the 
forge, perhaps a little' before, Lemuel 
Barney, son of Capt. Rufus, arrived and 
stayed some two months, when he lett for 
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Canaan, Conn., where he had previously ! Elisha, W . S. Thaver, son of Amherst 
m -1 r-r-i o n i n r i ' i X-T1 n « T T _ 1 . •» — _ married Anna Hinman. He returned to 
Swanton the winter following, but did not 
bring his wife. She, however, came in the 
spring of r8ox, and they began keeping 
house on the east side of the river, re-
maining there about four months, when 
they moved into the house occupied by 
Elisha Barney, taking the part which 
Witherell had previously vacated. After 
Lemuel arrived with his wife, his father, 
Capt. Rufus Barney, in 1803, gave up his 
interest in the iron business to him, and 
Levi Scott, his son- in - l aw; they then 
(1803) owning one-half, and Elisha Barney 
owning the part if not all of the other half. 

After this Cap't. Rufos took no direct 
interest in the business, but came up irom 
Bennington every year for many years 
after, to see how his brother .and children 
were doing. 

This firstforge was erected on what is 
known as the forge privilege, at the east-
erly end of the forge dam. 

Iron was made" in considerable quanti-
ties from year to year, and was sold prin-
cipally to blacksmiths from the neighboring 
towns, much of it was made into tire-iron, 
rieigh-shoes, mill-irons, plow-shares, etc. 
The price of common bar-iron was $7 per 
too lbs., (gross,) and remained so more 
than 20 years. 

About 1816, this forge was burnt in the 
j"ght. When on fire, a timber burnt off and 
'ell on the gate-lever, raised the gate and 
" t the large hammer in motion, which 
striking the solid anvil very fast, made a 
'oud noise, and roused many from their 
slumbers. It was rebuilt and carried on 
mostly by Lemuel Barney, until about 1821, 

. n t h e old building having become di-
•a?idated, its use was discontinued and a 
new forge built on the westerly side of it, 

E l i s h a Barney and Robert Foster, his 
son-in-law, in 1821 ; carried on by them 

1824, when it was purchased by R. 
. • & H. W. Barney, who carried on the 
"tisiness for many years. 

T h i s building becoming old, was re-
moved and a.new one erected in its place, 
n « e summer of 1849, by Friend H. Bar-
e>. son of Lemuel, H. W. Barney, son of 

and E. S. Meigs, son of Benjamin. This 
forge for making iron was a great improve-
ment on the old one. This company op-
erated the forge only_a few years. Alter 
this, Mr. F. H. Barney continued the bus-
iness, manufacturing mostly " blooms," 
for the southern market, until about 1868. 
Since which, there has been no iron man-
ufactured in the place, and the forge suf-
fered to go to decay, when in 1872, it was 
entirely removed and a fine lumber circular 
saw-mill erected in its place, owned [1882] 
and carried on by A. J . Barney, son of H. 
W. , built about 1875. 

Thus after 68 years from its commence-
ment the business has gone down; the 
causes are not a mystery; bog ore that was 
abundant, and could be had for the shovel-
ing from the surface of the ground, since 
about 1835 became scarce by the lands that 
produced it being drained ; coal which for 
many years was cheap, after wood had 
been cut off and become valuable, became 
idear, and it became impossible to compete 
with works in more favored regions. 

Mr. C. H. Mead tells me he has heard 
his father, Caleb Mead, say that about 
1810, he dug bog ore from land directly 
in front of where the presen: residence of 
Deacon Harvey Stone now stands,and drew 
what he could with a horse-team to Shel-
don furnace all of one winter. 

P O T A S H . 

The first settlers in clearing their lands, 
made large quantities of ashes, and many 
of them procured potash kettles, and com'-
menced manufacturing potash, which was 
sold to merchants, or sent direct to the 
Montreal market. • It was about the only 
article they could then produce and turn to 
cash. I remember once hearing a manu-
facturer say about 1826, the most of the 
farmers relied on their ashes to get money 
to pay their.taxes. 

- Aside from the farmers who made potash 
on a small scale, wfere the merchants also 
that produced it in larger quantities. 
There was an establishment for making it 
on the easterly bank of the river, about 
50 rods below Barney's marble mill, a lit-
tle above the present " brick vard." This 
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IA CONFERENCE 
The second annual Conference on 

New England Industrial Archeology 
will be held on February 4, 1989, al 
Old Sturbridge Village, Massachusetts . 
The conference is jointly sponsored by 
the Northern and Southern New 
England Chapters of the Society for 
Industrial Archeology, and will feature 
an address by, and discussions with, 
national SJA President, Emory Kemp. 

In the paper sessions, one focus will 
be the developments in the emerging 
Blackstone Valley Heritage Corr idor , 
an amalgam of state parks in 
Massachusetts and Rhode Island with a 
National Park Service component . 
Patrick Malone, with Gregory Galer , 
Beth Parkhurst and thers, will 
describe the inventc / of the corr idor . 
Larry Gross will of fer the results of a 
team investigation of the Dudley Shut-
tle Company of Wilkinsonville, a site 
included in the area, along with 
Carolyn Cooper , who will describe her 
work on the machinery inventory, and 
Paul Hudon, who will present material 
on the history of the company. Michael 
Roberts will discuss efforts to create an 
interpretive plan for the corr idor . 

A second focus will be on a parallel 
region with overlapping themes, when 
a group f rom Old Sturbridge Village 
will describe their current research. 
Proto-industriat development in the 
Quincbaug Valley will be presented by 
David Simmons (blacksmithing), John 
Worrell (pottery), Martha Lance (mills) 

and Myron Stachiw (neighborhood 
economy) . 

The conference is scheduled to begin 
with registration at 9 :00 A M and will 
continue until 4 :00 P M , with appropri-
ate breaks for lunch and conversation. 

Editorial 
All of our members are encouraged 

to attend the upcoming Second Annual 
Conference on New England Industrial 
Archeology, to be held at Old Stur-
bridge Village on February 4. 

Also, the Northern New England 
Chapter is preparing for a recording 
project to be heltl at an ironworks site 
in Vermont next May or June. This is 
the site of the Forestdale iron furnace, 
located just east of Brandon (and south 
of Middlebury) . Vic Rolando, who has 
spent many years researching iron and 
charcoal sites in Vermont , has prepared 
a spccial article on Forestdale for this 
issue of the Newslet ter . The Forestdale 
site is on property administered by the 
Vermont Division for Historic Preser-
vation, and they are especially excited 
at the prospect of our members coming 
to help clear, record, and interpret the 
site. All interested N N E C and SNEC 
members who would like to participate 
are urged to stay in touch with either 
me or Vic Rolando for additional 
details. Further information will appear 
in the spring issue of this Newsletter. 

David Starbuck 
Rensselaer Polytechnic Institute 



Sunday, 10 am to 5 pm. 
The museum is on the north bank of 

the Charles River one block from Cen-
tral Square in Waltham. A foot bridge 
connects the museum with the 
municipal parking lot off Pine Street. 

For further information on group 
rates or special school programs, call 
(617) 893-5410. 

Article 
The Green Mountain 

Iron Company 
[Editor's Note: The Northern New 
England Chapter will be holding a 
week-long recording project at this site 
next May or June.] 

At a town meeting in 1778 at Bran-
don, Vermont, it was voted that should 
sufficient iron ore be discovered in the 
town, an ironworks would be built. 
The next year, there was a request by 
the town to lease an ironworks site and 
its water power. It is unknown exactly 
where in the town the ironworks activi-
ty was planned since the next few years 
saw works operating in the village and 
also two miles to the east, at what to-
day is called "Fores tda l e . " 

By 1790, a forge built in Brandon 
village by Blake had been bought by 
Avery, Curtis, and Sawyer (Curtis was 
associated with a furnace in Dorset; 
Sawyer with a forge in Salisbury). A 
few years later it was reported that 
Brandon had iron foundries and forges 
where good bar iron was being made. 
The forge changed hands a number of 
times; at one time it manufactured 
shovels from ore mined at Forestdale. 
From the Forge at Brandon village, the 
shovels found markets as far away as 
Boston, MA. 

In 1796, soon after arriving from 
Auburnham, MA, John Conant pur-
chased half of the mills and water 

power in Brandon. He and his father-
in-law, Wait Broughton, worked 
together for a number of years building 
mills along the Neshobe River in the 
village. At the same time, John Smith 
was making bar iron at his forge at 
Forestdale. But in 1810, a major iron 
discovery occurred at Forestdale that 
started a series of industrial events in 
the town, including the construction of 
blast furnaces at Brandon village and at 
Forestdale. 

These furnaces were but two of near-
ly three dozen blast furnaces that are 
known to have operated in Vermont. 
As part of a state-wide IA survey of 
Vermont by the author (now in its tenth 
year), the sites or ruins of 15 blast fur-
naces have been located. The sites of 
another 18 blast furnaces known to 
exist through archival research or in-
conclusive field evidence have yet to be 
precisely located, although locations of 
most have slowly been narrowed to 
relatively small geographic areas of 
probability. There are additional vague 
archival hints of a few more blast fur-
naces in Vermont, but it will take more 
archival and field work to decide where 
to look. 

Bennington 4 + 1* 
Bristol ... 1* 
Pittsford 1 
Shaftsbury 1* 
Vergennes ... 2* 
Forestdale 1 
East Dorset 1 
St. Johnsbury... 1* 
Orwell... 1 
Tinmouth 2 + 2* 
Sheldon.. 2* 
New Haven. 1* 

* Not precisely located. 

The known blast furnace sites are 
generally in the valleys east of the 
Green Mountain range. Dates of opera-
tion of these blast furnaces range from 
1788 (Orwell) to about 1883 (Pitts-
ford), and locations are as shown in 
Table 1. 

John Smith 's forge made iron at 
Forestdale in 1810 with ore that came 
f rom beds dug locally at Leicester 
Hollow. Around 1823 a blast furnace 
went into operation at Forestdale, 
smelting ore f rom beds a half mile 
away. The major output of the furnace 
was pig iron, but a variety of ornamen-
tal iron such a vases, statues, and 
chairs were also cast. In 1845 the out-
put of the furnace reached 1200 tons, 
not including 800 stove castings. 

Some names connected with the 
Forestdale furnace operations during 
this time were Stephen Smith of 
Leicester and Samuel Buell of Brandon 
in 1824; Roy ale Blake and Brazillai 
Davenport in 1827; and Royal Blake 
and ( ? ) Hammond in 1836. Ham-
mond might have been Charles Ham-
mond, who a few years earlier was 
part owner of the Bennington Iron 
Company; or possibly Charles F. Ham-

Wallingford .. 
Woodford 
Weybridge ... 
Brandon 
Manchester.., 
Waitsfield 
West Haven. 
North Dorset 
Highgate 
Plymouth 
Clarendon... 
Troy 

Table 1. Locations of Blast Furnaces in Vermont. 



mond who operated ironworks at 
Crown Point, N .Y. , in the 1840 period 
(or both?). An 1827 record mentioned 
the ore bed, furnace, and a coal house 
with 5000 bushels of charcoal. A diary 
of DeWitt Clinton Clarke (a relative of 
J .A. Conant and a partner in the Bran-
don village works) mentioned an " U p -
per Furnace , " called the "Hammond 
and Blake Furnace , " which was most 
likely the furnace at Forestdale. 

Brown hematite ore was mined at the 
foot of a sandy hill to the east of the 
furnace, near the base of higher moun-
tains. Some 1849 costs were: 

Iron o r e . . .$1.75 per ton, 
at the mine 

Iron o r e . . .$2.50 per ton, 
after washing 

Charcoa l . . .$5.00 per 100 
bushels. 

Before charging it into the furnace, 
the ore was washed to remove clay, 
stones, and dirt, allowing for a more 
efficient smelting process. The yield of 
the furnace was 5 xh to 6 tons of iron a 
day; the annual capacity was about 
1200 tons. 

From papers at the Vermont 
Historical Society Library, Alvin B. 
Jones was found to have hauled the 
tonnage shown in Table 2 " t o the 
lake" (Lake Champlain) for Royal 
Blake. The record also showed that 
Jones hauled 201 loads of flux for the 
furnace from April 1844 through 
January 1845. 

Kettles, tools, wagon equipment, 
fireplace furnishings, stoves, and even 
small cannon were cast and sold 
throughout the Northeast and as far 
away as Ohio. One shipment to Chip-
man Point Landing on Lake Champlain 
included a number of stoves, 59 axes, 
12 draft chains weighing 2400 pounds, 
and 5 two-horse wagons, plus an 

Table 2. Tonnage hauled by Alvin B. 
Jones. 

DATE 

Sept. 1844 
to 

Jan. 1845 

May 1845 
to 

June 1845 

Oct. 1845 

Oct. 1846 
to 

Nov. 1846 

Sept. 1847 

LONG TONS 
SHIPPED 

9.93 

6.99 

2.31 

2.43 

0.98 

assortment of kettles, skillets, five dogs 
(heavy iron rods), spiders (cast iron 
frying pans with legs), and flat irons, 
for a total value of over $1000. This 
was at a time when beef cost five cents 
a pound and butter about 15 cents a 
pound! 

By 1854 the Green Mountain Iron 
Company had been organized, and the 
Forestdale furnace works had been ac-
quired. Parlor stoves were the mainstay 
of production, and many such stoves 
with their raised " G . M . Iron C o " let-
tering still grace homes in Vermont (in-
cluding one that is part of the author 's 
collection of cast iron Vermont stoves). 
The Company enlarged the stack's in-
side to fuel it with anthracite coal in-
stead of charcoal, but the experiment 
was apparently unsuccessful because 
the furnace shut down the same year. 
Anthracite gave the iron different 
characteristics than charcoal; for exam-
ple, a higher sulfur iron. Ironworks 
throughout the country were attempting 

to convert to coal at this time and find-
ing it difficult. More successful were 
those who razed and completely rebuilt 
their stack, redesigning it specifically to 
burn coal. The Company's failure, 
however, could have been for economic 
as well as technical reasons. The 1850s 
were difficult economic times, and 
many ironworks throughout the country 
were being abandoned. 

Insofar as known archival material 
indicates, dimensions and operating 
characteristics of the original blast fur-
nace are unknown. When enlarged in 
1854 by the Green Mountain Iron 
Company, the stack stood 42 feet high 
with bosh walls 9 feet in diameter. 
Blast was preheated to 600 degrees F 
by means of heating ovens and con-
veyed into the hearth by three 4-inch 
diameter tuyeres. A pair of blowing 
cylinders measured 30 inches in 
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Circa 1900 view of the stack's north 
wall before it collapsed. Note the blast 
heating oven at the top. 
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diameter with a five-foot stroke. They 
were waterwheel driven. Ambient air 
from the cylinders was pumped into a 
damping sylinder connected atop the 
blowing cylinders to reduce pulsations 
in the blast, and through a pipe to the 
top of the stack to the heating ovens 
(which drew hot exhaust gases to heat 
the incoming cold air). The heated air 
was conveyed down to the tuyeres 
through pipes that were run between 
the walls of the stack for insulation. 

When the Brandon Iron Works took 
over operation about 1864, the bosh 
was widened to ten feet and the tuyeres 
to 4 inches in diameter. The water-
wheel, which was probably overshot, 
measured 12 feet wide by 36 feet in 
diameter at this time. 

Three bloomery forges and a 
1500-pound trip hammer were also 
built at Forestdale in 1864 by the Bran-
don Iron company. They were located 
about 400 feet east of the furnace. The 
forges, working ore beds that were 
located a half mile away, produced 85 

tons of bar iron during their brief two 
months of life in the spring of 1865. 
The blast furnace, also fired up for the 
first time since 1854, made 784 tons of 
cast iron. By year 's end, however, the 
forges and furnace were quiet, never 
again to operate. These, as well as 
other buildings of the Brandon Iron 
Company (not to be confused with the 
Brandon Iron & Car Wheel Co. of 
Brandon village) are shown on the 
Beer 's 1869 map. The map also shows 
the shafts of the iron mines a half mile 
south, where ore was at that time being 
processed into paint pigment. 

The blast furnace today stands at 
Forestdale, however precariously, in 
the midst of growing underbrush. From 
dimensions taken in December of 1983, 
the stack measures very close to 31-1/2 
feet square. The north wall, which con-
tained the casting arch, is collapsed, 
revealing the in-wall and bosh wall. 
Arches in the west, south, and east 
wall measure 7 ' 8 " , 7*11", and 7 ' 1 1 " , 
respectively, at ground level. The nar-

West wall of the furnace stack in the 
fall of 1983. 

rower west arch is probably the result 
of shifting and settling of the walls, 
which are laid-up rough stonework. 
This west archway extends 10 feet into 
the base of the furnace to an iron ring 
in the ceiling. Open stonework at the 
interior end of the archway allows par-
tial visibility diagonally to the right, 
across the inside corner into the end of 
the south archway. It is unknown if 
this was an original design feature. In 
1983 the tuyere holes were visible in-
side the three archways, and by means 
of a hand-held mirror, the interior bosh 
and hearth linings could be inspected. 
Collapse of some brickwork since then 
hides the tuyere holes, although a new 
opening inside the east archway allows 
the unsqueemish to crawl into and 
stand up inside the stack. 

Except for the in-wall, bosh, hearth 
walls, and possibly the top ovens, no 

Circa 1900 view of the waterwheel and blast machinery (furnace is off photo to 
right. For idea of scale, note man standing at left of wheel. 



brick was used in stack construction. 
Various makes of firebrick are found 
about the base of the stack, including 
one made in Troy, N.Y. 

Immediately east of the stack are the 
large stone mounts of the blowing tubs, 
and beyond is the deep, stone-lined 
waterwheel pit. The dozens of old auto 
and truck tires that lie discarded at the 
bottom give "wheel p i t " a new mean-
ing! (A state highway shed stands just 
uphill from the stack and the wheel 
pit.) The head race can be followed 
east to the dam site by means of iron 
hoops that probably held an approx-
imately 18-inch diameter wood pipe. 
And all around the area and across 
Route 73 are the remains of 
cellarholes, vestiges of the community 
that once thrived about the works. 
South across Route 73 from the works 
stands the stone block house built by 
Royale Blake, where hinges in the rear, 

Waterwheel pit at Forestdale; the state 
highway department shed is directly 
uphill (right). 

wooden part of the house, were made 
at the ironworks. On the north side of 
Route 73, just uphill from the state 
highway shed, remains of what local 
residents claim to have been a " c u p " 
or a casting furnace lie under roadside 
fill. It has also been described as once 
having a stone tower similar to that of 
the blast furnace, but much shorter. 
Could have been part of the stonework 
associated with the charging bridge? 
Whatever it was, it hopefully remains 
protectively buried for future study. 
John Smith's circa 1800 forge was pro-
bably located about 100 yards north-
west of the furnace stack, near where 
the present-day dirt road leads into the 
furnace property from the village. 

The furnace and approximately 10 
acres of furnace grounds were donated 
to the Vermont Division for Historic 
Preservation (DHP) by Mr. and Mrs. 
Welland Horn; and in 1974 the blast 
furnace property was placed on the Na-
tional Register of Historic Places 
through the efforts of Chester Liebs 
(with some assistance by the author). 
The stack was fenced off following 
continued deterioration of its north 
wall. Since then, DHP has been unable 
to do much toward stabilizing the ruin 
due to budget constraints. Trash along 
the stream reflects the numbers of 
campers who annually use the grounds 
at will; in the cellarhole of one of the 
works ' tenements is a plastic sheet 
" t e n t . " But renewed interest in the fur-
nace and property by DHP could lead 
to significant activity there in 1989. 

Under the direction of Audrey 
Porsche, recently assigned by DHP to 
administrate the Forestdale furnace site, 
and the leadership of our own David 
Starbuck, a major volunteer effort by 
NNEC/SNEC-SIA membership is being 
looked for early next spring by the 
DHP in the form of a thorough week 
or weekend recording session. On 

Ornate parlor stove cast at the Green 
Mountain Iron co. furnace at Forestdale 
(c. 1850); part of the author's collec-
tion of cast iron Vermont stoves. 

October 29 of this year, an inspection 
party consisting of Audrey, Dave, Den-
nis Howe (NNEC President), Bill 
Murphy (VAS President), Bob West, 
and the author spent some chilly hours 
in drizzle and flurries hiking over the 
entire furnace area. The current plan is 
to cut back the foliage in advance, 
followed closely by the recording 
week/weekend. Results of the session 
should go a long way toward providing 
DHP with what it needs to interpret the 
site, and hopefully they will soon be 
able to stabilize the furnace stack. 

Vic Rolando 
Pittsfield, MA 
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Forges, Furnaces, and Foundries 

The iron industry was, and still is, fraught with technical terms and ex-

pressions that appear to sound alike, but each describe a specific industry pro-

cess. Such things as a blast furnace, air furnace, cupola furnace, heating furn-

ace, etc., all tend to confuse. Historians genarally lumped all these expressions 

under the all-inclusive category of the forge, leaving it to later generations of 

historians to sift through the words and try to figure out exactly what was going 

on at the forge. 

The word 'forge' can be a noun or a verb; it can be a place where iron was 

worked or it can be the working of iron. Working iron usually meant heating, 

melting, hammering (manually or by machine), molding, rolling, drawing, and shear-

ing. The latter three were normally associated with foundry operations. Historians 

also called a place where iron was made a forge, which additionally included such 

operations as smelting, casting, puddling, reducing, etc. A forge, therefore, 

can be interpreted to mean almost anything connected with the iron industry, de-

pending on the time period of the published material and the technical background 

of the historian. The forge could have been a full-scale blast furnace operation; 

it could have been a blacksmith's shop. The word 'forge' should be approached 

carefully and skeptically. 

Early histories abound with statements that "At an early time a furnace op-

erated in the town..." with no further information. Depending on such other 

factors as proximity to water power, iron ore, fuel, and market, the 'furnace' 

could have been a blast furnace; it could have been a small farrier's shop. 

Follow-up field work usually uncovers the secret, although a knowledge of the 

furnace structure and dimensions is important for interpreting the remains in 

addition to being able to recognize the site when it is seen. 
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The 19th century witnessed the final transition of the iron industry from 

the technically stagnant Middle Ages through the frenzied Industrial Revolution 

and into the 'modern' 20th century. During that 100-year period, the industry 

experienced so many technical improvements that many blast furnaces were obsolete 

a dozen years after they were built. A correct description of the industry and 

its furnace artifact for the 19th century is therefore impossible since no period 

is typical of the entire century. 

The 1840's has been chosen for the period of description for a few reasons. 

For one, the 1840's was a period when works' owners were comparing notes, sharing 

technical knowledge, and learning that 'secret processes' were hindering not only 

the general growth of the industry but also their individual growth. Owners were 

starting to recognize that iron making was a chemical process and that almost in-

significant variances in furnace design and materials made significant changes to 

the quality of the final iron product. By the 1840's, iron associations started 

forming and books on the art of making iron started appearing, giving us a good 

documented point to analyze the state of the industry. And, by the 1840's, the 

iron industry in Vermont was in transition; numbers of iron-making blast furnaces 

and bloomeries were decreasing but the manufacture of agricultural implements was 

increas ing. 

A few blast furnaces continued to operate in Vermont after the 1840's; the 

Green Mountain Iron Company stack at Forestdale to 1865 and the Vermont Iron Co 

stack at Pittsford to the 1870's. But the 1840's generally mark the high-water 

mark of blast furnace activity in Vermont. It is a good sample period. 

The Charcoal Blast Furnace 

By the mid-1800's, blast furnaces fueled by anthracite were appearing in the 

Northeast. Anthracite was tried unsuccessfully at two places in Vermont. The abund-

ant local forests, however, provided sufficient fuel for Vermont's blast furnaces. 
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Tunnel Head 

Tuyeres 
Approx Ground Level 
Blast 
. Foundation 

Section of a charcoal furnace through the tuyere arches. 

The charcoal blast furnace was generally 35 feet high and set 30 feet square 

at the base on a foundation 32 feet square and extended some 6 to 10 feet below 

ground. The walls of the stack sloped inward so that this 35-foot high stack was 

15 feet square at the top, approximately a quarter the area of the base. The out-

side walls were made of hard, dense stone, capable of withstanding the weight of 

everything above without cracking. This outside wall was unmortared. The inside 

walls, where the heat of the furnace reduced the ore, were made of a refractory 

quality stone, usually sandstone, although by the 1840's some types of refractory 

bricks (fire brick) were starting to be used. 

As the name implies, the charcoal blast furnace was fueled by charcoal and 

its high temperatures created by the forced blast of air. The blast was continu-

ous, although only 1/4 to 1/2 pound per square inch, it was none-the-less of high 

volume, pumped by large bellows or air cylinders run by waterwheel. The blast was 

introduced into the furnace interior through cast iron nozzles called tuyeres (pro 
nounced too-wee'- r's), located inside the three tuyere arches (see above figure) 
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The fourth archway, the largest of the four, was the work arch, where ironworkers 

maintained the hearth and periodically tapped slag and molten iron from the fur-

nace interior. 

The blast furnace had one sole purpose, which was to reduce iron ore to 

molten iron that when cooled, became a relatively hard, high-carbon cast iron. 

The blast furnace ran night and day without stop, except for malfunctions. Con-

tinuous blasts lasted several months, sometimes 15 to 18 months. In Vermont, how-

ever, frozen winter streams limited the blasts from spring to fall. The life of 

the fire brick usually defined the length of the blast. During the blast, all 

fuel, flux, and ore had to keep coming to the top of the furnace stack while 

molten slag and iron was drawn from the bottom. Nothing was allowed to interrupt 

the rhythm of wagons arriving and leaving, roads had to be kept clear, no holidays 

or weekends stopped the process. 

Ore Roasting Ovens 

After the iron ore was crushed, separated, and washed, but before it was pre-

pared for charging the blast furnace, it was sometimes roasted. The process of 

roasting the ore removed such imputities as sulfur, hydrogen, chloride, arsenic, 

and phosphurous. These were drawn off as gas, and in the case of sulfur, also re-

duced the chance of explosion in the blast furnace. Although called roasting ovens, 

they had all the external appearance of a short (12 to 18 feet high) blast furnace. 

Section of a roasi-oven. 
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Raw ore mixed with charcoal was loaded into the oven through the large hole 

at the top, a fire of wood or charcoal started at the bottom, and the whole mass 

smoldered, roasting away water and gas. When complete, the bottom grates were 

pulled out and the treated ore shoveled into waiting wagons. An oven of 50 tons 

initial capacity yielded 30 tons of roasted ore every 24 hours. (The process is 

very similar to that employed at lime kilns.) 

Hot Blast Ovens 

A significant technical improvement to the blast furnace made in the early 

19th century was that of preheating the blast. This was found to significantly 

increase the smelting temperature and reduce the charcoal to iron ratio. Initial 

heating ovens were small stoves standing next to the base of the blast furnace 

through which passed thin-walled pipes carrying cold air from the bellows to the 

tuyeres. The pipes were heated by fire in the stove fueled by charcoal or wood. 

In time, the stove was replaced in favor of utilizing the heat of the waste gases 

exiting the top of the blast furnace. -

Tapping the g u from below the top. 

In practice, the pipe containing cold, damp outside air traveled from the 

bellows up the outside of the blast furnace wall to the top. Here, a small brick 
I 

chamber conveyed the hot waste gas around the air pipes, heating and drying the 
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air. The somewhat cooled waste gases expelled out the other end of the oven 

while the heated air was forced (through action of cold air being pumped into 

the oven) down a slightly larger pipe (warm air expands) that traveled down the 

inside of the furnace wall to keep it warm, and to the tuyeres. Hot blast ovens 

were capable of raising blast temperatures to 600° F. Although not generally 

used in the industry until the 1840-1850 period, a blast furnace at Bennington, 

Vermont experimented with hot blast in the early 1830's. A circa 1900 photo of 

the Forestdale furnace ruin clearly shows oven remains at the top, which no 

longer exist. 

Cupola (Air) Furnaces 

Even within the iron industry, the cupola furnace could have more than one 

definition. One type of cupola furnace (see below) was a cupola-shaped blast 

furnace, so named for its similarity to the cupola furnace of the foundry. It was 

Section and interior of a cupola blast fur- Front view of a cupola blast furnace, at 
nace. the Great Western Works. 

a poor type of blast furnace because the walls were too thin to insulate and hold 

its heat. Its only advantage over the usual type blast furnace was its relatively 

inexpensive construction cost. 

The foundry cupola furnace was a tall, round furnace that served merely to 

melt pig and scrap iron for use in manufacture of castings. Cupolas had a high 

height-to-diameter ratio, sometimes reaching 25 to 30 feet high with only a 4 to 
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6 foot diameter. Pig and scrap iron (and sometimes even some iron ore to 

affect the quality iron) mixed with charcoal or coke were loaded through a side 

door about 10 feet above the hearth. A ring of tuyeres at the hearth provided 

hot blast that melted everything inside. The molten iron was either cast direct 

at the foundry or molded into ingots for later use or sale to other foundries. 

Cupola furnaces were sometimes referred to as air furnaces, to further distin-

guish them from iron smelting blast furnaces. In some instances, blast furnaces 

were adapted to operate as cupola furnaces but it usually didn't work well. 

Cupolas were the standard furnace in Vermont foundries that cast stoves, agri-

cultural implements, pots and kettles (hollow ware), mill gearing, and railroad 

and machine castings. Advertisements in ca. 1790-1850 newspapers for "pot metal 

wanted for our furnace" were looking for scrap iron 

(old iron pots) for melting in the foundry cupola. 

The cupola furnace essentially relieved the blast 

furnace of casting; the latter just made the iron 

while the cupola cast it. 

By the late 1800's, cupolas were made of sec-

tions of hollow cast iron plates. Water circulated 

inside the plates to prevent them from melting. The 

cupolas were 2 to 3 floors high inside the foundry-

building and could be located from the outside by 

the tell-tale smoke-belching high chimney that ex-

tended above the foundry roof. 

This, too, is cm iron furnace—a cupola found in old 
foundries, where it was used to melt pig and scrap 
iron for casting; it was built around 1900. 
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Cementation Furnace 

Before Henry Bessemer of England and William Kelley of Kentucky discovered 

methods of producing large amount of steel quickly and cheaply, most steel was 

made by foundries in a low-volume time-consuming furnace called the cementation 

furnace. In this furnace, thin iron bars of wrought iron were heated to just 

under melting temperature in sealed clay boxes containing loose charcoal dust. 

Under influence of the heat, carbon in the charcoal was absorbed by the iron, 

creating an iron bar with a wrought iron core under a steel surface. The action 

of the carbon on the iron created blotchy patterns looking like blisters, thus 

the name - blister steel. Much blister steel went into the manufacture of fine 

- Furnace for making blistered steel. 

cutlery, springs, and edge tools (axes, chisels, saw blades, files, etc), since 

the steel jacket allowed the iron to hold a fine cutting edge. 

The furnace measured 12 to 15 feet wide and 20 to 25 feet deep. A conical 

chimney 40 to 45 feet high vented smoke out the foundry roof. The bars were laid 

up in the boxes 10 to 16 feet long by 2 to 3 feet square. Two such boxes of iron 

The Cementation Furnace 

Iron bars laid up lengthwise, 10 
to 16 feet deep into the furnace 
and baked for 10 to 12 days. 



took 10 to 12 days to process. With the Bessemer converter, blister steel went 

out of fashion although many small rural foundries continued the process for 

specialized local applications in the manufacture of edge tools and agricultural 

implements (plows, shears, reapers, etc). 

Cast Steel Air Furnace 

The only inovation in steel making between the colonial period and the Civil 

War was the crucible method. Much more complex and costly than the cementation 

process, in the crucible method, pieces of blister steel were broken and melted 

in refractory clay containers to produce a much better quality steel that posses -

ed a uniform internal distribution of carbon. The product was called crucible 

steel or cast steel. 

The crucibles were 5 inches wide by 18 inches deep and were made of a highly 

refractory clay mixed with charcoal dust. Hot gases were drawn from the furnace 

hearth through the crucible chamber and vented upward, out the chimney. In some 

foundries, rows of these furnaces were built into the foundation of the building 

such that access to the crucibles was through 

a row of trap doors on the floor. Each cru-

cible contained 50 pounds of steel and took 

3 hours or longer to process. The crucibles 

were carefully lifted with long prongs and the 

steel poured into preheated molds. Each furn-

ace had its own crucible chamber and chimney, 

so that a row of chimneys on a foundry roof 

usually meant a row of air furnaces beneath. 

Cast steel atr furnace. 
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Heating (Re-heating) Furnace 

When iron was being worked at the foundry, that is, hammered, drawn, punched, 

etc., a means was required to keep the iron hot, lest it crack or rupture. The 

heating furnace was the answer, which was nothing more than a long, narrow heated 

chamber. In this furnace, hot burning gases were drawn from the hearth at the 

front end of the furnace, up and through a chamber in which iron rods, bars, or 

sheets were placed, and vented out a chimney. The heat was sufficient to keep 

the iron workable without melting or deforming 

it. While some bars were being heated, others 

were being worked, so that a number of pieces 

were processed at the same time. The furnace 

was generally rectangular in shape, about 8 or 

more feet wide, depending on the size of the 

work to be heated, and 5 or less feet deep, 

so as to maximize the heating effects of the 

burning gases. Charcoal, coke, or coal was used for fuel; the tall exhdust chim-

ney provided a good draft to 'draw' the flames through the chamber. 

Puddling Furnace 

Similar in outward appearance to the heating furnace was the puddling fur-

nace. This furnace converted cast (pig) iron from the blast furnace into wrought 

iron. The major characteristic of the process was separation of iron from fuel. 

The iron was heated and melted in a chamber physically removed from the hearth 

area, where carhon-containing charcoal, coke, or coal was burned. As the burning 

gases were drawn through the chamber, carbon in the molten cast iron was burned 

away. A worker stirred the molten iron with a long iron rod stuck through a small 

opening beside the chamher. The stirring exposed carbon-rich cast iron from under 

the surface to the burning (refining) action of the heat. As the iron lost its 

carbon, its relative melting point dropped and it started to congeal on the work-

Secticm of a re-heating furnace. 
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er's iron rod. It was then formed (puddled) into a ball of iron, removed from 

the furnace, and hammered into bars. The result, wrought iron, was practically 

devoid of carbon, was highly malleable, and was sold as bar iron (merchant iron). 

The worker who stirred and formed the ball was called a puddler. 

Elevation of a pouJSing furnace. t - • . . , . . . . . 
, Vertical secuon of a single puddling furnace. 

The puddling furnace was about 12 feet deep by 5 feet high and 5 feet wide. 

The chimney rose 30 to 40 feet, affording good draw for the furnace. After the 

furnace is brought up to temperature, which may take some days to stabilize if 

fired from a cold start, iron is thrown in and all doors sealed. In about 15 min-

utes the iron should be glowing red; in 30 minutes white, ready to melt; and in 

45 minutes, the puddler starts to stir the iron. Iron balls were usually limited 

to about 15 inches in diameter; that weighing 70 to 80 pounds. The cycle took an 

hour to complete, from initial charging to drawing out the hot, pasty iron ball. 

Puddling furnaces generally replaced bloomery forges throughout the country 

during the last half of the 19th century. In Vermont, however, bloomeries con-

tinued to operate to about 1880 (East Middlebury). Bloomery iron, the direct 

method of making wrought iron, although a slower and more expensive process, was 

considered by many at the time superior to puddled iron. 
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Compiled by: Vic Rolando 
33 Howard Street 
Pittsfield, MA 01201 

-14-



Variability in Design of 19th-century Charcoal Kilns in Vermont 
written and researched by Vic Rolando 

Presented to the CNEHA at Troy, NY, November 1, 1986 

* The state of Vermont constitutes 9,609 square miles, or less 

than 0.2% of the area of the United States. Yet, during the summers of 

1933, 84, 85, and 86, the sites and ruins of 137 charcoal kilns were 

located in that small area, part of a state-wide survey of IA sites. 

* Basically, the charcoal kilns were constructed of two types of 

materials; brick and stone, and some a combination of both. Brick-type 

kilns accounted for 103 kilns, averaging about 28 feet in diameter; 

* the 18 stone-type and the combination stone-and-brick-type kilns 

divided evenly in half, nine of each, all measuring from 26 to 35 feet 

in diameter. * Also found were 15 mound—type remains, measuring from 25 

to 40 feet in diameter, and one curiosity, a concrete block-type kiln 

from the 1950's. 

* The kilns were generally found in the south-central part of the 

state. They date from the 1870's through the turn of the century, well 

past the peak period of ironmaking activity in Vermont, and thus 

reflect the making of charcoal for interests outside of the state. 

* It is well documented that during that period, charcoal makers 

contracted for millions of bushels of charcoal for ironworks ooerators 

as far away as Salisbury, Ct. Additionally, large tracts of mountain 

land were leased in that same period by such operations as the Richmond 

Iron Works of Massachusetts, for reduction of the forests to charcoal. 

* Of the 103 brick-type kilns, one was confirmed through shallow 

excavation to have been conical in shape, 2 others mav possibiv have 

been conical. * It was the policy of the US Forest Service Service in 

the 1930's and 40' s to dvnamite standing kilns on government property 

to prevent hikers from camping and transients from living in them. The 
m 1 



two questionable conical kiln ruins were found in association * with 

an iron door typical in configuration to those used in conical-shaped 

kilns, and are located at sites a few hundred feet from the known 

excavated conical kiln. But they were thoroughly destroyed by 

dynamiting, right down to their foundation stones, as excavation 

attempts proved. * The partially standing remains of most of the stone-

type kilns suggest they were of beehive shape, * while the stone-and-

brick-combination-type kilns were conical in shape. * This has been 

determined by comparison with period photographs shared bv residents of 

the old charcoal making areas. * One stone-type kiln was rectangular, 

measuring le> feet wide by 37 feet long and 10 feet high. The 1950's 

era concrete block-type kiln was also rectangular in shape. 

Kilns were built anywhere from 1 to 10 at a site. * There were 11 

single-kiln sites; six 2-kiln sites; * four 3-kiln sites: seven 4-kiln 

sites; five 5-kiln sites; * no six- or seven-kiln sites: three 8-kiln 

sites; * and one 10-kiln site. The largest sites were of brick 

construction, averaging 4 kilns per site; stone-type and stone-and-

brick-combination-type kilns averaged 2 kilns per site. 

* The kilns were built at elevations from 660 feet to 2400 feet 

above sea level. Vermont's lowest elevation is 95 feet, which is the 
« 

elevation of Lake Champlain, bordering most of the state on the west. 

It's highest point is Mount Mansfield, * 4393 feet above sea level. 

Average elevation of the state is 1000 feet. In the area of the most 

kiln finds, 12 mountains rise to between 3000 and 3800 feet. • Brick-

type kilns averaged 1813 feet in elevation at a range of 660 to 2360 

feet; the largest concentration of 55 kilns were found between 1500 anc 

2000 feet. Stone-type kilns averaged 2057 feet, with a range of 1560 

to 2400 feet., somewhat higher in elevation than the brick tvDes, but 
0 significantly compacted in a tighter range of elevation. The largest 



concentration of 10 stone-type kilns were found between the 2000- and 

2500-foot level. Mound-type kilns were located at the lower average of 

133o feet, at a range of 700 to 2360 feet; there was no significant 

concentration at any elevation. Almost all kiln sites are located in 

proximity to good-flowing streams. 

* Anyone familiar with Vermont's higher-elevation landscape is 

familiar with the rocky nature of the land. Vermont is still known for 

its marble, slate, and granite industries, but Vermont farmers would 

rathe- forqet the numbers of stone walls that they have built down 

through the past 200-year history of the state. Stone-built charcoal 

kilns reflect, therefore, the adaptive use of a natural resource to 

answer a need for a practical building material. * The stone-type kilns 

are built of unfinished stone, but laid up carefully in 3-foot thick 

wails to prevent as much air as possible from leaking into the interior 

of the kiln during the combustion process. * Most brick-type kiln sites 

have since been cannibalized of all usable brick. Stone is such an 

available resource in Vermont that the best kiln remains in the state 

are those made of stone. 

* Brick-type kilns are laid up in 1-1/2 brick long, or about 1-

foot thick walls, which provide a stable enough structure until such 

facrors as the vaulting brick roof, and heating, expansion, and cooling 

are considered. * Therefore, 28- to 30-foot diameter, 6-inch wide by 

1/2-inch thick ki1n-girdling flat iron hoops, * held firmly in place by 

1-inch bolts, assist in holding the structure together. Except for 

iron doors, no hardware was found associated with the stone-tvpe kilns, 

probably because its conical beehive design created a much more stable 

structure. Other iron hardware found at brick-type kiln sites include 

6- bv 6—foot doors, * lintels on which the doors slid across, * and 

cast iron vent-hole linings. Inspection of the few pieces of hardware 



that survived World War II scrap drives indicate no visible similarity 

between dimensions of the hardware, suggesting that hardware for the 

kilns was made 'on order' at the foundry. But nowhere is the 

variability in design of hardware for charcoal kilns more obvious * 

than in the configurations of the circular covers that closed the 6-

foot diameter holes at the tops of the kilns. * Probably because of 

their round, 1/2-inch thick flat shape, they escaped detection of 

scavengers, * and over a dozen of the artifacts have been found by 

diligent search in the vicinities of kiln ruins. * 

* Vent holes, through which the flow of air into the kiln was 

controlled, also provide an interesting point in study of variability. 

* Almost all brick- and stone-type kilns contained vent holes of such 

a dimension to conveniently allow the insertion of an ordinary red 

brick to shut the hole completely. Stone-type kilns used a pair of 

bricks set side by side with a brick-size space between, laid over and 

under with a large flat stone. Variations in vent holes were found at 

one site containing five brick-type kilns * that had cast iron vent 

linings. This site was located about 3 miles from an ironworks, which 

it serviced. At one stone-type kiln site, * vent hole linings were 

found that are made of a hard clay material of unknown origin. 

* The variability in design of these 19th century charcoal kiln 

ruins in Vermont reflect the ability of charcoal makers to adapt the 

needs of the basic kiln design to the resources that were available. 

The consistent 28-foot inside diameter of the brick-type kilns, for 

example, indicate a common knowledge of one aspect of the technoloav. 

* But the variability in hardware, at these same brick-type kiln 

sites, testifies to the individuality of at least one of the number of 

choices that enterprising Vermont charcoal makers aooeared to make the 
p 

most of. Thank you. • 



VERMONT DIVISION FOR HISTORIC PRESERVATION: THE STATE PLAN 

CON 1 Ex I: VERMONT'S CHARCOAL MAKING INDUSTRY (1790-1900+) 

1) How it developed (geopraphir; cultural; social; other influences): 
Vermont's charcoal making industry developed in association with the 
development, of its mineral smelting and production industries. Charcoal 
fueled furnaces (iron, glass, copper), forges, blacksmiths hearths, 
foundry cupolas, etc. Early charcoal making required no structure; it 
was made merely by mounding cordwood, covering it with sod, and 
allowing it to smolder. Much charcoal (and potash) was made by settlers 
as a by-product of clearing vast acreages of land for agriculture. 
Kilns supplied charcoal to local furnaces and forges that initially 
satisfied local needs. Industrial expansion after 1820, stimulated by 
the Champ lain Canal, demanded more charcoal. By Civil War period, char-
coal was being made in stone and brick-built kilns with much of it ex-
ported out of state. In 1880-1912 all of it was shipped out as Vermont 
ironworks phased out and charcoal resources in NY, Mass, and Ct became 
scarce. By ca. 1912, available forests in Vermont were exhausted and 
charcoal making ended. r i \ f\ 

2) Limitations of development: Vermont charcoal making was limited in 
the early period (pre-1820) by the demand by local metal working indus-
tries, which mostly reflected domestic economics. Limitations of middle 
period charcoal making (ca. 1820 - I860) still reflected local demand, 
but charcoal was made on a more regional supply and demand basis; local 
forests were becoming depleted through settlement and clearing for 
farmland. Following 1860, charcoal making became an industry unto it-
self, with charcoal being exported outside the state and forests being 
rapidly consumed by lumbering interests. Limitations by this period be-
came the resources of the forest stands themselves, which were commer-
cially exhausted by the turn of the century. 

3) Known geographic distributions and patterns: During the early pre-
1820 period, charcoal making generally centered about the iron making 
industries, then the largest single consumer of charcoal in the state. 
After 1820, as iron, copper, and glass industries developed, charcoal 
making chased the forest lines back into the hills. By the 1860's, it 
was not uncommon for charcoal to come to furnaces from a dozen miles 
away. As such, earlier charcoal making sites generally were close to 
developing industrial communities along the Lake Champlain plateau; 
later charcoal making areas reached well up into the Green Mountain 
highlands, with many last operations at 2000-foot elevations. Most 
kilns, however, still remained west of the center line of the Green 
Mountain range, with concentrations in the north in the Ripton/Middle-
bury area; the central area at Mt Tabor/Peru/Winhal1; and southern at 
G1astenbury/ Woodford/Stamford/Readsboro. 

4) Historic highlights (i.e., significant events [natural and social], 
people, technological advances, social trends, etc.): Largest single-
owned charcoal making operation in Vermont was Silas L. Griffith of 
Danby, whose holdings in late 1880-1890's exceeded 50,000 acres, oper-
ating at Mt Tabor and nearby some 35 charcoal kilns, 9 sawmills, and 6 
general stores. He was the first, to use a telephone in the state, con-
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his lodge at b r H D f h I'or.d to his o H i c e ; was an earlv advocate 
? saws instead of axes to cut trees in order to reduce waste. He 

was a Vermont State Senator but declined candidacy -for Governor. His ' 
charcoal plus that made farther south supplied fuel needs of ironwork* 
r' t h e T a

j
c o n i c regions of Mass, Lt, and NY until about 1912, when these 

resouces failed; those ironworks then importing charcoal from as far 
away as North Carolina (the region's iron industry failed in 19"?3> 
Design and efficiency of round and conical kilns in Readsboro were' 
recognized and written up in a technical paper in 1879-1880, published 
nationally (at least one Readsboro conical kiln located to date). 
5) Time frame: ca_. 17Bd 
Selected Bibliography) 5 to 1912 (justification): archival research (see 

6) Property types known and/or expected: Mound type kilns: circular 
gutters; collier huts; coal storage sheds; and oval areas coated with 
burnt pitch Stone/brick kilns: stabilizing iron hoops: iron vents; 
iron top hole liners and doors; square and triangular front doors:' 
lintels; battered, round, and conical foundation remains; road/railroad 
access and loading platforms; charging embankments: coaling villages 
(schools postoffices, workers' housing); offices;'saw mills; dams; 
flumes; stables; blacksmith shops; extensive charcoal-1aden black soil. 

c h J c I a T - ^ r 9 a P ^ r * ! e a r C h What vegetation predominates in charcoal-laden soil/ Where was hardware made for reinforcement and use 
in kilns ».hoops, doors, iron vents, etc)? What was final <pre-col1aps-
ed) configuration of stone built kilns (no known photos or sketches)"? 
What generation forest generally stands today? Do any virgin forests' 
remain from prehistoric period"? What are the circular, dark areas on 
the ground in Shoreham located via satellite photos by Dunn of UVM/VAS, 
but unlocated by ground inspection 0 

8) Biases: Brick and stone kiln remains predominate in numbers over re-
mains located to date of mound type kilns, due to latter having le*s 
distinguishable features. Earlier mounds also built closer to furnaces 
later disturbed by furnace/industrial expansion, community growth, 
stream/river erosion. Stone kilns usually in better shap e; higher walls 
than brick, seem to indicate more recent vintage, but brick usually 
canabal l zed by locals for use (lighter unit weight, comparable to 
modern brick, nearer roads/drivable trails); stone kilns not qenerally 
canabal ized since stone not in high demand for construction (heavy, 
cumbersome, common everywhere in Vermont countryside). 

9) Relevant constituencies: U.S. Forest Service; Vermont State Parks; 
SIA; town, county, and state historical and archeological societies-' 
logging/lumbering associations; National Conservancv - Vermont Chapter-
industrial and technological historical societies. ' Chapter, 

10) Selected bibliography: See: 
Sweat (unpubl. 
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5) Historic highlights (i.e., significant events [natural and social], 
people, technological advances, laws, social trends, etc.): 

6) Time frame: .(justification): 



CONTEXT: page 2 

7) Information gaps/research questions: 

cJUv*- a / y 

8) Biases: 

9) Relevant constituencies: 

; f m 4 k m 

10) Selected bibliography: 

*• '( -• a 

. fi 
m 

. SI'-

a»**. 

4 4 

¿ f 
- ; 

* 

Prepared by: Date: / / i l / & T 



v» 

.Sí--

1 f - 2 7 - Ä -

L OVLAA^TVI I S^^^tíífW (o 

S P f e * J f ^ L m / X t ^ j K r r e 
k 

f l i n i Ayj, 

J ^ P f v / / c \ v~t3 S h r ^ J i /^li/'i— \ 7 /) /S 

/ j ß l ß C é ^ x - h ^ h : U f o y\ i ^ j e T k 

_ _._ G ? /c^Ss (^mcIt/J-e. u v w J L t ^ 

. 0 "H^cSJPi^àusfii 

-

P f s J j c j h ï ) 

. 
, 

A H u J J U I A I ^ U o é - h h 
-

_ ß , // 

/t'iw^o r'-g¿-CA i \ 
Y : ' ' . I A J ^ C r p ^ Ccs¿ k" 

ß c e , /AJ. 1 / w 5 o "V 

S í F- ' 
. |/iC ( K „ b l ^ y ^ ö 

. ( ß . H fc e a s i l y 
W'^W'* l ' -

P e f v r f W l c y C 
ñ " ' ï. ' 

L ^ c y A-^f-tcn A 
wsjfyf' ' '. < • y • 

c G ? 11 / V 5 

O w + i S C S ^ V i ^ S ^ A - r C - G o c J c Y " 



Eastern \ j National 
PARK & M O N U M E N T ASSOCIATION 

HOPEWELL FURNACE NATIONAL HISTORIC SITE 
2 Mark Bird Lane 

Elverson, PA 19520 
(215) 582-8773 

TDD1215-582-2093 

PUBLICATION LIST (updated Nov.93) 

The following publications and souvenir items are available by mail 
order. Payment must be received before items can be shipped. 
Personal checks, money orders, or Visa and MasterCard will be 
accepted. Prices and availability of items are subject to change 
without notice. For further information, please call 215-582-8773 
(TDD:215-582-2093). 

HOPEWELL FURNACE 

A Summer Day at a Charcoal Iron Furnace, (leaflet) A fictional 
story portraying an average day at Hopewell in the 1830's....$ .25 

Hopewell Furnace Handbook. The official park handbook. Detailed 
summary, with illustrations and photographs of Hopewell's 19th 
century ironmaking community (95 pp.) $4.75 

Hopewell Village: The Dynamics of a 19th Century Ironmaking 
Community, by Joseph Walker. Describes the lives of the people of 
the iron plantations and their work, religion, education, and 
recreation (498 pp.) $8.95 

IRONMAKING 

A Visit to the Ironworks, by Mary Stetson Clarke. A story of a 19th 
century family living near an iron furnace (64 pp.) $ 1.25 

The Transfer of Early Industrial Technologies to America, by Darwin 
H. Stapleton. Studies the European roots of American technologies 
(215 pp.) $18.00 

Engines of Change: The American Industrial Revolution, 1790-1860. 
by Brooke Hindle and Steven Lubar. Discusses major developments in 
technology, business, economics, and labor (298 pp.) $15.95 

Pennsylvania Iron Manufacture in the 18th Century, by Arthur C. 
Bining. Origins and progress of PA's iron industry (215 pp.) .$ 9.95 

Iron in Colonial Times: Activities for grades 4,5,and 6 ,by 
Mary Stetson Clarke. Puzzles, stories, and mazes (24 pp.)....$ 1.50 



Coal Age Empire, by Frederick Moore Binder. A study of coal and its 
uses before the Civil War (84 pp.) $11.95 

Industrial Evolution: Organization. Structure, and Growth of the 
Pennsylvania Iron Industry, by Paul F. Paskoff. Follows the changes 
of the Pennsylvania iron industry (182 pp.) $25.00 

Ironmaking (Pamphlet). A brief history of iron and its uses, with 
diagram of iron furnace and the ironmaking process $ .95 

Technological Change in the British Iron Industry, by Charles K. 
Hyde. Prices, profits, competition, inventions, and productivity 
all figure in this story of a key industry (283 pp.) $45.00 

Iron and Steel in America, by W. David Lewis. A general review of 
the rise of the iron and steel industry (64 pp.) $ 6.50 

America's Valley Forges and Valley Furnaces, by J. Lawrence Pool. 
Iron and steel and the early forges and furnaces (211 pp.)...$15.00 

De Re Metallica Paper, by Henry Clark Hoover and Lou Henry Hoover. 
Traces the development of mining methods, metallurgical processes, 
andminerology (638pp.) $17.95 

Ironworking. by W.K.V. Gale. Describes the use of iron from its 
primitive origins to the growth of industry (32 pp.) $ 4.75 

Green Sand Casting. Lost Technology Series. A summary of old 
casting practices which are being replaced (168 pp.) $ 9.95 

Pattern Making. 1905. Lost Technology Series. Describes the process 
of metal working and pattern making (138 pp.) $ 8.95 

The Diffusion of Technological Change in the Pennsylvania Pig Iron 
Industry, by William David Walsh. Detailed listing of tables, maps, 
charts, diagrams of the pig iron industry (256 pp.) $27.50 

Cast With Style, by Tammis Kane Groft. 19th Century cast iron 
stoves from the Albany, NY area (122pp.)..... $11.95 

Metals Born of Earth and Fire, by Jean-Pierre Reymond. Describes 
the history and people in the field of metals (37 pp.) $ 4.95 

Story of Coal and Iron in Alabamar by Ethel Armes. Traces growth of 
mining, iron and steel making, and railroads (581 pp.) $29.95 

Reading Furnace. 173 6. by Estelle Cremers. The history, people, and 
culture of this prosperous furnace (194 pp.) $10.95 

Cornwall: The People and Culture of an Industrial Camelot. by Carl 
Oblinger. The life and growth of the furnace, including lifestyles, 
labor practices, and unions (123 pp.) $ 5.95 



Ironworks on the Sauqus. by E.N. Hartley. A study of two 17th 
century iron works at Braintree and Saugus, MA (328pp.) $11.95 

Out of the Fiery Furnace: The Impact of Metals on the History of 
Mankind, by Robert Raymond. Follows the route of the earliest known 
metal smelting site and metal-working techniques (274 pp.).. $25.00 

A Diderot Pictorial Encyclopedia of Trades and Industry. 485 plates 
of arts, crafts, tools, machines, processes, and trades from 
xL'Encycolpedie' of Denis Diderot (2 vol., sold separately) 

paperback $17.95 

At Speedwell in the 19th Century, by Cavanaugh, Hoskins, Pingeon. 
Diary notes of aspects of 19th century life (92 pp.) $ 6.00 

Junior History Guide to Hopewell Furnace, by LaChine, Boyle, Cram. 
A description of the Hopewell iron plantation (24 pp.) $ 2.25 

Hopewell Furnace Coloring Book. An educational coloring book 
explaining the story of the iron making community $ 2.00 

American Charcoal Making, (pamphlet) History, uses, and process of 
making charcoal in the era of the cold-blast furnace (25 pp).$ .75 

Canal History and Technology Proceedings - Iron Issue, by Lance E. 
Metz. The culture, history, and economic development of America's 
early transportation and industrial technology (2 64 pp.) . . . .-7 $11. 00 

The Anthracite Iron Industry of the Lehigh Valley, by Craig L. 
Bartholomew and Lance E. Metz. A definitive history of these 19th 
Century iron producers. Illus. (227 pp.) $17.95 

Iron in the Pines, by Arthur D. Pierce. The story of New Jersey's 
ghost towns and bog iron (215 pp.) $13.95 

Iron and the Industrial Revolution, by Christine Vialls. Wrought 
iron, steam power, and cast iron in England (48 pp.) $ 6.95 

AMERICAN HISTORY/CRAFTS/SKILLS 

At Home: The American Family 1750-1870. by Elisabeth Donaghy 
Garrett. Explores the lifestyles of the middle-class through 
diaries, letters,_ and novels. 195 illustrations, including 101 
plates in full color (304 pp.) $49.50 

Foxfire 5. by Elliot Wiggenton. Covers such topics as ironmaking, 
blacksmithing and other aspects of plain living (511 pp.) $14.00 

A Museum of Early American Tools, by Eric Sloane. Covers numerous 
tools and the artifacts used to make them (108 pp.) $ 7.95 

Our Vanishing Landscape, by Eric Sloane. Artistic abilities of 
early pioneer builders and their contributions (107 pp.) $ 7.95 



A Reverence for Wood, by Eric Sloane. The early uses for wood that 
made settlement of North America possible (110 pp.) $ 7.95 

French Fashion Plates of The Romantic Era. 12 0 of the most popular 
fashions from the 1830's (62 pp.) $11.95 

Apple Recipes, Preparation and uses for apples, with a collection 
of old-time favorite recipes (36 pp.) $ 2.50 

American Wood Heat Cookery, by Margaret Byrd Adams. 284 recipes 
with an historical anecdote of Americana (250 pp.) $ 7.95 

Colonial Christmas Cooking, by Patricia B. Mitchell. Holiday 
recipes from varied colonial localities (37 pp.) $ 2.95 

The ABC's Coloring Book. Long Ago Series. Contains pictures, 
letters, and words from Colonial times (25 pp.) $ 3.25 

Pioneer Ironworks, by Mary Stetson Clarke. The history of Saugus 
Ironworks, MA, at a junior high reading level (80 pp.) $ 6.95 

Children's Stories of the 1850's, Long Ago Series. Original stories 
reflecting simplicity of 19th century childhood (32 pp.) $ 3.25 

Early American Schoolbooks. Long Ago Series. Exerts from textbooks 
and children's books of the nineteenth century (24 pp.) $ 3.25 

The Forgotten Art of Building a Good Fireplace, by Vrest Orton. 
Demonstrates the "old-fashioned" way (60 pp.) $ 6.95 

The Forgotten Art of Building a Stone Wall, by Curtis P. Fields. 
Demonstrates the basics of laying a durable wall (61 pp.)....$ 6.95 

The Little Book of Early American Crafts and Trades, by Peter 
Stockham. A 19th Century illustrated collection (140 pp.) ....$ 4.95 

Epic on the Schuylkill, by John B.B. Trussel, Jr. The hardships 
endured throughout the Valley Forge encampment (46 pp.) $ 3.95 

America's Wooden Age, by Brooke Hindle. Aspects of wood's early 
technology and importance (218 pp.) $14 . 95 

Wild Apples, by Henry David Thoreau. A history of the apple tree 
from Ancient Greece to the Americas (42 pp.) $ 4.95 

The American Frugal Housewife. 1836. by Mrs. Child. Wives tales and 
common practices of "yesterday" (130 pp.) $ 9.95 

The Mother's Book. 1831. by Mrs. Child. A comprehensive view of 
childhood and motherhood in the early 1800's (169 pp.) $ 9.95 

Mother Goose's Melodies, by Munroe and Francis. Traditional 
versions of favorite nursery rhymes (116 pp.) $ 2.95 



Forge and Foundry: The Victorian Years, by Bruce A. Hoffman. 200 
years of Birdsboro, PA history, from 1790 to 1990 (62 pp.) . . . $10.00 

TRAVEL GUIDES 

Roadside Geology of Pennsylvania, by Bradford B. Van Diver. Covers 
topics such as landscapes, rivers, and mines (352 pp.) $15.00 

Park Ranger Coloring Book, by Keith L. Hoofnagle and Bill Dunmire 
(31 pp.) $ 2.00 

Pennsylvania Landmarks from the Delaware to the Ohio, A review of 
PA's historical sites (47 pp.) $ 3 . 95 

Guide to the Horseshoe Trail, A detailed description of the 
horseshoe trail with 10 topographical maps (76 pp.) $ 6.00 

Guide and Map to the National Park System, (pamphlet) $ .95 

25 Bicycle Tours of Eastern Pennsylvania, by Dale Adams and Dale 
Speicher. Highlights day and night bicycle trips (166 pp.)...$ 8.95 

Complete Guide to America's National Park (1992-93). Includes 
information on all of the 357 National Parks (594 pp.) $12.95 

National Park Service. Family Guide, by Dave Robertson and Dr. June 
Francis. Perspective and tips on educational content, children's 
activities, and recreational features on all the National Park 
Service sites (385 pp.) $12.95 

National Park Service. Activities and Adventures for Kids, by Bill 
and Jane Hallett. Games and puzzles to occupy all (30 pp.) . .$ 3.95 

NATURAL HISTORY 

Golden Guide series (sold individually): Birds; Trees; Rocks and 
Minerals; Butterflies and Moths; Reptiles and Amphibians; and 
Flowers (160 pp. each) $4.95 

Sharing Nature With Children, by Joseph Cornell. The classic parent 
and teacher nature awareness guidebook (13 8 pp.) $ 7.95 

Wildflowers in Color, by Arthur Stupka and Donald H. Robinson. 
Detailed categorizations of flowers found between the New England 
and Mississippi area (144 pp.) $ 4 . 95 

SOUVENIRS 

Counted Cross-Stitch Kit, of the Hopewell Cast House $11.95 

Hopewell Furnace Commemorative Cachet $ 2.00 

Hopewell Patch Package, includes embroidered patch and booklets of 
Hopewell Furnace $ 3 . 00 



Single Postcards; Hopewell Furnace 1887 $ .25 
Cast House $ .25 
Ironmaster's Mansion $ .25 
Tenant Houses $ .25 
Window View From Office/Store $ .25 
Charcoal Hearth $ .25 
Iron Products $ .25 
Hopewell Moulder $ .35 
Cast House Scene, with workers $ .35 

Slides (five views of Hopewell Furnace) $1.50 

Pen and Ink Prints (not matted) 
Cast House $3.50 
Ironmaster's Mansion $ 3.50 

Hopewell Notecards. (8 notes and envelopes, 4 views) $ 3.95 

Passport to your National Parks (book) $ 4.95 
1987 Mid-Atlantic Stamp (Hopewell Furnace featured)....$ .50 
1993 Stamp Set (includes National and Regional stamps).$ 3.95 

1775 Revolutionary War Field Cannon $ 5.25 

Small Naval Cannon $ 2.95 

Hopewell Iron Stand (cast iron) 7 .-....$ 9.95 

Hopewell Stove (6H cast iron replica of Hopewell Stove) $22.50 

Blacksmith's Anvil $3.25 

Woodcutter's Broadaxe $ . 7 5 

Jacob's Ladder, an authentic folk toy $ 6.50 

Whimmy Diddle, an authentic mountain toy $ 3.50 

Jaw Harp, a folk instrument $ 2.25 

American Wildlife Quiz Cards $ 3.50 

American Revolutionary War Money (paper replicas) $ 1.00 

American Revolution Map Game, an educational game $ 6.95 

Made for Trade. A Game of Early American Life $22.00 

National Park Service Calendar. 1994. $12.95 

Hopewell Furnace Puzzle (view of the cast house) $ 4.95 



Eastern National 
PARK & MONUMENT ASSOCIATION 

HOPEWELL FURNACE NATIONAL HISTORIC SITE 
2 Mark Bird Lane 

Elverson, PA 1952 0 
(215) 532-8773 

ORDER FORM 

(Minimum Order $ 2.00) 

Please send me the following: 

Item (Title/Description) Quantity Price Total Amount 

POSTAGE: $2.00 Postage is charged SUBTOTAL 
for the first book. Please add PA RESIDENTS ADD 6% TA2-
.50 for each additional book/item, MINIMUM POSTAGE 
excluding postcards and leaflets. ADDITIONAL POSTAGE 

TOTAL AMOUNT DUE 

MAKE CHECK OR MONEY ORDER PAYABLE TO: 
EASTERN NATIONAL PARK AND MONUMENT ASSOC. 

NAME: 

ADDRESS: 

CITY, STATE, ZIP CODE: 



SOOT, SWEAT - AND 
HISTORY 

By E D B A R N A 

Photographed BY JERRY L E B L O N D 
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FOR AMATEUR archaeologist Vic-
tor Rolando, the massive old 
stone and brick blast furnace 
near the Neshobe River in For-

est Dale has special significance. 
Before it fell silent for the last time 

in 1865, this fire-breathing behemoth 
sent i ts roar for mi les th rough the 
countryside. Molten iron flowed from 
the arches of i ts 30-foot-high tower 
onto molded beds of sand to form axes, 
draft chains, wagon parts, stoves, ket-
tles, skillets, rods and flat irons. 

Rolando knows all these details inti-
mately, from the sources of the iron 
ore to the shipping manifests for fin-
ished products. But this relic means 
more to h im than that . It is the em-
bodiment of a fact he has labored tire-
lessly to document: that iron-making 
was as much a part of early Vermont 
as subsistence farming, sheep raising 
and quarrying. 

In the course of his long and unpaid 
work, Rolando has become the ac-
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knowledged expert on Vermont's early 
industrial days, the one person who 
pulled together the fading history of 
this period to produce a coherent pic-
ture of a Vermont unknown to most 
people. 

Over the past 20 years, during the 
many archaeology forays f rom his 
home in Pittsfield, Massachusetts, he 
came repeatedly to the blast furnace in 
Forest Dale, a vil-
lage in the Rutland 
C o u n t y town of 
Brandon. The 
N o r t h e r n New 
England Chapter of 
the Society for In-
dustrial Archaeol-
ogy, of wh ich 
Rolando is t rea-
surer , ga thered 
there in 1988 to ex-
cavate the aban-
doned indus t r i a l 
village around the 
furnace. Vermont's 
Div i s ion for His-
toric Preservation 
chose the s i te as 
the best place to in-
terpret Vermont ' s 

Industrial archaeologist 
Victor Rolando, at the base 

of the Forest Dale blast furnace. 
Below, lime kiln in Leicester. 

role in the early Industrial Revolution. 
And Rolando chose a photo of the blast 
furnace for the cover of his epic 1992 
book, 200 Years of Soot and Sweat: 
The History and Archeology of Ver-
mont's Iron, Charcoal, and Lime In-
dustries. 

T h e book was the caps tone on 
Rolando's effort to show that the re-
mains studied by industrial archaeolo-
gists, grubby and workaday as they 
may seem at first glance, are keys to 
Vermont's identity — just as much as 
the mansions the iron industry helped 
finance. 

"The complex stories of Vermont's 
once thriving iron, charcoal and lime-

stone producing in-
dustries lay virtu-
ally forgot ten in 
forest and field, in 
libraries and attics, 
until Vic's exhaus-
tive efforts brought 
th i s par t of Ver-
mont ' s heritage to 
light," wrote state 
archaeologist Gio-
vanna Peebles in 
the foreword to 
Rolando ' s book. 
". . . The re is no 
question that Vic's 
devoted and extra-
ordinary efforts — 
all on a volunteer 
basis — have im-
measurab ly en-





Incomparable Elegance 
Sensational Values 

The finest bed, bath, and table linens in the world— 

sold through such stores and catalogues as Neiman-Marcus, 

Bergdorfs, and Garnet Hill, and appearing regularly in the pages of 

Metropolitan Home and Architectural Digest magazines—are now offered at 

greatly reduced prices at our one and only Outlet Store. Please stop by for a visit. 

A N I C H I N I 
O U T L E T S T O R E 

Powerhouse Mall • West Lebanon, New Hampshire 03784 • 603.298.8656 

Circle Reader Service Number 113 

Circle Reader Service Number 142 

T H E L O O N T I E 
One of upper New England's favorite birds 

Wonderfully woven in a silk/poly fabric 
$25 ppd • Visa, Mastercard or checks 

Ground colors: maple red or spruce green 

D M M A R BARNARD INE LTD. 

207-326-9179 
P.O.Box 275 • Castine ME 04421 

Fax 207-326-9080 • 1-800-962-1526 (outside Maine) 

Circle Reader Service Number 138 
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riched our knowledge." 
Rolando's love of industrial history 

began when he was growing up in the 
Hudson River Valley around Albany, 
New York. Gradually he became fasci-
nated with the many abandoned places 
he found in the area. In high school, he 
rode his bike to explore old buildings, 
w h a r v e s , and f ac to r i e s . When the 
weather was bad, he'd hang around the 
New York State Museum in Albany. 

With time, high school, college and 
career responsibi l i t ies eclipsed that 
early interest . But it re turned in the 
ear ly 1960s: On a Sunday drive, 
Rolando noticed a street in Richmond, 
Massachusetts , called Furnace Road. 
Struck by the name, he drove along it 
and found an early 19th century blast 
furnace. Soon he was back in school, 
getting a degree in history. 

But his in teres t became a passion 
when he discovered Vermont, a state 
he describes as a "time capsule" for in-
dus t r ia l archaeology. "I would f ind 
th ings in Vermont tha t predated al-
most anything I could find in Massa-
chuset ts and New York, where most 
of t hem evolved into later sites," he 
said. 

Rolando met members of the state's 
Division for Historic Preservation at a 
University of Vermont conference in 
1978. They warmly welcomed his pas-
sion for industrial archaeology. They 
were interested and helpful; they sent 
h im promised documenta t ion forms 
instead of forgetting all about them as 
M a s s a c h u s e t t s o f f i c i a l s o f t e n did. 
Eventually Rolando decided to focus 
his research on Vermont rather than 
Massachusetts and New York. 

Soon, he realized he was onto some-
thing important. He found that in ad-
di t ion to burning forests for potash, 
Vermont 's settlers had built charcoal 
k i lns all over the mounta ins , ei ther 
c rude so i l -covered pi les where dry 
wood fires drove the gases from green 
wood, or more efficient stone domes 
tha t did the same job. But wha t did 
they do with all the charcoal? 

Rolando qu ick ly discovered t ha t 
iron ore — both "bog iron" and higher 
grade hematite — had been abundant, 
and tha t charcoal had been the fuel 
that fed the ravenous energy appetite 
of a considerable iron industry in the 
days before coal and railroads remade 
t h e i ndus t r i a l landscape . He found 
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many simple "bloomery" forges, and 
he was able to document the existence 
of at leas t 36 blas t fu rnaces , 12 of 
which existed as visible remains, and 
six of which (two in Bennington, one 
each in East Dorset, Pittsford, Troy, 
and Forest Dale) were still present as 
recognizable structures. 

The lime kilns were something of a 
bonus. Informants kept ment ioning 
them, t h ink ing tha t they were old 
ironworks, though some lime opera-
t ions cont inued in to the 1970s. Fi-
nally, Rolando decided to document 
that little-known chapter of Vermont 
history as well. Lately, he has taken on 
the challenge of researching the brick 
industry, whose products were used in 
both blast furnaces and kilns. 

Deceptively unathle t ic in appear-
ance, Rolando is in fact a relentless 
trekker, one of those people who can 
push on and on without food or drink. 
He has come to know the state's refor-
ested hinterlands as do few others ex-
cept game wardens, foresters and gin-
seng hunters. You may have seen him 
at some remote roadside tu rnof f , a 
medium-sized man sporting a hef ty 
mustache and wearing a battered pork 
pie hat. When he traded his last car in, 
at 120,000 miles, the dealer handed 
him $200 and told him to get the thing 
off the lot. The engine had l i teral ly 
fallen out, thanks to various backroad 
adventures, and Rolando had held it in 
with wire and two-by-fours. 

After haunting town offices and li-
braries, questioning older residents, 
and asking the local children — "they 
know where things are, even if they 
don't know what they are" — he has 
walked countless spirals through the 
woods, watching intent ly for bits of 
ore, slag and charcoal that others over-
look. He has followed slag trails up 
streams until the slag vanishes, then 
gone overland to find their sources. On 
the remote hillsides of long-abandoned 
hamlets, he has spotted the te l l ta le 
rings of so many collapsed charcoal-
burning mounds that he has become 
bored with finding them. 

Just as impressively, Rolando's re-
search has illuminated the social pat-
terns of the iron industry. He uncov-
ered a sort of interlocking directorate 
of investments, marriages and trade 
that linked iron families in Vermont 
with the industry across Lake Cham-

plain in New York State. Ownerships, 
products made, buyers, transportation 
routes, are all detailed in the small 
print of his 296-page book. 

Rolando had to organize the amaz-
ing array of facts he had accumulated 
over the years, sort through thousands 
of photographs, diagrams, reproduc-
tions of old advertisements, and maps, 
and produce a glossary and a detailed 
index. Get t ing his encyclopedic ac-
coun t publ i shed commerc ia l ly , or 
even through a university press, proved 
an impossible dream. "I'm not a pro-
fessor at a ma jor un ive r s i ty in the 
Northeast ," Rolando notes. "I 'm not 
an eminent archaeologist. I'm writing 
about something that editors generally 
don ' t know what it is, in a s ta te so 
small they don't know where it is." 

In the end, Rolando, then 60, retired 
in 1992 from his job as a technical edi-
tor with General Electric, and moved 
to Manchester. He established Moun-
tain Publicat ions, obtained a small 
grant from the Vermont Statehood Bi-
centennial Commission, and enlisted 
the support of the Vermont Archaeo-
logical Society as nominal publisher. 
Then he invested $40,000 from a GE 
job-phaseout program to produce 1,500 
copies of the book, of which he has 
since sold more than a thousand. But 
making money was never his goal; 
knowledge and understanding were. 

Rolando ' s e f for t s won na t i ona l 
recognition when the American Asso-
ciat ion for State and Local His tory 
gave him its Award of Merit, perhaps 
the highest award an amateur histo-
rian can achieve, an honor usually re-
served for organizations. In nominat-
ing him, Castleton State College ar-
chaeologist David Starbuck wrote that 
Rolando's research "unquestionably 
represents the most thorough inven-
tory ever conducted of the iron, char-
coal, and lime industries in any state 
in th is country . In conduct ing this 
work, he has greatly helped to sensi-
tize Vermonters to the importance of 
their industrial heritage and has en-
couraged all of us to seek out and pro-
tect these endangered historical re-
sources." 

• 

Rolando continues to find new iron 
production sites, and others may be 
taking up the work. Lately, he has re-
ceived so many invitations to speak to 
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Writer Ed Barna lives in Brandon, not far 
from the Forest Dale furnace. 

Sponsored by National Life of Vermont in support of The Vermont Community Foundation. 
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historical societies, archaeologists, and 
foresters that he has had to turn some 
down. No longer is it conceivable that 
a scrap drive might remove the iron 
bands f rom an old b las t fu rnace , as 
happened in Fores t Dale , or t h a t a 
highway construction crew might dy-
namite such a structure to get building 
stones, as happened there in the 1950s. 

"I've made my point," Rolando said, 
"there was a lot of industry here at one 
time, which I don't think a lot of Ver-
monters realize." 

For More 
Information ROLANDO'S book , 200 Years of 

Soot and Sweat: The History 
and Archeology of Vermont's 

Iron, Charcoal, and Lime Industries, 
is available at Vermont bookstores or 
by writing to Mountain Publications, 
P.O. Box 1812, Manchester Center, VT 
05255. It costs $32.95 in paperback, 
$39.95 hardback, plus 5 percent Ver-
mont sales tax. 

Rolando did not write it as a guide 
because he feared that casual souvenir 
collectors, professional "pothunters" 
or vandals might damage the historical 
resources described. But the book gives 
general directions and methods that a 
serious s tudent can use in combina-
tion with local directions. 

The Vermont Division for Historic 
Prese rva t ion has on d i sp lay at t h e 
Calvin Coolidge Bi r thplace in Ply-
mouth Notch a growing collection of 
cast iron objects made in Vermont fur-
naces. They will form the nucleus of 
exhibits at an interpretive center the 
state plans to build at the Forest Dale 
blast furnace site, given to the state by 
Welland Horn, whose family once op-
erated the furnace. 

The American Precision Museum in 
Windsor focuses on Vermont 's indus-
trial past. This former armory shows 
how inventors in the lower Connecti-
cut River Valley made the area world-
r e n o w n e d as a source of p r e c i s i o n 
tools, rifles, and other mechanical de-
vices. The museum is open Monday-
Friday 9 a.m.-5 p.m., weekends and 
holidays 10 a.m.-4 p.m., May 20-No-
vember 1 ; tel. (802) 674-5781. Admis-
sion charged. ^ 
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A Local Marriage: Cast Steel and Brooksville Toolmaking 

Several local 19th-century 
industries prospered from new 

inventions which brought efficiency 
to their operations and increased the 
quality of their products. A water-
powered saw, allegedly invented by 
a ten-year-old local boy Isaac 
Markham, cut marble at Eben Judd's 
early 1800s' marble works in Frog 
Hollow. In 1817 David Page 
installed the second set of power 
looms in America in his cotton 
mill on Main Street in Middlebury. 
Less known, however, is the local 
development of cast steel, which 
revolutionized tool manufacturing. 

Prior to 1800 tools made of iron or 
steel could not be 
made with sharp 
edges by the manu-
facturer, and pur-
chasers had to file 
edges onto them on 
their own. Even 
English steel was not 
suitable for useful 
tools and a long life. 
In Middlebury, 
however, three men 
developed cast-steel, 
which made possible 
the manufacturing of 
hardened steel tools 
that aided the develop- Brooks 
ment of America in the 
1800s. 

Local historians H.P. Smith and 
Samuel Swift report on the event, 
Smith writing, "Josiah Nichols...was 
employed in the trip-hammer shop 
with Daniel Pettibone and Ezekiel 
Chapman, and in 1802 a patent was 
taken out in their names; this 
process was one of great importance 
and went into general use." 

Within a decade a young man 
named Bezaleel Brooks was 
acquiring skills which would turn 
cast-steel into products shipped far 
and wide. Bezaleel came to Ver-
mont from Connecticut with his 
uncle, the Reverend Nathaniel 
Turner, a missionary to the 
Congregational churches in New 
Haven Mills.. He was apprenticed to 
the blacksmith trade, and by 1810 
had married Philly Cooke of New 
Haven and established a blacksmith 
shop on the River Road in New 
Haven Mills. Twelve years later he 
moved his family to Middlebury, 
where he continued his blacksmith 
business. 

Edge Tool Company Forge Shop. Photo c. 1909 

On January 3,1827 he advertised 
in the National Standard commenc-
ing "...the business of making 
CAST-STEEL AXES and other edge 
tools..." In 1835 he sold his 
Middlebury business to move to 
Moriah, New York, closer to the 
source of iron ore. 

Each of Bezaleel's sons followed in 
his father's footsteps. The three 

oldest-Thomas, Jonathan and 
Milton-were apprenticed to Samuel 
W. Collins of the Collins Axe 
Company in Connecticut to learn 
the cast-steel edge tool business. 

In 1843 they purchased William 
Willson's trip-hammer shop in 
Beeman's Hollow (New Haven), 
continuing their father's business 
under the name "T.M. Brooks and 
Co.," making axes, adzes and other 
edge tools. They established their 
homes there, set up boarding 
houses, opened a post office, a 
school, and, eventually, a dry goods 
store; the hamlet became known as 
"Brooksville." 

Norman Crane Brooks, 
the fourth son, took over 
the business in 1861. A 
reporter from the 
Middlebury Register wrote 
on January 21,1873: 

They employ twenty-
two high priced hands, 
mostly piece hands, 
who make large 
wages. They pack up 
ready for the market of 
the finished product, 
from twelve to sixteen 
hundred axes per 
week. For these they 
use from ten to fifteen 

tons of iron and two tons of the 
best cast steel, per month. In 
grinding they use up twelve tons 
of grindstone each month. Their 
axes are made to order, any 
desired pattern and style of finish, 
and are largely marketed in the 
west." 

Fires and declining business led to 
the company's sale in 1890. The 

Continued on page 4 
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Winter Exhibit: Thomas Jefferson in Vermont 

In a letter to his daughter Maria, 
dated May 8,1791, Thomas 

Jefferson wrote: 

In about a week I will set out to 
join Mr. Madison at New York, 
from whence we shall go up to 
Albany and Lake George, then 
cross over to Bennington and so 
through Vermont to the Connecti-
cut River, down Connecticut River 
by Hartford to New Haven, then 
to New York...and expect to be 
back in Philadelphia about the 
middle of June. 

Indeed, accompanied by Jefferson's 
slave, James Hemings (older brother 
of Sally Hemings), they traveled by 
boat and horseback 920 miles in 
thirty three days. A spirited journey 
even by modern standards. 

Why did they come to Vermont? 
Who did they visit? 

These questions along with 
Jefferson's role in Vermont state-
hood will be explained in an exhibit 
at the Sheldon Museum using color 
facsimiles of over 75 original 
documents, state papers, diaries, 

letters, maps, newspapers, prints, 
paintings and photographs. "Trav-
els through Vermont: Thomas 
Jefferson's Role in Vermont State-
hood, 1791," will open in the Cerf 
Gallery on November 23 and will 
continue through March 5,1999. It 
is being organized by Sydney N. 
Stokes, Jr., historian and chairman 
of The Jefferson Legacy Foundation 
in Rip ton, Vermont. 

For the exhibit, Stokes has collected 
documents from many sources, e.g. 
Pierpoint Morgan Library, New 
York Public Library, Maryland 
Historical Society, Massachusetts 
Historical Society, National Ar-
chives, Library of Congress, Univer-
sity of Virginia Library, American 
Philosophical Society, Lewis 
Walpole Library and the 
Bennington Museum. From the 
office of the Secretary of State in 
Montpelier, Stokes has obtained 
copies of 43 printed Acts of Con-
gress signed and attested by Tho-
mas Jefferson between February 25, 
1791 and March 2,1793, along with 
ten letters from Jefferson to Governor 
Thomas Chittenden. 

Thomas Jefferson as Secretary of State, 
about six months after his return from 
Vermont. Charles Wilson Peale, artist. 
Courtesy of Independence National 
Historical Park, Philadelphia. 

These Acts, Stokes says, are 
perhaps the largest collection of 
Acts signed by Jefferson as Secre-
tary of State to be found in any 
state archives. 
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Frank Smallwood to Speak at Annual Meeting 

The author of the 1997 book Thomas 
Chittenden: Vermont's First States-

man will speak at the Annual Dinner 
and Meeting of the Sheldon Museum 
on Tuesday, September 29 at Kirk 
Alumni Center at Middlebury College. 
(Note: This is a change of date from 
an earlier calendar listing.) Frank 
Smallwood will discuss the contribu-
tions of Vermont's little known first 
governor to the stability of the new 
state. 

Thomas Chittenden and his son 
Noah were among the original 
proprietors of Middlebury before 
Thomas became president of 

Vermont's first governmental body, 
the Council of Safety and, fifteen 
years later, governor of the state of 
Vermont. 

Smallwood, a Burlington resident 
with deep interests in Vermont 
history and government, is also 
author of Free and Independent. He 
is the Nelson A. Rockefeller 
Professor of Government Emeritus 
at Dartmouth College and a former 
Vermont state senator. He has 
taught at the University of Vermont 
and served as Chairman of the 
Ethan Allen Homestead Trust in 
Burlington. 



Historic Bams Tour October 3 

The Museum will hold its second 
annual Addison County 

Historic Barns Tour on Saturday, 
October 3 from 10:00 a.m. to 4:00 
p.m. The self-driving tour will take 
participants to properties in 
Shoreham and Bridport with barns 
and other agricultural buildings 
spanning two centuries. 

The buildings on the tour will 
illustrate how changes in farm 
building architecture and construc-
tion reflected shifts in local agricul-
tural practices and products. 
Participants will view an early 
nineteenth century sheep barn, an 
1840's barn with gunstock posts, a 
largely intact nineteenth century 
barnyard complex, a massive barn 

which evolved over a century of 
various uses, the first free stall barn 
constructed in Vermont, and a 1996 
dairy barn. 

Experts on barn architecture and 
restoration will give tours and 
provide interpretation of the 
structures, and information on 
grants for barn preservation will be 
available. Wool processing and 
old-fashioned farm activities will be 
demonstrated at several of the 
properties. 

The cost of the tour is $9 per adult 
for Sheldon Museum members and 
$10 for other participants. Preregis-
tration is required. Participants 
will receive a map and descriptions 
of the buildings when they register. 

Education Program Offers Menu of Options 

Teachers this year may choose 
from a wide variety of educa-

tional programs and activities 
offered by the Museum, geared to 
students from kindergarten through 
college. "We have moved away from 
exhibit-based programs offered 
primarily during only two periods 
of the year to a varied menu avail-
able year-round, and we are ex-
panding our offerings and outreach 
to include secondary school stu-
dents in addition to elementary 
grades," says Holly Noordsy, the 
Museum's educator. The popular 
Christmas program will remain. 

Tours, other on-site programs and 
classroom resources were reviewed 
during the summer by Martha Santa 
Maria, an intern who is a secondary 
school history teacher. Her famil-
iarity with Vermont's Framework of 
Standards and Learning Opportuni-
ties and how teachers use them 
enabled her to develop a list of the 
Standards which each of the 
Museum's educational offerings 
addresses. Based upon her recom-
mendations, learning kits and 
programs were strengthened. 

This year's education brochure 
identifies the Standards addressed 
by each program, which should be 
of considerable interest to teachers. 

In addition to Museum tours and 
hands-on activities on such themes 
as "Children's Life," "Itinerant 
Artist," and transportation, to name 
a few, offerings include several 
thematic walking tours of historic 
Middlebury, and a variety of 
learning kits with reproduction 
artifacts, videos, books and other 
resources for classroom use. New 
options this year include a combi-
nation tour/Research Center visit 
and Research Center-based pro-
grams on "Maps" and "Using 
Primary Sources for Research." 

The Museum will be working 
closely this fall with the teacher and 
students in a new class on "The 
History of the Champlain Valley" at 
Middlebury Union High School. 
Following last spring's work with a 
history class from Mt. Abraham 
Union High School, this initiative 
signals a new direction for the 
Museum's education program. 

Around and About 
the Museum 

The Museum welcomes Mary Ward 
Manley as the new Interim Coordi-
nator of Volunteers and Visitor and 
Member Services. She replaces Liz 
Bless, who is serving as Interim 
Registrar and Collections Manager 
during Peggy Lyons' leave of 
absence. Mary recently moved to 
New Haven from Atlanta, where 
she was Manager of Visitor 
Services and Associate Head of 
Adult Programs at the High 
Museum of Art. 

The Sheldon Museum was named 
Business of the Month in Septem-
ber by Addison County School-to-
Work. This summer the Museum 
hosted Martha Santa Maria, a 
Vermont Teacher/Employer 
Internship Program employee. 

The VSO "Pops" concert netted 
approximately $39,000 despite a 
smaller audience due to rain. 

Volunteers are being sought to 
decorate miniature Christmas trees 
which will be displayed and 
raffled in December. Last year's 
trees drew much admiration from 
visitors. Trees will be provided by 
the Museum. Contact Liz 
Fitzsimmons for more information. 

A grant has been received from the 
Gertrude Elizabeth Atkins Wolcott 
and Kate Ann Humble Ebbeler 
Foundation to fund the transcrip-
tion of oral history tapes. 

Note that shutters have been 
installed on the Judd-Harris 
House. They are the original 1829 
shutters, which have been restored 
with a grant from Walter Cerf. 

Museum Director Liz Fitzsimmons 
is serving as a Mentor to the 
Northfield Historical Society 
through a program administered 
by the Vermont Museum and 
Gallery Alliance. 
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One of the significant results of the 
Brooks' industry was the stamping 
of edge tool products. This 
process enables the identification of 
the tool's maker as well as the 
approximate year of production. 
Bezaleel Brooks' stamps read "B 
Brooks" and "B Brooks Cast Steel" 
In 1849 they were replaced by 
"Brooks & Brothers. " Others have 
stamps reading "T.M. Brooks & 
Co.," Brooks Bros" and N.C. Brooks, 
Brooksville, VT." Labeling, rather 
than stamping, became common 
practice in the industry about 1860 
and perhaps is the reason that no 
tools stamped "Brooks Edge Tool 
Co." (the name the company 
assumed in 1864) have been 

"B Brooks Cast Steel"fireman's tool 

located. Descendant Ralph Brooks 
continues to search for the Brooks 
tools made possible by the local 
development of cast steel. Anyone 
with information should contact 
him through the Sheldon Museum. 

Ralph Brooks is a descendant of the 
Brooks toolmakers. A resident of 
Foxboro, MA, he has been researching 
the edge tool industry for several years. 
He was instrumental in the erection of 
the historical marker at the industrial 
site in Brooksville last year. 

PEOPLE AND PLACES FROM O U R PAST 

The Middlebury River 
rose well beyond its 
banks in East 
Middlebury in 1937, 
causing major flooding. 
A decade earlier heavy 
rain in November 1927 
flooded towns through-
out Vermont. 

Remembering the 1998 
Ice Storm and Floods 

W E W A N T Y O U R STORIES 

A N D P H O T O G R A P H S ! ! ! 

Floods, fires and blizzards are as 
much a part of local history as 

are forefathers and foremothers, 
community celebrations, political 
events, and businesses and indus-
tries. The Stewart Swift Research 
houses accounts and photographs 
of Middlebury's nineteenth-century 
fires, the famous Blizzard of 1888, 
and twentieth-century floods. 

This year's disasters will be 
historical events for the next 
century. If you have photographs 
of the damage caused by the winter 
ice storm or spring floods, please 
bring them to the Museum. We 
would like to make copies of some 
of them for the archives. If you have 
a story to relate which brings the 
fury of nature and its toll on the 
county to life—or know someone 
who does—please write an account 
which can be preserved at the 
Sheldon Museum for future genera-
tions. 

The SHELDON MUSEUM 
I H I I ( 1 Park Street 

l f c b n C O i Middlebury, VT 05753 jJIMMLJMm, 802/388-2117 

U.S. POSTAGE 
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Permit #28 
Middlebury, VT 
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Organization 

Elsa Gilbertson 
Vermont Division/Historic Preserv 
135 State Street, Drawer 33 
Montpelier, VT 05633-1201 

HOURS: Til October 30: Monday-Saturday, 10 a.m.-5 p.m. • Winter: Monday-Friday, 10 a.m.-5 p.m.& weekends during the holiday 
Research Center: Tuesday-Friday, 1 p.m.-5 p.m. and Thursday, 6 p.m.-9 p.m. 



19th Century Iron Industry 
Site Components 

Ore Procurement : 

1. Quarry or open pit mining; shaft mining; or combinations thereof. 
2. Wagons, whimseys, hoists, ore cars/tracks, headframes; horses and/or steam 

engines for power. 
3. Housing for miners/foremen if distant from ore processing site. 
4. Storage building(s) for tools, dynamite, etc. 

Ore Prepara t ion: 

1. Separator facilities, including ore roasting pits and stamping/crushing/ 
separating facilities to obtain relatively pure, sand-size ore if it was to be 
reduced in a bloomery forge. Separators required water wheels to drive 
crushers, and flowing water for separation of ore from unwanted rock. 

2. Wood stockpile for ore roasting. 

Ore Reduction: 

1. To produce wrough t i ron direct from the ore: 
a. Forge building containing bloomery forges, triphammers, waterwheels or 

steam engines to drive bellows for forge air blast and triphammers. 
b. Blacksmith shop in or near the forge building for tool repair, etc. 
c. Crushed and separated ore stockpile. 
d. Forge fuel (charcoal) stockpile at or near the forge building. 

2. To produce pig iron: 
a. Blast furnace with associated water wheel(s) and bellows or blowing 

cylinders for air blast; heating unit on or near the blast furnace if using 
hot air blast. 

b. Next to the blast furnace, either a trestle frame from an adjoining hillside, 
or an elevator unit, to bring ore, fuel and flux to be dumped into the top of 
the furnace. 

c. Casting house, often enclosing the base area of the blast furnace, with a 
sand floor where molds (pigs) were formed to receive the molten iron 
tapped from the furnace, and/or ladles for carrying the molten iron to 
other castings. 

d. Stockpiles of fuel (charcoal or coal) and flux (e.g., limestone). 
3. Disposal areas or means for smelting wastes (slags). 

Fuel Procurement : 

1. If charcoal, charcoal-making pits or brick kilns in wooded areas being cut, 
or kilns at the ore processing site. 

2. A house/cabin and small barn for the collier at the kiln location. 
3. If coal, anthracite or bituminous coal (or bituminous coke) mined elsewhere 

and shipped to the blast furnace site. 
4. Kilns or ovens for making coke from bituminous coal might be located near the 

blast furnace. 

(continued on back) 



Iron Processing (local): 

1. For wrought iron billets: 
a. Rolling mill containing heating furnace(s), rolling machines, water wheels 

or steam engines for power; probable small triphammer. 
b. Factory and storage area for foundry work and manufacturing (e.g., cable, 

chain, anchors, nails, kegs, etc.) 
c. Fuel (charcoal) stockpiles. 

2. For pig iron: 
a. Finery or puddling furnace (for making wrought iron from pig iron). 
b. Steel converter, crucibles or open hearth furnace (usually after 1864). 
c. Foundry and storage area for manufacturing (e.g., hollow ware castings, etc.). 
d. Fuel stockpiles. 

A n c i l l a r y : 

1. For the industry: 
a. Roads (plank for heavy wagons between mines and ore preparation and 

reduction, and from reduction/processing sites to larger towns or shipping 
points); railway linkages, canals, docks, depots where appropriate. 

b. River dams at forges, rolling mills and factories. 
c. Saw mill. 
d. Barns, wagons, horses. 

2. For labor: 
a. Housing. 
b. Company store. 
c. Grist mill. 
d. Church(es). 
e. Hotel. 

Iron units of measure: 

short (or net) ton = 2000 lbs. 
long (or gross) ton = 2240 lbs. 

subdivided into hundredweight (20 of 112 lbs. each), 
quarters (4 of 28 lbs. each), and pounds. 

Example of long ton notation for iron production at a bloomery: 

13.15.2.4 

13 = long tons (@ 2240 lbs) 
15 = hundredweight (@ 112 lbs) 

2 = quarters (@ 28 lbs) 
4 = pounds 

= 29,120 lbs. 
= 1,680 

56 
4 

30,860 lbs. of iron 

G. Pollard 2-98 
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Interpreting Slavery 
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Interpretive specialist Paul 
Ghioto and Kingsley sitesuper-

• • - visor Brian Peters tell the story 
"of slavery at a sea:island planta-

tion- • 
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• 

Interpretation chief Jeanette ' 
:••••.; • Parker and.public affairs officer 

Manny Strumpf discuss Floyd 
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• Rick Smith describes his. 
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CRM specialist Sylvia Flowers 
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Discovery Lab at Ocmulgee • k j . 
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Storing Museum Collections 9 
1 ' Museum specialist Donald- '• I 

Cumberland provides an in- • 
depth analysis of museum ' B P 

,';. storage cabinets in a special j —« 
t , - supplement to this issue. 

U.S. Department of the Interior 
National Park Service 

Cultural Resources 

rging a National 
^ f f l e g i s t e r Multiple 

Property Nomination: 
Pennsylvania Iron 
Furnaces and Steel Mills 

William Sisson 

In 1989 the Bureau for Historic Preservation, Pennsylvania 
Historical and Museum Commission, which is Pennsylvania's his-
toric preservation office, began nominating iron and steel industry 
resources to the National Register of Historic Places. Iron furnaces 
and steel mills formed the heart of one of the state's most impor-

tant industries, and they are among the most endangered historic 
resources in Pennsylvania. The Bureau for Historic Preservation chose 
to nominate these resources as a multiple property submission. The 
multiple property format has greatly aided the Bureau for Historic 
Preservation in evaluating which furnaces and mills are significant and 
worthy of preservation. 

The Bureau for Historic Preservation assembled a staff industrial sur-
vey team in 1989 to prepare the multiple property submission in two 
parts: writing the Nahonal Register multiple property documentahon 
form dealing with iron and steel resources in general; and surveying 
resources and preparing Nahonal Register registration forms for indi-
vidual properties. Bruce Bomberger and this author wrote most of the 
form. Part of this form covers major trends in the technological, busi-
ness, labor and community evolution of the industry from 1716 to 1940. 
This narrative history also places resources in state and nahonal con-
texts, analyzing how they have state or nahonal significance. The multi-
ple property documentahon form also describes the types of iron 
resources found in the state, including iron furnaces and ancillary pro-
duction buildings, and iron plantation buildings such as houses/stores, 

(continued on page 3) 

Carrick Furnace, with the blowing engine to the left, the iron furnace stack in the middle, and the boilers to 
the right. Photo by Diane Reed, Pennsylvania Historical and Museum Commission, 1990. 

Cultural Resources Management Information for Parks, Federal 
Agencies, Indian Tribes, States, Local Governments and the Private Sector 



Forging a National Register 
Multiple Property 
Nomination: Pennsylvania 
Iron Furnaces and Steel Mills 
(continued from page 1) 

churches, and farm buildings erected to support work 
forces at often isolated iron furnaces. The form specifies 
the areas of significance and National Register criteria 
under which iron industry resources can be listed. In 
addition, it defines the levels of integrity these resources 
must have in order to be listed. Setting integrity thresh-
olds was particularly important for historic archeological 
sites, since such sites can divulge considerable informa-
tion about the iron industry. 

Diane Reed of the industrial survey team investigated 
individual iron industry resources and prepared 
National Register registration forms for eligible proper-
ties. She began by reviewing 
information on iron fur-
naces and plantations previ-
ously listed piecemeal on 
the National Register, 
researching primary and 
secondary sources, and 
interviewing people knowl-
edgeable about iron indus-
try sites in various regions 
of the state. She composed a 
list of 29 iron resources 
which she visited and for 
which she completed survey 
forms, including narrative 
histories and descriptions, 
site plans and photographs. 
Bureau for Historic 
Preservation staff reviewed 
the survey forms and found 
that 22 appeared to be eligi-
ble for listing in the National Register. Seven properties 
were determined not eligible due to lack of integrity or 
significance. The staff's conclusions concerning eligibility 
were incorporated in the writing of the multiple property 
documentation form, as was information from the survey 
forms. Reed then completed National Register registra-
tion forms for the 22 eligible resources. In 1991 these nom-
inations and the multiple property documentation form 
were approved by the state review board, and the nomi-
nated resources were listed on the National Register. 

The listed properties run the gamut of iron furnaces and 
plantations that once operated in Pennsylvania. They 
include the Robesonia Furnace Historic District in Berks 
County, which was nominated as representative of iron 
plantations in southeastern Pennsylvania, for its sophisti-
cated plantation architecture, and as an archeological site 
that provides information on iron manufacturing. Begun 
in 1794 and operating until 1927, this iron plantation con-
tains 19th century houses and other buildings featuring 
high-style architecture seldom found on plantation build-
ings elsewhere In Pennsylvania. Although the manufac-
turing facilities were demolished, the remaining building 
foundations and surface artifacts offer valuable informa-

Stack with original heat exchanger, Eliza Fumace (c. 1846). Photo by Diane Reed, 
Pennsylvania Historical and Museum Commission, 1989. 

tion on how iron was produced at Robesonia. The 
Carrick Furnace in Franklin County in south-central 
Pennsylvania was listed on the National Register for its 
association with the westward movement of the iron 
industry in Pennsylvania, and as an outstanding example 
of later 19th century iron furnace technology. Unlike any 
other furnace in Pennsylvania, the boilers and steam-
powered blowing engine, which blasted hot air into the 
furnace to help smelt iron, survive at Carrick Furnace. 

The Bureau for Historic Preservation chose to nominate 
these resources as a multiple property submission for 
several reasons. It had determined by 1989 that the 
Pennsylvania iron and steel industry was highly impor-
tant in state and national history. A historic context on 
Pennsylvania industry completed by staff determined 
that iron and steel manufacturing was one of the five 
most important industries in the state's history in terms 
of the number of employees and the value of goods pro-
duced.1 The state's iron and steel furnaces were also criti-
cal to the development of the national industry. 

Pennsylvania led all other 
states in iron and steel pro-
duction from the mid-18th 
through the mid-20th centu-
ry, and many of the indus-
try's important technologi-
cal innovations and devel-
opments in labor-manage-
ment relations originated in 
Pennsylvania. The Bureau 
found the multiple property 
documentation form to be 
an excellent way of docu-
menting the complex and 
important history of this 
industry. 

The Bureau for Historic 
Preservation undertook a 
multiple property submis-
sion because many iron and 
steel industry resources are 
endangered, and the Bureau 

and other organizations must set priorities on which 
resources should be preserved. Scores of iron furnaces 
have already disappeared, and many that remain are 
slowly crumbling due to neglect: Since the mid-1980s, 
steel mills have closed, particularly in the Pittsburgh 
area, and some mills covering hundreds of acres have 
been completely demolished. The America's Industrial 
Heritage Project and the Steel Industry Heritage Task 
Force, both industrial heritage preservation programs at 
work in southwestern Pennsylvania, have been trying in 
recent years to save endangered iron and steel industry 
resources. Other individuals and historical societies else-
where in Pennsylvania are involved in similar efforts. 
Given the scores of remaining historic resources and lim-
ited funding available, priorities must be set as to which 
resources most merit preservation. The multiple property 
documentation form already completed provides a way 
of assessing the significance of iron industry resources 
and designating which properties are worthv of preser-
vation. The Bureau plans to add to the form the types of 
steel industry resources found in the state, and the 

(continued on page 4) 
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Soldiers Delight Conservation, Inc. 
5100 Deer Park Road 

Owings Mills, MD 21117 

PRESS RELEASE: SOUTH STRAFFORD, VERMONT, August 1, 1996 
concerning ISAAC TYSON. JR. 

One of Vermont's pioneer 19th-century industrialists, Isaac Tyson, Jr., 
will soon be inducted into the National Mining Hall of Fame and Museum of 
Leadville, Colorado. At the Hall of Fame's Annual Banquet to be held on 
September 8, 1996 in Las Vegas, Nevada, Tyson will join a roster of prior 
inductees including President and mining engineer Herbert Hoover, rock-drill 
inventor Simon Ingersoll of Ingersoll & Rand, and controversial labor leader 
and United Mine Workers of America President John L. Lewis. Tyson is to be 
honored for his early pioneering achievements in the fields of mining 
engineering, industrial chemistry, and metallurgy. 

Isaac Tyson, Jr., son of a wealthy flour merchant, was born in Baltimore 
in 1792. One of his most noteworthy accomplishments was the establishment of 
the domestic chromium mining and chemical industry and the monopolization of 
the world chrome business until 1850. Although chromium had only been 
discovered in 1797 in France, by 1810 Tyson had identified heavy, dark rocks 
from Bare Hills near Baltimore as chromite. He then pursued a lifetime quest 
to develop chromite and other minerals. Educated in France in geology, 
mineralogy, and chemistry, Tyson travelled the Mid-Atlantic region seeking 
serpentine barrens hosting chromite deposits. He purchased, leased, and 
developed these resources to supply domestic and European markets with this 
valuable raw material to be used in manufacturing yellow paint pigments. He 
established chromite mining districts including Soldiers Delight near 
Baltimore and the State Line District straddling the Maryland and 
Pennsylvania line. The Wood Mine in Lancaster County, Pennsylvania was the 
largest domestic chromite mine in existence. By 1845 Tyson successfully 
patented and manufactured chromium compounds after several failed ventures. 
His factory later became the world-reknowned Baltimore Chrome Works in Fells 
Point, operating continuously for 140 years. 

Much of Isaac Tyson, Jr.'s influence was seen in Vermont. He pioneered 
developments in copper, with significant involvement in Vermont's Orange 
County mines. He was also instrumental in the birth of mine-site smelting in 
South Strafford, Vermont. Granted a patent in 1827 for the manufacture of 
copperas, or chemical iron sulfate, Tyson became involved in the operations 
at Copperas Hill in South Strafford. He became particularly interested in 
the copper content of the large iron sulfide deposit. He joined in 
partnership with investors from Boston in this early copper mining and 
smelting venture and secured local mineral rights. In fact, 1833 found Tyson 
attempting to smelt copper ores using anthracite coal and a hot blast. This 
was a first in the United States and coincident with initial domestic patents 
for similar iron furnaces. To superintend these operations required Tyson to 
travel to Vermont for extended periods of time. The documented journeys of 
1833 and 1834 from Baltimore to Vermont with his young family by steamboat 



and stage are quite interesting. His local business relationships included 
both Senator Justin Smith Morrill and Jedediah Harris of Strafford Village. 

Tyson also held mineral rights and worked the large copper deposit in 
South Vershire that later became the famous Ely Mine. His son James Wood 
Tyson later developed his father's holdings in South Strafford into the 
Elizabeth Mine which operated as recently as 1958 and was one of the most 
productive copper mines in the East. Tyson later operated a small copper 
mine in Waterbury. He was also involved in early manganese mining in Vermont 
and Virginia, sponsored exploration for copper ores in Cuba, and exploited 
magnesite deposits located in the serpentine barrens of Maryland and 
Pennsylvania for the production of epsom salts. He was a leader in other 
developments in the copper industry that followed and highly involved in the 
establishment of Baltimore's copper smelting enterprises. 

Tyson also established a major iron furnace in Plymouth, Vermont, 
manufacturing cook stoves and pig iron. The recorded story is that he 
discovered large deposits of iron ore while crossing the Green Mountains in 
1835 near the Black River. He also notices the large tracts of woodland 
available for charcoal and limestone deposits for flux. He secured these 
varied resources required to operate an iron furnace and built his efficient, 
hot-blast charcoal furnace in 1837. He created a manufacturing village and 
his business representatives operated the furnace successfully for years. 
Today the hamlet of Tyson, Vermont, named for Isaac Tyson, Jr. is located on 
the shores of Echo Lake in Windsor County. Tyson Stoves cast during the late 
1830's and 1840's are still encountered from time-to-time and feature a ship 
emblem, a symbol of Tyson's Baltimore roots. 

Tyson died in Baltimore in 1861 and not only left behind a variety of 
successful business ventures to his sons, but also a cadre of practically-
trained individuals in the mining and smelting fields. A devout Quaker and 
abolitionist, Tyson studied constantly and determined to find better methods 
and materials as a pioneer in his fields. Isaac Tyson, Jr.'s nomination to 
the National Mining Hall of Fame was sponsored by Mining Historian Johnny 
Johnsson and Ranger Fraser Bishop of the Soldiers Delight Natural Environment 
Area of Baltimore County, Maryland. Endorsements of this recognition effort 
were supplied by a number of individuals and organizations including 
surviving Tyson descendants residing in 
South Strafford, Vermont. For an early pioneer from the East to be honored 
in this way is quite an accomplishment in a field dominated by the West. 

For more information please contact: Johnny Johnsson 
1821 Fawn Way 
Finksburg, Maryland 21048 
(Work) (410)329-3417 
(Home) (410)876-0270 

Collamer Abbott 
19 Hyde Park Ave. 
White River Jet., VT 05001 
(802)295-5732 

Richard Tyson Wilson 
P.O. Box 207 
S. Strafford, VT 05070 
(802)765-4355 
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C O V E R : Matt Chandler and crew sail their trimaran off Red Rocks Park in South Burlington. 
For more of Paul O. Boisvert's Lake Champlain photographs, seepage 42. 
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How MANY Vermonts are there? Well, we all know there's re-
ally only one, but w i t h i n the borders of tha t single one, 
sometimes there seem to be a dozen or more different worlds 
hiding, especially in summer. 

Summer turns Vermonters loose. The state boasts several major fes-
tivals every summer, festivals that celebrate jazz, or fishing, reggae 
music, straw-hat theatre or chocolate — you name it! Sometimes in 
summer, the state seems to become one large informal festival, cele-
brating — simultaneously — swimming holes, flower gardens, hiking 
trails, backyard barbecues, green tomatoes, summer classes, haying, 
early-morning backyard breakfasts and long, long twilight evenings on 
the porch. 

This issue of Vermont Life samples some of that wide-ranging var-
ity. From llama-raising to kayaking on Lake Champlain, our aim is to 
bring to you the many, many delights of a Vermont summer. Because 
Lake Champlain dominates much of Vermont's northwest quadrant, 
we sampled Paul Boisvert's new photo book on the lake, and we also 
decided to share with you one of the best ways to get close to Cham-
plain — in a kayak. Our lake trip starts on page 42. 

Victor Rolando, historian and researcher, has been exploring Ver-
mont 's industrial sites for years and knows that Vermont's past has a 
lot more in it than farms and cows. Ed Barna's profile of Vic and the 
significance of his research begins on page 52. Family is important to 
Vermonters, so we asked Chris Bohjalian to report on some of the 
many family reunions held in Vermont each summer. His story begins 
on page 40. And for you summert ime construction artists, we have a 
report on a highly unusual home design workshop, page 36. 

From llamas, pushcart meals and home-grown herbs to snappy Ver-
mont comebacks, there's a lot more to sample in this issue. One of my 
favorites is Mary Miller's recipe for fried green tomatoes in our letters 
column on page 9.1 hope you enjoy Vermont Life — and that you find 
time to enjoy Vermont this summer. 
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SOOT, SWEAT - AND 
HISTORY 

By ED BARNA 
Photographed by JERRY LEBLOND 
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FOR AMATEUR archaeologist Vic-
tor Rolando, the massive old 
stone and brick blast furnace 
near the Neshobe River in For-

est Dale has special significance. 
Before it fell silent for the last t ime 

in 1865, this fire-breathing behemoth 
sen t i t s roar for m i l e s t h r o u g h t he 
countryside. Molten iron flowed from 
the arches of i ts 30-foot-high tower 
onto molded beds of sand to form axes, 
draft chains, wagon parts, stoves, ket-
tles, skillets, rods and flat irons. 

Rolando knows all these details inti-
mately, f rom the sources of the iron 
ore to the shipping manifes ts for fin-
ished products . But th is relic means 
more to h im than tha t . It is the em-
bodiment of a fact he has labored tire-
lessly to document: that iron-making 
was as much a part of early Vermont 
as subsistence farming, sheep raising 
and quarrying. 

In the course of his long and unpaid 
work , Ro lando has b e c o m e t h e ac-
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knowledged expert on Vermont's early 
indust r ia l days, the one person who 
pulled together the fading history of 
this period to produce a coherent pic-
ture of a Vermont unknown to most 
people. 

Over the past 20 years, during the 
m a n y a r chaeo logy forays f r o m h i s 
home in Pittsfield, Massachusetts, he 
came repeatedly to the blast furnace in 
Forest Dale, a vil-
lage in the Rutland 
C o u n t y t o w n of 
Brandon . T h e 
N o r t h e r n N e w 
England Chapter of 
the Society for In-
dustr ial Archaeol-
ogy, of w h i c h 
R o l a n d o is t rea-
sure r , g a t h e r e d 
there in 1988 to ex-
cava t e t he aban-
doned i n d u s t r i a l 
village around the 
furnace. Vermont's 
D i v i s i o n for His-
tor ic Preservat ion 
chose t h e s i t e as 
the best place to in-
terpre t Vermon t ' s 

Industrial archaeologist 
Victor Rolando, at the base 

of the Forest Dale blast furnace. 
Below, lime kiln in Leicester. 

role in the early Industrial Revolution. 
And Rolando chose a photo of the blast 
furnace for the cover of his epic 1992 
book, 200 Years of Soot and Sweat: 
The History and Archeology of Ver-
mont's Iron,-Charcoal, and Lime In-
dustries. 

T h e book was t h e c a p s t o n e on 
Rolando's effort to show that the re-
mains studied by industrial archaeolo-
gists , grubby and workaday as they 
may seem at first glance, are keys to 
Vermont 's identity — just as much as 
the mansions the iron industry helped 
finance. 

"The complex stories of Vermont 's 
once thriving iron, charcoal and lime-

stone producing in-
dust r ies lay vir tu-
a l ly f o r g o t t e n in 
forest and field, in 
libraries and attics, 
unti l Vic's exhaus-
tive efforts brought 
t h i s par t of Ver-
mon t ' s heritage to 
l ight ," wrote state 
archaeologist Gio-
v a n n a Peebles in 
t h e fo r eword to 
R o l a n d o ' s book . 
" . . . T h e r e is no 
question that Vic's 
devoted and extra-
ordinary efforts — 
all on a vo lun t ee r 
bas i s — have im-
m e a s u r a b l y en-
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SOOT, SWEAT — AND HISTORY 

riched our knowledge." 
Rolando's love of industrial history 

began when he was growing up in the 
Hudson River Valley around Albany, 
New York. Gradually he became fasci-
nated with the many abandoned places 
he found in the area. In high school, he 
rode his bike to explore old buildings, 
w h a r v e s , and f ac to r i e s . When the 
weather was bad, he'd hang around the 
New York State Museum in Albany. 

With time, high school, college and 
career responsibi l i t ies eclipsed that 
early interest . But it returned in the 
ear ly 1960s: On a Sunday drive, 
Rolando noticed a street in Richmond, 
Massachusetts , called Furnace Road. 
Struck by the name, he drove along it 
and found an early 19th century blast 
furnace. Soon he was back in school, 
getting a degree in history. 

But his in teres t became a passion 
when he discovered Vermont, a state 
he describes as a "time capsule" for in-
dus t r ia l archaeology. "I would find 
th ings in Vermont that predated al-
most anything I could find in Massa-
chuset ts and New York, where most 
of t hem evolved into later sites," he 
said. 

Rolando met members of the state's 
Division for Historic Preservation at a 
University of Vermont conference in 
1978. They warmly welcomed his pas-
sion for industrial archaeology. They 
were interested and helpful; they sent 
h im promised documenta t ion forms 
instead of forgetting all about them as 
M a s s a c h u s e t t s o f f i c i a l s o f t e n did. 
Eventually Rolando decided to focus 
his research on Vermont rather than 
Massachusetts and New York. 

Soon, he realized he was onto some-
thing important. He found that in ad-
di t ion to burning forests for potash, 
Vermont 's settlers had built charcoal 
k i lns all over the mounta ins , ei ther 
c rude soi l -covered pi les where dry 
wood fires drove the gases from green 
wood, or more efficient stone domes 
tha t did the same job. But wha t did 
they do with all the charcoal? 

Rolando qu ick ly discovered t ha t 
iron ore — both "bog iron" and higher 
grade hemati te — had been abundant, 
and tha t charcoal had been the fuel 
that fed the ravenous energy appetite 
of a considerable iron industry in the 
days before coal and railroads remade 
t h e i ndus t r i a l landscape. He found 
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many simple "bloomery" forges, and 
he was able to document the existence 
of at leas t 36 b las t f u r n a c e s , 12 of 
which existed as visible remains, and 
six of which (two in Bennington, one 
each in East Dorset, Pittsford, Troy, 
and Forest Dale) were still present as 
recognizable structures. 

The lime kilns were something of a 
bonus. Informants kept men t ion ing 
t h e m , t h i n k i n g t h a t t hey were old 
ironworks, though some l ime opera-
t ions con t inued in to the 1970s. Fi-
nally, Rolando decided to document 
that little-known chapter of Vermont 
history as well. Lately, he has taken on 
the challenge of researching the brick 
industry, whose products were used in 
both blast furnaces and kilns. 

Deceptively una th le t i c in appear-
ance, Rolando is in fact a re lent less 
trekker, one of those people who can 
push on and on without food or drink. 
He has come to know the state's refor-
ested hinterlands as do few others ex-
cept game wardens, foresters and gin-
seng hunters. You may have seen him 
at some r e m o t e roadside t u rno f f , a 
medium-sized man sport ing a hef ty 
mustache and wearing a battered pork 
pie hat. When he traded his last car in, 
at 120,000 miles, the dealer handed 
him $200 and told him to get the thing 
off the lot. The engine had l i teral ly 
fallen out, thanks to various backroad 
adventures, and Rolando had held it in 
with wire and two-by-fours. 

After haunting town offices and li-
braries, quest ioning older residents, 
and asking the local children — "they 
know where things are, even if they 
don't know what they are" — he has 
walked countless spirals through the 
woods, watching in ten t ly for bits of 
ore, slag and charcoal that others over-
look. He has fol lowed slag trai ls up 
streams unt i l the slag vanishes, then 
gone overland to find their sources. On 
the remote hillsides of long-abandoned 
hamle ts , he has spot ted the te l l ta le 
rings of so many collapsed charcoal-
burning mounds that he has become 
bored with finding them. 

Just as impressively, Rolando's re-
search has il luminated the social pat-
terns of the iron industry. He uncov-
ered a sort of interlocking directorate 
of inves tments , marriages and trade 
that linked iron families in Vermont 
with the industry across Lake Cham-

plain in New York State. Ownerships, 
products made, buyers, transportation 
routes , are all detai led in the smal l 
print of his 296-page book. 

Rolando had to organize the amaz-
ing array of facts he had accumulated 
over the years, sort through thousands 
of photographs, diagrams, reproduc-
tions of old advertisements, and maps, 
and produce a glossary and a detailed 
index. Get t ing his encyclopedic ac-
c o u n t pub l i shed c o m m e r c i a l l y , or 
even through a university press, proved 
an impossible dream. "I 'm not a pro-
fessor at a m a j o r u n i v e r s i t y in t h e 
Northeast ," Rolando notes. "I 'm not 
an eminent archaeologist. I'm writing 
about something that editors generally 
don ' t k n o w wha t it is, in a s t a te so 
small they don't know where it is." 

In the end, Rolando, then 60, retired 
in 1992 from his job as a technical edi-
tor with General Electric, and moved 
to Manchester. He established Moun-
ta in Publ icat ions , obta ined a smal l 
grant from the Vermont Statehood Bi-
centennial Commission, and enlisted 
the support of the Vermont Archaeo-
logical Society as nominal publisher. 
Then he invested $40,000 from a GE 
job-phaseout program to produce 1,500 
copies of the book, of which he has 
since sold more than a thousand. But 
m a k i n g m o n e y was never his goal-
knowledge and understanding were. 

Ro lando ' s e f fo r t s w o n n a t i o n a l 
recognition when the American Asso-
c ia t ion for State and Local His to ry 
gave him its Award of Merit, perhaps 
the highest award an amateur histo-
rian can achieve, an honor usually re-
served for organizations. In nominat-
ing him, Cast le ton State College ar-
chaeologist David Starbuck wrote that 
Rolando's research "unquest ionably 
represents the most thorough inven-
tory ever conducted of the iron, char-
coal, and lime industries in any state 
in th i s count ry . In conduc t ing th is 
work, he has greatly helped to sensi-
tize Vermonters to the importance of 
their industr ial heritage and has en-
couraged all of us to seek out and pro-
tect these endangered his tor ical re-
sources." 

• 

Rolando continues to find new iron 
product ion sites, and others may be 
taking up the work. Lately, he has re-
ceived so many invitations to speak to 
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historical societies, archaeologists, and 
foresters that he has had to turn some 
down. No longer is it conceivable that 
a scrap drive might remove the iron 
bands f rom an old blast fu rnace , as 
happened in Fores t Dale , or t h a t a 
highway construction crew might dy-
namite such a structure to get building 
stones, as happened there in the 1950s. 

"I've made my point," Rolando said, 
"there was a lot of industry here at one 
time, which I don't think a lot of Ver-
monters realize." 

For More 
Information 

Ro l a n d o ' s book, 200 Years of 
Soot and Sweat: The History 
and Archeology of Vermont's 

Iron, Charcoal, and Lime Industries, 
is available at Vermont bookstores or 
by writing to Mountain Publications, 
P.O. Box 1812, Manchester Center, VT 
05255. It costs $32.95 in paperback, 
$39.95 hardback, plus 5 percent Ver-
mont sales tax. 

Rolando did not wri te it as a guide 
because he feared that casual souvenir 
collectors, professional "pothunters" 
or vandals might damage the historical 
resources described. But the book gives 
general directions and methods that a 
serious s tudent can use in combina-
tion with local directions. 

The Vermont Division for Historic 
Prese rva t ion has on d i sp lay at t h e 
Calvin Coolidge Bi r thplace in Ply-
mouth Notch a growing collection of 
cast iron objects made in Vermont fur-
naces. They will form the nucleus of 
exhibits at an interpretive center the 
state plans to build at the Forest Dale 
blast furnace site, given to the state by 
Welland Horn, whose family once op-
erated the furnace. 

The American Precision Museum in 
Windsor focuses on Vermont 's indus-
trial past. This former armory shows 
how inventors in the lower Connecti-
cut River Valley made the area world-
r e n o w n e d as a source of p r ec i s ion 
tools, rifles, and other mechanical de-
vices. The museum is open Monday-
Friday 9 a.m.-5 p.m., weekends and 
holidays 10 a.m.-4 p.m., May 20-No-
vember 1, tel. (802) 674-5781. Admis-
sion charged. ¿O* 

Writer Ed Barna lives in Brandon, not far 
from the Forest Dale furnace. 
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schedule, is open any time and 

stocked with more choices than 

you'd expect. 

Where is it? CYBERMONT, 

Vermont's own version of 

cyberspace is as close as your 

computer. CYBERMONT features 

great destinations-ski resorts, inns, 

museums, Vermont-made products, 

and much more! 

It even makes Vermont 

what it may not always be: 

accessible. So, skip the driving 

and those big-city hassles. 

Visit CYBERMONT today, 

tonight or whenever it best 

suits you. You'ii be glad 

you stopped by. 

Circle Reader Service Number 144 

You can help ensure 
Vermont ' s future by establish-

ing a charitable fund at 
T h e Vermont Communi ty 
Foundation. This is a gift 
that keeps giving. It grows 

tax-free while providing for 
annual grants to serve your 

charitable interests. 
Your fund will reach into the 

lifetimes of our great-great-
grandchildren and beyond. 

T H E V E R M O N T COMMUNITY 
F O U N D A T I O N MAKES IT EASY 

Investment management , 
recordkeeping, tax reporting, 

and a number of o ther 
services are provided by T h e 

Vermont Communi ty 
Foundat ion. It's like having 
your own private foundat ion 

— without the administrative 
burdens or big expenses. Help 

to ensure Vermont ' s future. 
Please call 8 0 2 - 4 6 2 - 3 3 5 5 . 

THE VERMONT 
COMMUNITY FOUNDATION 

Route 30, P.O. Box 30 
Middlebury, Vermont 05753 
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Franconia Stone Furnace . -m 

As Monument to Iron Industry 
By LORNA COLQUHOUN 
Union Leader Correspondent 
FRANCONIA — The iron in-

dustry that flourished here in the 
last century has long since van-
ished, but left on the banks of 
the Gale River is jus t one re-
minder of it all, the stone furnace 
that for more than half a century 
fueled the New Hampshire Iron 
Co. 

The octagonal stonework is 
recognized as the sole surving ex-
ample of post-Revolutionary War • 
furnace used for smelting local 
iron ore. The only other surviving 
furnace of this type is located in 
Harpswell, Pa. 

Over the weekend, volunteers 
and archeologists from the North-
ern New England Chapter of the 
Society for Industrial Archeology 
were at the site of the stone fur-
nace to document information 
about it and search for further 
clues about an industry that em-
ployed hundreds of local people 
in the community and changed 
the course of development of the 
town. 

The study was led by Victor 
Rolando of Manchester Center, 
Vt., who authored "200 Years of 
Soot and Sweat: The History of 
Vermon't Iron, Charcoal and 
Lime Industries." 

"We're doing a recording," said 
Jewell Friedman, a member of 
the Franconia Area Her i tage 
CounciL "We're not doing much 
in the way to preserve it, but to 
record what we have here." 

Interest in the furnace 's re-
mains grew during the summer, 
w h e n t h e h e r i t a g e c o u n c i l 
opened an interpretive center 
across the river from the furnace. 
Volunteers opened the center for 
two hours a day after the Memori-
al Day weekend and in that time 
325 people stopped by to see and 
leam about the once thriving in-, 
dustry. 

in ree weeks ago, a group of 
volunteers, along with Kevin 
O'Brien, on whose property the 
furnace is located, climbed lad-
ders to the top of the 32-foot high 
furnace and removed about 50 
trees that were growing from the 
cracks in the stonework. They 
also cleared brush from around 
the furnace, which provides visi-
tors with a clearer view of it from 
across the river. 

On Friday, the first day of the 
project , the volunteers were 
clearly seen across the Gale be-
ginning a review df the area. 
They did not immediately attack 
the s t ructure itself with tape 
measures and cameras, but rath-
er walked an area around it, 
searching the underbrush for 
clues related to it. 

For all that the furnace contrib-
uted to the community, including 
the famous Franconia stoves, lit-
tle is known about it. The New 
Hampshire Iron Co., which pro-
duced bar and pig iron to pro-
duce farm tools and cast iron 
ware, was begun in 1805 by a 
group of Salem businessmen who 
earned their fortunes on the East 
India trade routes. It ran until at 
least 1850 and perhaps until 1865. 
It was sold in 1870 and there was 
an intention to fire it up again, 
but f i re of des t ruc t ive k ind 
burned the wooden s tructure 
around it and it was never re-
built. 

Among the volunteers tramp-
ing through the brush was Alli-
son Edwards of Richmond, Mass., 
near the Massachusetts border, 
and the home of a stone furnace 
of its own. ' 

She and her husband, Bill, are 
very active in the study of the 
history of their stone furnace and 
the way it affected the develop-
ment of their community. 

Unlike Franconia's furnace, 
Richmond's is not as visible. 

"It is a well kept secret, since it 
is not visible from the road," she 
said. 

~ T h e worRSfig~aOTher husband 
do is a labor of love. 

"A lot of industrial archeology 
is lost, and I think that's a symp-
tom pf what happened in our 
country," she said. "We were so 
busy making improvements that 
furnaces would be torn down and 
no one knew how it existed be-
fore that. At least now we'll have 
a record of what was here." 

Another volunteer SIA mem-
ber on the scene Friday was 
Woody Openo of Somersworth, a 
retired architect who did histori-
cal research on Sawyer's Mills in 
Dover a few years ago. 

"It's a real beauty, that's what I 
think," he said of the stone fur-
nace. "It's very impressive."-

The heri tage council would 
, like to obtain the furnace and the 
land around it and begin preser-
vation efforts. The current owner 
is trying to sell the property, in-
cluding the stone fUrnace, so the 
council will probably have to wait 
until a new owner buys it to take 
up the question of the stone fur-
nace's future. 

f aWNMRtatMUù*".».':. 
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At the beginning of the research 
weekend, the archeologists were un-
sure. An amateur researcher, Roger 
Aldrich of Franconia, had speculated 
that due to human error or mechani-
cal failure, the fires had gone out in 
the furnace leaving a "salamander" 
on the hearth. 

A salamander, a cooled and con-
gealed mass of slag, iron and ore, 
can be brought back to life with fire, 
saving the furnace or, on occasion, 
one can be broken up by firing a can-
non into it, Aldrich wrote. Though no 
cannon had been fired, archeologists 
found Aldrich was right. 

"The last charge still sits on the 
hearth and the furnace probably was 
not profitable enough to make re-
moving it worthwhile," Friedman 
said. 

According to research by Duncan 
Wilkie, a former staff archeologist 
for the state and now with the state 
of Vermont, the company earned lit-
tle profit for most of its life. 

"Basically, this furnace was pro-
ducing pig iron for farmers who paid 
for it in pumpkins," Wilkie said. 
"The stockholders weren't too inter-
ested in pumpkins so they wanted to 
change the system to pump out more 
profit." 

Records from 1832 when 50 tons 
of bar iron sold for $3,250 and "hol-
low ware" such as kettles sold for 6 
cents a pound, list the company's 
profit at 15V& percent. "A lot of peo-
ple in New Hampshire don't want to 
hear about it but by the early 1800s 
most of New Hampshire's resources, 
including its water rights, had been 
bought up by people from Massachu-
setts," Wilkie said. 

The same fate could befall New 
Hampshire's last blast furnace if it 
doesn't slowly collapse first. Huge 
blocks atop it are canted and waiting 
for frost to topple them. "It's deteri-
orated rapidly in the past four 
years," Wilkie said. 

The property's current owner 
hopes to sell both the furnace site 
and his nearby house, Friedman 
said. But neither the town nor the 
heritage council can afford the 
$225,000 asking price and the owner 
won't sell just the furnace and sur-
rounding land. 

Burns, who has written a poem 
immortalizing the fictional "Iron-
clad Jim" who died leading a blasting 
crew after better ore, said New 
Hampshire's future lies in saving 
slabs of history such as the furnace. 

By Ralph Jimenez 
GLOBE STAFF 

GLOBE STAFF PHOTO / MARK WILSON 

This old iron furnace in Franconia was bnllt of stone in the 1800s. 

brushed dirt from firebricks fallen 
from the interior of the furnace. "In-
dustry and commerce thrived 
around here. These firebricks came 
from Perth Amboy, N.J." 

Franconia's iron age began with 
the discovery of rich veins of iron on 
Ore Hill, three miles away in Lisbon 
in 1790. A refrigerator magnet sticks 
firmly to a sample of the heavy black 
ore, up to 70 percent iron. 

An early, inefficient type of fur-
nace called a flumery probably went 
up on the site by 1795. As technology 
and ownership changed, so did the 
furnaces on the site. From piles of 
slag - some glassy and black as 
obsidian or blue and swirled as ag-
ate, others bubbly, coarse and gray -
the archeologists also learnjd that 
steel was made in small quantities as 
well. 

Water power from a dam up-
stream powered not only huge sets 
of bellows that pumped ah1, into the 
blast furnace but a grist mill, saw 
mill and bobbin mill as well, said 
Jewell Friedman, vice president of 
the Franconia Area Heritage Coun-
cil and leader of a campaign to pre-
serve the furnace. 

Franconia was once a factory 

town, its tavern, stores and homes 
owned largely by the iron company. 
A huge wooden building surrounded 
the furnace which ran • round-the-
clock for months at a time. Ore was 
dumped into its mouth along with 
lime to mix with and remove impuri-
ties to form slag. Charcoal made 
from nearby kilns fueled the furnace. 

The company itself, though incor-
porated in New Hampshire, was 
largely owned by captains of indus-
try and commerce from Salem, 
Mass. "They had made their money 
in the China trade and were looking 
for a place to park it where they 
could earn a good return on it," Ro-
lando said. 

"A lot of speculation went on with 
these things. They operated on and 
off depending on the market for iron. 
This furnace was probably rebuilt in 
1859 with the hopes that the market 
would come back," he said. 

Rich iron ore is still plentiful. So 
the furnace may have ceased produc-
tion, probably around 1865, because 
local forests had been stripped of 
wood for charcoal or because it 
couldn't compete with Pennsylvania 
and New York's more efficient iron 
industry, Rolando said. 

FR A N C O N I A - A crum-
bling stone tower rises 
from the banks of the Gale 
River like a ruin left by 
Druids or Rapunzel's im-

prisoner. Four tall beehive archways 
of quairied granite block pierce the 
32-foot-high octagon that stands 
alone opposite Main Street. 

For the motorists who see the 
tower for the first time - possibly at 
all only because years of brush have 
been fallen - the solitary structure is 
a head-seratcher. Signs at the tiny 
museum on the opposite bank ex-
plain to the curious that they are 
viewing the last remnant of New 
Hampshire's iron industry, an era 
when local miners and founders 
hauled and "roasted" ore to make 
cannons, kettles and frying pans. 

On a recent weekend, a group of 
industrial archeologists from around 
New England fanned out around the 
tower taking measurements and 
probing the earth. From drill holes 
in rocks, stone foundations, slag piles 
and scrap iron they pieced together 
the past 

Lillian Burns, 94-year-old moth-
er of House Speaker Harold Burns 
and author of the brief book, "Min-
ing Lore from New Hampshire," 
watched. "The background for my 
material was from my husband's 
people," Burns said of the Whipples 
of Franconia. 

"They made stoves there that 
were very durable. We had one in 
our town hall, said Burns, who lives 
in neighboring Whitefield. The New 
Hampshire Iron Factory Co. also 
cast kettles, firebacks, andirons, chil-
dren's toys and pig iron to be reheat-
ed and forged by farmers and black-
smiths, 

Franconia's octagonal furnace is 
the only one of its kind in New En-
gland and perhaps in America, said 
Victor Rolando, the leader of the in-
vestigation by the Northern New 
England Chapter of the Society for 
Industrial Archeology. Rolando is 
president of the society's Vermont 
chapter and author of "200 Years of 
Soot and Sweat: The History of Ver-
mont's Iron, Qiarcoal and Lime In-
dustries," 

"People have the idea that these 
things were set up but in the middle 
of nowhere when they were built but 
that isn't true," Rolando said as he 
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Researcher of Early Vermont I n d u s t i i f J L ^ j \ j 
RR 1 Box 1521-3 Manchester Center, VX 05.255 — / 

(802) 362-4382 
February 24, 1994 

Giovanna Peebles, State Archeologist 
Division for Historic Preservation 
135 State Street, Drawer 33 
Montpelier, Vermont 05633-1201 

Dear Giovanna: 

Thank you for the new National Register Bulletin No. 36, which I 
received in yesterday's mail. It reminds me of one project I 
started and never finished. Maybe someday... 

I started sending you FS- type reports last week and had planned 
to do one a day, and therefore mail one a day. But I've gotten 
ahead of one a day and figure you have more important things to 
do than open an envelope from me every day. So enclosed are 8 FS-
reports. An accounting of what I've sent and date mailed is as 
follows: 

FS-104(AD) Marsh Lime Kiln--Hancock; 2/16 
FS-105(AD) Chaffee Lime Kiln--Granville; 2/20 
FS-13(BE) Whipple Lime Kiln—Pownal; 2/17 
FS-14(BE) Dorset Mtn Rd Lime Kiln—Dorset; 2/18 

The following are enclosed with this letter: 

FS-106(AD) Peake Lime Kiln--Shoreham 
FS-107(AD) Gibbs Lime Kiln--New Haven 
FS-15(BE) Purdy Hill Lime Kiln--Manchester 
FS-16(BE) Hopper Brook Lime Kiln—Sandgate 
FS-17(BE) Equinox Mtn Lime Kiln--Manchester 
FS-18(BE) Readsboro Village Lime Kiln--Readsboro 
FS-20(BE) Lawrence Lime Kiln--Sunderland 
FS-9(CA) Marl Pond Lime Kiln—Sutton 

Note sheet titled "FS-19(BE) vs VT-BE-143" in which there is 
apparently a numbering mixup. Note also that some site names have 
changed from that on my 12/26/93 request note to Skinas for FS-
numbers (copy attached). I mentioned in the reports which sites I 
plan no further work until better archival data presents itself 
and those which I have not yet given up on--still active. I have 
written all as if I dropped dead tomorrow and someone else could 
pick up where I left off with all that I knew about the site, 
including where the information came from. 

With this mailing I am about half-way through documenting the 
lime kiln portion of sites. The reports take from one to three 
hours each to put together. I am keeping track of hours expended 
so there should be a hefty donated services report for February. 



The Spring 1994 issue of Vermont Life came out yesterday without 
the article Ed Barng. did about me and my work in Vermont. Not 
that it was any surprise; Tom Slayton wrote to me a month ago 
saying there was insufficient advertising to justify another 16-
page signature. From my publishing experience at GE, I fully un-
derstand the mechanics of publications being printed in 16-page 
units (some books are done in 32-page units, or as they say in 
the trade, signatures). Tom said that my article will probably 
appear in the fall 1994 issue. My feeling is that I will be sur-
prised if it ever appears in Vermont Life at all. By the fall of 
1994, I will be old news. And that's the way many other things 
are going too. 

I'm really p 'd about no reviews of my book being published 
yet by the SIA, SHA, T&C (SHOT), and CNEHA. They've had review 
copies since the fall of 1992. T&C requested I review Nick 
Honerkamp's book about the Chattanooga furnace study the same 
time they agreed to review my book. In the current issue of T&C 
31 books are reviewed including my review of Honerkamp's book. 
But no review of 200 Years. 

I looked forward to reviews by such peer groups as those above 
especially more than those done locally because they are the 
people on the inside track of the type of things I have been 
doing in Vermont. I was especially hoping that the reviews would 
be published during the period of active sales of the book. I 
never realized I would start to wonder if the reviews will be 
published during my lifetime! 

I should have gone to Columbus, Ohio to receive my AASLH award 
back in mid-September. My Award of Merit finally arrived in the 
mail direct from the AASLH a few weeks ago, after apparently be-
ing lost in the mail for 4 months! Michael Sherman had planned 
some kind of a TV bite announcement for the Vermont winners, but 
the awards for all five Vermont recipients were lost so long that 
the moment was lost. Better luck for next year's winners. 

Not to worry, my archival/field work for Vermont continues. I 
want to clear out everything pending on sites in the field so 
that I can get out and explore again come spring (is there going 
to be a spring this year?). I am finding as I do the FS- reports 
that a few sites didn't get mentioned in 200 Years. I am also 
finding that there are many that I have good data on and have yet 
to get out and find. And there are a few that I have, in fact, 
found physical remains of and have yet to report to you in the 
VT- category. The latter are my priority for spring. 

The Vermont Archeology Week committee invited me to participate 
last month, some three or four months after they organized. I was 
wondering if I was ever going to be asked. And, of course, they 
are optimistically over-extended with ideas and short on helpers. 
Except they have Kathy Callum as their very enthuiastic leader. 
I've agreed to be the Bennington County coordinator and am in the 
process of arranging presentations in Bennington by Phil Lord and 



Michael Werner. I am hoping to do something myself that week, 
maybe with the local elementary school. Someting along lines of a 
short, simple slide presentation to school kids about the history 
of a "downtown" block in Manchester Center where a town park is 
planned, talk about what was there (early mills, a blast furnace, 
marble mills and a tannery). Then we will all walk the one block 
from school to the site and see what's there today in the form of 
foundation walls of the old mills and remains of waterpower sys-
tems. With teacher cooperation, I think it should go over well. 
Maybe get the Conservation Commission's attention too. 

I failed to get a day to do my annual "Archeology Day at the 
State House" this year. Although I contacted David Shiitz in mid-
January, all dates had already been taken. He said that he also 
had a long waiting list in case of any cancellation. I've gotten 
into the habit of looking forward to my special day in Montpelier 
so I am disappointed that it didn't occur this year. Next (this) 
year I call Shutz in December (1994). 

Am I ever looking forward to spring. The warm weather last week 
spoiled me, as I got out and shoveled along with the melting. Saw 
my driveway for the first time in months. The snow along with the 
bitter cold weather that I know you have also experienced made 
for the first old-fashioned winter in a long time. We had two or 
three -30s nights here (probably -40s in Montpelier). Two weeks 
ago, Donna got asked by her former employer, Hoisington Realty, 
to return to work for a few weeks, which she jumped at. 

I have a meeting with Art Cohn at Basin Harbor March 4 to talk 
about his plans for some kind of re-creation of an ironworks. I'm 
not sure what he has in mind, but he asked me last year if a 
grant proposal was approved for the project, would I be consul-
tant for it. And apparently their proposal was approved. Last 
year he talked about a working charcoal kiln, but since I don't 
know what the proposal said, don't quote me on any of this. 

I've also been poking Castleton State College and State Parks 
along on their plans to do some recording at the West Castleton 
slate mill site. Someone is supposed to be writing a proposal to 
someone but I've heard nothing to date, thus my letters to Holman 
Jordan and Russell Reay. David Starbuck has heard nothing yet 
either. I have offered my assistance to whomever for whatever. 

Finally, reservations for presentations are picking up again, two 
in April already, Whitingham and Swanton. How's that for the two 
opposite ends of the earth, and 6 days apart. Fortunately, they 
both want to hear about lime kilns. 

Gotta get back to work on reports. Hi to all. 

Best to you... 
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Victor R. Rolando 
Researcher of Early Vermont Industry 
Box 1521-3 Manchester Center, VT 05255 

(802) 362-4382 

December 9, 1993 

Giovanna Peebles, State Archeologist 
Division for Historic Preservation 
135 State Street, Drawer 33 
Montpelier, Vermont 05633-1201 

Dear Giovanna: 

Enclosed are ten site survey reports that start the 
effort we discussed a few months ago, that being 
writing up those sites that in my book have not been 
definitely located in the field but which we feel 
should at least have field site numbers assigned. These 
sites are: 

FS-101(AD) Rathbone Blast Furnace, Vergennes 
FS-102(AD) Belding/Drake Blast Furnace, Weybridge 

FS-8(BE) Sage & Olin Blast Furnace, Bennington 
FS-9(BE ) "the pup" furnace, Bennington 
FS-IO(BE) Dorset Village Furnace, Dorset 
FS-ll(BE) North Village Blast Furnace, Manchester 
FS-12(BE) Woodford Blast Furnace, Woodford 

FS-26(FR) Fairfield Blast Furnace, Fairfield 

FS-52(RU) Keith Blast Furnace, Pittsford 
FS-53(RU) Wallingford Blast Furnace, Wallingford 

The field site numbers were assigned to me earlier this 
year by David Skinas in order to provide an "official" 
site identification number for my article about Vermont 
blast furnaces in SIA's upcoming issue of LA. It is 
interesting that in doing that article I discovered, 
much to my chagrin, that I had completely forgotten to 
document the Rathbone blast furnace in my book, except 
for a passing mention of it in the description of a 
furnace site in Tinmouth. 



I will contact David after the holidays for another 
block of ten field site numbers for more reports. Ten 
seems to be a comfortable number of reports to write 
and keep track of at a time. The next batch will per-
tain to lime kiln sites. I will also submit a time 
sheet for donated services for October and November, 
1993, in a few days. 

I recently received, at my insistence, the negatives 
for my book, which the printer wanted to store at his 
warehouse in Dover, Delaware. My experience from GE 
Aerospace with printing houses is that they wish to 
store customers' negs because that sort of commits 
publishers to reprint from that same printer rather 
than from another. But negatives mysteriously turn up 
damaged or lost in the process: roofs leak, fork truck 
drivers fork, warehouses burn, and floor supervisors 
wantonly destroy packages. 

Bob West told me last month that when the Rutland 
Historical Society recently looked into another reprint 
of their Rutland in Retrospect, they discovered that 
the printer (Bob Sharp, Rutland) had thrown away the 
negs without at notifying the historical society in 
advance. That was enough to motivate me to insist that 
Dover Litho return my negs, pronto. The large, 3- by 3-
foot by 2-inch thick box of negs now lies under my bed, 
but I want to store it someplace safer. Joe Popecki 
suggested I store it with VAS archival materials at the 
UVM Special Collections Library. I'll contact Kevin G. 
at Special Collections to see if this is all right, but 
also for advice on how to properly prepare the negs for 
long-term storage. The negs are presently not separated 
from each other in any way, which I don't believe is a 
good idea. I have no plans for a reprint of the book in 
the near future, but I would hate to see the negs 
damaged and prevent someone else doing something with 
them years down the road. Any suggestions? 

I hope the holidays find you in good cheer and that all 
are well at home. 

Buon Natale! 
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Victor R. Rolando 
Researcher of Early Vermont Industry 

RR 1 - Box 1521-3 Manchester Ctr, VT 05255 
(802) 362-4382 

September 30, 1992 

Giovanna Peebles, State Archeologist 
Division for Historic Preservation 
Pavilion Building 
Montpelier, Vermont 05602 

Dear Giovanna: 
Enclosed is a special index and cross reference for 

you to use for getting into "Soot & Sweat" that is in 
sequence by site number. I have left off the "VT-" 
prefixes from the site numbers as I also did in the 
book, since the "VT-" is common to all site numbers in 
the state anyway. Notice that the page numbers, in 
parenthesis, reference any page on which that site is 
discussed but the site might not be referenced there by 
site number. In most cases, the main description of the 
site is in the highest number page(s). 

I phoned David Skinas Wednesday morning to let you 
know that I shall be up Monday morning (Oct 5) to 
replace any of my books that have defective covers with 
new copies. I hope to be there in time to sit in on a 
few minutes of staff, but I cannot stay for the whole 
morning. I have to do replacement of book copies at the 
VHS, then swing by UVM to see Bob Sloma on some VAS 
business. On the way home a stop at the Shelburne 
Museum for some book copies for their book store and 
library, thence home. 

I hope to have my final donated services report for 
1991-92 in hand Monday morning also, but you might want 
to find out if the value of the books I donated to the 
Division ($32.95 X 8 = $263.60) can be considered 
donated service, and also would any percentage of my 
financial and/or hourly efforts toward publishing the 
book be considered donated services also, since the 
book is, in fact, a summary report of 15 years archival 
and field work in Vermont. I will be home Friday most 
all day if you want phone me and advise me if any of 
this is applicable. 

I'll be at the CNEHA conference Saturday to sell 
books and Sunday to present a short paper (and sell 
books). 

Best . . . 



200 Years of Soot and Sweat: The History and Archeology of 
Vermont's Iron, Charcoal, and Lime Industries 

Cross R e f e r e n c e a n d I n d e x by S i t e N u m b e r S e q u e n c e : 

S i t e No. S i t e N a m e / T o w n / P a g e 
Addison County 
AD-16 
AD-146 
AD-299 
AD-300 
AD-314 
AD-315 
AD-318 
AD-338 
AD-339 
AD-340 
AD-341 
AD-348 
AD-351 
AD-355 
AD-356 
AD-395 
AD-404 
AD-405 
AD-406 
AD-407 
AD-409 
AD-414 
AD-415 
AD-416 
AD-417 
AD-430 
AD-431 
AD-432 
AD-467 
AD-493 
AD-494 
AD-FS50 
AD-FS85 
AD-FS86 
AD-FS95 
AD-FS96 
AD-FS97 
AD-CK01 
AD-IW01 
AD-IW02 
AD-IW03 

AD-IW04 

Huntley Island charcoal mound, Leicester (170, 174) 
Monkton Iron Company, Vergennes (12, 38, 42, 73, 93-98, 172) 
East Middlebury Iron Works, Middlebury (22-24, 50, 73, 88, 90-92, 172) 
Orwell furnace, Orwell (73, 88-89) 
Dragon Brook charcoal kilns, Ripton (156, 170, 173) 
Widow's Trail charcoal kilns, Ripton (170, 173) 
Huntley lime kilns, Leicester (221, 227, 245-247) 
Billings charcoal kilns, Ripton (170, 174) 
Eagle Forge, Middlebury (73, 90) 
Little Otter furnace, New Haven (73, 102-103) 
Keewaydin Camps charcoal mounds, Salisbury (170, 174) 
Adler Brook-east charcoal mounds, Ripton (153, 170, 174) 
Adler Brook-west charcoal mounds, Ripton (153, 170, 174) 
Green Mountain Lime Company, New Haven (221, 222, 227, 244-245) 
Sandusky charcoal/coke area, Granville (170, 174) 
Worth Mtn. charcoal mounds, Goshen/Hancock (168, 170, 174) 
Richville forge, Shoreham (73, 106-107) 
Leicester Hollow charcoal mounds, Goshen (170, 175) 
Sawyer's Forge, Salisbury (73, 89) 
Salisbury Forge, Salisbury (24, 73, 88, 89-90) 
Bristol lime kiln, Bristol (214, 216, 227, 242-243) 
Brooks Edge Tool Company, New Haven (40, 50, 73, 100-102) 
Wainwright/Davenport Foundry, Middlebury (42, 47, 73, 92-93) 
Holley forge, Bristol (73, 106) 
Lewis Creek Farm forge, Starksboro (73, 107) 
North Ferrisburg forge, Ferrisburgh (73, 104) 
Doreen's forge, Ferrisburgh (73, 103-104) 
Barnum/Nichols forge, Ferrisburgh (73, 103) 
Barker Brook charcoal kiln, Bristol (170, 173) 
Baldwin Creek forge, Bristol (73, 105-106) 
Lyman-Martel l lime kilns, New Haven (214, 227, 243-244) 
Ackworth bloomeries, Lincoln (73, 88, 104-105) 
Mt. Fuller charcoal area, Monkton (170, 173) 
Franklin, Arnold, and Hobart forge, Bristol (73, 105) 
Powers Lime Works, Leicester (227, 247) 
Swinington lime kilns, Leicester (227, 247) 
Plank Road lime kiln, Ferrisburgh (227, 245) 
Cobble Mountain charcoal area, Hancock (170, 174-175, 245) 
Downing forge, not located (73, 88) 
Nichols forge, Middlebury (74, 89) 
Vergennes Iron Company, Vergennes (74, 98) 
White's Forge, Vergennes (74, 88, 98) 
National Horse Nail Company, Vergennes (24, 50, 74, 98-100) 
Belding/Drake furnace, Weybridge/New Haven (74, 100) 
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Cross Reference and Index by Site Number Sequence (Cont): 

Si te No. S i t e Name/Town/Page 
Addison County (Cont) 
AD-IW05 Brooksville pocket furnaces, New Haven (74, 102) 
AD-IW06 New Haven Mills forge, New Haven (74, 102) 
AD-IW07 Barnum forge, Ferrisburgh (74, 104) 
AD-IW08 Fuller forge, Ferrisburgh (13, 74, 104) 
AD-IW09 Scott, Munsil, and Eaton forge, Bristol (74, 105) 
AD-IW10 Scott forge, Bristol (74, 105) 
AD-IW11 Burnham forge, Bristol (74, 106) 
AD-IW12 Munson, Dean, and Gaige forge, Bristol (74, 106) 
AD-IW13 Fergusson forge, Starksboro (50, 74, 107) 
AD-IW14 Upper Lewis Creek forge, Starksboro (74, 107) 
AD-LK01 Quarry Road lime kiln, Middlebury (227, 245) 
AD-LK02 Marsh lime kiln, Hancock (174, 227, 245) 
AD-LK03 Chaffee lime kiln, Granville (227, 245) 
AD-LK04 Peake lime kiln, Shoreham (227, 247) 
AD-LK05 Gibbs lime kiln, Middlebury (227, 244-245) 

Bennington County 
BE--9 East Dorset furnace, Dorset (v, 27, 42, 74, 140-142) 
BE--10 Bennington Iron Company-east, Bennington (16, 27, 33, 39, 42, 71, 74, 134-137, 193) 
BE--11 Bennington Iron Company-west, Bennington (16, 26-27, 42, 71, 74, 134-137, 193) 
BE--35 North Dorset furnace/Allen Foundry, Dorset (42, 50, 71, 74, 138-139) 
BE--36 Burden furnace, Shaftsbury (69, 74, 143-145, 192) 
BE--37 Red Cabin charcoal kilns, Glastenbury (170, 193-195) 
BE--39 Mad Tom lower charcoal kilns, Peru (170, 189) 
BE--40 Mad Tom middle charcoal kiln, Peru (170, 189) 
BE--41 Mad Tom upper charcoal kilns, Peru (170, 188-189) 
BE--42 Winhall River charcoal kilns, Winhall (170, 189, 192) 
BE--43 Bromley Brook charcoal kilns, Winhall (170, 189-190) 
BE--44 Bourn Brook charcoal kilns, Winhall (170, 190, 191, 196) 
BE--45 Bickford Hollow charcoal kilns, Woodford (170, 196) 
BE--46 East Fork charcoal kilns, Glastenbury (157, 170, 193-196) 
BE--47 West Fork charcoal kilns, Glastenbury (170, 193-196) 
BE--50 Heartwellville-stone charcoal kiln, Readsboro (170, 197-198) 
BE--51 Heartwellville-brick charcoal kilns, Readsboro (159, 170, 197-198) 
BE--52 Heartwellville-conical charcoal kiln, Readsboro (170, 197-198) 
BE--53 Cotykilns charcoal kilns, Stamford (170, 198-200) 
BE--54 Dutch Hill charcoal kilns, Readsboro (170, 202) 
BE--55 Gully Brook charcoal kilns, Stamford (163, 200-201) 
BE--56 North Glastenbury charcoal kiln, Glastenbury (170, 192) 
BE--56 North Glastenbury charcoal mound, Glastenbury (170, 192) 
BE--57 Hager Hill charcoal kilns, Woodford (170, 197) 
BE--58 Bacon Hollow charcoal mounds, Sunderland (170, 192) 
BE--61 East Mountain charcoal mounds, Shaftsbury (170, 192) 
BE--62 Burden Lots-south charcoal kilns, Shaftsbury (170, 192-193) 
BE--63 Burden Lots-north charcoal kilns, Shaftsbury (170, 192-193) 
BE--64 Fassett and Hathaway furnace, Bennington (74, 134) 
BE--105 Kennedy charcoal kiln, Stamford (170, 202) 
BE--106 Cardinal Brook charcoal kilns, Stamford (170, 201) 

2 



Cross Reference and Index by Site Number Sequence (Cont): 

Si te No. S i t e Name/Town/Page 
Bennington County (Cont) 
BE-107 Crazy John Stream charcoal kilns, Stamford (146, 170) 
BE-108 Thompson Farm charcoal mounds, Stamford (170, 202) 
BE-109 Barnumville lime kiln, Manchester (227, 262, 264) 
BE-117 Manchester Depot lime kiln, Manchester (227, 264) 
BE-118 Pownal Lime Company, Pownal (222, 227, 265) 
BE-134 Old Route 30 charcoal kiln, Winhall (170, 190) 
BE-141 North Dorset lime kiln, Dorset (227, 262-263) 
BE-142 Sylvan Ridge charcoal kilns, Winhall (170, 190) 
BE-143 Southwest corner charcoal kiln, Sunderland (170, 192) 
BE-144 Judson-Howell lime kiln, Arlington (227, 264) 
BE-153 Harmon Hill charcoal area, Woodford (170, 197) 
BE-190 Northwest corner charcoal kiln, Glastenbury (170, 192) 
BE-191 Benedict Hollow charcoal kilns, Arlington (170, 193) 
BE-192 Martin lime kiln, Arlington (227, 264-265) 
BE-FS7 Amaden & Son lime kiln, Readsboro (227, 265) 
BE-CK01 Snow Valley charcoal area, Winhall (170, 189) 
BE-CK02 Barnumville charcoal kilns, Manchester (171, 188, 189) 
BE-CK03 Root & Jones Chem. Co. (charcoal), Bennington (164, 171, 187, 202) 
BE-CK04 Red Mountain charcoal area, Arlington (171, 193, 264) 
BE-CK05 Sandgate charcoal plant, Sandgate (171, 193) 
BE-CK06 Fayville charcoal kiln, Glastenbury (156, 171, 192) 
BE-IW01 Bennington forge, Bennington (74, 133-134) 
BE-IW02 Woodford furnace and forge, Woodford (74, 138) 
BE-IW03 Nobel's forge, Pownal (74, 138) 
BE-IW04 Dorset Village furnace, Dorset (74, 139-140) 
BE-IW05 Factory Point furnace, Manchester (57, 71, 74, 142-143) 
BE-IW06 Sage and Olin furnace, Bennington (71, 74, 134) 
BE-IW07 "The Pup", Bennington (74, 134-136, 193) 
BE-LK01 North Pownal lime kiln, Pownal (227, 265) 
BE-LK02 Dorset Mountain Road lime kiln, Dorset (227, 262) 
BE-LK03 Purdy Hill lime kiln, Manchester (227, 264) 
BE-LK04 Hopper Brook lime kiln, Sandgate (227, 264) 
BE-LK05 Equinox Mountain lime kiln, Manchester (227, 264) 
BE-LK06 Readsboro lime kiln, Readsboro (227, 265) 
BE-LK07 Red Mountain lime kiln, Arlington (193, 227, 264) 
BE-LK08 Lawrence lime kiln, Sunderland (227, 264) 

Caledonia County 
CA-20 Paddock Iron Works, St. Johnsbury (43, 74, 77-79, 172) 
CA-CK01 I. N. Hall & Son charcoal kiln, Groton (171, 172) 
CA-IW01 Joes Brook forge, Danville (74, 79) 
CA-LK01 Marl Pond lime kiln, Sutton (227, 230) 

Chittenden County 
CH-1 Pine Island charcoal mounds, Colchester (171, 172) 
CH-282 Weston Lime Works, South Burlington (227, 240, 241-242) 
CH-284 Champlain Valley Lime Company, Colchester (218, 221, 223, 224, 227, 240, 241) 
CH-365 Laberge lime kiln, Charlotte (227, 239-240) 

3 



Cross Reference and Index by Site Number Sequence (Cont): 

Si te No. S i t e Name/Town/Page 
Chittenden County (Cont) 
CH-FS70 Spafford forge, Williston (74, 87) 
CH-FS118 Bates lime kiln, Colchester (227, 239) 
CH-IW01 Ira Allen forge, Colchester/Burlington (59, 74, 86-87, 172) 
CH-IW02 Shelburne Falls forge, Shelburne (74, 87) 
CH-IW03 Stanton forge, Westford (74, 87) 
CH-IW04 Seeley forge, Westford (74, 87) 
CH-IW05 Milton forge, Milton (74, 87) 
CH-IW06 Burlington Manufacturing Company, Burlington (37, 74, 86) 
CH-LK01 Stave Point lime kiln, Colchester (227, 239) 

Franklin County 
FR-67 Keith furnace-west, Sheldon (14, 16, 60, 71, 74, 82-83) 
FR-68 Keith furnace-east, Sheldon (14, 16, 60, 71, 75, 82-83) 
FR-149 Rock River furnace, Highgate (14, 75, 84, 86) 
FR-163 Barney forge, Swanton (71, 75, 80-82, 164) 
FR-178 Fonda Junction lime kilns, Swanton (221, 227, 233, 237-238, 239) 
FR-179 Joyal lime kiln, Swanton (227, 235) 
FR-224 Missisquoi Lime Company, Highgate (67, 227, 231, 234) 
FR-225 Missisquoi Lime Works Incorporated, Highgate (218, 221, 227, 232, 234) 
FR-226 Bancroft lime kiln, Sheldon (227, 234-235) 
FR-227 Richford lime kiln, Richford (227, 234) 
FR-228 Swanton Lime Works, Swanton (221, 228, 235-236) 
FR-FS24 Rich Lime Works, Swanton (228, 237, 238) 
FR-IW01 Missisquoi forge, Swanton (10, 75, 80) 
FR-IW02 Fairfield furnace, Fairfield (71, 75, 82-83) 
FR-IW03 Brainerd and Gadcomb forge, Sheldon (60, 75, 83-84) 
FR-LK01 Ferris lime kiln, Swanton (228, 235) 

Grand Isle County 
GI-27 Fort Sainte-Anne lime kiln, Isle La Motte (216, 228, 230-

Fisk Point lime kilns, Isle La Motte (216, 228, 230-231) 
GI-IW01 Goodwin forge, Grand Isle (75, 80) 

Lamoille County 
LA-IW01 Cady's Falls forge, Morristown (75, 88) 
LA-LK01 Benjamin Thomas lime kiln, Waterville (228, 238-239) 
LA-LK02 Tillotson lime kiln, Waterville (228, 239) 
LA-LK03 Shattuck Mountain lime kiln, Waterville (228, 239) 
LA-LK04 Bradford lime kiln, Johnson (228, 239) 
LA-LK05 Butler lime kiln, Johnson (228, 239) 

Orange County 
OR-FS12 Limehurst Lake lime kiln, Williamstown (228, 247-248) 
OR-CKOl West Braintree charcoal kilns, Braintree (171, 175) 
OR-CK02 Ely charcoal kilns, Fairlee (171-175) 
OR-IWOl Randolph furnaces, Randolph (75, 128) 

231) 
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Cross Reference and Index by Site Number Sequence (Cont): 

Si te No. S i te Name/Town/Page 
Orleans County 
OL-3 Boston and Troy Iron Company, Troy (16, 28, 43, 75, 79-80) 
OL-IWOl Phelps Falls forge, Troy (75, 79) 

Rutland County 
RU-41 Green Mountain Iron Co., Brandon (27, 28, 31, 33, 35, 43, 64-65, 71, 75, 123-128, 175-176) 
RU-57 Granger furnace, Pittsford (16, 26, 30, 39, 42, 43, 49, 71, 75, 114-119) 
RU-76 Tinmouth Channel furnace, Tinmouth (75, 109) 
RU-77 Rathbone furnace, Tinmouth (43, 75, 109-110) 
RU-78 Old Job charcoal kilns, Mount Tabor (57, 171, 179-182, 184-186) 
RU-79 Ten Kilns Brook charcoal kilns, Mount Tabor (171, 179, 182) 
RU-84 Black Branch charcoal kilns, Mount Tabor (171, 179-183) 
RU-85 Four Kilns charcoal kilns, Mount Tabor (171, 179-181, 183) 
RU-86 Greeley's Mills charcoal area, Mount Tabor (157, 171, 179-183, 185) 
RU-87 Chipman forge, Tinmouth (75, 107-108) 
RU-97 Chippenhook furnace, Clarendon (75, 110) 
RU-98 Scotch Hill lime kiln, Fair Haven (228, 248, 249) 
RU-99 Colburn furnace, West Haven (13, 27, 71, 75, 113-114) 
RU-108 Kiln #36 charcoal kiln, Mount Tabor (171, 185) 
RU-153 Gibbs and Cooley furnace, Pittsford (42, 66, 75, 119) 
RU-154 Maplebrook Farm lime kiln, Tinmouth (215, 228, 250) 
RU-155 Kiln Brook charcoal kilns, Chittenden (171, 177) 
RU-156 Lampman charcoal kiln, Chittenden (171, 177-178) 
RU-157 Vermont Lime Products Corporation, Danby (222, 228, 251-252) 
RU-160 Danby Mountain Road charcoal kilns, Danby (171, 185-186) 
RU-161 Crow Hill Farm lime kilns, Tinmouth (228, 250) 
RU-162 Willard and Perry furnace, Tinmouth (42, 43, 75, 108-109) 
RU-164 (Unidentified circular stone-lined feature), Mt. Holly (252) 
RU-165 Bromley Farm lime kiln, Wallingford (228, 250-251) 
RU-166 Lime kilns at "The Cobble", Clarendon (228, 250) 
RU-171 Packard mill/forge, Tinmouth (75, 110) 
RU-179 Mendon lime kiln, Mendon (228, 248) 
RU-180 River Road lime kiln, Sherburne (228, 248) 
RU-188 Beaudry Brook charcoal mounds, Chittenden (171, 176-177) 
RU-190 Furnace Brook charcoal kilns, Chittenden (171, 177) 
RU-194 Seager Hill lime kiln, Brandon (228, 248) 
RU-195 Gamaliel Leonard forge, Fair Haven (13, 75, 115) 
RU-196 Briggs lime kilns, Fair Haven (228, 249) 
RU-197 Devils Den lime kiln, Mount Tabor (228, 252) 
RU-198 Howard Hill lime kiln, Benson (228, 248) 
RU-217 Conant furnace, Brandon (16, 41, 43, 52, 75, 120-121, 176) 

Brandon Iron & Car Wheel Company, Brandon (75, 121-123) 
" Howe Scale Company, Brandon (56, 75, 123) 

RU-260 Bomoseen lime kiln, Castleton (228, 248-249) 
RU-261 Chippenhook lime kiln, Clarendon (43, 228, 249-250) 
RU-FS17 Lyon's Works, Fair Haven (13, 18, 24, 42, 57, 75, 88, 110-112, 174) 
RU-FS19 Danby Station charcoal kilns, Mount Tabor (161, 171, 179-180, 185, 187) 
RU-FS48 Village Lime Kiln, Wallingford (228, 251) 
RU-FS49 Kelley and Wellman lime kiln, Wallingford (228, 251) 
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Cross Reference and Index by Site Number Sequence (Cont): 

Si te No. S i te Name/Town/Page 
Rutland County (Cont) 
RU-FS50 Doran lime kiln, West Haven (228, 249) 
RU-FS119 (Unidentified circular feature), Chittenden (178) 
RU-CK01 Dugout Road charcoal area, Chittenden (171, 178) 
RU-IW01 Forge Flats, Chittenden (57, 75, 107) 
RU-IW02 Miller forge, Wallingford (75, 107) 
RU-IW03 Wallingford furnace, Wallingford (75, 107) 
RU-IW04 Allen forge, Tinmouth (18, 71, 75, 110) 
RU-IW05 Carver's forge, West Haven? (75, 112) 
RU-IW06 Dan Smith forge, West Haven (75, 112-113) 
RU-IW07 Castleton forge, Castleton (75, 114) 
RU-IW08 Joslin and Darling forge, Poultney (75, 114) 
RU-IW09 John Burnham forge, Middletown Springs (75, 114) 
RU-IW10 Keith furnace, Pittsford (14, 71, 75, 114-115) 
RU-IW11 Larnard's forge, Chittenden (75, 119) 
RU-IW12 Sutherland Falls forge, Proctor (76, 119-120) 
RU-IW13 Spud Leonard forge, Proctor (76, 120) 
RU-IW14 Pittsfield Iron & Steel Company, Pittsfield (69, 76, 128, 176) 
RU-LK01 Vermont Marble Co. lime kiln, West Rutland (217, 220, 221, 228, 249) 
RU-LK02 Fuller lime kiln, Mount Holly (228, 252) 

Washington County 
WA-21 Stevenson Brook charcoal mounds, Waterbury (171, 172) 
WA-25 Rice's furnace, Waitsfield (76, 87-88) 
WA-IW01 Davis forge, Calais (76, 87) 

Windham County 
WD-38 Somerset forge, Dover (60, 68, 76, 144) 
WD-66 Harold Field charcoal kiln, Stratton (171, 202-203) 
WD-67 Greene Farm lime kiln, Dover (228, 268) 
WD-68 Thayer lime kiln, Jamaica (228, 265-266) 
WD-69 Haven lime kiln, Jamaica (228, 267) 
WD-70 Twitchell-Howard lime kiln, Jamaica (228, 266-267) 
WD-87 Bemis lime kiln, Athens (228, 267) 
WD-88 Pike-Bills lime kiln, Stratton (228, 267-268) 
WD-89 Grimes-Fitzgerald lime kiln, Whitingham (229, 268) 
WD-90 Kenfield-Kaufmann lime kiln, Whitingham (229, 269) 
WD-91 No. 9 Brook lime kiln, Whitingham (229, 268-269) 
WD-92 Gray-Holt lime kiln, Townshend (229, 267) 
WD-126 Vermont Lime Company, Whitingham (229, 270) 
WD-127 Kingsley lime kiln, Whitingham (229, 269) 
WD-FS13 West Wardsboro lime kiln, Wardsboro (229, 268) 
WD-FS14 Lime Hollow lime kiln, Whitingham (229, 269-270) 
WD-LK01 Merrifield Road lime kiln, Whitingham (229, 269) 
WD-LK02 Windmill Mountain lime kiln, Westminster (229, 267) 
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Cross Reference and Index by Site Number Sequence (Cont): 

Si te No. S i t e Name/Town/Page 
Windsor County 
WN-51 Tyson Furnace, Plymouth (16, 27, 43, 61-63, 76, 128-132) 
WN-58 Upper Falls lime kilns, Weathersfield (229, 259-260) 
WN-104 Amsden lime kilns, Weathersfield (217, 222, 229, 258, 260-262) 
WN-108 Burnt Mountain lime kiln, Plymouth (229, 254) 
WN-109 Campground lime kiln, Plymouth (229, 255) 
WN-110 Rice lime kiln, Plymouth (229, 257) 
WN-111 Grace's lime kiln, Plymouth (229, 254) 
WN-112 Knapp lime kiln, Plymouth (229, 254) 
WN-113 Brookwood lime kiln, Plymouth (229, 257-258) 
WN-114 Money Brook lime kiln, Plymouth (229, 255) 
WN-118 Felchville lime kiln, Plymouth (229, 259) 
WN-119 Grass Pond lime kiln, Plymouth (229, 234-235) 
WN-120 Frog City lime kiln, Plymouth (229, 255) 
WN-121 Ward Lime Works, Plymouth (229, 254) 
WN-123 Lower Branch Brook lime kiln, Weathersfield (229, 262) 
WN-124 Liberty Hill lime kiln, Rochester (229, 252) 
WN-128 Messer Hill Road lime kiln, Plymouth (229, 255-256) 
WN-133 Lower Grand View Lodge Rd. lime kiln, Plymouth (229, 256) 
WN-134 Upper Grand View Lodge Rd. lime kilns, Plymouth (229, 256-257) 
WN-135 Upper Branch Brook lime kiln, Plymouth (229, 262) 
WN-136 Cavendish Station lime kiln, Cavendish (204, 213, 229, 259) 
WN-137 Stearns lime kiln, Cavendish (229, 259) 
WN-138 Moore-Calkins lime kiln, Plymouth (229, 255) 
WN-139 Plymouth Notch lime kiln, Plymouth (229, 257) 
WN-185 Reservoir Brook lime kiln, Plymouth (229, 253-254) 
WN-FS14 Upper Falls forge, Weathersfield (76, 128) 
WN-FS18 Hall's lime kiln, Plymouth (229, 255) 
WN-FS19 Jewell Brook lime kiln, Ludlow (229, 258) 
WN-CK01 Salt Ash Mountain charcoal area, Plymouth (171, 186) 
WN-IW01 White River Iron Company, Bethel (76, 132-133) 
WN-LK01 Black Pond lime kiln, Plymouth (229, 254) 
WN-LK02 East Bethel lime kiln, Bethel (229, 252) 
WN-LK03 South Woodstock lime kiln, Woodstock (229, 259) 
WN-LK04 Shattuck Farm lime kiln, Weston (229, 252) 
WN-LK05 Hutchins lime kiln, Andover (229, 258) 
WN-LK06 North Andover lime kiln, Andover (229, 258) 
WN-LK07 Adams lime kiln, Ludlow (229, 258) 
WN-LK08 Knapp Pond Road lime kiln, Cavendish (230, 259) 
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Lighthouse Stations, "page 23. Photo by Norwalk Seaport 
Association. 
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lished by Oxford University Press. 
Meanwhile, would-be readers of the 
report should contact the National 
Technical Information Service, or 
visit the recently reopened Spring-
field Armory Museum, whose 
library has a copy available for on-
site perusal. 

For articles on selected topics 
within the armory's history, see the 
profusely illustrated and superbly 
edited special issue of IA, Vol. 14, 
-1 (1988). It includes what may be 
the last-ever photograph (by Pat 
Malone) of the armory's Mill River 
"water shop" still intact. Its in-
dustrial space was leased out in re-
cent years, and the tenants' product 
(swimming-pool chemicals) caused a 
devastating fire there in 1988. 

Carolyn Cooper 
Hamden, CT 

Vermont 

IA Survey of Vermont Furnaces 
and Kilns Completes 11th Year 

The IA survey of Vermont 
completes its 11th year with the end 
of 1989. What started in 1979 as a 
minimum-level inspection of blast 
furnace ruins in the state for inclu-
sion in an MA thesis became, by 
the early 1980s, a serious archival 
research and field inspection project 
for ruins/remains of blast furnaces 
and bloomery forges. The recording 
of charcoal kiln sites began in 
1982, and starting in 1986 lime kiln 
ruins and remains were included in 
the survey. To date, 144 iron-, 
charcoal-, and lime-related IA sites 
have been recorded and reported to 
the Vermont State Archeologist; 
75 + more sites, either not precisely 
found or having little-or-no surface 
remains in evidence, are under con-
tinuing study for future recording 
and reporting. A breakdown of the 
work accomplished is as follows: 

Part of Water Shops, Springfield 
Armory, built c!855-1860; burnt 
1988. Photo 1986. 

Blast furnace and bloomery forge 
survey: 

Blast furnace ruins/remains 
generally are located in the western 
part of the state. Visible ruins (ob-
vious furnace ruins, whether stand-
ing or collapsed) are at Forest Dale, 
Pittsford, West Haven, Clarendon, 
Tinmouth (2), North Dorset, East 
Dorset, Troy, and Bennington (2). 
Visible remains (no obvious ruins, 

Recorded and 
Reported 

but visible slag, charcoal, etc.) are 
at Highgate, Shaftsbury, Sheldon, 
New Haven, Tinmouth, Tyson, 
Brandon, Vergennes, Orwell, and 
Bennington. Additionally, sites 
documented in archival sources with 
questionable or no field evidence 
(but possible subsurface remains) 
are at Bristol, Waitsfield, Wood-
ford, Manchester, Weybridge, and 
St. Johnsbury. 

Nearly completely standing fur-
nace ruins are at Pittsford, and at 
Forest Dale where NNEC and 
SNEC along with the VAS and 
other organizations and volunteers 
held an official recording session 
this past May. The Forest Dale ruin 
is associated with a deep, stone-
lined waterwheel pit, remains of the 
head race, stone mounts for draft 
machinery, and a nearby tenement 
cellar hole. Various surface depres-
sions and mounds hint at more ar-
cheological sites in this area. The 
site is on a 10-acre tract owned by 
the Division for Historic Preserva-
tion. Outside the state property 
stand the ironmaster's house (Royal 
Blake) and other structures that 
either were once part of the works 
complex or stood inside the 10-acre 
tract and were moved outside. 

Not yet 
Reported Totals 

Sites Ruins Sites Ruins Sites Ruins 

Blast Furnaces 23 11 9 + ? 32 11 + 

Bloomery 
Forges 22 3 40 ? 62 

iC 

I3 
Charcoal Kilns 55 176 8 9? 63 185 

Lime Kilns 44 70 18 22 62 92 

Totals: 144 260 75 + 31 219 291 + 

Notes: Some of the above sites contain more than one component. 
Recorded iron mines are not included in the above table. 
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The Pittsford furnace is owned 
by a descendent of the 18th-century 
owner of the land on which the 
original furnace was built (1791; 
Israel Keith). The present ruin dates 
from Simeon Granger, who rebuilt 
the furnace from the apparently 
razed Keith furnace in 1824. 
Associated components here are 
stone walls on both sides of the fur-
nace stack, cellar holes of the 
works store, charcoal and ore 
sheds, and standing structures of 
Simeon Granger's house plus near-
by workers' housing. 

Both the Forest Dale and Pitts-
ford furnaces and grounds offer a 
wealth of knowledge and insight 
into the technology of 19th-century , 
furnace operations in Vermont as 
well as interpretive social data on 
ironworker and ironmaster life 
styles. 

Collapsed furnace ruins with 
significant associated interpretive re-
mains are also at Clarendon, Tin-
mouth, Troy, and Bennington, all. 
on private property and owned by 
cooperating property owners (except 
Troy - owner unknown). The stand-
ing ruins at North and East Dorset 
(NNEC Spring 1983 tour) contain 
much less visible associated remains 
than those mentioned above. 

No standing or partially stand-
ing ruins of any bloomery forges 
were found in Vermont. Forge sites 
were identified mostly through ar-
chival references and slag finds. 
Slag found at some forge sites, 
however, appeared much like that 
found at some known blast furnace 
sites, which raised a number of 
questions regarding kinds of opera-
tions carried on here. Forge sites 
were found distributed in the same 
relative area as blast furnaces. 
Although it is felt that the greater 
proportion of bloomery forge sites 
in the state have been found and 
recorded, many more sites await 

12 

discovery in the state. 
The better identifiable forge 

sites are at Salisbury (2) and East 
Middlebuiy, operating and produc-
tion capacities of which are docu-
mented in mid 19th-century iron-
works reports by Neilson and 
Lesley. Most forge sites in the state 
operated during the 1790 to 1830 
period and were apparently small, 
as judged from remains of slag de-
posits within their approximately 
1000 square-foot areas and the 
relatively small streams and brooks 
alongside which they sought water 
power. These probably supplied 
purely local needs and were dis-
placed by iron made more cheaply 
from outside the state with the com-
pletion of the Champlain Canal and 
construction of railroads. 

Charcoal Kiln Survey: 
A total of 131 charcoal kiln 

ruins/remains have been recorded at 
45 charcoal making sites. Of the 
ruins/remains, 14 are stone-type, 8 
are stone/brick-type, and 109 are 
brick type. All except 5 ruins are 
round, these being rectangular in 
shape. Three are brick-type, one is 
stone, and one is concrete block. 
Numbers of ruins per site vary 
from one to eight; the average is 
two to four per site. The additional 
sites of 45 mound-type charcoal 
kilns at 10 sites were found and 
recorded. The sites are generally in 
upland areas of the state with a 
higher concentration in the south-
southwest area and a lesser concen-
tration in the west-central area. 

Brick-type kilns all measured a 
nearly consistent 28 feet inside 
diameter. Wall height varied with 
the remoteness of the site; those 
closest to trails, roads, and houses 
were no higher than ground level, 
while some a distance from much-
used trails had walls up to 4 feet 
high (Bourn Brook area of Win-
hall). Wall thickness equaled two 

h s 2 i 

brick widths. Vent holes were at 
ankle, knee, and waist height (ap-
propriately called ankle vents, knee 
vents, and waist vents). Most kilns 
were built into embankments to af-
ford access via a bridge to the top 
charging hole of the kiln, much like 
a bridge to the top of a blast fur-
nace or lime kiln. Two eight-kiln 
sites were found: at Bourn Brook, 
Winhall, and at Old Job, Mount 
Tabor. The former were in best 
condition and contained much 
associated hardware. 

The best preserved kiln ruins 
are those of stone, possibly due to 
availability of stone throughout the 
state. Even the most remote brick-
type kiln ruins were vandalized for 
most of their usable brick. Some 
stone-type kilns had standing wall 
sections up to 9 feet high. Stone-
type kiln ruins resembling "bee-
hive" kilns were found in Stam-
ford, Glastenbury, and Winhall. 
Some remains at Readsboro suggest 
kilns made of a stone base with an 
arching "beehive" roof made of 
brick (photos exist of these in 
operation in the Stamford-
Readsboro area). 

One positive conical brick-type 
kiln remain was also found in 
Readsboro with a possibility of two 
to three others (which were dyna-
mited beyond recognition many 
years ago by the Forest Service for 
safety reasons — hikers were camp-
ing in them). 

Higher concentrations of brick-
type kilns were found at Woodford, 
Winhall, Peru, and Mount Tabor 
where 78 kiln ruins were found, 
some with significant quantities and 
varieties of iron support and re-
inforcing hardware. They somehow 
escaped the World War II scrap 
metal drives. Ruins at Peru, Win-
hall, and Mount Tabor were gen-
erally at 2000 to 2300 feet in eleva-
tion. Lesser numbers of brick-type 



kilns were also found at Danby, 
Chittenden, and Ripton. 

Mound-type kilns were found at 
Sunderland, Glastenbury, Chit-
tenden, Salisbury, and Ripton. At 
first the most difficult to recognize 
in the field, mound-type kilns are 
now found almost at will, up any 
draw along the western slope of the 
Green Mountains between Glasten-
bury and Winhall. One site on the 
high western slope of Bloodroot 
Mountain northeast of Rutland was 
found to contain remains of 20 
mounds. This area was not ex-
haustively inspected. 

Diameters of mound-type kilns 
varied from less than 20 feet to 
more than 30 feet. Many were built 
upon flat ground but some were 
built into embankments, much like 
the stone- and brick-type kilns. At 
many sites, the circular gutter 
around the kiln was visible. At one 
site, stones removed from the kiln 
site resulted in an area of high 
stone density immediately around 
the kiln, hinting at first of a stone-
type kiln. 

With few exceptions, charcoal 
kilns/mounds sites are within the 
Green Mountain National Forest. 

Lime Kiln Survey: 
The lime kiln survey started in 

1986, the result of finding some of 
these ruins while in the process of 
searching for charcoal kilns. A total 
of 44 lime kiln sites containing 70 
kiln ruins/remains have been re-
corded and reported. This phase of 
the project is still in progress with 
18 out of 22 sites unrecorded from 
1988-89 waiting for 1990 action. 

The kilns were distributed in 
"clusters," with the most dense of 
these generally in the central to 
southern parts of the state. The 
highest concentration of lime kiln 
ruins/remains is at Plymouth, where 
11 were found. Other areas are 

Jamaica, Weathersfield, Claren-
don/Tinmouth, Leicester, New 
Haven, South Burlington/ 
Colchester, and Swanton. Isolated 
lime kiln finds were also made at 
Pownal, Arlington, Danby, Man-
chester, Dorset, Fair Haven, Bran-
don, Townshend, Rochester, and 
Charlotte. Most are single-kiln 
sites; one site, at Fonda Junction, 
contains five standing ruins and one 
collapsed remain. 

Early 19th-century lime kiln re-
mains consist of stone-lined cavities 
built into low embankments in the 
immediate vicinity of small lime-
stone outcrops, usually built by 
farmers to burn lime for fertilizer. 
Later kilns are stand-alone units, 
some with ornamental openings, 
such as one Gothic-arch kiln at 
Jamaica. Kilns operating into the 
20th century were made of 
stone/concrete bases with firebrick-
lined, 8- to 12-foot diameter, 15-to 
25-foot high steel ovens set upon 
these bases. At some sites, only the 
base(s) remain. At others, such as 
Leicester and Swanton (Fonda Junc-
tion), the steel ovens remain, how-
ever bent, ruptured, or tipping in 
most cases. At Winooski, the stand-
ing ruin of a four-kiln unit stands 
that operated into the 1950's, next 
to two deep quarries that straddle 
Lime Kiln Road. Under the road, a 
now-flooded tunnel connects the 
two quarries. Activity is currently 
under way to place this site on the 
National Register. 

Almost all lime kiln remains 
are on private property, some 
without the owner's knowledge that 
they existed or what they were. 
Many have been vandalized for 
construction stone, are caved in and 
used for dumping, or mostly de-
stroyed as the result of road con-
struction. The only known lime 
burning in the state today is a mod-
ern facility at New Haven Junction, 

where no response has been re-
ceived to an inquiry. 

This survey was totally funded 
by personal expense and carried out 
on week-ends, holidays, and vaca-
tions from full-time work at the GE 
Ordnance Systems at Pittsfield, 
Massachusetts. When possible, ex-
penses and effort were recorded and 
donated to the Vermont Division for 
Historic Preservation for matching 
grants, used by the Division for 
other projects. This survey is the 
topic of a slide-supported paper to 
be presented by the author at the 
Third Annual Conference on New 
England Industrial Archeology at 
Plymouth State College, NH, in 
February 1990. A complete report 
on the survey will be published by 
the author in cooperation with the 
Vermont Archaeological Society 
sometime in 1990 as part of the 
Vermont Statehood Bicentennial. 
Major effort in 1990 is expected to 
go into the "wrap-up of loose 
ends" and renewal of efforts to-
ward the thematic National Regis-
tration of blast furnace ruins, which 
was abandoned in 1987 due to work 
overload. 

Vic Rolando 
Pittsfield, MA 

1 
Connecticut 

Eli Whitney's Apprentices 
Slept Here 

The Connecticut Trust for 
Historic Preservation recently com-
pleted restoration of the 1820s 
boarding house for single men who 
worked at the Whitney Armory in 
Hamden, Connecticut. Removal of 
grey 20th-century fiber shingles 
revealed clapboards in surprisingly 
good condition. Newly painted its 
(nearly) original white, the building 
now houses the offices of the Con-
necticut Trust for Historic Preserva-

< 
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DEPICTS VILLAGE j 
i 

Nearly En t i r e Community in 
1835 Appears to Have Resided i 

On Three Streets 

A map of Bennington village as it was 
100 years ago should prove of great inter-
est to the people of Bennington of the 
present. ' i 

This map is dated 1835 and where it | 
originally came from, The Banner does I 
not know, but as shown in The Banner 
it is a combination of two maps which 
have been preserved in a book which was 
owned by the late James L. Houghton. 

Unfortunately the map shows "East" 
Bennington only and the Furnace Grove 
section between the village and the 

oodford line. Old Bennington is not 
..eluded and it v/as at what is now Old 

Bennington that some of the principal 
parts of the town were in 1835. 

It was at Old Bennington the county 
courthouse was located, the postoffice, 
the hotels and the principal stores. It 
was there too probably that what might 
be considered some of the leading citi-
zens and particularly the professional 
folks resided in 1835, but at that time, 

I the downtown section was beginning to 
grow and it was not long after, before 
East Bennington became the principal 
part of the town in business and popul-
ation. 

This was many years before the rail-
road came, but the map shows at least 
two important business enterprises. They 
were the Doolittle Flour Mill where the 
old Cooper shops, now occupied by Welles 
and Southall, are located and the Ben-
nington Iron Works at Furnace Grove 
near the Woodford line. These iron 
works were probably the principal in-
dustry in this section at that time and 
ore was drawn there from various beds 
of mines in afferent parts of the town, 
also from Shaftsbury. Whether the ore 
from what was later known as the 
Burden Ore beds in the west part of the 
town was drawn to these furnaces The 
Banner does not know, but supposes like-
ly that it may have been. 

The village of Bennington in 1835 
consisted practically of Main, North and 
South streets, Pleasant and Willow 
streets. It was Willow street that was 
later renamed Valentine street within the 
memory of the present generation. The 
map shows a street from east of the 
Doolittle Flour Mill north across Roar- | 
ing Branch at the Hathaway bridge and I 
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k cutaway view of an early blast furnace, similar to most pre-Civil War 
blast furnaces in Vermont. 

FROM: 200 Years of Soot and 
Sweat: A History of VT Iron 
and Charcoal Making Industries 
in Vermont. By Vic Rolando 
Manuscript on file, DHP, 
Montpelier. 1984 

Courtesy of Vic Rolando 



FROM: Forges, Furnaces and 
Foundries. Lecture by 
Victor Rolando, Presented at. 
Sheldon Museum, Nov. 1985. 

Courtesy of Vic Rolando 

Tunnel Head 

Hearth 
Tuyeres 

'HRfffflwĴA ̂  __ 
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FROM: 200 Years of Soot and 

Sweat: A History of VT Iron 
and Charcoal Making Industries 
in Vermont. By Vic Rolando 
Manuscript on file, DHP, 
Montpelier. 1984 

Courtesy of Vic Rolando 
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FROM: 200 Years of Soot and 
Sweat: A History of VT Iron 
and Charcoal Making Industries 
in Vermont. By Vic Rolando 
Manuscript on file, DHP, 
Montpelier. 1984 

Courtesy of Vic Rolando 
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=5= FROM 200 Years of Soot and 
S Sweat: A History of VT Iron 

and Charcoal Making Industries 
in Vermont. By Vic Rolando 
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Montpelier. 1984 
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END OF PROJECT REPORT. 
1986 PRO JE. VERMONT SURVEY OF INDUSTRI . ARCHEOLUbY SITES 

A. IN 1 RO.OUOT ION.: 

Th1s project continued thematic survey throughout the state o+ Vermont, 
at reconnaissance level, to identify the following range of historic 
archeoJ. oqi cal sites: blast furnaces, iron mines, bloomery forges, 
foundries, charcoal kilns, and lime kilns. Although most of the sites 
were recorded on an 'as-located' basis, sites in close proximity to 
public and/or private development areas were given priority attention. 

1. HISTORIC CONTEXT OF VERMONT IRONMAKING INDUSTRY: 

a. Development trends: The iron industry in Vermont developed in 
association with other pioneer works (grist and saw mills, blacksmith 
shops, etc), which reflected the needs of early settlers in Vermont, 
ironworks were built near water power, ore beds, and sources of fuel 
(charcoal); blast furnaces along .lower elevation sites near good roads 
to transport, heavy ingots; bloomeries sometimes at higher elevations 
(i.e. Bristol, Cady's Falls, Lincoln). The works were also influenced 
by Lake Champ!ain and the ironworks that developed in New York State. 
The Lake and later the Champlain Canal changed the character of Vermont 
ironworks from a larger number of small speculative operations in pre-
canal days to costly, high production works. The railroad eventually 
brought in better iron made cheaper than local works could produce and 
ended i r on ma k i n g i n Ver mont. „ 

Ironworking, in the form of machine shops (mill gearing, machinery, 
tools, scales) and medium to heavy foundries (agricultural implements, 
railroad iron, castings, stoves), expended to reach peak production 
about 1880-1890, dwindling in numbers and production thereafter. 

b. Limitations of developmentj. Vermont ironworks were limited by: 
(.1) the quantity and quality of its ore (earlier ironworks used 

bog ore). Later works imported ore from New York State to mix with and 
improve the quality of locally-made iron. 

(2) the length of the winters, which froze streams that powered 
the works. 

(3) the works' remoteness from major industrial centers and sea-
ports nearer to the ocean. 

c. Geographic: distributions and patterns! Pre-1800 ironworks were 
distributed near developing population areas that created the demand 
for raw iron product. With better transportation (road, railroad, and 
lake barges) industrial demand commenced (1800-1850) and ironworks 
located closer to fuel, ore, and more reliable water power. Approxi-
mately 90% of the ironworks operated to the west of the Green Mountain 
range and were concentrated in Addison and Rutland Counties. 

d. Historic highlights! 
(1) Many early ironworks in Vermont were developed by major-

political figures: Nathaniel Chipman, Ira Allen, and Matthew Lyon. 
(2) The first ironworks in the Adirondack 

York State imported ore from Basin Harbor (near 
(3) A major New York State ironworks, the 

Company was founded by Vermonters: the Penfield 
Pitts-ford. 

Mountain region of New 
Vergennes). 
Crown Point Iron 
and Hammond families of 
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(4) A blast furnace at East Bennington used preheated blast (hot 
blast) a year before generally accepted date (1834) for first use at a 
furnace in New Jersey. 

(5) In .1.809, Monk ton Iron Company at Vergennes attempted use of 
piston-driven blast machinery, 26 years before accepted date of use in 
Northeast; first documented successful use in Vermont was 1839 by 
Conant at Brandon. 

(6) Last significant bloomery forges in New England operated in 
Vermont (1850-1880's): Salisbury, Vergennes, Fair Haven, Lincoln, East 
Middlebury; then known throughout U.S. industry for high quality 
wrought iron. 

(7) Most all major 1790-1830 Vermont ironworks families inter-
related: Austin, Harwood, Lothrop, Page, Dike, Broughton, Bogue, Keith, 
Sax, Drury, Cooley, Conant, Penfield, and Sutherland; also Col burn and 
Davey. 

2. HISTORIC CONTEXT OF VERMONT CHARCOAL INDUSTRY: 

a. Development trends?. Charcoal making in Vermont developed in 
association with the development of its mineral smelting and production 
industries. Charcoal fueled furnaces (iron, glass, copper), forges, 
blacksmiths hearths, foundry cupolas, etc. Early charcoal making 
required no structure; it was made merely by mounding cordwood, cover— 
inq it with sod, and allowing it to smolder. Much charcoal and potash 
was made by settlers as a by-product of clearing vast acreages of land 
for agriculture. Kilns supplied charcoal to local furnaces and forges 
that initially satisfied local needs. Industrial expansion after 1820, 
stimulated by the Champlain Canal, demanded more charcoal. By Civil 
War period, charcoal was being made in stone- and brick-built kilns 
with much of it exported out of state. By 1880, most of it was shipped 
out as Vermont ironworks phased out and charcoal resources in New York, 
Massachusetts, and Connecticut became scarce. Charcoal making in 
Vermont ended soon after 1900. 

b. Limitations of development! Vermont charcoal making was limited 
in the early period (pre-1820) by the demand of local metal working 
industries, which mostly reflected domestic economics. Limitations of 
middle period charcoal making (circa 1820-1860) still reflected local 
demand, but charcoal was made on a more regional supply and demand 
basis; local forests were becoming depleted through settlement and 
clearing for farmland. After 1860, charcoal making became an industry 
unto itself, with charcoal being exported outside the state and forests 
being rapidly consumed by lumbering interests. Limitations by this 
period became the resources of the forest stands themselves, which were 
commercially exhausted by the turn of the century. 

c. Geographic distributions and patterns; During the early pre-1820 
period, charcoal making generally centered about the ironmaking indus-
tries, then the largest single consumer of charcoal in the state. After 
1820, as .iron, copper, and glass industries developed, charcoal making 
caused forest lines to recede into the hills. It was not uncommon for 
char coal to be carted a dozen miles to furnaces by the .1860's. As 
such, earlier charcoal making sites generally were close to developing 
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industrial communities along the Lake Champlain plateau; later charcoal 
making areas reached well up into the Green Mountain highlands, with 
many final operations at 2000-foot elevations. Most kilns, however, 
still remained on the western slopes of the Green Mountain range, with 
concentrations in the north in the Ripton and Middlebury area; the 
central area of Winhall, Peru, Mt Tabor, Dorset; and southern at Wood-
ford, Shaftsbury, G.l astenbur y, Stamford, Readsboro. 

d. Historic highAi91)A 
(.1) Largest single-owned charcoal making operation in Vermont 

was Silas L. Griffith of Danby, whose holdings in late 1880-1890's 
exceeded 50,000 acres, operating some 35-plus charcoal kilns, 9 saw 
mills, and 6 general stores in and near Mt Tabor. He was the first to 
use the telephone in the state, connecting his lodge at Griffith Pond 
to his office at Danby; was an early advocate of using saws instead of 
axes to cut trees in order to reduce waste. He was a Vermont State 
Senator but declined candidacy for Governor. His charcoal, plus that 
made farther south, supplied fuel needs of ironworks in the laconic 
regions of New York, Massachusetts, and Connecticut until about 1912, 
when these resources failed; those ironworks then importing charcoal 
from as far away as North Carolina (that, region's iron industry failed 
in 1923). 

(2) Design and efficiency of round and conical kilns in Reads-
boro were recognized in a technical paper in 1879-1880, published 
nationally (the archaeological site of at least one Readsboro conical 
kiln was located in 1983). 

3. HISTORIC CONTEXT OF VERMONT LIME BURNING INDUSTRY: 

a. Development trends: Lime burning in Vermont developed in associ-
ation with the clearing of the land and establishment of farming. 
Eighteenth century and early nineteenth century lime kilns were built 
by farmers to provide lime for agricultural purposes; later lime kilns 
supplied the demands of construction and paper making, although the 
major kilns at Winooski Park supplied lime for sale to farmers by the 

ta. Limitations of development8 Early lime burning in Vermont, which 
supplied strictly agricultural needs, was limited by physical proximity 
to limestone quarries. Since these early lime kilns required no blast, 
water power was of no consequence. By the mid-19th century, lime kiln 
operations such as those at Leicester, Weathersf .i el d, Highgate, and 
Winooski located closer to railroads. Lime kilns during this period 
were large stone-built stack structures (similar in appearance to blast 
furnaces), requiring major outlays of capital for construction at cen-
tralized locations, thus phasing out the smaller, local farmers' kilns. 
Vermont's final operating lime kilns at Winooski Park operated until 
1971 when its 0.8. Government contract was awarded to a competitor. 

c. Geographic distributions and p.atterns$_ Lime kilns in Vermont 
have always been located in relatively close proximity to limestone 
deposits. Limestone, which manifests itself in Vermont as varying 
grades of dolomite for commercial quality marble, or plain limestone 
for crushing for blast furnace applications or burning for other uses, 



1986 PROJ 
END OF PROJECT REPO'1 r 

I" VERMONT SURVEY OF INDUSTh ,L ARCHEOLOGY SPIES 
(Conti, nued) 

was ear J. v recognized in many places in the State by Zadock Thompson 
(1853.). Thompson identified "Chazy, or Isle la Motte Limestone" and 
" 1 rent, on Limestone" as being the state's major limestone groups. I hese 
groups were located along the eastern shore o-f Lake Champlain, where 
ma j or lime k i 1 n op er at j. on s wer e established at High gate U_i me K i 1 n 
Point) and Colchester (Winooski Park). Lime kilns were also operating 
in the Lake Champlain valley at Leicester, Bristol, New Haven; in prox-
imity to marble quarries at Wal 1 i rig-ford, Tinmouth, Danby, Clarendon, 
Dorset, and Manchester; and also at Weathers-field, Jamaica, and Dover 
in proximity to limestone outcrops. 

d. Historie. bÁgh Light S.S. Research into the lime burning industry in 
Vermont is still in a very preliminary stage of activity, with location 
of physical remains the immediate priority. Insufficient investigation 
into the history of the industry, therefore, contributes little in the 
way of historic highlights of this industry. 

B. M ET fit) p 0 L 0 0 Y: 

The survey was accomplished through a combination of archival and field 
research: oral and local traditions, informant information, and 
published and unpublished material. 

1. ARCHIVAL RESEARCH: 

a. Library work?.. Generally available published and unpublished 
materials were studied for information, however remote or vague, for 
clues and leads to existence or locations of sites. Specific material 
studied included: state, county, and town histories, trade journals, 
business journals, maps, museum and photo collections arid papers, 
newspapers, letters, genealogical and cemetery records, legislative 
acts, and professional papers. 

Libraries visited included Mark Skinner Library, Manchester; 
Rutland Free Library, Rutland; Sheldon Museum Library, Middlebury; 
Tyson Library, Plymouth; Griffith Memorial Library, Danby; Vermont 
Historical Society Library and Vermont State Archives, Montpelier; 
Bixby Memorial Library, Vergennes; the University of Vermont Bailey-
Howe and Special Collections Libraries, Burlington; and Vermont Mapping 
Program (orthophotos), Waterbury. Also, the New York State Historical 
Association Library, Cooperstown, NY; State University of New York 
Library, Albany, NY; Berkshire Athenaeum Library, Pittsfield, Mass; in 
addition to my personal library and collections of Vermont archival and 
data stored in my personal computer system. 

(J.) Reliability of many local histories has proven to be 
questionable in some cases. Depending on the interest and personal 
biases of the authors, local histories may or may not have reflected 
actual industrial activities in the subject county/town/vii1 age. This 
is seen in pages of coverage for religious and social organizations, 
banking institutions, and prominent families, but vague statements 
about a 'forge operating in the east part of the town early in the 
century without regard to type of forge (bloomery? furnace? foundry?). 
Statements such as 'there were no industries of significance in this 
town' conflict with later published histories of the same town which 
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described many mills and -foundries, and with field work that located 
sites of mills. Additionally, many clues to sites do not come from 
manufacturing sections of local histories, but in sections dealing with 
family records, early settlers, and general community development. 

2. INFORMANTS AND LOCAL TRADITION: 

A number of reliable contacts have been made regards to general or 
specific information leading to finding sites pertaining to the iron, 
charcoal, and lime industries in the state: 

a. Local informants: This category includes people who own site 
properties and contributed information on other known or suspected 
sites or knowledgeable people in the vicinity. The value of slide-
illustrated presentations to local historical societies cannot be over 
emphasised regards to numbers of contacts and quality leads to location 
of sites. Formal presentations at Middlebury (Sheldon Museum, Summer 
1984) , Pitts-ford (Pitts-ford Historical Society, Spring 19B6) , Windsor 
(VAS, Spring 1985) attracted many older and knowledgeable residents who 
contributed much reliable oral, manuscript, photo, and artifact infor-
mation. A number of informants also volunteered time to guide me to 
sites. Correspondence continues with most of these reliable contacts. 

b. Professional informants s. This informant category includes those 
who have a professional interest in history/archaeology, beyond members 
of historical societies or owners of- site properties, including: 

<1) authors of recently-published histories. 
(21 school teachers. 
(3) U.S. Forest Service personnel. 
(4) staff personnel of: 

(a) Vermont Division for Historic Preservation, Montpelier. 
(b) UVM Consulting Archaeology Program, Burlington. 
(c) Sheldon Museum Library, Middlebury. 
(d) Vermont Historical Society Library, Montpelier. 
(e) Stamford Community Library, Stamford. 

3. BACKGROUND RESEARCH: 

Potential areas for industrial sites were determined through a 
combination of archival information, known industrial development 
patterns, local geology, topography, and mountain trails. 

a. Archival information.: Information obtained through archival 
research was duplicated, transcribed, and/or plotted on USGS maps in 
combination with other associated data to create a job folder, specifi-
cally for the site in question. Related site information, such as 
family connections, incorporation dates, names, and partners, and 
newspaper advertisements, were also investigated. 

b. Industrial development:. Through 1850s-period county maps, Beers 
maps, and business journals such as the annual Walton's Register-
publications, patterns of industrial development were established and 
analyzed for trends. Concentrations of ironworks industries indicated, 
for example, the probability of charcoal kilns in surrounding hills. 



END OF PROJECT REPC 
.1.986 PRO J EC I VERMONT SURVEY OF INDUSTRIAL ARCHEOLOGY S U E S 

(Continued) 

C • Local geoLggy.:. Through state geology reports and maps, the prob-
ability of ironworks and lime kilns were determined. 

U- Topography:. Attention to physical topography revealed clues to 
location to otherwise undocumented industrial sites. Inspection of 
streambeds downstream of suspected ironworks or charcoal sites yielded 
slag or pieces of red brick and charcoal, which when traced upstream, 
led to location of the sites. Techniques such as this have in time led 
to development of intuitive skills for locating some types of sites. 

e- Trails:. Many former roads are today official or unofficial 
hiking trails. These trails wind through abandoned communities that 
grew in proximity to saw mills and charcoal kiln operations. Attention 
to black soil in vicinity to suspected charcoal making areas led to 
1 ocat i nq many of the ki 1 n si t.es. 

4. WALK-OVER SURVEY: 

Once located and verified, the site was inspected at reconnaissance 
level, for extent of its boundary, remains of visible surface artifacts 
and features, and potential ar cheol ogi ca.l value, then recorded. 

a- §ite location and verification:. Location and verification of the 
site was made through obvious structure remains, such as foundation 
and/or standing blast furnace, charcoal kiln, or lime kiln remains. In 
absence of obvious remains, evidence of such material as burnt brick 
and stone, slag, charcoal, firebrick, burned lime, waste iron, iron 
ore, binding hardware, etc, and such features as collapsed furnace 
mounds, head and/or tail raceways, flumes, dams and dam cribs, water-
wheel pits, charging embankments, etc, were checked for. 

b. Hi to inspection.:. The site was inspected for the following: 
(1) integrity - to what degree is the site undisturbed by later 

development, vandalism, weathering, etc. 
(2) boundary -- what is the archaeological boundary of the site 

as determined by range and distribution of surface artifacts and 
features, and also by inspection of eroding shores of streams and by 
shallow (6-inches, max) subsurface inspection. 

(3) threats - what are probabilities for development, further 
vandalism, erosion, etc. 

(4) ownership - proximity to property owner; owner interview, if 
possible, to access local attitude toward site preservation, develop-
m e n t p .1. a n s, etc. 

c- Site recording«. The site was recorded through use of USES topo-
graphical maps, drawing sketches and ground plans, and photography. 
Small surface artifacts were reconcealed after recording. 

(!) USGS maps - the site was accurately located on USES topogra-
phic quadrangles through identification with local landmarks, such as 
streams, mountains, roads, standing buildings, etc. 

(2) Ground plans - sketch maps were made of the site, indicating 
all relevant surface features, concentrations of artifacts (slag, char-
coal , etc:) , cellar holes whether known to relate to the site or not, 
roads and paths, dam sites, etc., and general topography. In some 

- 6 -
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cases, detailed, scaled sketches were made of remains that were con-
sidered of special importance to the integrity or significance of the 
site, such as uniquely-built furnace archways, hearths, kiln hardware 
(which might be stolen or vandalized). Compass readings were recorded. 
In most cases, the site boundary was paced off and dimensions calcula-
ted accordingly. When possible, sketch maps were scaled. 

(3) Photography - black and white photographs were made of the 
site from many angles of view, both close up for detail and from a 
distance to indicate local environment. Small brush and branches might 
be tied aside or cut, but not sufficient to draw attention. Camera 
used is a Minolta SLR model SRT101, with normal, long-range, and wide-
angle lens, which allow for a wide range of photography under varying 
situations. In many cases, follow-up photo sessions were made during 
seasons of less foliage for better photographs. These return sessions 
also allowed for reinspection of the site, adding surface information 
that may have been missed during the initial recording and interpre-
tation of additional archival information. 

(4) Concealment of artifacts - such large, attention-drawing 
artifacts as kiln doors and hardware, cast iron vents, etc., were 
uncovered of accumulation of surface vegetation and debris tor purposes 
of measurement and photography, and were reconcealed beneath brush, 
.leaves, and foliage. In all cases, sites were left appearing as much 
as possible as found; no attempt was made to 'clear' fallen trees and 
branches from paths and trails leading to sites. Where possible, fur-
ther concealment was attempted, and trash found in the site vicinity 
was collected and carried out. 

5. SURVEY REPORT: 

Survey reports were submitted to the Vermont Division tor Historic 
Preservation (DHP), which included filled in Archeological Site Survey 
Forms, an Industrial Archeology Site Survey Form, and a narrative 
report, 

a- Archeoloqical. Site Survey Form:. This is the standard DHP form 
for recording archeological sites. All categories and spaces are 
filled in that apply to the site. Site and F.S. numbers are left blank 
to be assigned by DHP. 

b. Industrial. Archaeology Site Survey Forms. This form was created 
to provide additional site information not covered by the Archeologi-
cal Site Survey Form. It addresses iron furnace, bloomery, and 
charcoal and lime kiln sites. Where applicable, the form is filled in 
and included as pages 5 and 6 to the Archeological Site Survey Form. 

c. Narrative report.:. This report includes definitive site location 
information, a description of the site, history of the site, miscellan-
eous observations, duplicated USGS and USPS maps with site location, 
ground plans and sketches, bibliography and sources of further informa-
tion, and captioned black and white photographs. The report is stand-
alone, that is, it includes all information needed to complete the 
Archeoloqical Site Survey Form and the Industrial Archeology Site 
Survey Form. 
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(1) Definitive site location - site location is defined in terms 
of USGS topographic quadrangle name, UTM coordinates, county, and town 
or village. 

(2) Site description - a narrative description of the site 
includes location of the site in the context of its surroundings and 
environment, a site name, its physical characteristics, range and 
distribution of features and artifacts, and source of power and/or 
resources. 

(3) Site history -- a brief history of the site is provided, 
including events leading up to the? site's establishment, production 
statistics when known, dates of operation, causes of abandonment, 
highlights, owners, and relationship with associated works. In some 
cases, published material was duplicated and included in the narrative. 

(4) Observations - visible or suspected threats to the site, 
potential for further historical/archeological interpretation, etc., 
are included where applicable. 

(5) USGS map - the site is located on current duplicated 
sections of USGS topographic quadrangles; the site is identified on the 
map in the same proportion to the sketched ground plan. 

(¿>) USFS map - sites in the Green Mountain National Forest, were 
indicated duplicated sections of U.S. Forest Service quadrangles. 

(7) Ground plans - full page ground plans of the site are 
provided with the report. The sketch is scaled when possible; ail 
ground plans are sketched in the normal orientation (north at top) and 
i nc]ude a north—pointinq arrow. 

(8) Bibliography - a comprehensive listing of references and 
sources for all published and unpublished information cited or referen-
ced as part of the report is provided. Addresses and phone numbers of 
contacts are included. 

(9) Photographs - captioned black and white photos depict site 
condition, artifacts finds, and site environment. Photos are identi-
fied by 5-character alphanumeric code (i.e., 86A13) that allows for 
accurate access to my negative files. 

d. Distribution of Forms and Reportss. Forms and reports were 
distributed as follows: 

(1) State Archaeologist - original copies of all Forms, Reports, 
sketches and ground plans, and photographs. 

(2) Forest Archaeologist (U.S. Forest Service) - duplicated 
copy of Reports only, pertaining only to sites within the proclamation 
boundary of the Green Mountain National Forest. 

(5) Librarian, Sheldon Museum Library, Middlebury - duplicated 
copies of Reports only, of sites only within Addison County. 

(4) Rolando files - duplicated copy of all Forms, Reports, maps, 
and photo negat i ve f i I. e. 

C. RESULTS 

The project period commenced October 1, 1985 and ended November 30, 
1986. Although work on 25 sites was planned for this project period, 
actual efforts for the project resulted in 4/5 sites in eight of the 
state's 14 counties added to the Vermont Archeological Inventory. Value 
of donated services totaled $10,487 versus the planned $5,998.00. See 

- 8 -
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panes 10 and 11 of this report for the list of inventory and field site 
identification numbers of the 43 sites reported. 

Almost all the sites surveyed and recorded have the potential for 
yielding further significant archaeological information regards to 
their construction, method of operation, technological developments, 
and relationship of property types across the site. Stabilization of 
lime kiln structures at Bristol and Amsden could preserve them for 
future study and possible exhibition as historic industrial sites. 

Despite some surface disturbance and scattering of remains, digging 
and serious subsurface disturbance at most sites appears to be minimal. 
Visible site disturbance appears to be a function of proximity to well-
traveled trails. Sites of brick—type charcoal kilns in along sections 
of the Long Trail in Mt Tabor betray much evidence of pot-holing. 
Construction materials, however, also seems to be a factor. Brick-type 
charcoal kilns, for example, however remote from houses, are relatively 
stripped of usable brick, whereas stone-type kilns remain in relative-
ly better standing condition. Chimneys of homes in proximity of brick-
tvpe kilns contain brick that appears much the same color, texture, and 
condition as bricks seen in local charcoal kiln remains. The occupant 
of one house (East Manchester) knew exactly where some charcoal kiln 
remains existed without acknowledging suspicious bricks in his chimney. 

Although some charcoal kiln sites in higher elevations show evi-
dence of disturbance by brick scavengers, or use of brick for fire-
places by campers and sportsmen, the most serious threat to these sites 
appear to be logging operations. Not all damage is done by the actual 
logging operation; some by road construction into logging areas, al-
though this also had its reverse benefit. Clues to some undocumented 
charcoal kiln sites came from pieces of hardware seen in the beds of 
logging roads in Peru and Woodford (1983). In both cases, the road had 
been graded to within a few feet of the kiln foundation, accounting tor-
hardware in the roadbed. The Peru kiln ruin, as it turned out, was 
unknown even to people who had hunted the area for over 20 years. At 
North Dorset, a staging area for logging vehicles was cleared to within 
a few hundred feet of a collapsed furnace ruin, but still within the 
archeological1y-sensitive area; part of the waterpower flume system was 
destroyed. That the property was part of a state park had no effect. 
At Mt Tabor, on federal property, part of the Ten Kilns site has been 
disturbed by widening of roads to accommodate large logging vehicles. 
None of this is intentional destruction, rather there appears to be a 
lack of communications within the governmental systems. In all cases, 
site reports had been written and forwarded before the disturbance took 
pi ace. 

Private owners appear more concerned and willing to cooperate with 
preservation efforts when advised of the historic/archeological value 
of the site. Whether to increase property values or just personal in-
terest in something not fully understood about the ruins on their pro-
perty, nearly all property owners have cooperated with recommendations 
to protect sites from further deterioration through brush clearing or 
wall support, but attempt no serious restoration/'excavation. 

Results of this project survey period plus data accumulated in 
previous years continues to support my theory that industrial activity 
in Vermont exceeds that generally thought. Vermont is not perceived to 
have had a significant industrial history. Yet, in terms of numbers of 
blast furnace, bloomery, and charcoal and lime kiln ruins and sites 



END OF PROJECT REPORT 
1986 PROJECT VERMONT SURVEY OF INDUSTRIAL ARCHEOLOGY SITES 

(Conti nued) 

located and documented to date, Vermont appears to have kept pace 
(relative to state population and area) with neighboring states, from 
the immediate post-Revolutionary War period up to the 1850's. Addition-
ally, related genealogical research has shown that the earliest signi-
ficant ironworks in the Lake Champlain district of New York State were 
founded by Vermonters. 

Data from the 1986 project has added to further understanding how 
and when ironmakinq technology came into Vermont, and how the techno-
logy distributed itself within the state. By tracking where pioneer 
ironmakinq families came to Vermont from, migration patterns became 
apparent that connect 18th~C ironworks operations in eastern and west-
ern Massachusetts and in northwestern Connecticut with the establish-
ment of some of the first ironworks in Vermont. 

Analysis during the 1986 project year of early 19th-C legislative 
acts of incorporation has led to development of a preliminary pattern 
of industrial capital investment flow into Vermont. The pattern shows 
that many corporation partners were involved in other speculative 
ventur es in Vermont. Names of some partners have a.I so been recognized 
from ironworks research done years ago in other parts of New England, 
contributing to understanding the complex economics of early 19th-C 
speculative exploitation of Vermont's natural resources by Boston's and 
New York City's budding capitalists. 

Results of the 1986 project year also sharpened intuitive skills of 
locating undocumented industrial sites. Not 100"/. foolproof, attention 
to geology and topography contribute toward developing local patterns 
of charcoal and lime kiln sites. Sites of mound-type charcoal making 
areas can now be located almost at will in southwestern Vermont, 
although this has not been intensely pursued due to the non-threatened 
nature of the area of these sites, as compared to active threats to 
sites being attended to in other parts of the state. 

The following list documents Vermont Archeological Site Survey and 
Field Site Inventory numbers and site names .located and recorded during 
the 1986 project year. See individual reports for further information 
on specific sites recorded: 

Addison Count y 
VI—AD—404 Richville mills & bloomery forges (2) sites - Shoreham 
VT-AD-405 Widow Glynn charcoal mounds (3.) sites - Leicester 
VI~AD-406 Sawyer's bloomery forge site - Salisbury 
VT-AD-407 Salisbury bloomery forge site - Salisbury 
VT-AD—409 Bedell lime kiln ruin - Bristol 
VI—AD-414 Brooksvi11e Edge Tool Co foundry site - New Haven 
VT-AD 415 Wainwriqht/Davenport foundry site - Middlebury 
VT -AD-416 l-lol ley Forge bloomery forge si te - Bristol 
VT-AB-417 Lewis Creek Farm bloomery forge site - Starksboro 
FS 85(AD) Mt Fuller charcoal mounds (?) site - Monkton 
FS 86(AD) Bristol Village bloomery forge site - Bristol 

Bennington County 
VT-BE-1G5 Kennedy charcoal kiln (stone) ruin - Stamford 
VT-BE--106 Cardinal (Nunge) Brook charcoal kiln (brick) ruins - Stamford 
VT-BE-107 Crazy John Stream charcoal kiln (stone) ruins (3) - Stamford 

-10-
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Benn i ngt on Coun t y (Cont) 
VI-BE-108 Thompson Farm charcoal mounds (2) site - Stamford 
VT-BE-109 Barnumville lime kiln ruin - Manchester 
VT--BE-1.10 MD&G RR abandoned right-of-way - Manchester/Dorset 

Çh i. 11 end en County 
VT-CH-2B2 Weston lime kiln ruins (4) - So Burlington 
VT-CH-283 Stevens foundry site - Colchester 
VT-CH-284 Winooski Park lime kiln site - Colchester 

Frank 1_in County 
VT-l-R-169 Kenfield foundry ruin and site - Fairfax 

Rut 1 and County 
VT-EU-153 Gibbs & Cooley blast furnace/foundry site - Pitts-ford 
VT-RU-154 Maplebrook Farm lime kiln ruin - Tinmouth 
VT-EU-155 Kiln Brook charcoal kiln (brick) ruins (5) - Chittenden 
VT-RU-156 Lampman rectangular charcoal kiln (stone) ruin - Chittenden 
VT-EU—157 Vt Lime Prod Co lime kiln ruins <3> - Mt Tabor 
VT-RU-160 Danby Mtn Road charcoal kiln (brick) ruins (4) - Danby 
VT—EU—161 Crow Hill Farm lime kilns (2) ruins - Tinmouth 
VT—RU— 162 Tinmouth Pond Dam blast furnace site - Tinmouth 
VT-RU-163 Pal umbo Farm iron mines (2) - Tinmouth 
VT—RU-164 Unidentified circular stone-lined feature - Mt Holly 
VT —RU— 165 S. Bromley Farm lime kiln ruin - Wal ling-ford 
VT-RU-166 'The Cobble' lime kilns (2) ruins - Clarendon 
VT—RU—167 Crow Hill Farm iron mine - Tinmouth 
VT-RU-171 Packard Mi 11/bloomery forge site - Tinmouth 

Washi ngton Coynt y 
VT-WA- 21 Waterbury Last Block Co saw mill ruins and site - Waterbury 
VT-WA- 25 Rice's Forge blast f urnace/f oundry site - Waits-field 

Windham Cgunty 
VT-WD- 66 Harold Field's charcoal kiln (concrete block) ruin - Stratton 
VT-WD-- 67 Janet Greene Farm lime kiln ruin - Dover 
VT--WD- 68 W Thayer lime kiln ruin - Jamaica 
VT-WD- 69 PA Haven lime kiln ruin - Jamaica 
VT-WD- 70 A Howard lime kiln ruin - Jamaica 

Windsor County 
VT-WN-104 Amsden lime kilns (2) ruins - Weathersfield 

Fi 1 es: 
B:EUPRPT.86A 
B:EOPRPï.86B 

Victor R. Rolando 
33 Howard Street 
Pitts-field, Mass 01201 

February 25, 1987 
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IRON WORKSHOP NEWSLETTER—JUNE 1987 

As you know, over the last few years the SIA's Iron Workshop 
has held a number of meetings and symposia dealing with the 
historic iron industry. The workshop's organizers plan to 
continue this program as well as to develop new directions, such 
as the Iron Masters' Meeting scheduled for October, a series of 
iron papers published as one of the special issues of the SIA 
journal, and participati on in the recently initiated SIA/HAER 
Historic Iron and Steel Sites Survey. 

It is now time to update our Iron Workshop mailing list. If 
you wish to remain on the list, send your correct name and 
address to Ed Putsch at RD 3, Box 111, Newton, NJ 07860. Ned 
Heite is donating his time and computer to maintain membership 
records, and a complete list will accompany the next newsletter 
(wi nter). 

When you write, please suggest what you would like to see 
the workshop address, especially if you are willing to 
participate in carrying it out. How about, for example, a 
comprehensive iron bibliography project? 

To def ray operating costs (postage, xeroxing, etc.), we are 
asking those of you who can to donate $5, #10, or #15. Checks 
should be mailed to Ed Rutsch but be made out to "SIA," inasmuch 
as the workshop has been given a special account by the Society. 
Such a donation will be greatly appreciated but is not a 
prerequisite for inclusion on the mailing list. 

IRDN MASTERS' SYMPOSIUM (Oct. 10, 1987: Nassawango Furnace, MD) 

A working symposium for "Iron Masters," or those involved 
with research, preservation, and the educational use of the sites 
of America's historic iron industry, is scheduled for October 10, 
1987 at Nassawango Furnace, near Snow Hill on Maryland's eastern 
shore. Sponsored by Furnacetown Foundation, Inc. and the SIA, 
the program will include presentations by professionals in the 
research, stabi1 izat i on, interpretati on, development, and 
management of historic iron sites. Accompanying the 
presentations will be a box lunch and a tour of the Nassawango 
Furnace site. The meeting will conclude with a social hour, 
dinner, and an after-dinner presentation at a nearby hotel. 

For further information concerning the meeting's agenda, 
fees, and accommodations, please contact its organizers: KATHY 
FISHER, Director, Furnacetown Foundation, Rt. 12, Old Furnace 
Rd., P.O. Box 207, Snow Hill, MD 21863 (301) 632-2032; or ED 
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PUTSCH, Iron Workshop, Box 111, RD 3, Newton, NJ 07860 (201) 
L.BO. 6355. Please plan to attend, and pass the information on to 
the Iron Masters at your favorite furnace site. 

SIA/HAER HISTORIC IRON AND STEEL SITES SURVEY 

The SIA, working with the National Park Service's Historic 
American Engineering Record, has initiated a National Iron and 
Steel Sites Survey having the following goals: 

To complete a compr 
steel-making sites 
is a state-by-state 
iron- and steel-mak 
inventory survey wh 
record for each sit 
Recommendations for 
sites are one of th 

ehensive national review of iron- and 
in the United States. The initial goal 
assessment and survey of all primary 

ing sites. This will be followed by an 
ich will include: (1) an SIA/HAER format 
e; and (2) photographic documentation. 
and comprehensive recording of selected 

e goals of this project. 

A comprehensive list 
all students of the subjec 
historic recognition and p 
urged to participate in th 
Iron/Steel Survey Co-Chair 
Engineering Record, Nation 
Interior, P.O. Box 37127, 
an idea of the sites with 
site form materials to get 

of our site resources would greatly aid 
t as well as start the process of 
reservation. All workshop members are 
e survey by writing WILLIAM LEBOVICH, 
man, at the Historic American 
al Park Service 429, U.S. Dept. of 
Washington, D.C. 20013-7127. Give him 
which you are familiar and request the 
started. 

CONFERENCE ON THE HISTORY OF WROUGHT IRON 

An international seminar on wrought iron was held July 14-
17, 19B6 at Ironbridge, England, sponsored by the University of 
Birmingham and the Ironbridge Gorge Museum Trust. The papers 
presented included the following: 

DEFINITIONS OF WROUGHT IRON: ITS USE IN MEDIEVAL AND EARLY 
MODERN TIMES—Chairman: David Crossley, Universitv of 
Sheffield 

Douglas Braid, Rolt Memorial Fellow, University of 
Bath. The Strategic and Economic Importance of Marsh 
and Lake Ores in the Seventeenth and Eighteenth 
Centuries. 

Dr. Erik Tholander, Royal Institute of Technology, 
Stockholm, and Dr. Stig Blomgren, Sven Rinman 
Laboratory, Eskiltuna. Osmundz Iron - The Medieval 
Swedish Wrought Iron. 

Kenzo Igaki, Emeritus Professor, Tohoku Univeristy, 
High Duality Ancient Wrought Iron in Japan. 



J.G. McDonnell, Department of Production and Mechanical 
Engineering, University of Aston. Anglo Scandinavian 
Ironwork from Coppergate, York. 

Robert D. Smith, Royal Armouries, HM Tower of London. 
The Construction of Early Ordnance. 

WROUGHT IRON IN THE INDUSTRIAL REVOLUTION—Chairman: 
•Professor Charles K. Hyde, Wayne State University, Detroit 

Dr. Barrie Trinder, Institute of Industrial 
Archaeology, Ironbridge. The Development of the 
Integrated Ironworks in Eighteenth-Century Shropshire. 

Professor Michael Mende, Hochschule fur Bildende Kunst, 
Braunschweig. Technological Change and Working 
Conditions in the Forging Industry. 

Dr. R. A. Smith, Engineering Department, University of 
Cambridge. Wrought-Iron Railway Axles and the Origins 
of the Metal Fatigue Problem. 

THE CONSTRUCTIONAL USES OF WROUGHT IRON—Chai rman: Stuart B 
Smi th 

C. R. Jones. The Restoration of the Palm Houses at Kew 
and Bicton. 

Teiichi Ohtsuki, Nippon Kokan KK Tokyo. Wrought Iron 
in Japanese Lighthouses. 

Ichiro Takahashi, Yokota Yokotacho Nitagun Shimaneken, 
Japan. THe use of Wrought Iron on "Tatars" 
(traditional Japanese blast furnaces) in Medieval and 
Modern Times. 

WROUGHT IRON: ITS MODERN SIGNFICANCE—Chairman: Professor J. 
R. Harris, University of Birmingham 

Stuart B. Smith, The development of the Blists Hill 
Wrought-Ironworks Project. 

Dr. Gerhard Sperl, Erich-Schmid-Institut fur 
Festkorperphysi k der Osterreichischen Akademie der 
Wissenschaf ten, Dating by Metal 1ographic Examination. 

*Davi d Harvey, Deane Forge, Colonial Williamsburg, 
Virginia. A Progress Report on the Reconstruction of 
the American Bloomery Process. 

*SIA member 



*Dr. Robert B. Gordon, Department of Geology and 
Geophysics, Yale University. The Metal 1ography and 
Mechanical Properties of Wrought Iron. 

BLOOMERY IRON MEETING 

Bloomery iron was the subject for a March 19B7 meeting 
hosted by Colonial Williamsburg and organized by David Harvey, 
operator of Wi11iamsburg ' s bloomery forge. The weekend's 
highlight was partic Ipating in making iron in the Williamburg 
bloomery under Harvey's kindly interpreter's eye and then watch-
ing the product get worked up into tools by smiths at the forge. 

Papers and special curator tours and demonstrations included 
the following: "IN-PROGRESS REPORT ON THE MECHANISM OF THE 
BLOOMERY PROCESS," Dr. Robert B. Gordon and David Killick, Kline 
Geology Laboratory, Yale University; "THE MANUFACTURE OF EDGED 
IRON KNIVES IN MIGRATION PERIOD ENGLAND (7TH-11TH CENTURY A.D.)," 
Dr. Gerry McDonnel and Dr. S. Murphy, Aston University, 
Birmingham, UK; "PAST AND PRESENT IRONWORKING IN TANZANIA, EAST 
AFRICA," S. Terry Chi Ids, Center for Materials Research in 
Archaeology and Ethnology, M.I.T.; "INDUCED DRAFT IRON SMELTING 
IN MALAWI, EAST AFRICA," David Killick, Department of 
Anthropology, Yale University; demonstration of iron working at 
the James Anderson Blacksmith Shop; tour of the gunsmith shop; 
"IN-PROGRESS REPORT ON THE LATE BLOOMERIES IN DELAWARE," Ned 
Heite; "BLACKSMITHING TECHNOLOGY AND FORGE CONSTRUCTION," John D. 
Light, Historic Sites and Parks, Parks Canada; "IN-PROGRESS 
REPORT ON THE EXCAVATION OF JOHN DRAPER'S SMITH SHOP ON THE 
SHIELDS TAVERN SITE," Tom Higgins, Colonial Williamsburg 
Archaeology; "IN-PROGRESS REPORT ON THE EXCAVATION OF A PROBABLE 
IRONWORKING SITE AT FLOWERDEW HUNDRED IN VIRGINIA," Ann B. 
Markell, Lowie Museum of Anthropology, University of California, 
Berkeley, and the Flowerdew Hundred Foundation; "PROGRESS REPORT 
ON THE PRELIMINARY EXCAVATION OF THE VIRGINIA MANUFACTORY OF ARMS 
SITE, RICHMOND, VIRGINIA," Herb Fischer, Historic Landmarks 
Commission, Virginia Research Center for Archaeology; Film 
Festival, Iron Making and Forging; demonstration of horseshoeing 
at. the E 1kanah Deane Harness Shop; tour of an 18th—century 
Virginia (Wythe House) kitchen—Everyman's Iron in its cultural 
context.; tour of Wallace Gallery Exhibit — "Patron and Tradesman: 
Forces that Fashioned Objects"—by Jay Gaynor, Curator of 
Mechanical Arts; "FREDERICK KLETTE, MASTER ARMOURER AT 
RAPPAHANNOCK FORGE," by Wallace Busier, Director of Conservation 
of Furniture and Decorative Arts, Colonial Williamsburg; firearms 
exhibit, Wallace Gallery. 

NOTE: Papers presented at the Ironbndge and Colonial 
Williamsburg meetings were made available to participants. For 
copies of a specific paper, contact Ed Putsch, who will make 
copies at cost. 

*SIA member 
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SUGGESTED READING LIST - 19th CENTURY IRON AND CHARCOAL MAKING 
Updated to March 15, .1986 

IrpQwgrks - General.:. 

W. David Lewis Iron and Steel in America Greenvi lie, Del: The 
Hagley Museum, 1976, 64pp, illus, biblio, index (S3.50). -'Excel 1 ant. 

David Weiteman Traces of The Past: A Field Guide to Industrial 
Arch.egl.ggy New York: Charles Scribner s Sons, 1980, 227pp, i l lus, 
biblio, index ($17.95). - Good -for both younq people and 'the experts'. 

Kenneth Hudson The Archeology of Industry New York: Charles 
Scribner's Sons, 1976, 128pp. illus, biblio, index (S10.00). - North 
America and Europe. 

William F. Robinson Abandoned New England New York: Little, 
Brown and Co, for the N.Y. Graphic Society, 1976, 211pp, illus, biblio, 
index ($19.95). - Poorly written but interesting. 

Joseph E. Walker Hopewell Village^ The Dynamics of a Nineteenth 
Century Irgn-Maki.ng Community Philadelphia: University of Pennsylvania 
Press, 1966, 526pp, illus, biblio, index ($5.95). - Excel 1 ant.' 

Mary Stetson Clarke Pioneer Iron Works Philadelphia: Chilton 
Book Co., 1968, 80pp, illus, bibiio ($3.97). - Good for young people. 

Victor R. Rolando A Survey of Stone Blast Furnaces of New 
England and Eastern New York State Unpublished Ms., 1977, 141pp, illus, 
biblio, index. - Somewhat outdated by current research. Copies at UVM 
Library, Burlington and VHS Library, Montpelier. 

J. Lawrence Pool Americans Valley Forges and Valley Furnaces 
West Cornwall, Conn: J.L Lawrence, 1982, 211pp, illus, biblio^ index 
($15.00). - Seif-researched and seif-published recent history of Buena 
Vista blast furnace at West Cornwal 1 , Ct (available through J.L.. Pool, 
Box 31, W. Cornwall, Ct 06796). 

Helen Schenck and Reed Knox "Valley Forge: The Making of Iron in 
the Eighteenth Century" Archaeology (magazine) Boston: Archaeological 
Institute of America, Vol 39, No. 1, January/February 1986, pp. 26-33, 
72., illus. -Excel 1 ant! 

lC9Dy.9Cii.§ -Ver mont: 

Richard S. Allen "Furnaces, Forges and Foundries" Vermont Life 
Winter 1956-57, pp. 2-9, illus. - Somewhat outdated by current research 
but aood reading. 

Gina Campoli "Current Research in New Enqland: Vermont - The 
Troy Furnace Site" Society for Industrial. Archeology - New England 
Chapters Vol. 1, No. 2, October 1980, pp. 11-13. - Fleld"work"at the 
Troy Furnace Site, Vt. 

ÌC§.D.d9.Qì Vermont f A History of the Town The Town of Brandon, 
1961, biblio, index, ($5.95) pp. 11-13. - Brandon and Forestdale 
i ronworks. 

? • . 'ÄT-— "'MR--''" 



Suqqested Residing List - 19th Century Iron sind Charcoal Making (cont) 

ironworks — Vermont (contf: 

Carl Seaburg and Stanley Paterson Merchant Prince of Boston: 
Q9.loh.fi. I".HL. PerkinE. 1764-1854 Csimbridqe, Mass: Harvard University 
Press, 1971, Chapter 18 "Short Blast on the Otter" pp. 199-210, biblio, 
index (#22.50). - Monk tor» Iron Co., Vergennes, ca. 1808-09. 

Christine M. Pel essak The Abandonment of Leicester Hollow BS 
Thesis, UVM, Burlington, 19S4, lllpp, illus, biblio. - Awarded Honors 
by UVM Dept of Agriculture. 

Victor R. Rolando Iron ma king in Vermont 1775-1890 MA Thesis, 
The College of Saint Rose, Albany, N.Y., 1980, 132pp, illus, biblio. 
- Somewhat outdated by current research. Copies at UVM, Burlington; VHS 
Library, Montpeiier; The Rutland Historical Society, Rutland; and 
Sheldon Museum Library, Middiebury. 

"Eighteenth Century Forges" VAS Newsletter 
Burlington: The Vermont Archeoloqical Society, Inc., No. 27, April 1979, 
pp. 5-6, illus, biblio. - Overview of 18th-century forqe sites in Vt. 

"Search for Vermont Furnaces Yields Dramatic 
Discoveries" VAS Newsletter No. 32, August 1980, pp. 1-4, biblio. 
- Description of blast furnace; sites at Bennington, Dorset, Forestdale, 
and Troy, Vt. 

"Stone Blast Furnaces in Vermont" VAS Newsletter 
No. 33, October 1980, p. 6. - List of blast furnace sites located as of 
1980. 

"Searches Find More Vermont Furnace Sites and a 
Standing Ruin in 1981" VAS Newsletter No. 38, January 1982, pp. 4-5, 
biblio. - Sites located at Bennington, Orwell, and North Dorset. 

"Current Research in New England: Vermont - Iron and 
Charcoal Sites" Society for Industrial Archeology 3 New England Chapters 
Vol. 5, No. 1, 1985, pp. 13-14. - Background leading to location of 
ca. 1825 Col burn blast furnace at West Haven, Vt. 

Hon. Harvey Munsi11, Esq The Early History of Bristol^ Vermont 
The Book Committee of the E-iristol Historical Society, (1979?) (#11.75). 
- "Forges": pp. 107-112. - Forges along the New Haven River and Baldwin 
Creek in E-:ristol. 

AI eine Austin Matthew Lyon: ."New Man" of the Democrati c 
6fY°l.y.tioQ.j. .1749-1822 University Park, Penn: The Pennsylvania State 
University Press, 1981, 192pp, biblio, index (#19.50). - Lyons Works at 
Fair Haven. 

Charcoal Maki ng - General s. 

Thomas Egleston "The Manufacture of Charcoal in Kilns" Transac-
ts ions of the American Institute of Mining Engineers Vol. 6, May 1879-
Feb. 1880, pp. 373-397. - Copy at UVM Library; includes some Vermont 
data. An excellant research tool. 



Suqqested Residing List - 19th Century Iron sind Charcoal Making (cont) 

Charcoal. Making - General .(cont ) : 

Jackson Kemper III American, Charcoal Making Eastern National 
Park & Monument Assn., U.S. Dent, of Interior (1960s?) 25pp, illus. 
- A good little Park Service booklet on making charcoal in mounds. 

Rob Wool mi ngton "Cokinq Charcoal Down in Rattlesnake Gutter" 
Yankee Magazine December 1979, pp. 80-85, 132-134. - Charcoal kilns in 
Massachusetts and southern Vermont. 

Charcoal Making —. Vermont: 

Rob Wool mi nqton "T he Charcoal Era" Vermont Summer Magazine 
Bennington: The Benninqton Banner, July 7, 1977, pp. 17-20. - Charcoal 
making areas in southern Vermont. 

"Ghost Towns in New England" New Enal_and Boston: The 
Boston Globe, October 23, 1977, pp. 38-40, 42, 44-45. - Abandoned 
charcoal making towns in southern Vermont. 

J.R. Chapin "The Charcoal Burners of The Green Mountains" Outing 
Magazine April 1885, pp. 4-18, illus. - Charcoal making at Mt Tabor in 
the 1880 s; copy at VHS Library, Montpelier. 

Victor R. Rolando "Current Research in New England: Vermont -
Charcoal Kilns" Society for Industrial Archeology - New England Chapters 
Vol. 3, No. 1/2, 1982, pp. 12-14. - Field work in southern Vermont in 
1982; copy at VHS Library, Montpelier. 

"Current Research in New England: Vermont -Charcoal 
Kilns" Society for Industrial Archeology - New England Chapters Vol. 4, 
No. 1, 1984, pp. 3-4. - Field work in southern Vermont in 1983; copy at 
VHS Library, Montpelier. 

"Current Research in New England: Connecticut - The 
Connecticut Charcoal Company" Society for Industrial Archeology - New 
i.Q°L§.Qd Chapters Vol. 5, No. 1, 1985, pp. 5-6. - Present day charcoal 
making 'the old way', with modern twists; comparative to Vermont work. 
Copy at VHS Library, Montpelier. 

Vic Rolando 
33 Howard Street 
Pittsfield, HA 

01201 
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(413) 494-4574 <w) 



THE SOCIETY FOR THE HISTORY OF TECHNOLOGY 

The Six iely for the History of Technology was formed in 1958 to encourage 
the study of the development of technology and its relation with society and 
culture. 

An interdisciplinary organization, the Society is concerned not only with the 
history of technological devices and processes but also with the relations of 
technology to science, politics, social change, the arts and humanities, and 
economics. 'Hie Society is incorporated in the State of Ohio as a nonprofit 
educational organization, its membership is international. 

Technology and Culture, the official publication of the Society, is included with 
membership in the Society. Membership is open to individuals, organizations, 
corporations, and institutions interested in the purposes and activities of the 
Society (see p. i for membership/subscription rates). 

The Society also publishes a series of monographs and holds annual meet-
ings, sometimes with related organizations. 

Checks accompanying applications for membership should be sent to T h e 
University of Chicago Press, Journals Division, P.O. Box 37005, Chicago, 
Illinois 60037. 

Officers 
President: E D W I N T . L A Y T O N , JR. 
V'iee President: B R U C E SINCLAIR 

Secretary: A L E X R O L A N D 
Treasurer: RUSSELL I. FRIES 

E D W A R D C O N S TANT 
S T E P H E N CUTCLIKFE 
S U S A N D O U G L A S 

D A V I D A L L I S O N 
R O G E R B I L S T E I N 

J U L I A B O N H A M 
JOAN B R O M B E R G 
E D W A R D C O N S T A N T 
A . H U N T E R D U P R E E 
R O B E R T FRIEDEL 
B A R T O N C . H A C K E R 
R I C H A R D H E W L E T T 
D A V I D J . JEREMY 
J O H N K A S S O N 

Executive Council 
E D W A R D C . EZELL 
A U G U S T W . G I E B E L H A U S 
E L I Z A B E T H Hrrz 

Advisory Council 
E D A F . K R A N A K I S 
G A R Y B . K U L I K 
S T U A R T L E S L I E 
SVANTF. LLNDQVIST 
ELEANOR M A A S S 
PATRICK M A L O N E 
M I C H A L M C M A H O N 
KARLE S . P A C K A R D 
E D W A R D J. PERSHEY 
ERIC R O B I N S O N 

L E O N A R D REICH 
D A R W I N STAPLETON 

J O H N STAUDENMAIER 

M A R Y R O B I S C H O N 
A R N O L D ROOS 
EMMA R O T H S C H I L D 
R O B E R T E . SCHOFIELD 
H O W A R D SEGAL 
N A N C Y STERN 
W A L T E R G . V I N C E N T I 
A N T H O N Y F . C . W A L L A C E 
T R E V O R I. W I L L I A M S 
G E O R G E W I S E 

Corresponding Members 
R . A N G U S B U C H A N A N (England) J O S E P H N E E D H A M (England) 
A . R U P E R T H A L L (England) E U G E N I U S Z OLSZEWSKI (Poland) 

ELMER B E L T 
JOHN G . BRAINF.KD 
BERN D I B N E R 
PETER F. DRUCKER 
E U G E N E S . FERGUSON 

Past Presidents 
BROOKE H I N D L E 
T H O M A S P . H U G H E S 
MELVIN K R A N Z B E R G 
R O B E R T 1'. M U L T H A U F 
WILLIAM E. O G B U R N 

J O H N B . RAE 
CYRIL STANLEY S M I T H 
D A V I D B . STEINMAN 
LYNN W H I T E , JR. 

€ 

Technology and Culture 

Volume 27, No. 1 January 1986 

ARTICLES 
T h e Philosophy of Luddism: T h e Case of the West of England Woolen 

Workers, ca. 1 7 9 0 - 1 8 0 9 A D R I A N J. R A N D A L L 

Technological Change in the British and French Starch Industries, 1750 -
1 8 5 0 B R I A N W . P E C K H A M 

Learning Manufacture: Education and Shop-Floor Schooling in the Family 
Firm P H I L I P S C R A N T O N 

Vannevar Bush and the Differential Analyzer: The Text and Context of an 
Early Computer LARRY O W E N S 

E X H I B I T REVIEW 
T h e Computer Museum, Boston, Massachusetts S T E V E N L U B A R 

T H E COVER DESIGN 
Steam in the Streets: T h e Grice and Long Dummy . . J O H N H. W H I T E , J R . 

CONFERENCE REPORTS 
Medieval Iron in Society—Norberg, Sweden, May 6 -10 , 1985 

R O B E R T B . G O R D O N A N D T E R R Y S . R E Y N O L D S 

T h e Artifact as Evidence: So What?—NMAH, Washington, O.C., November 
2 9 - 3 0 , 1 9 8 4 M I C H A E L E . W O R K M A N 

Interface '84: Humanities and Technology—Atlanta, Georgia, October 2 4 -
2 5 , 1 9 8 4 V I R G I N I A H . H E I N 

REVIEW ESSAY 
Nuclear Energy—a Subject in Need of Historical Research 

G E O R G E T . M A Z U Z A N 

BOOK REVIEWS 
Herbert Schutz, The Prehistory of Germanic Europe .. R A L P H M. R O W L E T T 

Jerome O . Nriagu, Lead and Lead Poisoning in Antiquity . . W I L L I A M ZEEK 

Gordon Jackson, The History and Archaeology of Ports . . . R . A. B U C H A N A N 

Asa Briggs, A Social History of England B R O O K E H I N D L E 

James A. Schmiechen, Sweated Industries and Sweated Labor: The London 
Clothing Trades, 1860-1914 A D R I A N J . R A N D A L L 

Jeremy Tunstall, The Media in Britain D. L . L E M A H I E U 

Ithiel de Sola Pool, Forecasting the Telephone: A Retrospective Technology 
Assessment R O B E R T F R I E D E L 



Conference Reports 

MEDIEVAL IRON IN SOCIETY—NORBERG, SWEDEN, 
MAY 6-10, 1985 

R O B E R T B . G O R D O N A N D T E R R Y S . R E Y N O L D S 

T h e origin of iron smelting with the blast fu rnace is an enigma in the 
history of Western technology. T h e earliest written description is f r o m 
the 15th century, ' a t ime when the process was already well established. 
Hence, new archaeological evidence f r o m Lapphyt tan in Sweden of 
the industrial-scale p roduc t ion of pig iron in blast iurnaces in the 13th 
century—possibly even the 12th—is of m o r e than ordinary interest. 
Swedish archaeologists have uncovered an i ron-manufac tur ing facility 
believed to have been in opera t ion between A.D. 1150 and 1350 that 
includes the blast f u r n a c e shown in f igure 1, its associated ore store, 
roasting pits, and wate rpower works, and eight hand-blown fineries 
having provision fo r t app ing slag. Much slag, five d i f f e ren t kinds of 
ore and a n u m b e r of i ron artifacts were f o u n d as well. Opera t ion of a 
blast fu rnace he re at this t ime suggests the need for re thinking the 
history of f e r rous metal lurgy in medieval Europe . 

A conference to present and assess this evidence and to review our 
unde r s t and ing of the evolution of the iron industry in medieval t imes 
was organized by the J e r n k o n t o r e t (Swedish I ronmasters ' Association) 
a n d the Riksantikvarieambetet (Central Board of Nat.onal Antiqui-
ties) It was held in Norbe rg , a town in the Bergslagen, the crescent-
shaped i ron-produc ing district s u r r o u n d i n g Lake Malaren and 
Stockholm. Most part icipants seemed convinced that industrial-scale 
produc t ion of i ron of super ior quality for international t rade was 
u n d e r way in the Bergslagen in the 13th century and that this industry 
was a significant factor in the subsequent emergence of the m o d e r n 
Swedish nation. 

DR. GORDON is a professor o f geophysics and applied mechan.cs and a m e m b e r o f 
the Counci l o n Archaeological Studies at Yale University. DR. REYNOLDS IS d.recior o l the 
Program in Science, T e c h n o l o g y , and Society at Michigan Technological University. 

'John R. Spencer, "Filarete's Description o f a Fifteenth Century Italian Iron Smelter at 
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© 1986 by the Society for the History of Techno logy . All rights reserved. 
0 0 4 0 - 1 6 5 X / 8 6 / 2 7 0 1 - 0 0 0 8 $ 0 1 . 0 0 

1 10 

Medieval Iron in Society 111 

FIG. 1 .—View of the Lapphyttan blast furnace looking toward the cast ing arch. T h e 
stream supply ing waterpower runs just below the planks in the f o r e g r o u n d . T h e casting 
floor occupied the space be tween the stream and the furnace; the b lowing arch was o n 
the right. T h e furnace structure is 4 .6 m square at the base, is est imated to have been 3.2 
m high and to have had a square shaft m a d e of sandstone. N o t h i n g is left of the hearth, 
but this is usual with old furnaces; the hearth was broken up al ter the turnace was blown 
out so as to recover the bear, the large l u m p of solid iron that accumulates at the bottom 
o f the furnace . T h e hearth is est imated to have been 0 .3 by 0 .5 in. 

In prehis tor ic Sweden (i.e., before ca. A.n. 1050) i ron was smelted in 
hand-blown bloomeries , probably f r o m bog ore.2 I ron was t r aded 
widely t h r o u g h commerc ia l centers such as the one recently excavated 
at Helgo. Af t e r a b o u t 1050, popula t ion growth , colonization of new 
lands, and i ron m a n u f a c t u r e began in the Bergslagen, a n d it was he re 
that indirect smel t ing—the use of the blast f u r n a c e a n d f inery to make 
wrough t i r o n — e m e r g e d . T h e explanat ion for the adop t ion of the 
indirect process should be f o u n d in the characterist ics of the geo-
graphical and geological setting and the process meta l lurgy used, as 
well as in the skills a n d social organizat ion requ i red f o r its opera t ion . 
T h e s e issues were a d d r e s s e d — t h o u g h somewhat unevenly—by the 
confe rence . 

T h e hear t of the symposium was a series of twenty- three papers 
p resen ted by scholars f r o m thir teen countr ies over a four -day per iod. 
In addi t ion to in t roduc to ry papers by Sven F o r n a n d e r ( Je rnkontore t ) 
on the geographical sett ing of the Bergslagen a n d Ger t Magnusson 

2 A report o n the results o f recent research on prehistoric i r o n m a k i n g in Sweden has 
been publ ished in Iron and Man in Prehistoric Sweden, ed. He len Clarke (Stockholm, 1979). 
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(Riksantikvarieaihbetet) on the excavation of the blas t - furnace com-
plex at Lapphy t t an , the confe rence was organized a r o u n d three 
themes: waterpower , metallurgical processes, and socioeconomic 
consequences . T h e individual papers a re available f r o m the 
Je rnkon to re t . 5 

Natural Resources 

T h e first session focused on waterpower and comprised f o u r papers. 
T h e first, by T erry Reynolds (Michigan Technological University), 
discussed early evidence of the use of waterpower in the product ion of 
i ron and a r g u e d that the large n u m b e r of waterpower processes that 
involved the use of l inear mot ion and emerged in o r near the Alpine 
region suggested that the waterpowered iron mill, which also required 
linear mot ion , e m e r g e d in that region as well. Robert G o r d o n (Yale 
University) p resen ted hydrological analyses of the waterpower systems 
of a n u m b e r of recently excavated medieval iron mills in Britain and 
showed that power available at the early mills would have permit ted 
only par t - t ime opera t ion but that the later ones were designed to r u n 
on a m o r e nearly con t inuous or industr ial basis. Ninina C u o m o di 
Capr io (University of Venice) reviewed archaeological data on ancient 
Italian water mills, c o m p a r i n g their construct ion to surviving vertical 
waterwheels in n o r t h e r n Italy and concluding that there had been few 
changes in const ruct ion techniques. Finally, David Crossley (University 
of She!field) discussed what archaeological excavations of waterwheels 
da t ing f r o m the medieval per iod to 1700 reveal about the construction 
techniques used. 

Several pape r s dealt with aspects of the geographical setting at 
Lapphyt tan . Sven F o r n a n d e r and Nils Bjorkenstam (Jernkontore t ) 
showed how ore , fuel , waterpower , and the resources needed for 
economical t ranspor ta t ion a re favorably placed in the Bergslagen. 
Low-phosphorus , rock o re was then available f r o m outcrops , and the re 
were extensive pine a n d sp ruce forests p roduc ing wood suitable lor 
mak ing charcoal , and s t reams on which waterpower could be de-
veloped conveniently. Much of the t ranspor ta t ion of the raw materials 
to smelt ing sites was accomplished on sleds in the winter, and Lake 
Malaren provided direct access to the Baltic fo r expor t of the product . 

Climatic condit ions, which are impor tan t in the use of these re-
sources and may have d i f f e r ed f r o m those that obtain now, were 
men t ioned in several pape r s but deserve m o r e attention than they have 
yet received. Data on climate in medieval Europe are increasingly 

'Jernkontorets Forskningsavdelning, P.O. Box 1721, S - l l l 87, Stockholm, Sweden. 

Medieval Iron in Society 113 

available. T h e principal change in medieval times, the onset of cold, 
wet s u m m e r s that were so disastrous fo r agr icu l ture in n o r t h e r n 
Europe , would have favored the deve lopmen t of the iron industry by 
accelerat ing t ree growth, facilitating r iver ine t r anspor t , and mak ing 
wate rpower m o r e widely available. 

Ferrous Metallurgy 

T h e largest segment of the symposium p r o g r a m concerned medi-
eval f e r r o u s metal lurgy. T h e in t roduc tory p a p e r by Robert M a d d i n 
(Harva rd University) covered the technology of iron making in an-
tiquity, focus ing o n the ingredients used, the f u r n a c e a r r angemen t s , 
and the m e t h o d s of at taining the r equ i r ed t empera tu re s . Several sub-
sequent pape r s dealt with aspects of early b las t - furnace technology that 
bear on u n d e r s t a n d i n g the remains at L a p p h y t t a n and at two o the r 
recently excavated Swedish blas t - furnace sites described by Inga Sern-
ing (University of Stockholm). T h e c o n f e r e n c e was enlivened by a lack 
of a g r e e m e n t a m o n g the part icipants as to w h e t h e r o r not the Lapphyt -
tan f u r n a c e was actually a blast f u rnace—tha t is, was opera ted con-
t inuously with the intent ion of p r o d u c i n g pig iron. T h e blas t - furnace 
and the b loomery processes a re usually descr ibed as distinct, bu t 
G e r h a r d Sperl (Erich-Schmid Inst i tute f ü r Festkörperphysik) po in ted 
out that a nearly cont inuous t ransi t ion between them can be f o u n d in 
the historical and archaeological r ecord f r o m the Austrian Alps be-
tween 1541 and 1775. T his appea r s in the sequence, rennofen-stuck-
ofen-flossofen-hochofen, of f u rnace types. T he p ropor t ion of pig i ron to 
bloom i ron p r o d u c e d by a stuckofen could be varied to meet the de-
m a n d s of the marke t . 

Nils Bjorkens tam ( Je rnkon tore t ) m a d e the point that the blast f u r -
nace could not have evolved directly f r o m exper ience with the high 
b loomery because bloomeries used h igh -phosphorus , bog ores; at the 
low ope ra t ing t e m p e r a t u r e of the b loomery , most of the p h o s p h o r u s 
goes into the slag, and a good-quality i ron can be p roduced . I n the blast 
f u rnace , smel t ing such ores would have resul ted in h igh-phosphorus 
pig, which would have been unsui table fo r convers ion to bar i ron in the 
f inery. While it may be a rgued that the f u r n a c e at Lapphyt tan was 
pr imari ly p r o d u c i n g blooms r a t h e r than pig i ron, the low iron content 
of the glassy slag and the presence in it of d rop le t s of cast iron a re direct 
evidence that it was opera ted as a blast f u r n a c e . 

T h e presence of eight fineries associated with one blast f u r n a c e is 
cur ious. Ger t Magnusson suggested that an explana t ion may be f o u n d 
in King Magnus Eriksson's cha r t e r of the i ronworkers (bergsmen) of 
1354. N o o n e could own less than one-e igh th of a fu rnace , and each 
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b e r g s m a n was personally responsible fo r the quality of his r e f ined iron. 
T h e blast f u r n a c e may have been joint ly o w n e d and o p e r a t e d , but the 
p r o d u c t i o n of t he final p r o d u c t would have been carr ied ou t by indi-
vidual c r a f t s m e n o n the i r own responsibili ty. 

Was the Swedish blast f u r n a c e an ind igenous deve lopmen t o r did it 
r each Sweden by some process of technology t ransfer? It has been 
a r g u e d by s o m e tha t the blast f u r n a c e reached Sweden in late medieval 
t imes f r o m G e r m a n y a n d by o t h e r s tha t it was deve loped locally fo r t h e 
t r a d e in O s m u n d i ron in early medieval t imes. T o these possibilities 
Rona ld F. Tyleco te (University of L o n d o n ) a n d Donald W a g n e r (Carls-
b e r g s f o n d e t , C o p e n h a g e n ) a d d e d the possibility of t r ans f e r of the 
b las t - fu rnace technology f r o m China , w h e r e the scale of pig i ron 
p r o d u c t i o n h a d r eached 1.4 kg p e r capita p e r year at the t ime of the 
cons t ruc t ion of the Lapphy t t an f u r n a c e . Tylecote poin ted to the fact 
tha t the Swedes were a m o n g the first E u r o p e a n s to establish t r ade with 
C h i n a (by the 7th cen tu ry A.D., us ing a rou te t h r o u g h Russia) a n d to the 
a p p e a r a n c e of t he waterwheel with a vertical shaf t , similar to the type 
of wheel used in Ch ina , in n o r t h e r n E u r o p e in medieval t imes. W a g n e r 
observed suggestive similarities be tween the const ruct ion of the early 
Swedish blast f u r n a c e s a n d fineries a n d those used in Ch ina a n d 
discussed how technical i n f o r m a t i o n may have r eached E u r o p e 
t h r o u g h the A r a b lands. 

Accurately establ ishing the da tes of ope ra t ion of the Lapphy t t an 
f u r n a c e is i m p o r t a n t in establ ishing its historical significance. Ra-
d ioca rbon da tes ob ta ined on ar t i facts f o u n d at the site—which center 
a r o u n d A.D. 1 2 5 0 - a r e the pr inc ipa l evidence fo r establishing when the 
f u r n a c e was built . T h e s e a re in accord with limited evidence f r o m 
pot te ry a n d o t h e r art ifacts. Bu t r ad ioca rbon da t ing does not have the 
t ime resolut ion n e e d e d to set a d a t e to within a n a r r o w e r r a n g e than a 
tew h u n d r e d years . T h e r m o l u m i n e s c e n c e da t ing of mater ia l f r o m the 
f u r n a c e shows tha t it was last hea ted somet ime be tween 1270 a n d 1390. 
Whi le uncer ta in t ies r emain , t h e r e seems to be little doub t that the 
f u r n a c e at L a p p h y t t a n is substantially o lder t han any o the r blast f u r -
nace known in E u r o p e . 

T h e r e was a la rge a n d g rowing i ron indus t ry active in Sweden by the 
12th cen tury . T h i s indust ry may have a l ready been us ing rock r a the r 
t h a n bog ores. C o p p e r p r o d u c t i o n cen te red at Fa lun was u n d e r way by 
the 11 th cen tury with bellows-blown shaf t f u r n a c e s in which some i ron 
would have been p roduced . 4 T h e evidence is incomplete , but the 
possibility of local d e v e l o p m e n t of indirect i ron smelt ing ou t of knowl-
e d g e of the resources available a n d expe r i ence with both the b loomery 

'Inga Sei ning, "Prehistoric Iron Production," Iron and Man (n. 2 above), p. 56. 
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a n d c o p p e r smel te r seems as likely as t he t r ans f e r of an exotic t echnol -
ogy to the Bergs lagen. 

A n u m b e r of p a p e r s desc r ibed the d e v e l o p m e n t of f e r r o u s meta l -
lurgy in o t h e r par t s of E u r o p e . J e r zy Piaskowsky ( F o u n d r y Research 
Inst i tute , Cracow) p r e s e n t e d analyses of i ron objects f o u n d in Po land 
a n d d a t e d to the 1 1th to 14th cen tur ies . Elzbieta-Maria Nosek a n d 
W a n d a Mazur ( M u s e u m Archeo log iozne , Cracow) reviewed excava-
t ions ca r r i ed ou t at Muszyna in s o u t h e r n Poland on small i r o n - w o r k i n g 
facilities within the b o r d e r castles a n d prov ided metal lurgical analyses 
of the i ron art i facts f o u n d the re . J a n o s G ô m ô r i (Liszt Fe r enc M u s e u m , 
H u n g a r y ) reviewed the s p r e a d of t he blast f u r n a c e in pos tmedieva l 
H u n g a r y . Radont i r Ple iner (Archaeological Inst i tute , P rague) dis-
cussed the in t roduc t ion of t he blast f u r n a c e in Bohemia . J e a n - F r a n c o i s 
Belhoste (Ministère d e la C u l t u r e , Paris) evalua ted the d i f f u s i o n of t he 
blast f u r n a c e in western F rance in t h e 15th and 16th cen tur ies . Finally, 
Br ian Scott (Ulster M u s e u m , Belfast) discussed the factors b e h i n d the 
fa i lu re of the a t t emp t s by British e n t r e p r e n e u r s to establish the blast 
f u r n a c e in 17th-century I r e l and . T w o p a p e r s descr ibed excavat ions at 
specific b las t - fu rnace s i tes—Dirk J a n d e Vries (Rijksdienst voor d e 
M o n u m e n t e n z o r g , the N e t h e r l a n d s ) , an enigmatic smel t ing site a t 
Zwolle, a n d Peter Crew (Snowdon ia Nat ional Park, Wales), two f u r -
naces in n o r t h e r n Wales. 

Iron in Medieval Society 

T h e final session of t he s y m p o s i u m deal t with i ron in medieva l 
society. R ichard H o d g e s (Universi ty of Sheff ie ld) , in a p a p e r no t r e a d 
at t h e mee t ing , reviewed s o m e of t h e socioeconomic impl icat ions of t he 
very la rge n u m b e r of i ron objects uncove red by archaeologis ts a n d 
d a t e d to t he early medieval pe r iod . H o d g e s a r g u e d that wr i t ten sources 
give a n e r r o n e o u s impress ion of i ron scarcity in this pe r iod , tha t t h e 
p r o d u c t i o n of i ron pres t ige a n d ut i l i tar ian objects ref lected the e m e r -
gence of state societies in W e s t e r n E u r o p e , a n d that the ru ra l domes t i c 
p r o d u c t i o n of i ron r e t a ined , even a f t e r the e m e r g e n c e of u r b a n smiths , 
a good deal of a u t o n o m y , ref lec t ing the power of the medieva l peas-
an t ry . Rolf Spranclel (Universi ty of Wi i rzburg) reviewed the t r a d e in 
Swedish i ron with o t h e r E u r o p e a n nat ions in the late Middle Ages , 
showing how the s u p e r i o r quali ty of this i ron led to a compet i t ive e d g e 
over Spanish a n d sou th G e r m a n i ron expor t e r s . Riccardo Francovich 
(Universi ty of Siena) discussed o n g o i n g archaeological excavat ions of a 
medieva l T u s c a n m i n i n g village a n d L e n n a r t Karlsson (Statens Histo-
riska M u s e u m , Sweden) a r g u e d tha t wa te rpower a n d i ron resources , 
no t rel igious reasons , d e t e r m i n e d the location of t he Swedish Cister-
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d a n abbey of Nyada. Finally, Ake Hyens t rand (Riksantikvarieambetet) 
discussed the possible interrelat ionships between the way town life 
e m e r g e d in Sweden and the evolution of Swedish iron product ion and 
m a n u f a c t u r i n g . 

* * * 

What d o these papers reveal about the int roduct ion of the indirect 
i ron-smel t ing process at Lapphyt tan? T h e opera t ion of this metallur-
gical complex would have requ i red both a skilled work force and a 
social s t ruc tu re that would pe rmi t the assembly of raw materials and 
the sale of the finished wrough t iron. Substantial metallurgical exper-
tise had developed in central Sweden in preblas t - furnace times. But an 
increment of skill would have been needed to under take new tasks 
requ i red by the indirect process, including the ability to (1) locate and 
br ing toge ther the materials r equ i red fo r construction of the blast 
fu rnace , such as the sands tone lining; (2) organize the supplies of ore 
and fuel a n d t ranspor t these to the smelting site; (3) design and opera te 
the wa te rpower system which replaced the hand-opera ted bellows 
used for the bloomeries; and (4) blend the live d i f fe ren t kinds of ore 
f o u n d o n the site so as to get the f u r n a c e to p roduce a fluid slag f r o m 
which the liquid iron could separa te . 

Ope ra t ion of the blast f u r n a c e was imperfec t at least par t of the time. 
Pieces of incompletely r educed ore , bits of charcoal, and droplets of 
cast iron are e m b e d d e d in the glassy par t of some of the Lapphyt tan 
slag. Th i s shows that some o r e and fuel were being wasted and that 
some of the i ron m a d e was lost because of excessive viscosity of the slag. 
Nevertheless, the large quant i ty of slag f o u n d on the site shows that 
commercial ly useful technical competence was at tained by the Lap-
phyt tan metallurgists. 

What combinat ion of economic, geographical , technical, and social 
factors induced the bergsnten of Lapphyt tan to make their iron by the 
indirect r a the r than the direct process is not yet clear. It was not a 
d e m a n d for cast-iron p roduc t s and probably not scarcity of fuel or ore. 
Growing reliance on the m o r e s t ruc tured organizat ion needed to meet 
the r equ i remen t s of an expor t t r ade based on a reputa t ion fo r product 
quality may have been a m a j o r factor. T h e r e is some evidence that at 
least one aspect of the organizat ion of iron product ion established in 
the Bergslagen in the 13th century persisted t h rough the 19th century 
in Sweden. O n a field t r ip to the 19th-century iron-smelt ing village of 
Olsbenning , Ger t Magnusson explained how the blast fu rnace there 
was ope ra t ed on a sha red basis by individual p roducers , each of whom 
m a r k e t e d his own pig i ron u n d e r his own gua ran tee of quality. Barbro 
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Bursell, in he r hook on the Lancash i re fo rgemen of Sweden,5 observes 
that , until the 20th cen tury , each finer was economically responsible if 
the quality of his p r o d u c t d id not come u p to expectat ions. O n e would 
like to think that the r epu ta t ion f o r quality enjoyed by Swedish i ron has 
its roots in so ancient an indust r ia l organizat ion as that at Lapphy t t an . 

sBarbro Bursell, Traskoadel (Stockholm, 1975), p. 244. 
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I R O N & S T E E L 
There is nothing more fundamental to the man-made physical world than the materials 

of which its elements are composed, and, likewise, nothing more basic to the smaller 
world of industrial archeology than the ferrous metals. Other than the static struc-
tures of masonry and timber, more industrial-archeological remains are formed of cast 
iron, wrought, or steel than of any other single material. Looked at another way, the 
ferrous metals constitute the greatest bulk of that part of our industrial heritage 
composed of "man-made" or "man-manipulated" material, even including concrete in that 
category. 

Even the 'pure' masonry, timber, or concrete structures almost invariably incorpor-
ate ferrous elements in the form of fastenings, hardware, reinforcement, or sheathing. 
Despite their ubiquitousness, and the broad importance of the ferrous metals to indus-
trial archeology, there exists within the IA community considerable misundertstanding 
of the nature of the various members of the ferrous family: their physical character-
istics and the means by which they are produced (itself an important aspect of indus-
trial archeology). 

It must have been his awareness of this same void—although obviously with a more 
down-to-earth audience in mind—that led George Schuhmann nearly eighty years ago to 
set down in plain, non-metallurgical language descriptions of the most commercially 
important of the irons and steels as they related to the operations of a large corpor-
ation that dealt extensively with coal, metal, railroads, and the world of heavy 
industry in general. The fact that Schuhmann's little essay—which is reproduced below--
appeared in the Philadelphia & Reading Railway's YMCA organ indicates that it was aimed 
squarly at the firm's working population, clearly intended to advance its understanding 
of its work, for the certain benefit of both capital and labor. 

Regardless of the author's motive, his account sets forth with such clarity, in 
such straight-forward terms the essentials of this critical subject, that it was seen 
to provide ready-made answers to those iron and steel questions that have for so long 
been so plaguing to so many. 

Somewhat more detail, with a historical perspective, will be found in the following 

1) W. K. V. Gale, IRON AND STEEL. Museum Booklet No. 20.04. Ironbridge Gorge Museum 
(Ironbridge, Telford, Shropshire TF8 7AW, England), 1979. 32 pages, illustrated. 

2) IRONWORKING. Shire Album 64. Shire Publications (Cromwell House, 
Church St., Princes Risborough, Aylesbury, Bucks HP17 9AK, England), 1981. 32 pages. 

3) W. David Lewis, IRON AND STEEL IN AMERICA. The Hagley Museum (Box 3630, Wilmington, 
DE 19807), 1976. 64 pages, illustrated. 

Of additional interest may be: 
4) THE MAKING, SHAPING, AND TREATING OF STEEL. This valuable work has been published 

since 1920 by the United States Steel Co. It treats in full technical detail all 
the aspects of steel making, including many of the basic bulk finished products 
such as rails and rolled shapes. The evolution of the elemental processes are cov-
ered in an introductory, essentially historical chapter. Chapter bibliographies 
enhance the usefulness of this outstanding publication. The latest edition (the 10th 

1971) is out of print but should be available in the larger libraries. A new edition 
is due in early 1985, available from: the Association of Iron & Steel Engineers, 
3 Gateway Center, Pittsburgh, PA 15222. 

5) The American Iron & Steel Institute (1000 16th St. NW, Washington, DC 20036) has an 
extensive publications list. Most deal with current technology and affairs but a 
number touch on historical matters. Request: PUBLICATIONS, FILMS, AND FILMSTRIPS. 



IRON A N D STEEL 
By GEORGE SCHUHMANN 

G e n e m l M a n a g e r , R e a d i n g I r o n C o m p a n y 

OMMERCIAL Iron and Steel are metallic mixtures, 
the chief ingredient of which is the element " Iron," 
that is, pure iron, of whieh they contain from 93% to 
over 99%. The difference between iron and steel is 
principally due to the composition and proportion of 

the remaining ingredients. 
I r o n O r e is an oxide of iron (iron rust) containing from 

35% to 05% of iron; the balance is oxygen, phosphorus, sul-
phur, silica (sand), and other impurities. The ore is charged 
in a blast furnace, mixed with limestone as a ilux, and melted 
down with either charcoal, coke, or anthracite coal as fuel; the 
resulting metal is what is commercially known as P i g I r o n , 
containing about 93% of pure iron, 3 to 5% of carbon (pure 
coal), some silicon, phosphorus, sulphur, etc. When only 
charcoal has been used as fuel, the product is known as 
c h a r c o a l p i g i r o n , l'ig iron is used in foundries for the 
manufacture of i r o n c a s t i n g s , by simply remelting it in 
a cupola without materially changing its chemical composi-
tion; the only result is a closer grain and somewhat increased 
strength. Charcoal pig iron has the peculiarity of producing 
a hard, chilled surface when cast into a metal mold and is 
therefore largely used in the manufacture of car wheels, chilled 
rolls, etc. 

In the manufacture of wrought iron the pig iron is iv-
melted iu so-called puddling furnaces, by charging about i j 
ton in a furnace, and, while in a molten state, it is stirred up 
with large iron hooks by the puddler and his helper, kept boil-
ing, so as to expose every part of the iron bath to the action 
of tlie flame in order to burn out the carbon. The other im-
purities will separate from the iron, forming the puddle cinder. 

The purer the iron the higher is its melting point. Pig iron 
melts at about 2100 degrees F-, steel at about 2500 degrees, an I 
wrought iron at about 2800 degrees. The temperature in the 
puddling furnace is high enough to melt pig iron, but not high 
enough to keep wrought iron in a liquid state; therefore, as 
soon as the small particles of iron become purified, they partly 
congeal (come to nature), forming a spongy mass in which 
small globules of iron are iu a semi-plastic state, feebly coher-
ing, with fluid cinder filling the cavities between them. This 
sponge is divided by the puddler into lumps of about 200 lbs. 
each; these lumps or balls are taken to a steam hammer or 
squeezer, where they are hammered or squeezed into elongated 
blocks (blooms), and, while still hot, rolled out between the 
puddle rolls into bars 3 to 0 inches wide, about 34-inch thick, 
15 to 30 ft. long. These bars are called puddle bars or muck 
bars, and, owing to the large amount of cinder still contained 
therein, they have ratiier rough surfaces. The muck bars are 
cut up into pieces from 2 to 4 ft. long and piled on top of each 
other in so-called " piles," varying from 100 to 2000 lbs. accord-
ing to the size product desired. These piles are heated in 
heating furnaces, and when white hot are taken to the rolls to 
be welded together and rolled out into merchant iron in the 
shape of either sheets, plates, bars, or structural shapes as 
desired. When cold tliis material is sheared and straightened, 
and is then ready for the market. 

Charcoal wrought iron, commonly called charcoal iron t 
is made by remelting charcoal pig iron in a finery or run-out 
fire, in which the molten metal is exposed to a strong blast, 
which partly refines the metal by burning out some of the 
carbon, silicon, etc. The metal is then allowed to run out 011 
the floor, forming a plate about two inches thick, which, after 

• lluiirint. ,- from Tin- Pilot, CHlk-ial pulilicitiim of tlio I", -s 11. Its IK-pt V M. C. A.. It,-., : ¡up. 1- Moil, iimhi. The chapter referriup to charcoal iiop has hc.-u ..tlih .1 sin. . 

solidifying, is broken up into smaller pieces, and these pieces 
are then charged into so-called knobbling fires or sinking fires, 
using charcoal as fuel, where the metal is slowly melted again, 
the forgeman keeping the mass of charcoal and iron stirred up 
so as to bring every portion in contact with a strong blast 
blown in through tuyeres on the sides. This completes the 
purification of the iron, which forms a lump similar to the 
sponge in the puddling furnace. This lump of about 209 
pounds is then taken out of the fire and forged under a steam 
hammer into elongated blocks commonly known as charcoal 
b l o o m s . A plant of knobbling fires with their accessories is 
known as a charcoal bloomerv. The blooms are after-
wards rolled into bars (charcoal bars) similar to muck bars, 
and then cut up and piled for further rerolling into the shape 
of sheets, plates, bars, etc. 

The process above described is still extensively used in 
Sweden, from which country large quantities of blooms are 
imported, but in this country very few, if any, run-out fires are 
in use at the present time. The common practice here is to 
melt down (sink) wrought iron or soft steel scrap direct in 
knobbling fires, using charcoal as fuel. The resulting metal, 
while much purer and softer than ordinary puddled iron, is 
usually not as pure and ductile as the Swedish iron, hut it is 
claimed that, owing to its higher cinder contents, it will resist 
corrosion better than the Swedish iron. 

In the manufacture of certain grades of boiler tubes, it is 
customary to use domestic charcoal iron in the center of the 
pile and Swedish iron for covers, that is, on the outside. This 
increases the ductility of the iron and yet maintains a greater 
resistance against pitting. 

After leaving the puddle furnace, or knobbling fire, wrought 
iron does not undergo any material change in its chemical 
composition, and the only physical change is an expulsion of a 
large portion of the cinder; the small cinder-coated globules 
of iron are welded together, and the subsequent rolling back 
and forth will elongate these globules, giving the iron a fibrous 
structure. 

Double Refined Iron is made by cutting up (lie finished 
bars, repiling the pieces on top of each other, then reheating 
these piles to a welding heat and rolling them out again, which 
drives the fibres closer together, thus increasing the strength 
and ductility of the metal. 

The word S t e e l , nowadays, covers a multitude of mixtures 
which are very different from each other in their chemical as 
well as physical qualities. The ingredient that exerts most 
influence on these variations is carbon. High grade razor steel 
contains about 114 per cent, of carbon, springs 1 per cent., steel 
rails from % t 0 % P e r cent., and soft steel boiler plate may go 
as low as 1-1G per cent, of carbon. Steel which is very low in 
carbon can easily be welded, but it cannot be tempered; when 
carbon is above 1-3 per cent, welding is more difficult and can 
only be done by the use of borax or some other flux or byelectric 
or thermit welding. Steel with carbon above % per cent, can be 
tempered, thai is, when healed to red heat and then quenched 
in water or other liquid, it becomes very hard and can be used 
for tools of various kinds, such as saws, files, drills, chisels, 
cutlery, clc. ill tool steel oilier ingredients are sometimes 
used to influence ils hardness, such as nickel, manganese, 
chrome, tungsten, etc., the last named playing an important 
part in so-called " high speed steels," that is, steel tools that 
will cut metal at a high speed without losing their temper 
or hardness. 

As stated above, pig iron and cast iron contain about 4 per 



cent, of carbon, and wrought, iron only a trace of it, while 
steel is between these two extremes. The manufacture of steel, 
therefore, refers principally to getting the right proportion of 
carbon. One method is to take pig iron and burn the carbon 
out of it, as 111 the Bessemer and open hearth processes, and 
the oilier method is to take wrought iron and add carbon to it. 
as in (lie ccmeniation and crucible processes. 

In (lie Bessemer Process the molten pig iron is put into 
a large pear-shaped vessel called the " Converter," Hie bottom 
of which is double, (he inner one being perforated with numer-
ous holes called " tuyeres" to admit air to be forced in under 
pressure. The molten iron (from 10 to 15 tons at a time) is 
poured into the converter while (he laller is lying on its side, 
I lien the compressed air is turned into (lie double bottom as 
(lie converter rises to a vertical position. The air has sufli 
cient pressure (about 20 lbs. per sq. inch) to prevent the 
molten metal from entering (lie tuyeres. The air streams pass 
up lit rough the molten metal (piercing it like as many needles), 
burning out (lie carbon, silicon, etc., accompanicd by a brilliant' 
display of sparks and a llame shooting out of (lie mouth of 
the converter. The 15 tons of molten pig iron contain nearly 
% of a ton of carbon, and since this carbon is all burned out in 
less than ten minutes, this rapid rate of combustion increases 
the heat of the metal very much; it does not cool it, as one 
would suppose at first thought. The (lame, therefore, at first 
red, becomes brighter and brighter until it is finally so white 
that it can scarcelj' he looked at with the naked eye. A " blow" 
generally lasts about nine to ten minutes, when the sudden 
dropping of the llame gives notiee that the carbon is all burned 
out. The metal in the converter is then practically liquid 
wrought iron. The converter is then laid on its side again, the 
blast shut off and a certain amount of spiegelcisen or ferroman-
gatiese is added in a liquid form so as to give the steel (lie 
•proper amount of carbon and manganese to make it suitable for 
the purpose desired. The liquid steel is then poured out into 
so-called "ingot moulds" and the resulting "ingots" while 
still hot, but no longer liquid, are rolled out into blooms, billets, 
or rails without any additional reheating except a short so-
journ in so-called " soaking pits." In some steel works where 
the molten pig iron is taken in large ladle cars direct from the 
blast furnace to the converter, it is possible to produce rails 
without adding any fuel to that contained in the molten pig 
iron, so that the red-hot rail just finished still contains some 
of the heat given it by the coke in the blast furnace. 

The Open Hearth Process , sometimes called " the Sie-
mens-Martin process," is similar to the puddling process, but 
on a much larger scale. The furnaces generally have a capacity 
of from 10 to 50 tons of molten metal (in some exceptional 
cases as high as 200 tons) ; they are heated by gas made from 
bituminous coal (oil and natural gas have also been used). 
The gas and the air needed for its combustion are heated to a 
high temperature (over 1000 degrees) before entering the 
combustion chamber by passing them through so-called regener-
ative chambers. Owing to this preheating of the gas and the 
air, a very high temperature can be maintained in the furnace, 
so as to keep the iron liquid even after it lias parted with its 
carbon. The stirring up of the molten metal is not done by 
hooks as in the puddling furnace, but by adding to the charge 
a certain proportion of ore, iron scale, or oilier oxides, the 
chemical reaction of which keeps the molten iron in a state of 
agitation. While in the Bessemer process only pig iron is 
used, In the open hearth furnace it is practicable to use also 
scrap of wrought iron or steel, as the high temperature in the 
furnace will readily melt same. When the pig iron or scrap 
contains too much phosphorus, burnt lime is added to the 
charge; the resulting slag will absorb the phosphorus, thus 
taking it out of the metal. This dephosphorization by means 
of burnt lime is called the basic process in contradistinc-
tion to the acid process, where no liine is used, but where 
care must be taken that the metal charged is low in phosphorus. 

In this country the basic process is at present used only in 
connection with open hearth furnaces, while in Europe it is 
also used in litany Bessemer plants, producing (lie so-called 
" Basic Bessemer steel." 

Crucible Steel or Tool Steel , formerly called Cast 
Steel , is made by using high grade, low phosphorus wrought 
iron and adding carbon to it. The oldest method is the so-
called "cementation process," in which the iron bars are 
packed in air-tight retorts, with powdered charcoal between 
the liars. Thé filled retorts are put into a cementation fur-
nace, where they are heated to a red heat and kept at that 
temperature for several days, during which time the iron will 
absorb about i y 2 per cent, of its own weight of carbon. (The 
process is similar to the case-hardening process familiar to 
many blacksmiths.) The carbonized bars, called " blister steel," 
are then cut into small pieces, remcltcd in a crucible, and from 
there poured into moulds, forming small billets, which are 
afterwards hammered or rolled into the desired shapes. The 
newer method is to put the small pieces of wrought iron direct 
into an air-tight crucible, mixed with the proper amount of 
powdered charcoal, and melted down; the iron will absorb the 
carbon much quicker while in a molten state than when only 
red-hot as in the cementation furnace. The other ingredients, 
such as chrome, tungsten, etc., are also added in the crucible. 

Malleable Castings nre produced in the reverse way 
from the blister steel referred to above, tliat is, instead of 
taking wrought iron and adding carlion, castings made of cast 
iron are made malleable by extracting the carbon. The cast-
ings are packed into retorts similar to the cementation retorts, 
but, instead of charcoal, an oxide of iron, generally in the 
shape of hematite ore, is packed with them, and kept in a 
red-hot state for several days. The oxygen of the ore will absorb 
the carbon in the iron, giving the latter a somewhat steely 
nature. 

Steel Castings used to be produced in the same manner, 
but now steel castings are cast direct from the ladle contain-
ing molten steel, which is generally melted In an open hearth 
furnace, although small Bessemer converters are also some-
times used for this purpose. 

While chemically there is not much difference between 
wrought iron and low carbon steel, there is considerable dif-
ference in their physical structures. Owing to the globules of 
pure iron being coated with cinder in the puddling furnace, the 
subsequent rolling and reworking, while expelling a large por-
tion of this cinder, always leaves traces of it behind, which gives 
wrought iron the fibre. Steel having been produced in a 
liquid form, where the cinder all floated to the top and was 
removed, the metal is homogeneous, that is, without any grain 
or fibre. When subjected to many vibrations, or strains due 
to frequent expansion and contraction, wrought iron will gen-
erally yield gradually and give warning to the inspector, while 
steel is more liable to snap off suddenly. Wrought iron being 
composed of many fibres, the fibres can break one at a time 
without directly affecting their neighbors (like the strings in a 
rope), while a rupture once started in steel will extend more 
rapidly. Wrought iron will also resist corrosion and pitting 
longer than steel, no doubt due to higher resisting power of 
the enclosed cinder, which also causes the corrosive fluid to 
deflect endwise, thus weakening its action by diffusing it over 
a larger area and preventing deep pitting. Stay bolts and 
boiler tubes for locomotives Lave proven more satisfactory 
when made of charcoal iron than of steel. Thin sheets, tin 
plate, corrugated iron covering, wire fencing, pipes, oil well 
casings, etc., have also proven much more durable when made 
of wrought iron than when made of steel. On the other hand, 
in rails, tires, guns, armor plate, etc., steel has proven far 
superior to iron, owing to its greater strength and hardness, 
and where corrosion is of minor importance, owing to the rails, 
etc., generally being worn out long before corrosion lias a 
chance to affect them seriously. When structural steel or iron 
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ia used for bridges, etc., it is necessary to protect the metal 
from serious corrosion by frequent and careful painting, and in 
the skeletons of high office buildings and other skyscrapers, 
when completely covered with concrete, etc., so as to thoroughly 
exclude air or moisture, steel as well as iron will last in-
definitely. 

Where material is buried in the ground, or exposed to The 
weather without the careful protection of paint, or where 
moisture has access to it by other channels, the interior of 
pipes, for instance, wrought iron will outlast steel by a good 
margin. 

Fagoted Iron, Busheled Iron, and 
K nobbled Charcoal Iron. 

I. Fagoted Iron. 
This is produced by piling up pieces of wrought iron sera)), 

such as bolts, bars, structural material, etc., in a box-like 
shape, using either old boiler plate or new muck bar as sides 
and covers. These so-called " box-piles" are then put into a 
heating furnace, heated to a welding heat, and then either 
rolled into the shape of the product desired direct, or rolled 
first into billets and then reheated and rerolled into the finished 
product. When the scrap used is strictly wrought iron, the 
finished bars so made are of a good quality, showing a higher 
ductility than those made from ordinary muck bars, but, un-
fortunately, it is a difficult matter to get strictly wrought iron 
scrap without an admixture of steel scrap, and, while the mixed-
in soft steel does not reduce the strengtli or ductility of the 
metal, it reduces its resistance against corrosion, and therefore 
it should never be used in the manufacture of material exposed 
to corrosive influences, such as corrugated iron sheets, 
pipes, etc. 

2 . Busheled Iron. 
Busheled iron is made by taking miscellaneous junk-yard 

scrap (generally small pieces), sometimes mixed with iron and 
steel turnings, swarf, etc., and heating same to a welding beat 
in a furnace similar to a puddling furnace, then forming it 
into lumps similar to a puddle ball, running same through a 

squeezer to form an elongated round bloom, which is then 
rolled out into muck bars, which are afterwards cut up, piied 
on top of one another, heated to a welding heat, and then 
rolled out into the desired finished product. Owing to the 
irregular composition of the scrap, which is often mixed wiili 
high carbon and other alloy steels, the material so produced 
is very unreliable as to ils physical qualities and should never 
be used where either strengtli or longevity is an object. 

3 . K n o b b l e d C h a r c o a l I r o n . 
As explained in the chapter on "Charcoal Iron," in the 

enclosed monograph " Iron and Steel," there are two grades of 
charcoal wrought iron. The first is made from charcoal pig 
iron, and the other from wrought iron or soft steel scrap. 
(Practically all- the charcoal wrought iron made in this country 
is made by the last-named method.) While both steel and 
wrought iron are used in the latter process, the subsequent 
manipulation is entirely different from the fagoting or bushel-
ing processes described above, in which eases the different 
picccs of scrap retain their individuality iu the pile and are 
stretched out in rolling, while in the knokbling fire the scrap 
is melted down drop by drop so that each drop as it sinks into 
the mass of cinder at the bottom of the fire is coated with 
cinder similar to the coating of cinder on the iron globules in 
the puddling furnace. In other words, the metal returns to 
its original state and forms an entirely different structure from 
the iron that lias been produced by simply heating the scrap 
to a welding heat and then rolling it out. Because busheled 
iron is of such an unreliable quality and is the cheapest rolled 
iron that can be produced at the present time, its shortcomings 
have been used by the champions of steel as an argument 
against charcoal iron, by claiming that both processes are 
practically ihe same. Busheled wrought iron is a conglomerate 
of small pieces of iron and steel of different grades, while the 
iron produced in 1he knobbling fire is resolved into its original 
state, FO as to cover each drop of iron with its coating of 
cinder. The lumps produced in the knobbling fire are forged 
under a steam hammer, then rolled into bars which are repiled, 
reheated, and rerolled, thus producing a metal of high ductility 
and uniformity, and at the same time retaining the rust-
resisting cinder films, the same as wrought iron made from 
puddled pig iron. 
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and improvements. In the last 
years of operation, grinding 
has been done only during the 
period of the spring freshets 
in April and May. The Parker 
River has become overgrown, 
and the flow of water has 
decreased. Snuff, however, is 
still being ground on this 
river, a milling process that 
emerged with grinding at the 
L & M in 1804. Soon to be a 
vanishing industry, for nearly 
180 years power from the Parker 
River has been harnessed to 
grind snuff in Byfield, Massa-
chusetts. 

1. Most of the records are 
20th century ledgers and 
journals that begin 1899-
1900. Earlier records, 
mainly incoming orders for 
snuff and some machinery 
repair slips, were unfor-
tunately vandalized. These, 
left unsorted, were put into 
2 boxes for storage. An 
attempt is underway to find 
a permanent home for the 
Byfield Snuff Company Records 

2. "In 1691, David Wheeler of 
Rowley conveyed to his son, 
Nathan, '30 acres in New-
bury'... In 1734, Nathan 
conveyed to Nathan junior 
'one and a quarter acres' 
on the northeast part of 
the 30 acres 'at a falls 
on the river, with conven-
iences for erecting a mill' 
and by his will, proved in 
1741, gave him his homestead 
of 35 acres. A saw mill was 
built and in use until a 
date later than 1771. This 
mill and 70 acres adjoining 
reverted to Samuel and 
Rebecca Noyes and Sarah 
Sawyer, children of Nathan 
Wheeler, who sold It to 
Joseph Pearson in 1796." 
An untitled typed sheet. 
This and other Information, 
including deeds from which 
much historic information 
was obtained, is located in 
the office, along with cur-
rent company records, of 
the Byfield Snuff Company, 
Byfield, Massachusetts. 

3. In 1705 the first Benjamin 
Pearson bought land on the 

Parker River, and in 1709 
he acquired an additional 
24 acres with a fulling and 
sawmill. In "Homestead of 
Benjamin Pearson," John 
Currier gives an account 
of the early Pearson's land-
holding, the homestead, and 
its famous elm tree. John 
A.S. Currier, Quid Newbury: 
Historical and Biographical 
Sketches. Boston: Damrell 
and Upham. 1896. 301-304. 
(A small group of SNEC 
members toured this mill 
during grinding in the spring 
of 1978.) 

4. Patrick Malone, "Recording 
of the Power System, L & M 
Mill," October 24, 1981. 

5. After the Byfield Company 
takeover in 1899, all in-
coming tobacco was stored 
and the curing process begun 
in the upriver mill. In 
1904 an early concrete ware-
house was constructed and 
a second one in 1909 to 
house incoming hogsheads 
of tobacco along with bar-
rels of ground tobacco. 

6. Patrick Malone, ibid. 
7. After the 1899 consolida-

tion, excess ground tobacco 
from the L & M Mill was put 
into barrels each weighing 
140 pounds. These were 
taken to the upper mill, and 
5 barrels full of ground 
tobacco were emptied here 
into large storage boxes each 
weighing 700 pounds. The 
tobacco was left to cure for 
one year, and in recent times 
it has sometimes cured for 
two years. 

8. A sawmill on the property 
was partially converted to 
grind snuff during this 
period. One grinding machine 
was installed, and this was 
shut down around 1945 when 
demand no longer necessitated 
grinding in three mill 
locations. 

Betsy H. Woodman 
Woodman Associates Architects 

ARTICLE 

Iron and Steel for New England 
Industry: 

Archeological recording of 
the sites of iron and steel 
works that supplied 19th century 
manufacturers in New England 
would help answer several ques-
tions in the history of American 
technology. 

Many questions about the 
history of manufacturing can 
only be answered through the 
study of artifacts and work 
places. This is particularly 
true of metallurgical indus-
tries of the 19th century. 
Ironmasters did not write much 
about their work, and even pro-
fessional scientists (such as 
Benjamin Silliman, who visited 
many ironworks) did not have 
the means to write technical 
descriptions of the processes 
they saw. 

Manufacturing could not have 
grown rapidly in New England in 
the early 19th century had there 
not been a local, heavy metal-
lurgical industry already in 
place. In the 17th century, 
local New England ironworks 
had served local needs. 
(Attempts at larger scale pro-
duction, as at Saugus, were 
financial failures in the 
Colonial economy.) But, by 
the middle of the 18th century 
the iron industry began to 
concentrate in western Massa-
chusetts and Connecticut where 
water power, ore, and charcoal 
were all abundant. War time 
demands stimulated its growth, 
and by the decade of the 1790s 
blast furnaces, fineries, 
forge hammers, and slitting mills 
were in place and in production, 
ready to supply all kinds of 
heavy metal goods. The New 
England makers of arms, edge 
tools, nuts and bolts, tex-
tile machinery, and other metal 
products turned to this source 
for materials, forgins and 
castings. Eli Whitney, for 
example, ordered his forge 
.hammers, the ironwork for his 
water power system, and his 
initial stock of barrel iron 
from the works of Forbes & 
Adams in Canaan, Connecticut. 
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Figure 1. Photographs at the 
same magnification of the 
structure of a sample of bar 
iron made (left) in Litchfield 
County (Connecticut) and (right) 
at Marshall's works, Wednesbury, 
England. The English iron has 
much finer and more uniformly 
distributed slag particles. 
Courtesy of Robert Gordon. 

By the early decades of the 
19th century, the ironmasters 
of western New England had 
established dor themselves a 
reputation as suppliers of the 
finest bar iron available in 
America; their iron, for exam-
ple, was shipped to the armory 
at Harpers Ferry for use in 
preference to that available 
from Pennsylvania and Maryland. 

Yet these ironmakers were 
soon unable to meet the require-
ments of their customers. 
Deliveries of iron became 
unreliable, and bad quality 
iron was supplied with the good. 
Eli Whitney, Jr. complained in 
1843 that "it is the most 
troublesome affair of my busi-
ness to get suitable Iron for 
Barrels." The Springfield 
Armory resorted to sending 
inspectors to the ironworks 
to try to improve the quality 
of the metal supplied for 
arms-making, but, by the time 
the Civil War broke out, the 
Armory had abandoned American 
suppliers and was entirely 
dependent on imported English 
iron, a cause for concern to 
the government in Washington. 
In a few decades the New 
England iron industry had 
fallen from an established 

position as suppliers of an 
essential and superior indus-
trial product to that of a 
lingering industrial relic. 

Why did this take place? 
It was not due to any shortage 
of resources; pig iron produc-
tion continued in western New 
England until well into the 
20th century. Nor was it due 
to the introduction of the 
Bessemer process; Bessemer 
steel did not supplant iron 
and crucible steel for quality 
industrial products of the type 
made in New England until the 
last decades of the 19th cen-
tury. The quotation above 
suggests that the problem was 
with the quality of the bar 
iron supplied from about 1830 
onwards. The aim of most 
manufacturers in New England 
was to increase production 
through the use of power-driven, 
self-acting machinery. The 
operation of this machinery 
required regular delivery of 
feedstock of uniform dimensions 
and properties. Thus, when the 
Collins Company installed E.K. 
Root's automated ax-forming 
machines in 1846, Samuel Collins 
observed "Root's punching ma-
chine requires a better quality 
of iron." A better quality of 
iron was in demand, but poorer 
quality was being supplied. 
Evidence from archeology can 
be used to explain why. 

The quality of wrought iron 
can be easily assessed by 
examination under the micro-
scope. Fortunately, only a 
small sample is needed, and 
this can often be removed 
from an artifact without dam-
aging its appearance. The 

first indicator of the quality 
of a sample of bar iron is the 
form and distribution of the 
slag particles it contains. 
Hammering and rolling at the 
forge where it is made is 
intended to work as much slag 
out of the iron as possible 
and to disperse the rest uni-
formly as small particles. The 
second most important factor 
influencing the quality of 
wrought iron is the phosphorous 
content; the presence of more 
than a trace of phosphorous 
makes the iron brittle. Phos-
phorous content can be judged 
from the appearance of the slag 
inclusions under the microscope, 
and it can be measured on the 
sample with the electron micro-
probe. Figure 1 shows for 
comparison the microstructure 
of gun iron being produced in 
England and of a sample of 
Litchfield County (Connecticut) 
bar iron presented to the 
Metallurgical Museum of Yale 
College (and theretore pre-
sumably the maker's best), 
both made about 1855-60. The 
difference in the slag distri-
bution is clear; microprobe 
analysis also shows that the 
phosphorous content of the 
Salisbury iron is much higher 
than that? of the English iron. 
Although only a limited number 
of samples of New England bar 
iron have been presented for 
examination so far, the results 
frequently show variable slag 
distributions and high phos-
phorous contents. Such iron 
would not be suitable for use 
in sophisticated production 
equipment such as the barrel 
rolling mill introduced at the 
Springfield Armory in 1858. In 
this machine, shown in Figure 2, 
a weld must form continuously 
as the barrel skelp passes 
through rolls. Inhomogeneities 
in the metal will result in 
bad welds. 

The laboratory evidence, 
though still limited, shows 
that the New England makers of 
bar iron lost their industrial 
customers because of inability 
to make a reliable, uniform 
material that could be used in 
production by machinery. To 
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Figure 2. The barrel rolling 
and welding mill as used at 
Springfield and other New 
England Armor ies in the mid— 
19th century. The skelp of 
bar iron is bent up by succes-
sive passes through grooved 
rolls as above on the right 
and then welded between rolls 
and a stationary mandrel, as 
shown on the left. Courtesy 
of Robert Gordon. 

tind out why they were unable 
to do this while English and 
Scandinavian makers were able, 
we need to know what sort of 
physical plant they were 
using. Census data suggest 
that by 1830 most of the bar 
iron manufactured in Connect-
icut and Massachusetts was 
made at forges by fining pig. 
However, no New England forge 
of the 18th or 19th centuries 
has been carefully documented 
yet. Plenty of forge sites 
are marked on maps of early 
and mid-19th century New Eng-
land, but technical details 
are lacking on maps and in local 
histories. Three different 
types of plant were in use at 
various places and times, the 
bloomery, the finery, and the 
wood-fired puddling furnace. 
To interpret the technology 
that was in use, we need to 
know the dimensions and layout 
of a plant of each of these 
types and to have samples of 
the slags left behind from 
their operation. 

Much of what has been said 
about bar iron is also true of 
steel. Ironmasters in America 
found production of quality 
steel a most difficult prob-
lem throughout the first two-

thirds of the 19th century. 
Manufacturers (like the Collins 
Company or the Springfield 
Armory), who required high 
quality steel, had to use 
imports throughout this period, 
though they frequently experi-
mented with samples of the 
domestic article. Samuel 
Collins, reflecting on the 
history of his company, re-
marked that "If we could have 
been supplied regularly with 
a uniform quality of superior 
steel we could have beat the 
world on Edge Tools ... ." One 
of the most interesting arche-
ological sites in New England 
is that of the American Silver 
Steel Company in Roxbury, 
Connecticut. It was probably 
the first integrated steel-
works built in North America. 
As shown by the map in Figure 3, 
it had a mine, ore preparation 
facilities, a blast furnace, 
and a refinery. Examination 
of samples presented by the 
Company to the Metallurgical 
Museum of Yale College in 1867 

Figure 3. Map of the site of 
the American Silver Steel Com-
pany plant in Roxbury, Connect-
icut. Ore was received on the 
railway shown at the top of 
the map from adits driven into 
Mine Hill, roasted, smelted in 
the blast furnace, and con-
verted to steel in the "Refinery." 
Courtesy of Robert Gordon. 

suggests that the proprietors 
of this works were attempting 
to make puddled steel, a tech-
nically difficult task but 
one that was successfully 
done in Great Britain until 

Figure 4. The steel works at 
Roxbury in the 1890s. The 
roasting furnaces may be seen 
in the background. The blast 
furnace with its brick stack 
is at the right. Courtesy of 
Robert Gordon. 

the end of the 19th century. 
The attempt was not successful; 
the derelict appearance of the 
works in 1890 and 1970 is shown 
in Figures 4 and 5. Documen-
tation of this site, which is 
now under the care of the Rox-
bury Land Trust, would be a 
most fascinating contribution 

Figure 5. The site of the 
Silver Steel Company in 1970, 
showing the remains of the 
blast furnace. Courtesy of 
Robert Gordon. 

to the history of American 
metallurgical technology. 

It is remarkable that we 
know more about the technology 
for making bar iron and steel 
in the Roman age of Europe 
than we know of that used in 
19th century New England. One 
reason is that the blast fur-
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naces, because of their size 
and durability, receive a 
disproportionate share of 
attention. Though large, they 
are by no means the most impor-
tant part of the equipment 
required to produce bar iron; 
conversion of pig to bar iron 
or steel is technically more 
demanding but as yet poorly 
documented in New England. 
Robert B. Gordon 
Yale University 

CURRENT RESEARCH IN NEW ENGEAND 

CONNECTICUT 

Metallurgical Archeology at the 
Whitney Armory Crucible Dump: 

In autumn 1979 a Yale Uni-
versity class in archeological 
field methods partially exca-
vated a dump of used graphite 
foundry crucibles that is 
located just outside the Whit-
ney Armory site in Hamden, 
Connecticut. Makers' marks on 
some of the crucibles, plus 
the probable dates of other 
objects found in the dump, 
indicate that the dump was 
used during the 1842-1888 
period in which Eli Whitney, 
Jr. was in charge of the Armory. 
More recently, metallographic 
and microprobe analysis has 
been carried out on some arti-
facts from the dump and from 
other places at the Whitney 
site. These analyses have 
shown that Whitney, Jr. used 
his foundry to make pistol 
frames of malleable iron cast-
ings instead of forging them, 
although forging is the only 
method described for this in 
the literature of 19th century 
small arms technology. They 
have also corroborated written 
allusions to Whitney, Jr.'s 
early shift in materials from 
wrought iron to steel for the 
barrels of his guns. A report 
on this research was given by 
Carolyn Cooper at the 1982 
SIA Annual Conference in 
Harrisburg. 
Carolyn Cooper 
Yale University 

Phoenixville: 
This past spring and summer 

a volunteer crew under the 
direction of John Worrell (Old 
Sturbrldge Village) and David 
Simmons (U. of Pennsylvania) 
conducted excavations at several 
sites relating to the early 
19th century mill village of 
Phoenixville, CT. Preliminary 
and intensive excavations were 
undertaken at 3 sites which 
front on what was then the turn-
pike from Hartford to Providence: 
the Latham house, built as com-
pany housing by the Sprague 
Manufacturing Co. in the early 
1820s; the Gurley/Taylor house, 
a non-company house, also built 
in the 1820s; and a blacksmith 
shop, in operation from about 
1822 to 1836. A portion of 
the front yard and the front 
foundations of the Latham house 
were excavated, yielding con-
siderable information on the 
construction sequence, land-
scaping, and early use of the 
house. Data from this site, 
a mill official's house, will 
be compared with that obtained 
from two nearby company tene-
ments, excavated by the OSV 
Field School in Historical 
Archaeology in 1980. These 
sites, in turn, will offer 
comparison with the Gurley/ 
Taylor house, built by a 
blacksmith as part of an ex-
pansion of a craft neighbor-
hood near the mills. The 
house was sold to a fellow 
blacksmith and then to a 
poor, single woman, both of 
whom were attracted to Phoenix-
ville from other towns. A 
number of areas in and about 
the Gurley/Taylor house were 
excavated, revealing several 
significant changes to the 
structure early in its use, 
including the filling in of an 
unusual stone feature — 
possibly a spring house or 
root cellar — underneath a 
portion of what is now the 
front terrace. Entered from 
the lower floor of the house, 
the chamber was capped with 
cut stones, one of which 
measures 14 ij feet in length. 
The blacksmith shop, which has 

yielded numerous artifacts 
relating to the craft, con-
tinues to be dug this fall. 
In addition to these sites, 
preliminary excavations were 
undertaken at the Adams house, 
an 1820s-1830s dwelling which 
later housed a millinery shop, 
and the Phoenix mill, a stone 
textile mill built by the 
Phoenix Manufacturing Co. in 
1823. Artifactual analysis 
of the domestic sites has 
begun and is continuing this 
winter, as is further documen-
tary research. The excavations 
at Phoenixville will serve as 
the basis of a dissertation by 
Simmons on the community and 
its neighborhoods during the 
early 19th century. 
David Simmons 
University of Pennsylvania 

MASSACHUSETTS 

Salt Marsh Haying in Newbury, 
Massachusetts: Site of a one 
time thriving and profitable 
salt marsh haying Industry, 
the Newbury marshes in Newbury, 
Massachusetts are once again 
returning to their natural 
state.1 The drainage ditches, 
originally cut into their sur-
faces to drain off excess 
water so that the hay could 
be more readily harvested, 
are fast becoming overgrown7 
These ditches, when in use, 
also served to delineate the 
various plots within a tract 
of the marsh land. In late 
August, or early September, 
depending on the Farmer's 
Almanac, the tides and weather, 
the hay was cut and gathered 
in. Some was taken by wagon 
directly to the barn. Hay, in 
outlying regions or on islands 
located near the salt marsh 
rivers, was taken by gundelow 
to a loading dock or loading 
site. These flat bottomed 
boats, indigenous to the 
area, were designed specifi-
cally for hauling the loose 
and heavy hay. From a loading 
dock, the hay could either be 
sold or taken by wagon to the 
barn. Much of it was left on 
the marsh and was ingeniously 
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Eighteenth-Century 
Ironworking in 
Sharon, 
Massachusetts 
by Judith Dolan 

Of the many furnaces and forges 
that once dotted the eighteenth-
century Massachusetts landscape, 
traces remain of only a few. The 
colonial iron industry was a small 
but important element in the eco-
nomic system, and most towns or 
counties had their own forges or 
furnaces. During the seventeenth 
and eighteenth centuries most 
iron products were supplied by 
England; however, these small 
forges were established to serve 
the communities' need for tools 
and their repair. Gradually local 
artisans began casting holloware 
products and producing wrought-
iron materials. The Massachusetts 
iron industry, however, did not 
prosper and expand in the post-
colonial period, as did the iron in-
dustry in other states, and today 
only a handful of historical iron-
working sites, such as the Saugus 
Ironworks, have been studied in 
any detail. 

Recently, the Sharon Historical 
Society sponsored a documentary 
and archaeological study, through 
the Center for Archaeological 
Studies, of one such ironworking 
establishment. The Ebenezer Man 
Furnace, known historically as the 
Stoughtonham Furnace, is located 
at the southern end of Gavin's 
Pond in Sharon, Massachusetts. It 
was built in 1762 by a partnership 
of nine men, who decided to cast 
holloware products such as ket-
tles, pots, and pans. One of the 
original owners of the furnace was 
Ebenezer Man, for whom the fur-
nace was later named. 

The location of the three-acre 
lot, and specifically the site of the 
furnace itself, was well suited to 
accommodate such an industrial 
enterprise: there were plentiful lo-
cal supplies of iron ore; Billings 
Brook, once dammed, provided 
water power to operate the water 
wheel; and a steep hillside next to 
the site provided easy access via a 
charging bridge to the top of the 
furnace. The first priority in this 

enterprise must have been the 
construction of a stone dam, thus 
forming what is now known as 
Gavin's Pond. Along the east side 
of the dam the wheel pit, sluice-
way, and tailrace were built, and 
adjacent to this the furnace. The 
last was a substantial structure, 
approximately 20-25 feet high and 
18-20 feet square at the base, ta-
pering by a foot at the top. The 
outer walls were constructed of 
cut and fitted granite blocks, and 
the inner walls of the furnace 
opening, known as boshes, were 
lined with firebrick, a refractory 
material. Between these two walls 
the space was filled with stone 
chips, rubble, clay, or cinders, 
which allowed the furnace lining 
to expand and contract with the 
heat. At least two arches were 
built on the outside of the fur-
nace, one for the leather-clad bel-
lows and another from which fur-
nace workers tapped the iron and 
guided it into the sand molds. 

While in operation the furnace 

was run continuously, and a cast-
ing would be done approximately 
every twelve hours. Just before 
the iron was tapped the molds 
were prepared for the casting of 
holloware objects and iron bars 
When all was ready, the bellows 
were stopped, the iion was 
tapped, the slag (impurities) was 
drawn off the top of the molten 
iron, and the molds were filled 
w'ith the hot metal. Once cooled, 
the holloware objects were fin-
ished off and prepared for market. 
This process of reducing the char-
coal, iron ore, and limestone into 
molten iron required great skill. 
The founder was responsible for 
loading the correct proportions ot 
raw materials into the furnace, for 
preparing the casting beds, and 
for knowing exactly when the fur-
nace was ready to be tapped. 
Poorly tended furnaces were 
highly dangerous and more than 
one is known to have exploded, 
causing great property damage 
and personal harm. 

Site map of the Ebenezer Man Furnace Site at Sharon, Massachusetts. 
Remnants of the furnace foundation were found in squares 14 and 18 
(upper-center of the map). 
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The Ebenezer Man furnace was 
actually the center of an industrial 
complex; it was surrounded by 
storehouses, dwellings, a trip 
hammer, and blacksmith shop. 
The latter two were located at the 
western end of the dam, about 
150 feet from the furnace, and 
were used to convert cast-iron 
pigs and bars into wrought-iron 
objects. The storehouses were 
built at the top of the ridge, but 
the exact location of the Ironmas-
ter's house is unknown. A second 
blacksmith shop and dwelling 
house, located about one-half mile 
south of the furnace, were leased 
from a neighboring landowner, 
Benjamin Fairbanks. No account 
books or business records sur-
vived to detail the furnace's daily 
and annual operations, but with 
the use of a blast furnace, trip 
hammer, and two blacksmith 
shops, the complex would have 
been able to supply the local com-
munity with both cast-iron and 
wrought-iron products. 

Despite what would seem to be 
a steady operation, the furnace 
was apparently not always profita-
ble enough to satisfy the owners. 
In 1770 the furnace was sold to 
Richard Gridley, Edmund Quincy, 
and Joseph Jackson. Within a few 
years the impending conflict be-
tween the English loyalists and 
the colonists was evident, and the 

new owners prepared to cast can-
non and shot for use by the 
American forces. Gridley and 
Quincy owned several mineral 
rights in the area and secured 
more to supply the furnace with 
plenty of iron ore. High-grade ore 
was also brought up from the 
New Jersey-Pennsylvania area for 
use in producing the cannon. 

The first cannon produced in 
America were cast here at the site 
in 1775. Initially, the traditional 
two-mold method of casting can-
non was used, but this technique 
later was replaced by an improved 
process whereby they were cast 
solid and then bored by machine. 
A Frenchman, Monsieur de Mar-
asquelles, was instrumental in 
propagating this new technology 
throughout the New England iron., 
industry. 

In 1777 Uriah Atherton bought 
the furnace and continued to cast 
cannon and shot for the remain-
der of the Revolutionary War. The 
reasons for the demise of the fur-
nace operation at Sharon are un-
known, although it is known that 
Atherton invested in another fur-
nace in 1780. He may have shut 
down the Man furnace at this 
time, taking with him any extra 
raw materials and tools for use at 
the new one. 

Members of the Sharon Histori-
cal Society worked closely with 

myself and other Boston Univer-
sity archaeologists at the Man fur-
nace site during September and 
October of 1983. Our excavations 
uncovered a small portion of the 
furnace structure that had sur-
vived to a height of three feet. We 
found several samples of the fire-
brick furnace lining in our test 
pits, as well as a few nails that 
had once attached the leather bel-
lows to its wooden frame. A cast-
iron wheel was also found that 
might have belonged to the can-
non-boring machine. The only 
samples of furnace products found 
were four pieces of shot, ranging 
in diameter from 1—1% inches. 
The stone-lined tailrace and stone 
dam are still visible, but the wheel 
pit and sluiceway have been ex-
tensively reworked and thus show 
nothing of their original construc-
tion. 

The importance of the Man fur-
nace lies not only in its contribu-
tion to the American Revolution, 
but also in what the study of it 
can tell us about the development 
of the ironworking industry in 
America. The iron industry in 
Massachusetts during the eigh-
teenth century was characterized 
by many small furnaces scattered 
about the countryside, each one 
serving its local community. The 
fact that the Sharon Casting Fur-
nace site has survived virtually 
undis turbed to the present day, 
unlike so many other early iron-
working sites, makes it a perfect 
target for controlled excavation. 
The Center plans to continue its 
work at the site in close coopera-
tion with the Sharon Historical So-
ciety to shed more light on an im-
portant but little understood 
aspect of colonial life. 

Judith Dolart is a graduate student in the 
Department of Archaeology at Boston 
University. Her study of the Sharon 
Casting Furnace site, sponsored by the 
Sharon Historical Society, is being 
conducted to help qualify the site for the 
National Register of Historic Places. 

Further Reading 
See James Mulholland, A History of 
Metals in Colonial America, University of 
Alabama Press, 1981, and for a 
description of ironworking in 
Massachusetts, see Edward Neat 
Hartley. Ironworks on the Saugus, 
University of Oklahoma Press. 1957. 

Artist's reconstruction of the John Winthrop. Jr., Furnace in Braintree, 
Massachusetts. The features are comparable to those that once existed 
at the Ebenezer Man site Reprinted from Historic Quincy Massachusetts, 
edited by William Edwards. Quincy. Massachusetts 



Excavation at the 
Golden Ball Tavern 
by Ricardo J. Elia 

During the tense weeks before vi-
olence erupted between British 
and American forces at Lexington 
and Concord in April 1775, the 
British commander in Boston or-
dered two of his officers on a re-
connaissance mission to examine 
the countryside west of Boston. 
Not certain whether they would 
receive a friendly or hostile recep-
tion, the British officers made 
their way west along the Boston 
Post Road, s topping late in the 
day at an inn in Weston. Accord-
ing to their report to General 
Gage, 

We stopped at a tavern at the 
sign of the golden-Ball, with an 
intention to get a drink and so 
proceed; but upon going in the 
landlord pleased us so much, as 
he was not inquisitive, that we 
resolved to lye there that night; 
so we ordered some fire to be 
made in the room we were in, 
and a little after to get us some 
coffee; he told us we might have 
what we pleased, either tea or 
coffee; we immediately found 
out with whom we were, and 
were not a little pleased to find, 
on some conversation, that he 
was a friend to government 

Isaac Jones, a prominent Weston 
citizen and landlord of the Golden 
Ball Tavern, signaled his Tory 
sympathies to the British officers 
by offering them tea at a time 
w h e n many American colonists 
were boycotting tea as a protest 
against British colonial policies. 
During the previous year, Jones 
had come unde r increasing pres-
sure on account of his political 
leanings. He was censured as an 
"Enemy to his Coun t ry" by one 
revolutionary committee, and in 

March 1774, in a Weston version 
of the Boston Tea Party, a mob of 
about 100 people broke into his 
residence at the tavern and thor-
oughly ransacked the house. 

Despite his apparent Tory sym-
pathies, Isaac Jones eventually 
joined the side of the united 
American colonies against the Brit-
ish. However reluctantly, he prob-
ably signed an oath of allegiance 
to the revolutionary cause soon 
after the fighting actually began. 
By 1777, at any rate, he was haul-
m g goods u n d e r contract to the 
American Army. His tavern con-
t inued to serve the public 
th roughout the war, and remained 
an inn until 1793. 

Built be tween 1764 and 1769, 
the Golden Ball Tavern is a fine 
example of Georgian-style archi-
tecture and is listed on the Na-
tional Register of Historic Places. 
The proper ty , acquired in 1963, is 
o w n e d by the Golden Ball Tavern 
Trust, which lovingly maintains 
the house unde r the guidelines of 
a special "liberation phi losophy." 
Rather than remove all later altera-
tions and addi t ions in order to 
create an artificial restored version 
of the house as it may have ap-
peared in the eighteenth century, 
the Trust has chosen an "archaeo-
logical" approach to presenting 
the house in which successive 
changes are preserved and pre-
sented as a means of unders tand-
ing the history and development 
of the house th rough time. 

Visitors to the tavern can see, 
for example, h o w the large origi-
nal 1760s fireplace and bake oven 
were converted into a smaller fire-
place in the early nineteenth cen-
tury, and how, still later, the sec-
ond fireplace was itself bricked in 
and replaced with a freestanding 
stove, as a response to the in-

Continued on next page. 

Inscribed Minoan balance weights 
from Ayia Irini, Keos, Greece. See 
"On Clay Tablets, Lead Discs, and 
Ancient Mathematics," page 6. 
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FURNACES, FORGES AND F 

I.KFI : Tl/esc sing ami ore samples f rom the 
author s collection were gathered at the 
sites of old Vermont iron works. At top 
are two special-shaped Jire bricks from 
l'ittsford and South Shaftsbury furnaces. 

ABOYT.: The old l'ittsford Furnace near 
l'ittsford Mills had the good fortune to 
be built practically atop an iron ore bed. 



OUNDRIES 
Active old foundries and 
crumbling stone stacks 
are the reminders today 
that Vermont 140 years 
ago led the Nation in 
the production of iron. 

IRON IN VERMONT? A visitor from Minnesota 's Mesabi 
country wil l scoff at such a thing. Bur a check of 
state geology reports and the history hooks will 

show that not only was there plenty of iron in Vermont, 
but that the state once was in the forefront of iron pro-
duction. 

Bog ore was first discovered by pioneer Vcrmonters 
in the s w a m p y areas and low spots which Ivad once been 
covered by the pre-historic "Champla in S e a . " T here were 
workable deposits of bog iron in Highgatc , Swanton, 
Sheldon and Ferr isburg, with the biggest bed in Monkron. 

. Th i s ore w a s not mined, but s imply dug our of drained 
open pits. 

' T h e other main type of Vermont iron is known to 
geologists as brown hematite. I his w a s harder to get out 
of the ground. It w a s usually found in layers o f f rom a 
few inches to several yards thick, and might extend a few 
feet, or several miles. O r e o f this kind needed real mines, 
like the ones dug in Chittenden and Bennington where the 
miners descended s ixty feet into a shaft and then picked 
away at the ore in galleries that extended in several direc-
tions. 

Possession of an ore l>cd didn't mean that you had a 
saleable product, lb produce it, you had to build a blast 
furnace, or a b loomcry forge . A furnace w a s a large, 

By RICHARD SANDERS A L L E N 

Photography by 

LADISLAV DEJ NOZKA 

t 

Familiar sight to thousands of motorists is the 
old limestone and marble stack of the Dorset Iron 
Company at the side of Route 7 near East Dorset, 
Demming Pond and Mt. Aeolus' slope beyond. 
Birch trees have an ajjinity for old iron sites. 
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hollow stack of native stone, tightly mortared and bound 
with iron bands. Inside, it was lined with special fire 
brick, designed to withstand terrific heat. The 'o ld-t ime 
furnaces were a lot like the stone fireplaces that today's 
do-it-yourself householder builds in his back yard, and 
were fueled to the best advantage with charcoal, which 
gives a high clean heat. 

In a back yard fireplace you may fan rhe flames, or get 
down and puff until you arc red in rhe face. In making 
iron, the air to intensify the hear was introduced by means 
of waterwhcels, operating big leather bellows to force 
air into the furnace. In later models, a system of wooden 
tubs with pistons compressed the air for the same use. 

A typical Vermont iron furnace was charged at the top 
fifteen times a day. A charge consisted of thirty bushels of 
charcoal, fifteen hundred pounds of ore, and a hundred and 
fifty pounds of limestone. T h e limestone acted as a flux to 
melt and combine with any unburnablc matter found in the 
furnace. This rose to the top of the red-hot mass and was 
drawn off in the form of slag. 

In a fireplace, the important product is the steak that is 
cooked on top. In the iron furnace it is molten iron, drawn 
off at the bottom. On the sandy floor beside the bottom 
of the stone stack a trough was dug to receive the bright, 

• smoking metal as it poured from the furnace. 1'his de-
pression was called rhe " s o w . " Connected with it were 
smaller side ditches which for obvious reasons were called 
"pigs . " 

The furnace building itself was a dark and cavernous 
place that often resembled Dante's Inferno. Big, brawny 
iron workers moved about with blackened faces and bare 
chests glistening in the glare of the white-hot pig iron. 
To keep the furnace in continual blast they worked night 
and day in twelve hour shifts for periods as long as nine 
months. Thirsts ran heavy. It has been said that for every 
ton of iron made, at least a gallon of whiskey was con-
sumed. 

Charcoal in vast quantities was needed for the iron 
making process, and the forests around the furnaces were 
quickly cut. Farmers with timber holdings went into 
charcoal-making on the side, and in some regions the 
smoke from the colliers' oven fires on rhe. hills was always 
present. A bed of limestone nearby <was considered a 

, further asset by the furnaceman. 
Pig iron ran about eighty pounds to the bar, and was a 

mighty important product to early Vcrmonters. From it 
could be made kettles, binges, spikes, forks, hoes, chains, 
frying "spiders" and all manner of iron implements. 

T h e word " f o r g e " covered several other types of iron 
works. T h e most common, of course, was the blacksmith's 
little heating forge that stood at most village crossroads. 
On a larger scale were the Catalan forges that actually 
smelted iron. These worked on an old principle called the 
trompe, by which falling water was made to trap air and 

deliver ir under pressure to a hearth. Naturally, an ideal 
spot was by a waterfall. In these forges the iron ore was 
inched and the iron formed in a pasty mass. A big mechani-
cal hammer banged away ar this, squeezing out the cinders 
and resulting in a salable bar of iron called a "b loom." 
This gave the forge another name, a "b loomcry . " T h e 
first one in northern N e w York, at Wil lsboro Falls, used 
Vermont iron from Basin Harbor across Lake Champlain, 
Adirondack iron being as yet undiscovered. Later the 
traffic was reversed and five Vermont bloomcries, (at 
Vergcnncs, Salisbury, East Middlcbury, Ackworth 
(Bristol) and Fair Haven), all,used York State magnetic 
ore. 

F.thnn Allen is sometimes erroneously credited with 
establishing Vermont's iron industry. Actually, it was 
another famous Vcrmonter, Matthew Lyon, who built the 
state's first iron works at Fair Haven in 1785. In addition 
to bar iron, Lyon made axes, hoes, ploughs and nails. He 
even tried to protect native industry by petitioning the 
State Legislature to impose a duty on nails coming into the 
state. 

Lyon ' s pioneer venture was followed closely by an 
iron establishment at Bennington anil one in Tinmouth. 
T h e L a k e Champlain area had the casy-to-gct-at hog iron 
and the industry was centered at Vergcnncs. There was 
the big bed in Monkton, and sloops brought other ore 
from Highgatc, Swanton and from the Rogers bed across 
the Lake in N e w York. At the falls in Vergennes were two 
blast furnaces for producing pig iron, and nine forges 
going full blast to convert it into hammers, anvils, pots 
and teakettles. These were shipped by boat to Montreal 
and Troy, and by overland wagon to Boston markets. 

In 18(3 the Monkton Iron Company at Vergennes 
was the largest iron works in the United States. T h e 
strategic site of the works was a boon to Commodore 
MacDonough in carrying out his naval campaign for con-
trol of Lake Champlain during the War of 18 12 . H e built 
his fleet in the shipyard across rhe creek from the iron 
works, and the company, after supplying his fittings, 
quickly switched over to war production. T h e y made 
two tons of cannon shot a day for MacDonough and the 
Northern Armies. A f t e r the threat of invasion was stopped 
by the defeat of the British fleet in 18 14 , Benjamin Welles, 
superintendent of the iron company, remarked: 

"MacDonough saved our works, but our works saved 
his ships by furnishing a large supply of shot. So it is an 
even bargain." From its preeminence as the nation's largest 
iron works, the Monkton Iron Company took a swift 
drop and never recovered from the postwar depression. 
Various smaller bloomcries and foundries later occupied 
the site, but conducted only local business. 

Israel Keith was a real pioneer in Vermont iron. H e 
came from the bog iron country of tidewater Massa-
chusetts and in 1 7 9 1 , started a furnace enterprise at 
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Bennington Iron Works furnaces as 
they appeared about 1870. The center, 
smaller stack wis railed the "Tup." 
Ironmaster Thomas Trenor burned 
down a predecessor to one of these 
furnaces, mistakenly charging it 
with 'manganese instead of iron. 

This marker on the Vermont-Canadian 
boundary at East Richford, was 
cast more than too years ago by the 
Orleans Iron Company, Troy, Vermont. 
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Pittsford, Vermont. Israel bought his land from Ira Allen 
and paid for it " in iron and hollow-arc" after he got the 
furnace built. H e soon went on north to Sheldon, where lie 
could work the hog ore with which he was more familiar. 
His furnace on the bank of Black Creek employed a hun-
dred men, and the iron products, bartered for other necessi-
ties, became known as "Sheldon Currency . " Keith's 
specialty was potash kettles, for potash-making was a 
big business at the time. These "ki t t les" were cast in 
molds to sizes holding forty-five, sixty, and ninety gallons 
apiece. Men came as much as two hundred miles for a 
Sheldon kettle, waited their turns, and loaded the cumber-
some castings hot from the mold. 

A small portion of die Keith furnace can still be found 
in the underbrush at Sheldon, forgotten and unmarked. 
More remains of the successor to his first Vermont iron 
venture, the well-preserved stack alongside Furnace 
Brook in Pittsford. This furnace was built in 1828 by the 

R. S. Allen 

Granger family, long identified with Pittsford iron. T h e 
Grangers had been hauling ore six miles from a mine in 
Chittenden. Then, while excavating for a new furnace, 
they found their sire to be directly over a new bed of iron 
ore. I hat luck, with good limestone in a quarry nearby, 
kept Pittsford iron in production for many years. During 
thirty weeks of 1856, this furnace produced nearly 1600 
tons of pig iron. , 

Down in Bennington, Wil l iam Blodgctt commenced 
furnace operations soon after the Revolution. He had 
many successors who endeavored to make a go of the iron 
industry, among them a clothier, an Irish political refugee, 
a newspaper editor, a French scholar, and a minister. T h e 
clothier was Moses Sage, who in 1 8 1 6 moved to Penn-
sylvania, where he erected another blast furnace. T h e 
place was callcd Pittsburgh. 

I he political refugee was Thomas Trenor, a stern, 
stubborn man with an Irish brogue and an easy temper. He 
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T'Ite old sitine shirk of llir Green 
Mom/I,tin htm ( '.innpony at barest-
thile wis l'itili in iS<;y. Two limi-
li red men were employed here, cast-
ing pig iron, mid Liter molding 
tirnmnenhil chairs, urns ek statues. 

insisted on putting a cliargc o( a new black ore he'd lound 
into his furnace, with the thought that it was a rich vein 
of iron. T he stack commenced ro rumble and shake. 
When the furnaceman tapped ir, the liquid stream hurst 
forth with a roar, took fire, and spattered in all directions, 
burning down rhe wooden sheds around the stone stack. 
M r . Trenor had unwittingly charged the furnacc with a 
deposit of black oxide of manganese, which with iron 
burns like fury . T h e ironmaster had to he extremely 
careful after that, for only half an inch of clay separated 
iron and manganese in some of his ore beds. Manganese 
was a lways the devil in the Vermont iron stockpile, and 
similar, though not so drastic mistakes happened at Pitts-
ford and Dorset furnaces. A use for manganese was later 
found in making bleaching powder and in glass manu-
facture, but at Bennington tons of the stuff were thrown 
away . 

Towns adjacent to Bennington also supported iron 

<f; ' a ^ S i i f 
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furnaces. T here was Woodford, where big anchors for 
navy gun boats were cast during Je f ferson 's administra-
tion, and Shaftslniry, where all the pig iron was shipped to 
Troy , N . Y . for use by the Burden Company in making 
practically all the horseshoes used by the Union armies. 

U p in Brandon were two furnaces. In Brandon village 
John Conant made the patent stoves that bore his name, 
and sold them all over N e w England and N e w York. Th i s 
company later specialized in casting railroad car wheels, 
a product for which durable Vermont iron was especially 
suitable. A t the other Brandon furnace in Forestdale, to 
satisfy popular demand, the molders even cast ornamental 
items like vases, chairs and statues, in addition to their old 
standby of pig iron. 

All this iron activity took place on the western slopes 
of the Green Mountain Range. On the other side of the 
state was the small "Somerset F o r g e " in Dover, which 
shipped iron blooms to Bennington in competition with the 

R. S. Allen 
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Israel Keith's Sheldon Furnace was 
located on Black Creek. Iron pro-
ducts made here were used for bar-
ter, known as "Sheldon Currency." 
Huge iron kettles were a specialty. 
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local works . T h e r e w e r e two forges in Randolph, and one 
ar Cady ' s Falls in Morristown, w hose ore came from the 
"Goth ic B e d " in F.lmore. 

A t Tyson in the town of Plymouth was a substantial 
iron industry, with furnaces erected in 1837 by Isaac 
Tyson of Baltimore, Maryland. Tyson built a large blast 
furnace for pig iron and a small one " f o r convenience." 
A t one time Tyson Furnace expected to become a leading 
city of the state. W i t h its self-sufficient iron works , stove 
foundry, company store, and houses for the workers , it 
resembled some of the more prosperous " iron plantations" 
of N e w Jersey and Pennsylvania, where everything was 
supplied by and revolved around "the company. " 

A t Troy was the only workable Vermont ore of the 
magnetic variety. Since the beds stretched for two miles, 
some Boston promoters bought them and crcctcd the 
Troy Furnace beside the Missisquoi R iver . Lack of 
transportation and distance from markets caused the 
enterprise to fail . Flic company is noted chiefly for casting 
the boundary markers that can still he seen today at many 
points along the Canadian border. 

One by one the iron beds in the state were exhausted, or 
abandoned because of increased production costs. T h e r e 
are still deposits of good grade iron to be found under the 
Vermont soil, but as long as iron can be easily scoopcd up 
in the open pits of Mesabi , Ungava, and Venezuela, the 
mineral prospectors will pass them up. 

A new hobby has revived interest in the old Vermont 
iron furnace sites. T h i s ccntcrs not on the iron, hut on the 
cast-off by-product, slag. Cut and polished by amateur 
lapidaries, this makes interesting and inexpensive rings, 
bracelets and other jewelry settings. Slag ranges from 
bright blues and greens to white and orange brown, with 
all shades and combinations in between. 

For those interested in seeing some of the old furnace 
stacks, there are six still standing in the state. T w o are 
visible from Route 9 to the east of Bennington. Perhaps 
the best-preserved is the limestone and marble stack 
beside Route 7 south of East Dorset. A little more hunting 
will bring you to the Pittsford Furnace on the brook above 
Pittsford Mil ls , and the Green Mountain Iron Company 's 
old stack still stands under the bank, at the upper end of 
Forestdale. Local inquiry is necessary to find the remote 
old T r o y Furnace, out of sight of the river road between 
T r o y and North Troy . Portions of other Vermont furnaces 
still can be found, but archaeological digging would have 
to be practiced at most of their sites. However , the 
discerning eye can often pick out a flash of blue or bright 
green slag in the bed of a brook, disclosing the former 
presence of one of Vulcan's Green Mountain workshops. 

T h e iron industry in Vermont today is confined to 
foundries, which were often run in connection with both 
furnace and forge. In a foundry the metal is heated and 
cast directly into molds. M o d e m foundries take bar iron 
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and melt it at high temperatures so that it may be cast 
into any desired form. Near ly a dozen foundries still do 
business in Vermont. Typical o f them is the G r a y Foundry, 
Inc., of Poultncy. 

Fol low down Furnace Street along the Poultney R iver 
and you'll find the G r a y Foundry. Its buildings are ar-
ranged for utility, not beauty, hut on a late winter 's 
afternoon when the furnace is in blast, the leaden sky will 
he lit up with a g low that gives this plant an aura all its 
own. 

From the squat, square office, a well-worn path leads 
down to the heart of operations, the main moulding bay 
foundry. Gone is the g loomy cave of the iron workers of 
the last century. T h i s is a modern, spacious building with 
cupola furnaces, electric hoists and cranes. Only the 
brimstone smell of hot iron remains the same. 

G r a y ' s foundrymen prepare molds and pour iron five-
and-a-half days a week . Castings range from small blocks 
to 3ooo-pound bases for paper-making machinery. T h e 
steel stack of the furnace is charged with the proper 
amounts of York State or Alabama pig iron, scrap iron, 
coke and flux, and the air blast gets roaring in the cupola. 
It takes 30,000 cubic feet of air to melt a ton of iron. 
When the furnace is tapped, the foundry windows reflect 
the glare, and the place conies alive. G r a y ' s foundrymen, 
all with at least ten years experience, know their jobs and 
respect the danger of the material with which they work . 
Each is ready at the precise moment when the big ladle is 
poured;—lighting the escaping gases with fire sticks, 
holding the handle steady, or playing a stream of water 011 
the hot flask or mold. Sparks fly up and scatter on the 
black sand of the foundry floor. Gushing from the furnace, 
white-hot iron pours again and again with a plopping 
noise like thick sour cream from a pitcher. Motions indi-
cate which casting is to be poured next. T h e little ones are 
filled from hand ladles and left in smoking rows. 

A t the end of several hours of such work, all hands 
stand back and the furnace is dumped. A huge fiery mass 
cascades ro the floor with sparks, coals and thick twisting 
streams of slag. Water hisses and steams on this residue, 
the glow fades, and the foundry is done for the day . 

G r a y Foundry, Inc. is thought to be the third oldest 
foundry continually in business in the United States, and 
still produces castings on the same site. It commenced 
melting iron in 1828 as the Stanley Stove Works. T h e 
patent Stanley anthracite stove was a big square orna-
mental affair , some of which are still to he found in the 
back rooms of older Vermont houses. I h e stove business 
grew with the demand, and later Stanley went into making 
castings for horse power machines, slate-working ma-
chinery and curry combs for ihe Union cavalry during the 
Civil War. T h e foundry was reorganized in 1900 under 
the direction of A . Y. G r a y , and has since horn his name. 
For the past forty years the plant has been run by Norman 



G . Knapp, grandson of M r . G r a y , who lias kept pacc 
wirh the times by making a great variety of castings. 

" W e ' r e classed as a small jobbing foundry , " says 
Gray ' s president and general manager. " O u r business is 
varied and not conccntrated on any one product. In addition 
to the machinery for slate and marble working, w e make 
castings for paper mill machinery, pumps, machine tools, 
pipe bending machinery, oil field maintenance machines, 
and road building machines to name a f e w . We can make 
just castings, or the complete machine. And our products 
go all over the w o r l d . " 

M r . Knapp's G r a y Foundry has risen from die ashes ot 
two disastrous fires, and has had the waters of two Hoods 
four feet deep on the main foundry floor. It is a prime ex-
ample of the survival of a small Vermont family company 
which has licked the problem of f i l l ing markets by diversi-
fying its products and adding new lines. END 
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ABOVE: The Poult/ley Foundry is one of about a dozen in 
Vermont. Scrap iron and Jlasks lie in the foreground. 

ABOVE LEFT: Norman Knapp heads the 128-year-old Gray 
Foundry believed to be the third oldest in the Nation. 

BELOW LEFT: Appropriate to the Poultney slate belt is 
this Gray Company iliamond saw for cutting slate tiles. 

BELOW: lloist operator and foundry men start the pour 
of molten iron into the runner box of a machine casting. 



¡JacL -vA 
April 2, 1984 

Dear Giovanna, 
Rid. 5 

It looks like I shall be coning up sometime either Monday or Tuesday, 
April 16 or 17th. We won't be making the VAS meeting, possibly coming 
to Burlington Sunday, staying over to Tuesday eve or Wednesday morn. 
Many things happening at this end are complicating the trip, so that 
I won't know for sure until later this week. 
What started a few weeks ago as 'idle' curiosity into family relation-
ships between the Penfield and Hammond families of Vt/NY has turned 
into a full-blown research project. In researching various families 
connected with the ironworks business, I am finding some amazing things, 
such as, many of the more prominent ironworks owners in Vermont inter-
married with other ironworks-related families. For instance, Penfields 
are related to Hammonds, who are in turn related to Conants. A Drury 
(Highgate furnace) married a Keith (Pittsford, Highgate, and Sheldon 
furnaces), also married a Saxe (Slamon River Furnace, NY). Cloburn 
(West Haven furnace) married a Davey (Fairhaven works). I'm finding 
that the originators of the Crown Point Iron Co (Penfields and Hammonds) 
came from Pittsford. Jacob Saxe, uncle of the poet, was at first part 
owner, then sole owner of the first blast furnace in the Adirondack 
North Country. It was built by non other than... (Isreal or Alfred) 
Keith. The Keiths were also connected with at least one other furnace 
in NYS. A Colburn built a furnace at West Haven, later a furnace west 
of Ironville in 1848. And so it goes. I'm finding the answers to many 
questions I had about ironworks in Vermont by studying the 'family 
connections'. 
At West Haven, there may have been a blast furnace built in 1825. It 
was located somewhere downstream of Carvers Falls, but since the Poultney 
River is the VT/NY border, I don't know yet whether the site is in fact 
in Vt. It'll be the first field trip of '84. Maybe we've found another 
one! The Colburn that built it maybe the one (or related to ) the 
Colburn (also spelled Coburn sometimes) furnace at West Moriah. I visited 
that furnace many years ago, at that time not knowing that Vermont ex-
isted, let alone had a blast furnace. 
I got some great photos of the standing kilns at No Levittown, Mass 
(charcoal kilns) and also the lime kilns at Leicester Jet. I'll start 
writing that up soon. We drove up to Dover (Vt) a few weeks ago 
trying to find Mrs Stephen Greene's; she has a lime kiln on her 
property also, per some correspondence you sent me many years ago. I 
have since found her mailing address and will get a letter off to her, 
to see and record it. 
Anyway, I have loads of work waiting for me as soon as I get to UVM/VHS 
libraries. I'll be writing a letter to your Dad tonught also, so I may 
possibly see his kiln up at Milton. Should be a busy couple days. Can't 
wait for all this snow to melt. The high roads in the charcoal kiln 
area are still well snov/ed in; hopefully I'll have some help beating the 
bushes this year. 
I'll phone up as soon as I get a better date for an appointment. 

Ciao! 
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EIGHTEENTH CENTURY 
VERMONT FORGES 

By Victor R." Rolando 

(Last fall, at the invitation of the VAS, 
I made a presentation at the Annual Meeting on 
the subject of Vermont's eighteenth and nine-
teenth century iron making blast furnaces. The 
presentation was repeated, somewhat updated, to 
the Rutland Historical Society in February as 
part of the Bi-monthly Seminars in Archeology. 
Response to these two very preliminary Industrial 
Archeology excursions into early industrial 
Vermont has been very warm and enthusiastic, and 
I have been encouraged by many of you to put 
something on paper. What follows is the first 
of a yet undetermined number of insights into an 
industry that few understand or realize existed 
in Vermont. The object of these articles, 
therefore, shall be to encourage an awareness of 
these industries through an understanding of j 
why they were there and what they did, in the 
context of what archeological remains might ex-
ist. This first paper concerns eighteenth cen-
tury Vermont forges. Future papers will cover 
iron and bog ore, charcoal making, foundries, 
and blast furnaces. I look forward to your 
continued encouragement in the form of leads, 
invitations to visit suspected ironworks sites, 
newspaper clippings, or just plain interest.) + + + 

The first iron making industries of Ver-
mont began operation shortly after the end of " 
the American Revolution. These industries re-
sponded to a purely local demand for basic-do-
mestic and agricultural needs that were the re-
sult of a dramatic population growth. From a 
few thousand people in the 1770's, Vermont's 
population grew to about 85,000 in 1790, and 
nearly doubled to 155,000 by 1800 (Thompson 
1842:211). One of Vermont's earliest iron en-
trepreneurs was Col. Matthew Lyon, who built an 
iron making complex at the upper falls' in Fair 
Haven after petitioning the Oeneral Assembly to 
lay a duty on nails coming into the state, en-
abling himself to supply all local needs. In 
addition, Lyon's forges supplied axes, hoes, 
various agricultural implements, 'and workable 
iron bars (Adams 1870:141-42). y 

Lyon's forges should not be confused with' 
blacksmith's forges, which were much smaller, 
required less heat, and worked smaller pieces of 
iron. Neither were Lyon's works connected with 
blast furnaces, which, under the encouragement 

of higher temperatures in a significantly larger 
structure, produced on the order ot a ton or 
cast iron a day. The product of a forge was 
wrought iron; a relatively low-carbon iron cap-
able of being hammered and shaped. For conveni-
ence, it was produced in bars; hence its name— 
bar iron. Easily handled and transported in ap-
proximately 100-pound bars, bar iron was re-
heated, rolled, slit into rods for drawing into 
wire; cut and headed into nails, rolled again 
to make barrel hoops or wheel tires, etc. 

The capability of a forge was measured in 
terms of the number of fires, or hearths, it 
contained. The hearth was centered in an ap-
proximately 15 feet wide by 10 feet deep and 
one to two feet high brick-lined platform. 
Small vents led from the bottom of the hearth 
to one wall of the platform, where air was 
forced in by waterwheel-powered bellows. The 
pulsating draft kept the hearth at working tem-
perature. The waterwheel was usually situated 
just a few feet away, on the outside of the 
forge building wall. In the hearth, iron ore 
was continuously added and mixed with hot glow-
ing charcoal until enough of the heavier iron 
settled to the middle of the hearth in a sort 
of pasty, red-hot ball. 

Because of such physical limitations as 
the small size of the hearth and the draft-
producing bellows, the iron from the forge 
usually didn't melt. In fact, if it did melt, 
it would have been useless for the intended pur-
poses of the forge. Even if the heat of the 
forge could coax the iron to run as free liquid, 
in this state it would reach such temperatures 
that it would chemically absorb excessive quan-
tities of carbon from the charcoal, and after 
removal from the hearth, would be much too hard 
for hammering or rolling with the methods of 
the time. By keeping the iron just 'cool' 
enough not to melt, little if any carbon was 
picked up by the iron and thus the iron main-
tained its characteristic malleability. 

The ball of iron forming in the hearth was 
called a bloom. For this reason, many forges 
show up in the documentation as bloomeries. (The 
French used the word "loupe", often spelled 
loop; the Germans used "stuke," or wolf. Wolf 
furnaces were in fact bloomeries.) Jhe bloom, 
weighing a hundred pounds as the piece of bar 
iron it will become, however, required removal 
of the pieces of solid coal, ash, and stones 
embedded in or stuck to it. The only way to re-
move them was to 'squeeze' them out through 
hammering. Worked quickly before it cooled and 
hardened, the bloom was removed from the hearth, 
hammered by rapid strokes of the trip hammer, 
and returned to the hearth. The cycle was re-
peated until all visible impurities were re-
moved . 

The trip hammer was another waterwheel-
powered device in the forge. Replacing the 
older method of manual hammering, it consisted 
of an iron hammerhead attached to a 10 to 15 ft. 
long, strong wooden beam. The hammer end of 
the beam was raised and dropped on an anvil by 
action of cams which were attached to the rotat-
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ing waterwheel shaft. The hammer weighed any-
where from 100 to 1,000 pounds. The bellows and 
trip hammer were turned on and off by hand-oper-
ated linkages to gates in the flume. Opening 
and closing water flow in the flume controlled 
the wnterwheel and the devices it powered. 

The anvil, on which the bloom was held 
with iron tongs, was mounted on the flat end of 
a large diameter log. The log was buried ver-
tically in the dirt floor of the forge. Long 
after abandonment of the forge, long after the 
hearth bricks, tools, hammer, and anvil have dis-
appeared, the subsurface discoloration caused by 
that anvil seat is a significant archeological 
clue to the'•trip hammer's, and probably the en-
tire forge's, existence and location. The water-
wheel pit(s), flume, and dam cribbing are other 
supporting evidences. 

Bloomeries were laid so that every two 
hearths, each tended by an ironworker, were 
separated by one trip hammer which was used al-
ternately by the ironworkers on each side. If 
dimensions of the ca.1765 Char lotteburg, New 
Jersey Middle Forge can be used as a typical ex-
ample, this two-on-one hearth/trip hammer ar-
rangement took up some 80 by 25 feet (2000 sq. 
ft.) of floor space. The Charlotteburg site 
contained two such sets of hearths (fires) and 
trip hammers in a building measuring approxi-
mately 80 by 50 feet (4000 sq. ft.) (Lenik 1974: 
9-17). 

I do not know the extent of Lyon's eigh-
teenth century forge operations, but in 1794, 
within ten years of petitioning the Vermont Cen-
eral Assembly and building the dam at the upper 
falls to power his waterwheels, he sold the "two 
south fires together with a hammer, anvil, and 
coal house" (Adams 1870:142). Lyons apparently 
also used the two-on-one formula. Taking the 
forge then operating in Tinmouth into account, 
a considerable number of forge fires are left 
operating at Fair Haven, making Lyon's Works (as 
the complex was then known) the center of Ver-
mont 's iron producing industry for at least a 
decade. 

In a reference to Nathaniel Chipman build-
ing a forge in Tinmouth to produce bar iron in 
1781 (Federal Writers' Project 1937:242) js 
correct, then this might be the birthplace of 
Vermont's Iron making industry. Tinmouth needs 
further work. Benjamin Wilbur's biography of 
Ira Allen also hinted at this when he wrote that 
Ira Allen rode to Tinmouth in 1791, where he 
signed a contract for the erection of another 
forge with two fires (Wilbur 1928:6). But an-
other at Tinmouth, or another elsewhere on that 
same trip? 

Ira Allen was connected with many iron mak-
ing activities to attract investors and specu-
lators into his land holdings, and also to pro-
vide some income for Vermont's postrevolutinary 
cashless frontier economy. In 1789, he was will-^ 
ing to lease iron manufactory sites at the falls 
in Winooski and Shelburne, and also along the 
Missisquoi, for seven years free from rent, at 
the end of which time paying a 'fair price' for 
the forges. Later that year, he was shipping 
bar iron to Quebec on rafts, augmenting his lum-

ber business with Canada. By 1790, Ira was 
authorized by Quebec to ship bar iron to England 
via Canada without paying the export duty level-
ed by Quebec. 

In 1792, Ira Allen commenced the design of 
the largest forge lie had yet constructed. He 
obtained the hammer, bellows, etc. from Canaan, 
Connecticut, near a blast furnace built by 
brother Ethan thirty years earlier at Lime Rock. 
In the spring of 1792, Ira signed the contract 
and specifications for a forge and anchor shop 
(anchors were big business with our new, growing 
navy) at Colchester, and a forge building mea-
suring 50 by 40 feet (2000 sq. ft.) in Shelburne 
(Wilbur 1928:27). Upon completion of these 
works he immediately leased them out in an at-
tempt to crcnte business in the city that was 
cominc into existence between them--Burlington. 

There are references to four forges in Ad-
dison County by 1792 (Williams 1794:317), al-
though 1 know for relative certain only that 
in Middlebury, built by Jonathan Nichols (Smith 
1886:327). This forge, in addition to the trip 
hammer, had a foundry which produced guns (can-
non?). I suspect that eighteenth century forges 
were also operating in Lincoln, the predeces-
sors to the Ackworth Bloomeries, and also at 
Vcrgennes, where the Monkton Iron Company grew 
to be the largest in the United States during 
the War of 1812. I am also tracking down a pre-
1800 foree in Swanton (Aldrich 1891:405). 

At Bennington, bar iron was being made and 
sold in 1786 at a forge operated by William 
Blodgett (Sparge 1938:28). But Bennington was to 
make more of an iron making name by a succession 
of blast furnaces, even though the first blast 
furnace in Vermont was built many miles north at 
Pittsford by Col. Israel Keith in 1791 (Smith and 
Rosin 1886:741). The blast furnaces are another 
phase of Vermont's iron making industries, which 
usually, but not always, followed in the founda-
tions of successful forges. In the process they 
obliterated archeological evidence of the re-
placed forges. 
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A PUBLICATION OF THE VERMONT ARCHAEOLOGICAL SOCIETY, INC. 

A notice in the last issue told 
you that Jim Petersen's monograph was 
being shipped to you immediately un-
der separate cover. Subsequently, 
the Board decided to distribute as 
many as possible at the Spring meet-
ing to save postage, and so I got a 
lot of inquiring mail. Copies were 
distributed-to members of record at 
the time of the Spring meeting (May 
10) at no charge. If your 1980 dues 
were paid by that time and you have 
.not received your copy, please noti-
fy me at Box 663, Burlington, VT 
05402. 

Joseph Popecki 
Treasurer, VAS 
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By Peter Beblowski 

The Winooskl site (VT-CH-46) occu|vL?s an 
area of approximately 43,000 square uilftfS of 
floodplain on the north bank of the Winooski 
River, one mile downstream from the Routes 2 & 
7 bridge over the river, in the town of Winooski 
VT. The University of Vermont Department of 
Anthropology's 1978 excavation of portions of 
the site revealed that it contained multiple 
components, the most extensive of which date 
back to the Middle Woodland Period. 

The Winooski site's stratigraphy is rep-
resentative of an alluvial floodplain, with its 
>textural character dominated by fine sands and 
course silts. Compositionally, the sediments 
may be described as mature and multi-genera-
tional, composed primarily of quartz. The fine 
grained nature of the site's soil components is 

ive of vertical accretion of sediments 
during overbank flooding - this depositional 
pattern has probably existed for the past 4,000 
years. The site area's seemingly stable 
sediment accumulation rate of roughly 50 centi-
meters per thousand years (even with an upper 
rate of 80 centimeters per thousand years for a 
portion of the rlverbank levee)lends itself to 
a model of relatively steady-state aggradation. 

Sediment accumulation at the Winooski 
site is influenced by a "downstream control 

which causes the deposition of fine^ Q 

Search for Vermont 
Furnaces Yields Dramatic 

Discoveries 

GEOMORPHOLOGICAL SUMMARY 
OF THE WINOOSKI SITE 

By Victor R. Rolando , 
Wrought and cast iron were made in at least 

62 bloomery forge and 18 blast furnace sites in 
Vermont between 1775 and 1890. During this 
period, 75 bloomery forges and 28 blast furnaces 
were fired at these sites (Rolando 1980:107-1131 
Field investigations made in 1978 and 1979 to 
locate the surface remains of nine of these 
forges resulted in a few bits of slag, one flume' 
and one possible dam site. The search for : 
blast furnace sites, however, has netted more Y V 
dramatic discoveries. Standing ruins of blast 
furnace stacks exist in Bennington, Dorset, 
Forestdale, Pittsford, and Troy. Trace ruins« 
are also identifiable in Tinmouth and Plymouth. 
The remaining sites, which display either 1 

questionable or no surface evidence are in '¿(I 
Brandon, Fair Haven, Shaftsbury, Sheldon, St.- J'"-
Johnsbury, Vergennes, and Woodford. 

These blast furnaces measure 20 to 30 feet '•'. ] 
square at the base and 23 to 40'feet high, 
tapering inward from the base. The outside 
walls of the earlier furnaces, such as those in ' < ¿. v* 
Bennington, Dorset, and Troy, are of coarsely 
laid rough cut (or uncut) stone. Walls of the A"! 
later blast furnaces at Forestdale and Pittsford A 
are of uniformly laid large finished stone. All i?" 
walls 

were laid without mortar or cement.* Each blast furnace was built close enough 
to a low hill to allow a short bridge to + *! 
connect the hilltop to the top of the • 'Mi-

furnace, affording the means of charging the 
furnace with iron ore, fuel, and flux. Iron 
ore was mined locally and sometimes mixed with 
ore from New York State. The fuel was charcoal, 
made in kilns located in the surrounding forests;4.'1' 
or at the furnace site. Anthracite coal was '•••> 
considered at Dorset (Neilson n.d.:220), and 
actually used without success in 1854 at the 
Forestdale stack (Lesley 1859 b:25). At the 
Conant furnace in Bradon, a dense peat called 
lignite ("brown coal") was used to supplement 
expensive charcoal. To facilitate removal of 
impurities from the iron, a limestone flux was 
added to the charge of iron and coal. The 
limestone combined with the impurities to form 
slag, visible at most furnace sites as multi-
colored "stone". ^ 2 . n m » j j f 
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grained material on floodplains, lawns, terraces 

> and backswamps. Downstream control of a fluvial 
system is synonymous with "base level control." 
The surface of Lake Champlain has been iden-
tified as the base level for the aggradational 
system operable at the Winooski site. It is 
interesting to note that the sediment accumul-
ation rate perceived at the site parallel's a 
slow but steady rise which has been projected 

'/ for Lake Champlain, surface level. This pro-
i Jected use is approximately 80 centimeters per 
thousand years over the past 4,000 years, and 

• is derived from a straight-line projection from 
;J two known points representing lake levels at 
particular times. 

In a downstream aggradational control 
system, a "sedimentary wedge" is developed which 
becomes thicker as one approaches the control 

,point, in this case the Lake Champlain shore-
¡line. As a consequence prehistoric human 
occupation surfaces (sites) of any particular 
age on the Winooski floodplain are under a 

Y thicker mantle of sedimentary material the 
/closer they are to the lake, given no major 
breaks in the stratigraphie record, 

j " The Winooski site, it must be remembered, 
ilia is but a small component of a large and com-
splicated environmental system. With no compa-
rative date to shape a geomorphological model 
»around, the conclusions presented above are 
'necessarily tentative. They will be expanded on 
. in the forthcoming Winooski site mitigation 
report. A more complete geological history of 
the lower Winooski River Valley, of vital im-

/ portantance to prehistoric archaeologists, 
: awaits the collection of further data. 

1 * BLAST FURNACES 

The forced draft for which the blast 
furnace was named was generated for earlier 
furnaces by large bellows, driven by water-

4 wheels. Usually operated alternately and in 
pairs, 4-foot-wide by 20-foot-long bellows were 
not uncommon at the turn of the nineteenth 
century. Soon after, these bulky and cumber-
some devices were replaced by wooden cylinders 

: and pistons, the forerunners of today's air 
. compressors. The 1839 alteration of Conant's 
, furnace to accommodate two 6*i-foot diameter cy-
linders is the earliest recorded use of these 
blast machines in Vermont (Lesley 1859 a:77). 
The cylinder heads were double-acting, with 
inlets and outlets closed by wood flap valves 
on leather hinges. (At a contemporary site at 

Y Tahawus, New York in 1977, I found the remains 
of wooden cylinders and pistons and their cast 
.iron piston rods.) The pistons were operated 
by piston rods made either of cast iron or wood, 

V. (wood was used at Hopewell Furnace, Pennsylvania 
.: connected and driven from each side of the water 
wheel. The cylinders were mounted either 

¡¡¡i next to the waterwheel (Tahawus) or on scaf-
folding above it (Hopewell). 

The blast was connected to the furnace ? ' 
hearth through one of the arches at the base of ' ' - j 
the stack by cast iron nozzles called tuyeres. 
The tuyeres were usually double-walled and ' 
cooled by circulating water to keep them from 
melting. 

Early blast furnaces hhd one or two arches; J v 
later furnaces had four. Early furnaces such 
as the ca.l8?0 stack in Bennington, employed 
corbelled arches with no decorative molded ' 
bands. The Dorset and Forestdale furnaces, of % 
slightly later construction, contain splendid 
wedge-stone arches, while the Pittsford furnace, 
which operated until the 1880s has a three-
tiered molding of mortared brick. The soffit, . 
constructed of red brick underlain by yellow, 
extends the entire depth of the arch ceiling. 

These archways also gave ironworkers 
access to the hearth, from which the molten '"J 
iron and slag were periodically drawn off. -Jaga I • 
The hearth sat at the center of the furnace 
base. It was massively walled and supported 
with stone and/or brick to support not only the 
heavy molten iron and slag in it but also the '•§gj 
entire bosh, which extended to the top of the 
furnace. The bosh was the inner stone or brick- ; 

lined vertical cavity in which the actual melt-
ing took place. Its configuration was like 
an egg, standing on its wider end. It was at 
this wide point where the tuyeres were connected : • 
and melting temperatures were the highest. -¡AG 

FILL 

mm 

Cutaway view into a 
typical blast furnace. 

Early furnace boshes, such as one of those 
at Tinmouth, were lined with a hard stone 
possibly schist or gneiss. As the tech-

nology advanced, iron characteristics were 
found to be affected by the nature of the bosh 
lining, prompting the use of various refractory 
bricks. Bosh bricks from the ca.1840 Troy, 
Vermont, furnace appear to be ordinary red ? 
bricks; from the ca.1850 Forestdale furnace they 
are yellow firebrick made in Troy, New York. 
• * 
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Bosh brick is distinctive from decorative brick 
for its burned and/or glazed end, caused by the 
extreme heat in the hearth. Glass foundaries, 
bloomery forges, iron foundary cupola furnaces 
(air furnaces), lime kilns, and other metal pro-
cessing furnaces also employ firebrick-lined 
hearths, as do present-day home heating gas and 
oil furnaces. Some firebricks were tapered to 
better fit the circular bosh configuration; all 
firebricks were mortared. 

The space between the inner, circular bosh 
1 and the outer square furnace wall was fill-
with rough stone of all shapes and sizes. 

This fill provided an insulating jacket around 
the bosh and support to hold the bosh vertical. 
This fill is visible at the two Bennington 
furnaces, each of which is partially collapsed. 
Parts of the Forestdale and Pittsford furnace 

are also exposed. 
The two Bennington furnaces are located on 

private property off Route 9 at Furnace Grove. 
They are next to a residence which once served 

the ironworks' company store and later as a 
factory. A good waterwheel pit remains 
to the eastern stack, and a depression 

ces the route of the flume from the site of 
forge pond to the wheel pit. Otherwise, all 

. surface traces of bloomery forges, charcoal 
¿/kilns, charging and casting shed, coal and ore 

houses, and a third smaller 'pocket' furnace 
(which stood between two stacks) are gone be-
neath gardens, lawn, roads, and underbrush. 

tack at Dorset stands on private 
ust west of a by-passed stretch of 

Route 7 one mile north of the town line. No 

other surface remains are visible. 
B̂ ŝtór»*« " ii liïTfwiinFffl 
JF1 
The Forest-

dale stack stands in a heavily wooded, s t a t e - W ^ M f i 
owned area a few minutes' hike up an old road P^ifeiKil 
northeast of the villege. The Pittsford ivNgf** 
furnace is relatively hidden along Furnace 2/iiji/p 
Brook a mile northeast of Pittsford village. ••te.V.«--« 
No surface remains except fallen arch and bosh 
bricks and much slag are visible at either of / | 
the latter two sites. 

The most significant blast furnace site for 
the quantity and quality of interpretive surface 
remains is in Troy. This site is located about • 
two and one-half miles north of Route 100 on the 
east bank of the Missisquoi River. It can be 
reached by a ten-minute hike through a pasture 
off River Road. The blast furnace was built 
in 1837 and abandoned in 1846 (Hemenway -
1877:325). It stands immediately downstream 
from a falls where a narrow gorge forms a right—M 
angle bend in the river. An approximately 300-5l) 
foot-long flume cuts diagonally across the in-
side of this bend, affording a good head at the ;( 
waterwheel pit, near the stack. The flume is 
15 to 20 feet wide and 6 to 10 feet deep, cut / 
through the rock. The dam, which backed the , 
water into the flume, was probably located in 

low water period in 1979 failed to reveal any/j^f* 
evidence here. Another possible dam location 
exists upstream, where the flume leaves the 
river. VjtSftPM 

The wheel pit is about 20 feet west of the . 
furnace stack. A narrow rock-cut through a 
low hill between the stack and the pit leads to ' 
the speculation that (1) the blast machines were jiggv"';' 
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N either located here, feeding air to a tuyere in 
L a possible arch at the east wall, or (2) the 
I waterwheel shaft came through this cut to power 
if the machines closer to the stack. Locating the 

archways in the stack would help to interpret 
* various features of the furnace site, but all 
1 walls except the southern one are partially 
'collapsed, burying probable arch locations. 

Directly east of the stack are stone walls, 
¿' foundations, and an iron hollow-ware 43 inches 
in diameter and 23 inches deep, possible a 

. ij potash kettle cast at the site. A tail race 
from one of the foundation holes may indicate a 

i wheel pit that powered a bloomery forge or a cu-
i pola furnace for remelting and casting stoves, 
V hollow-ware, and boundary markers. (Many of the 
I latter, cast at this furnace, were used along 
f the nearby international boundary.) Glazed 
firebricks are found in and around this hole. 
Heavy iron mounting, possibly to support a 
waterwheel, lie at one comer of the foundation. 
A small now-dry inlet in one side of the found-
ation could have fed water to run the wheel, 
but its connection to the flume or river cannot 

, be found. Slag and waste iron are scattered 
' throughout the immediate furnace area. During its active ironmaking days, the 

furnace stack was probably abutted by 
buildings, in contrast to today's open 

appearance. These buildings would have protect-
ed the blast machines and casting activities 

1 around the base of the furnace and the charging 
.»• operations at the top. The charging house sat 
- directly on the furnace with a tall chimney that 

T P vented smoke and stack gases away from the work 
areas. Foundations on the charging hill behind 
the furnace indicate that the charging bridge 
might also have been enclosed. A sketch of a 
ca.1844 blast furnace at Tahawus, New York, 
which is contemporary with the Troy furnace in 
time and wilderness environment, indicates a 
likely configuration of the immediate furnace 
structures (Masten 1968;132), 

'm. ...«•>••>» 
A ca 1844 blast furnace complex at Tahawus, 
York, a contemporary of the Troy, Vermont 

furnace. (Masten 1968:132) 

Threading through the rubble of the col 
lapsed furnace walls are the twisted iron straps 
that held the stack walls together. Their ends 
are slotted for pins to hold iron end plates ... . 
s n u g l y against the wall. All pins have been 
r e m o v e d , even from the undisturbed wall, but the j H g 
only end plate was found a few dozen feet down-
stream, in knee-deep water. Thevicinityo , 
the river near the furnace should not be over ^ . 
looked in a search for artifacts. 
1 The ironworks supported a villege that had ; 
a boarding house and post office (Thompson 
1842U74)^ No trace of villege cellar holes 
could be found. They may have been in the 
relatively smooth pasture that now borders the 
w o o d e d furnace site. The old road that ran 
parallel to River Road leads down through the 
S s the southeast and uphill out of the 
woods east of the rail race The road i.in-
dicated on Beers' Atlas, and showsstructures 
in the ironworks vicinity < B e e ™ l 8 7 ? ^ ; to Vigilance is one response to threats to 

archaeological and historic «sources. . -
But vigilance must be coupled with 

accurate identification and an ongoing inven-
tory of sites. Unlike blast furnace sites 
that were destroyed years ago by 
in Sheldon, a hydroelectric powerstation and 
recently a sewage treatment facility in 
Vergennes, and industrial development in St. 
Johnsbury the Troy furnace site has managed tc 
escape relatively undisturbed. This is largely 

T o Its remote location. The Troy furnace 
site does, however, fall well within an area 
of the upper Missisquoi River that is threat-
e n e d with inundation by the proposed construct- , 
ion of a high dam about two miles downstream. 
This would place most of the Troy ironmaking 
site under 25 feet of water. 

Assisted by an inventory, the Vermont v , 
Division of Historic Preservation, already 
accomplished for the majority of the bloomery . 
forge and blast sites in Vermont, the W M 
contract archaeology team has started initial Xgfa 
documentation of this potentially »«"^ive > 
archaeological site plus an earlier bloomery 
forge site two miles upstream. This effort 
also includes the identification of other 
historic and prehistoric sites at this and . , „ 
five proposed downstream dam sites. The result , 
of this identification effort will allow the 
Division for Historic Preservation to proceed .1 
effectively with compliance with federal and . . 

. i. A — — 1 M.«a 

' Li 
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state historic preservation laws. 
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REPORT OF THE STATE 
ARCHAEOLOGIST 

Presented At The VAS Spring Meeting, May 10,198C 
By Giovanna Neudorfer 

The past six months have been hectic as 
usual, characterized by various and sundry 
routine tasks, both the daily and repetitive 
kind and long-term, never-ending projects such 
as the predictive model. Some of the activities 
bore more obvious or immediate fruits than 
others, and I will briefly summarize a few of 
the highlights of the winter. I completed 
draft rules and regulations for ail archeology-
related matters in the 1975 Vermont Historic 
Preservation Act. These specify the procedures 
for permit application and approval for sites 
both on state-owned lands and under water; for 
designlnating State Archeological Landmarks; 
for ensuring cooperation with municipalities 
and state agencies; and so forth. Presently, 
the rules and regulations are undergoing inter-
nal Division review; they should be available 
for public comment shortly. In February, I 
presented a procedural and policy summary of 
the underwater rules and regulations to a small 
conference of underwater archeologists and 
scuba divers. Besides putting Lake Champlain 
on the maps as a major historic sites area, I 
got some excellent feedback on our proposed 
underwater program. Using a scope of work that I prepared, 

the Villege of Bellows Falls is about to 
initiate a contract, assisted by a 

matching grant-in-aid from the Division, to 

prepare n feasibility plan for developing and 
protecting the petroglyph site. The study will 
analyze the possibility of a site overlook in . 
terms of the engineering potential, traffic 
access, safety, parking and costs. At the 
same time, the plan will detail methods of 
fully documenting the site through drawings and 
photography, outline measures for erosion • 
control and site stabilization, and examine the 
engineering feasibility of removing the boulder 
riprap which presently abuts the site. 

Past conversations with the Environmental 
Conservation Agency for conducting an archeo- ;•' "/ 
logical workshop for State Fish and Game per- ' ( 
sonnel developed into a series of regional 'ilU?̂ '-' 
workshops for all Environmental Agency staff. ..li1 

Assisted by Peter Thomas, we plan to conduct -'••.i 
six of these workshops over a four-month ¿jf? 
period and have expanded the participant list -
to include interested Soil Conservation Service -
folks as well as Environmental Agency Staff, ffiyfi 
Peter and I held the first workshop in Pitts- fill 
ford in raid April. It was well attended, 
I think, well received. ¡ y w M n f a 

Peter Thomas, Art Cohn and I attended a ^ 
special two-day workshop for our benefit at . ' ^ ^ 
the New York State Conservation Lab at Peebles 
Island, Waterford, New York. The purpose of 
this meeting was to obtain basic information \ 
to assist us in developing a plan for an arti--f[ 
fact conservation lab in Vermont. Besides pro- ; 
viding us with a sound understanding of what a *v 
lab would entail in terms of space and neces-
sary equipment, we also were given an intro- "!i§ 
duction to basic conservation procedures which J 
was invaluable in impressing upon us the com-
plexity and sophistication of most conservation 
processes. 

WBmm'i 
"|"he Vermont Historical Society is in the • 
I process of publishing my book on the ffi." 

stone chambers. While the main text of'j,,, 
the book will be the same as the article in 
Vermont History, I have added a foreword by" < 
Bill Fitzhugh of the Smithsonian, revised and • 
updated footnotes, an Epilogue, and a large 
assortment of photographs and tables. This . f|p1 
should be availabe by early-to mid-June. "$ 

The predictive model takes up most of my 
"spare" time and I try to spend at least one to * • 
two days a week on it. The results, I hope, 

' V. " " 
will be well worth the time and I look forward^ 'yjfjft • 
to sharing it with you in the not-too-distant k: 
future. " 

• 

EDITOR'S NOTE 

Due to an oversight, Brian Robinson, was 
not credited with authoring the article, 
"Plowed Fields: Diminishing Archeological 
Resource" in VAS Newsletter, Number 31 (April 
1980). Sorry Brian. I hope a future issue 
will contain a report on your work at VT-FR-69, 
the Early Archaic site in Swanton. 

Bill Bayreuther 
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Chapter II 
Ironmaking in Vermont 

in the ten-year period following the end of the American Revolu-
tion, 16 forges and 3 blast furnaces were erected in Vermont for the 
production of wrought and cast iron. These were this state's initial 
ironmaking industries and they signalled the entry of the state into 
nearly a century of a sometimes successful, "but usually frustrating 
battle with nature, politics, and economics. By 1810, bar and pig iror 
production totaled 2 169 tons for 26 forges and 8 blast furnaces. 
Thirty years later, forges and 26 blast furnaces were turning out 

18 
7398 tons of iron. The fortunes of these works rested on an eight-
eenth century educated estimate of the probable quantity and quality 
of a local ore bed; political influence and special interests that 
ran import tariffs up and down, and took over twenty years to decide 
to build the canal that economically connected Vermont to the rest of 
the United States; and finally, the New York and Boston speculators 
who misjudged a good thing in Vermont by over-investing and expanding 
the industry "beyond its iron making capability, and then abandoning it, 

Vermont never was destined to become a major ironmaking region. 
Its harder magnetite ores contained enough manganese impurity to 
affect the quality of the cast iron. The mountain streams that afford-
ed the best sites for waterpower were noted for their flash floods 
which washed away everything in their paths. Forges that had been 
operating only marginally, but may have been able to ride out a current 
economic slump to better times, could not afford to rebuild. By the 
end of the Civil War, James Lesley wrote: 

Besides this (the Green Mountain Furnace), there have been 
no blast furnaces running in Vermont for some years. There 

2 0 
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stand two in Sheldon, Franklin Co., 9 miles east of St. 
Albans; one in Troy, Orleans Co; one in Plymouth, Windsor 
Co., Tysons; two in Bennington, Bennington Co., and two 

t in Dorset on the Western Vermont Railroad, between 
Bennington and Rutland. The heavy snows make it difficult 
to get stock and unless such lignite beds, as the one 
used by Conant Furnace be discovered, elsewhere, the 
dearness of charcoal and the scarcity of ore will prevent 
this from becoming a principle furnace district again.19 

This report presents a directory of all towns, villages, and 
cities in Vermont in which some referenced:.documentation mentions or 
indicates the production of wrought or cast iron from ore. Photographs 
and maps support the text. Complete documentation in the way of foot-
notes is attempted in order to aid future researchers to know pre-
cisely the source of each bit of data. 

There has been no intent for this report to be an exhaustive 
history of ironmaking in each town although in some cases what is re-
ported here is all that could be found in this limited project. These 
following abridged histories serve only to describe the location and 
extent of the ironmaking forge and blast furnace sites. Future re-
search must include such primary sources as deeds, wills, genealogies, 
patents, court records, etc., before archaeological work is attempted 

Three series of maps were used to determine the existence, loca-
tion, and time-frame of the ironworks. These were James Whitelaw's 
1796 and 1810 maps of the State of Vermont, H. F. Walling*s 1857 to 
1859 county maps, and the F. W. Beers county atlases of I 8 6 9 to I 8 7 8 . 

The Whitelaw maps use the Mars symbol cf (which in alchemy stood for 
iron) to indicate ironmaking sites without differentiating between 
forge and blast furnace in most cases. The Walling maps identify 
forges and blast furnaces by owner or company name and in addition 
display dams, flumes, homes, etc. The Beers series is similar to the 
Walling in content but.presents maps on a town and village scale. The 
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Vermont Historical Society Summer and Fall 1971 issue of Vermont 
History contains "background information on these series in addition 

i 
to a complete bibliography of all maps pertaining to Vermont (dating 
back to cl750) and where they are available. 

The Whitelaw, Walling, and Beers maps were compared, site by 
site, directly to each other and to the documentation in town, county 
and state histories and gazetteers, ironworks reports, and ironworks-
related articles. With this information, the sites were located on 
current U.S.G.S. topographic quadrangles. Universal Transverse Merca-
tor (UTM) coordinates v/ere measured for each site and this plus other 
pertinent forge and blast furnace data recorded for presentation in 
Appendix tables I and II, respectively, in the end of this report. 

All towns, whether:suspected or confirmed to have made iron are 
listed in this chapter. Only confirmed sites are listed in the 
Appendix. Confirmation is determined by on-site artifacts, or an iron-
making structure or ruin, or reference documentation that is consis-
tent with other references or with the ironmaking characteristics of 
the period and location (waterpower, ore, roads, etc.). The towns, 
villages, and cities are presented in alphabetical order. 

Bennington: Here v/ere the sites of an extensive variety of ironmaking 
industries from 1775 to 1 8 5 3 . In that 78-year period, five blast 
furnaces and numerous forges turned out cast and bar iron as well as 
custom-ordered hard and hollow ware. The ore came from local mines 
near the furnaces, in the northern and v/estern parts of town, and late 
from Pov/nal. Charcoal was made in the hills of the surrounding towns 
and at kilns near the blast furnaces. 

There are two early references to eighteenth century forges in 
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Bennington. One describes a forge erected in 1?86 by George Keith on 
land leased from Eldred Dewey and about a quarter mile east from 
Dewey's house. It continued in operation into the 1800's and is ber 
lieved to be the first forge in the vicinity of Bennington.20 Although 
there is no mention of bar iron being made at this forge, George Keitl 
was making nails on Mill Street in Bennington in 1775 from ore which 

21 
he mixed, so that Keith's 1786 forge may have been an expansion of 
his nail factory to make bar iron. 

The other reference is an advertisement in the June 26, 1786 
issue of the Vermont Gazette by William Blodgett for the sale of "Best 
refined bar iron, per ton or less quantity...the above articles will 

22 
be given for good coal, ore or Pot Metal delivered at the Forge." 
Pot metal refered to scrap iron. Location of the forge site is un-
determined. John Spargo placed it with some probability south of the 
Lyon's District, which also included today's Furnace Brook, so named 
for a later blast furnace site. The von Sotzman 1796 map of Vermont 
indicates a forge with names "Blodgete" and "Deweys" associated with 
it at what appears to be the Walloomsac River near the middle of 
today's village of Bennington. This may have been at the mill pond, 
a thousand feet northwest of the main village intersection (Routes 7 
and 9). The 1856 Rice map of Bennington County shows the pond much 
larger, probably dammed, with a variety of mills including two foun-
dries immediately downstream of the pond. This area coincides closely 
with the location of the previously-mentioned Keith forge. Both Keith 
and Blodgett's forge are given 1786 as starting dates and I wonder if 
maybe Blodgett acquired Keith's forge. These establishments have a 
history of changing owners many times, sometimes a number of times in 
the same year and month. 
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In 1?93. Benjamin Fassett and Simeon Hathaway began the construc-
tion of a blast furnace along Furnace Brook, so named because it ran 

1 

past the furnaceWhitelaw's 1796 map of Vermont locates an iron-
works along Furnace Brook at a point that appears to be about Ij miles 
south of the Shaftsbury town line, where the brook enters a small, 
narrow valley (figure 9). The site of Bennington's first blast furnace 
may be within a quarter mile of a proposed highway bypass around the 
east side of the village of Bennington. That the site was a blast 
furnace and not a forge (bloomery) is noted by an item in the May 9, 
1794 Vermont Gazette which stated that the furnace "is now in blast.... 
they will begin to cast this day." Zhr 

Spargo insists in a footnote that this is not the first furnace 
25 

in Bennington. He does not, however, differentiate between blast 
furnace and forge, the implication here that Blodgett's is the first 
furnace, which leads some to believe that Blodgett's was a blast 
furnace. But where Blodgett advertises bar iron, Fassett and Hathaway 
advertise hollow-ware, which is made by smelting with a blast furnace 
Spargo did not seem to be aware of this crucial difference in his 
analysis of the word "forge", reading into the word a definition 
that encompasses a process that produced both cast and wrought iron.?^ 

By 1799. the blast furnace of Fassett and Hathaway came under 
control of Moses Sage, Paul Cornell, and Caleb Gifford, until ore beds 
in nearby Shaftsbury became unprofitable to work. The blast furnace 
was probably abandoned in 1803, the year before Sage and his son-in-
law Giles Olin commenced operation of a new blast furnace a mile east 
of the village near the Woodford town line. New ore beds had recently 
been discovered here. 

The new Sage and Olin blast furnace, called Bennington Furnace, 
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27 commenced operation in 1804 or 1805. Two advertisements by Sage in 
1806 offered jobs for woodchoppers and the sale of potash kettles and 
hollow-ware at the Bennington Furnace. The business continued until 
1811 when it was bought by Thomas Trenor who ran the furnace on and 
off until about 1819. 

In 1820 or 1821, the business was acquired by Seth Hunt who took 
down the original stack to build a new one in 1822 that concentrated 
on the production of pig iron. This is the easternmost of the two 
stacks now standing at Furnace Grove, east of Bennington village. 

• 

In late 1822, a newly chartered joint stock company called the 
Bennington Iron Company acquired the entire property, including the 
former property of Robinson and Lyman just over the line in Woodford 
Principal stockholders of the Company were two New York City men: 
Charles H. Hammond and Nathan Leavenworth. The Bennington Iron Company 
erected two more blast furnaces; a large one, the westernmost of the 
two, now standing at Furnace Grove, and later a smaller one about 30 
to 40 feet away and between the two stacks. This smaller furnace was 
referred to as "the pup". 

In 1824, a cupola furnace was in operation, remelting the pig 
iron and casting hollow-ware and ploughs in addition to filling or-
ders for custom work. In 1831, an advertisement noted the addition of 
a refining forge to the Bennington Iron Company whose two blast 
furnaces were then making seven tons of pig iron daily (figure 10). 
This would equate to about 1000 tons a year, about average for blast 
furnaces in New England at the time. 

The Bennington Iron Company failed in 1842 by which time the ;v 
price of iron had fallen from $66 per ton to $22. Creditors included 
banks in Bennington and in Troy, N.Y. as well as merchants in Troy 
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charcoal kilns blast fur: lorges 
blast furnace 

Figure 9 (left). The Town of 
Bennington in Whitelaw's 1796 
map, indicating an ironworks 
in the northeast part. 

Figure 10. View of the Bennington Iron Company from Hinsdell's 1835 
map. The lower photo is a continuation from the upper right side. 
Roaring Brook branch of Walloomsac River in foreground. 



Figure 10A. The Bennington Village area in the 
Rice and Harwood Mao of Bennington County, 1856. 
Three blast furnaces are still indicated at 
right, center. Further right (east) over the 
boundary in Woodford is a forge. At upper left 
is the iron mine that supplied ore to furnaces 
in Bennington and Shaftsbury. 
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Figure 11. The East Bennington site about 1880, 
before collapse of the "pup" (center furnace). 
Photo courtesy R. S. Allen. 

Figure 12. The East Bennington site following 
the collapse of the "pup", probably in the 1890's 
Photo courtesy R. S. Allen. 



29 

and Albany, and unpaid employees and farmers. Much litigation follower 
with the property being eventually acquired by Captain Hamilton L. 
Shields who leased the furnace to Brock and Hinsdill for three years. 
They made sufficient profit to renew the lease another three years 
to 1853, and then lost everything. No part of the ironworks operated 
after that.28 

In 1866, the last of the wooden portions of the three furnaces 
burned. The pup collapsed and was removed in 1890 (figures 11 and 12, 
before and after collapse of the pup). The largest stack, standing 
to the west, stood in splendid condition until the early 1900's when 
the south facade collapsed in the middle of the night with such a 
roar and tremor to waken nearby residents to fears of an earthquake.2^ 
Both remaining stacks crumble a few stones at a time every spring 
(figures 13-and 14). 

Figure 13. The westernmost stack, Figure 14. The easternmost stack, 
in 1955, much the same today. in 1955. much the same today. 
Photo courtesy R. S. Allen. Photo courtesy R. S. Allen. 
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Table 1. Topographic Data: Bloomery Forges . . . . — — — \ — -

Town F o r g e N a m p D a t p s Q n n r l r - p n g l e T . n p a t i nri U T M C n n r M r i a t p p 

Bennington Keith 1786-1800's Bennington unk unk 
Blodgett 1786- Bennington Bennington Village 18/646070/4748900 

1 

•Brandon Blake 1790-1810 Brandon Brandon Village unk 

Bristol Scott #1 1791- Bristol Lower bridge 18/65330X/48877XX 
Scott #2 unk Bristol Below Scott #1 18/65335X/48874XX 

• Franklin 1802-1830 Bristol Bristol Village 18/6536XX/4888XXX 
Chase 1832-(1840'S) Bristol Baldwin Creek unk 

1 : 

Holley cl850's Bristol East of village 
1 

I8/65529OA8876OO 
Burnham cl850's? Bristol No. of Baldwin Ck. unk 

Burlington Johnson 1791- Burlington unk unk 
Allen =1796- 3urlington Winooski River 18/6436XX/49276XX 

Calais unk C1810 Plainfield 
15' 

East Calais unk 

Castleton Slab City Forge 21796-01815 Poultney Lk Bomoseen Dam 18/642650/4829300 
1 

Colchester Allen 1783- Burlington Winooski River I 8 / 6 4 3 6 X X / 4 9 2 7 6 X X 

• 
Danby Phillips early 1800's Middltn Sp Tn Rte 2 @ Baker BI unk 

• 

i 



Table 1. Topographic Data: Bloomery Forges (con't) 

Town Forge Name Dates Quadrangle 

V 

Danville 

Dover 

Fairfax 

Fairfield 

Fair Haven-' 

¡Ferrisburg 

v/V 

Goshen 

Grand Isle 

Highgate 

Lincoln 
f . S • 5'o(fth) 

Blanchard 

Somerset Forge 

Shepardson's 

Fairfield Forge 

Lyon's Works 
L. Davey 
I. Davey 

Barnum #1 
Monkton Iron Co 
Barnum #2 
Fuller 

Kendall 

Goodwin 

Drury 
fotoni 

Soper & Pier 

cl8l0 

1820-(1832?) 

cl870 

1 8 3 1 -

1785-1815 
1815-1843 
1843-(1870's?) 

cl800 
I 8 0 7 - I 8 1 0 ' s 

cl820 
early l800's 

unk 

I 8 2 7 - I 8 3 8 

I 8 0 7 -

C1828-1830 

St. Johnsty 
15' 

Wilmington 
15' 

Gilson Mtn 

unk 

Thorn Hill 
Thorn Hill 
Thorn Hill 

Monkton 
Monkton 
Monkton 
Monkton 

unk 

Plattsburg 
15* 
unk 

Location 
Joes Brook 

N. of West Dover 

Stones Brook 

unk 

below upper falls 
below upper falls 
below upper falls 

TITM Hnnr»ri iwa-fcpci 

18/7288XX/49177XX 

I8/6728OO/475762O 

I8/66O47O/4947IOO 

unk 

18/64025X/482769X 
18/64025X/482769X 
18/64025X/482769X 

Monkton Road bridge. 18/6450XX/48939XX 
Monkton Road bridge 
Walkers Falls 
Ferrisburg Hollow 

E. side of mtn (?) 

Mill Brook 

unk 

So Mountain West Lincoln 

18/6450XX/48939XX 
18/64417X/48952XX 
18/640690/4895000 

unk 

I 8 / 6 3 6 X X X / 4 9 5 I X X X 

unk 

18/65823X/4886740 

o 
CO 



Table 1. Topographic Data: Bloomery Forges (con't) 

Town Forge Name Dates Quadrangle Location UTM Coordinates 

y 

u-f-AÇ 

Lincoln 
(con't) 
F- $•so(tà) 

Manchester 

Middlebury 

Middletn Sp 

Burnham 
Ackworth tfl 
Ackworth #2 

Manchester Forge 

Middlebury Forge 

Milton 

Morristown 

Burnham #1 
Burnham #2 
Poultney 

Poor Farm Forge 

Sawyer 

Orwell 
VI f ) k 3 TO 

Pittsford 

Poultney 

81 

Pownal 

Lyon 

Larned's Forge 

Joslin & Darling 

Noble 

1830-1860 
1828-1830 
1830-1860 

c1829 

early 1800's to 
1890 

C I 7 9 6 - I 8 I I 

1811-

CI796 

cl820 

1826-1828 

1 7 8 8 -

cl840 

1785-

cl796-( 1810 plus) 

So Mountair 
So Mountair 
So Mountair 

Manchester 

E Middlebrj 

Wells 
Wells 

West Lincoln 
West Lincoln 
West Lincoln 

along Route 7? 

r E Middlebury Vil. 

Burnham Hollow 
Burnham Hollow 

Middletn SijPoultney R @ Train 
Bk 

Georgia PünlLamoille River 

Hyde Pk 15 

Orwell 

Proctor 

Poultney 

Pownal 

Cady's Falls 

East Creek 

Furnace Brook? 

East Poultney 

W of Green Mtn Pk 

18/65813X/4886740 
18/658600/4886600 
18/658600/4886600 

unk 

18/653370/4870130 

18/6505XX/4815800 
18/6505XX/4815800 
18/6540XX/48162XX 

18/647480/4944300 

1 8 / 6 8 9 6 2 0 / 4 9 3 8 5 0 0 

18/634XXX/4851XXX 

unk 

18/6457XX/48208XX 

18/6442XX/47348XX 

o 
VO 



Table 1. Topographic Data: Bloomery Forges (con't) 

Town Forge Name Petes [Quadrangle T,noeti nn 
Proctor 

Randolph 

[Richmond 
Q-rcA t r . ' ^ n j L ^ 

Salisbury 

IShelburne 

IShoreham 

Starksboro 

v/ 

Swanton 

' e r f ) 

Sutherland Falls 

Randolph Forge #1 
Randolph Forge #2 

Sears 
DwicLocJc 
Sawyer 
Salisbury Bloomry 

Burritt 

Knopp 
Shoreham 

Fergusson & Sayfes 
Ferguson & Bushnl 
East Mtn 

Barney #1 
Barney #2 
Barney #3 
Barney #4 

cl800-l840 

(1800's-1850's )? 
( 1 8 0 0 ' S - I 8 5 0 ' s ) ? 

1 7 8 0 ' S - I 8 O O * s 
- l i 2 y 

1791-
1840's-1857 plis 

1792-(1820's?) 

CI790-

CI797-

I 8 I 9 - I 8 7 I plus 
cl820 
cl840 

1799-1816 
1816-1821 
1821-1824 
1849-1868 

Proctor 

Randolph 15' 
Randolph 13' 

Huntington 
S-» - a. / r ' 
E Middlbry 
E Middlbry 

Mount Philo 

Orwell 
Orwell 

Bristol 
Bristol 
Bristol 

E. Alburg 
E. Alburg 
E. Alburg 
E. Alburg 

Sutherland Falls 

unk 
unk 

Huntington River 

Leicester River 
Leicester River 

Shelburne Falls 

Richville 
Richville 

Starksboro village 
E. of village 
Upper Lewis Creek 

Goose Island 
Goose Island 
Goose Island 
Goose Island 

Tm,T H n n H i n g i : ^ 

18/658480/4836170 

unk 
unk 

18/66XXXX/4914XXX 

18/653XXX/4862XXX 
18/653250/4862050 

18/642100/4914380 

I 8 / 6 3 8 7 X X / 4 8 5 9 0 X X 

18/658510/4859160 

1 8 / 6 5 5 1 0 0 / 4 8 9 8 7 6 0 

18/6556XX/4898800 
18/656XXX/4895XXX 

1 8 / 6 4 7 7 6 0 / 4 9 7 5 8 9 0 

1 8 / 6 4 7 7 6 0 / 4 9 7 5 8 9 0 

I 8 / 6 4 7 7 6 0 / 4 9 7 5 8 9 0 

18/647760/4975890 



Table 1. Topographic Data: Bloomery Forges (con't) 

Town Forge Name Dates [Quadrangle Location UTM Coordinates 
Tinmouth 

Troy 

Vergernes 

kJ T - B b - IH6 

Wallingfore 

Westford 

"Weybridge 

Chipman 
Allen 

Stebbins/Phelps 

Spencer 
Stevens 

Monkton Iron Co 
White's Bloomery 

Miller 

Stanton 
Camp 

Belding 

y Williston F J ^ j v f t R ) c 

Windsor 

Woodford 

Spafford 
i J Ce As P-r r 

unk 

Woodford H. #1 
Woodford H. #2 

1781 or 85-
1791-

1834-1841 

1 7 8 6 -

1799-
1 8 0 8 -

cl850 

1780's-1835? 

1795-01809 

- C I 8 0 9 

1795-(1800) 

cl810 

1820's-1830's 

C1800 

cl856 

Middltn Sjg 
Middltn Spg 

Irasburg ¥? 

Pt Henry 15 
Pt Henry 15' 
Pt Henry 15' 
Pt Henry 15» 

Wallingfore 
15' 

Essex Ctr 
Essex Ctr 

Middiebury 

Essex Jet 

Claremont 

Bennington 

Bennington 

near Chipman Lake 
unk 

E of Troy village 

E side Otter Cree 
V/ side-above falle 
W side-below falle 
W side-below fall 

Route 7 in village 

Westford Center 
Westford Center 

Belding Falls 

Allen Bk @ I-89 

Windsor Village 

Woodford Hollow 

Woodford Hollow 

18/6583XX/48085XX 
unk 

18/7058XX/49766XX 

I 8 / 6 3 9 4 X X / 4 8 9 1 7 X X 

18/6395XX/48915XX 
18/63925X/489160X 
18/63925X/489160X 

18/663620/4814850 

18/657900/4941360 
18/658000/494167X 

18/646000/4879050 

18/65388X/49216XX 

unk 

18/652610/4750840 

18/652610/4750840 



YOUNGSTOWN STATE UNIVERSITY 

Victor R. Rolando 
34 Howard St. 
Pittsfield, Mass. 01201 

Dear Mr. Rolando: 

The two papers you requested are in press and won't be 
available until fall probably. "Slag as an Interpretive Tool 
in Historic Blast Furnace Research" will be in the fall issue 
of Historical Metallurgy. I've put your name on my list of 
interested "slagologists" and will send copies when they 
appear. In the meantime here is a reprint, which if you have 
not already sptwi, should be right down your alley; I've also 
sent along three of my related articles. 

Let me know what's happening in your studies. 

Y O U N G S T O W N . O H I O 4 4 5 5 5 

April 28, 1980 

No charge. 

JRW/csd 



Slag, cinder, and bear 

G . l t . M O H ' J ' O N A N D J O Y C E W I N G U O V K 

•i 

L E S T LIU A. k ' O S S 

Ti! archaeology ,and indeed in modern ironmaking terminology , 
the t e r m s "slag" and "cinder"'arc used in a somewhat loose 
manner and ttie two t e r m s a r c frequently used in the s a m e 
context. In addition, the term "hear" appears to be res tr i c ted 
to coke b las t - furnace pract i ce only ,a l though in the authors', 
opinions hear mater ia l w a s present in charcoal b l a s t -
furnaces and to a l e s s e r extent in b loomery hearths . 

The object of this paper is to cons ider the propert ies and 
s tructures of s o m e of these products , to re late them to the 
p r o c e s s e s , a n d to make recommendat ions for future t e r m i n o -
lo Sk-
in i ron-smel t ing opera t ions , s lag can be cons idered a s the 
molten s i l i ca te complex formed by the combination of impur i -
t i e s and earthy matter agg lomerated with the ore , fuel , and 
f luxes c i ther in or added to the charge . S lags are formed 
from molten s i l i c a t e s which act a s c a r r i e r s for other impuri -
t i e s , cither in solution or suspens ion . All s l a g s are in tiie 
molten condition when in the furnace hearth. Slags are a l s o 
formed in refining operat ions , in which c a s e s o m e of the 
metal from the charge , or f luxes s p e c i a l l y added for the 
purpose , combine with the i m p u r i t i e s in the charge , fuel , and 
f luxes to form a s i l i ca tc s l a g complex . 

In many metal lurgical operat ions , d r o s s y sol id mater ia l 
c o l l e c t s on the top of the molten s l a g or meta l , and when 
removed it r e s e m b l e s a m a s s of infusible or partial ly fused 
mater ia l , o f t en intermixed with s l ag . Since this materia l has 
never reached a molten nor f r e e - f l o w i n g condition in the 
furnace, it should he t ermed c inder . 

Stead 1 def ines a b l a s t - f u r n a c e bear as "a so l id i f i ed m a s s 
of metal or conglomerate below the hearth or f loor leve l of 
a blast furnace, found af ter the furnace has been blown out 
af ter long s e r v i c e " . When a blast furnace is blown out the 
whole of the liquid m a s s below the levej^of the tapping hole 
eventually b e c o m e s so l id and const i tutes the bear, which is 
a l s o known by other n a m e s , such as "old horse", "sow" and 
"salamander". In furnaces where the product i s molten pig 
iron it is only when the furnace is being blown in that molten 
s l a g can come into contact with the r e f r a c t o r y materia l of 
the hearlh. When a wel l of metal has formed it must be the 
iron and not the s l a g which i s re spons ib le for the attack on 
the brickwork, and a s a resu l t of this attack bear is formed. 
Deta i l s of s lag, c inder, and bear in relation to the furnace 
hearth arc shown iti Fig. 1. 

TYPES OK SI.AG 

The main types of s lag found a s a result of ironmakiug 
operations can be conveniently c l a s s i f i e d according to the 
amount of iron lost to the s lag . In the early b loomery p r o -
c e s s and in s lag produced by the convers ion of pig iron to 
the form of bar, the iron l o s s was general ly high and the s lag 
contained in the order of 30-f>9y, Ke, whereas in early b l a s t -
furnace s l a g s the iron l o s s to the s l a g was a s low as 2—!"(,. 
In modern b las t - furnace s lag this iron l o s s is l e s s than 1°/,. 
It i s therefore convenient to c l a s s i f y s l a g s by considerat ion 
of the iron lost to the s lag , and in the following manner: 

1. Hloomery s l a g s , in which the iron acted as a flux to the 
gengue material of the ore , thus caus ing high iron l o s s to the 
s lag. The b loomery p r o c e s s was the only smel t ing operation 
in •..bid: some of the iron contained in the charge acted a s a 
flux, and the iron content of the s l a g was in the order of 40 -
00 of the s lag. 

?.. S lags from p r o c e s s e s relat ing to the production of 
tnalleable bar by ref ining pig iron in the forge , where the 

- nir. D»»r<l 

Fig. I - Sketch showing s i t e s of f o r m a t i o n s of s lag , c inder , 
and bear In the b l a s t - f u r n a c e 

00 

(iii) 

The authors are at the Col lege of Technology, Wolverhampton. fiv) 

Charcoal f inery 

Charcoal chafery 

Coke /coa l ref inery 

Coke /coa l finery 

Coke /coa l chafery 

Puddling furnace (usually known a s tap cinder) 

| Hailing and reheating furnace 

B l a s t - f u r n a c e s l a g s , where the iron l o s s w a s low/. 

Charcoal furnacc 
(a) where suff ic ient A 1 2 0 3 was present in the o r e to 

act a s a flux 
(b) where a smal l quantity of l ime w a s added to the 

charge. 

Blag from b l a s t - f u r n a c e s where coke or c o a l , o r a 
mixture of coke and coa l , w a s the fuel used and where 
the air blast was not preheated (co ld-b las t stag) 

Slag from blast furnaces whore coke or r o a l . o r a 
mixture of coke and coal , w a s the fuel used and the air-
blast was preheated (hot-blast s l a g s ) . 

Modern b las t - furnace s l a g s . 



Morton and Wine,rove V have con side red the hlooHiTy pro-
c e s s and (he slags produced during the Ituman era in detail, 
and later hloumery s lags are now under consideration. Since 
the operation temperatures of the bloo-.nery were low, little 
or no special flux such as lime could be added, since this 
would not have produced a fluid slat;,and In order to neutra-
lize the acids present in the ore, some of the iron present 
was taken up by the slat;, ttius.lowering the efficiency of the 
process . These high iron-hearing Slags were fluid at tem-
peratures in the order of 1150'C and were based on the com-
pound fayalitc (2FcO. S i0 2 ) . Excess FeO was necessary to 
provide for slag-metal reactions in the hearth and,dependent 
upon the composition of the o r e , s o m e other compounds such 
as spinels could form on solidification. In solid slags these 
minerals are found embedded in a glass matrix. 

Owing to the variable nature of the ore, it would he expected 
that slight variations in temperature and ore composition 
could make a considerable difference to ttie viscosity of the 
slag as tapped from the furnace. Differences in viscosity can 
often be seen on the surface of the slag found on cxcavation, 
which may show runnels or be quite smooth. When fractured, 
these slags show a clean grey-black compact structure,often 
witli a large number of p i s hlow-holes. The size of the blow-
holes is dependent upon the rate of cooling: fast cooling gave 
a fairly uniform distribution of small holes whereas slow 
cooling produces a random orientation of large holes congre-
gating towards the last cooled surface. Where such slags 
have been exposed to atmospheric conditions for a very long 
period of time, slight surface discoloration resulting from the 
production of the higher oxide ( F e 2 0 3 ) may be seen. Occasi-
onally very porous sponge-like s lags very much lighter than 
normal bloomery s lags are found, and this condition might be 
caused by the molten slag absorbing a high gas content which 
would he evolved and trapped on cooling. Typical analyses of 
bloomery s lags arc given in Table I, and microstruetures in 
Figs. ?. and 3. 

Forge Slag (Produced from refining pig iron) 

A study of the forge s lags in group 2. form a part of the pre-
sent research programme at the Wolverhampton College of 
Technology. Slags from the charcoaj finery and charcoal 
chafory are being studied in some detail, and results are not 
complete. Virtually no information has yet been obtained on 
s lags from groups (iii). (iv),and (v). These are related to 
processes where attempts were made to use mineral coal or 
coke for heating purposes. A.U s lags in this group were fluid 
at furnace operating temperatures and were tapped as a 
molten magma. 

Fig. 3 — Microstructure of Stoney Hazel slag 
M a g n i f i c a t i o n * IO) 

The conversion of pig iron into Hie form of malleable !,.,r 
(wrought iron) in the charcoal finery and chafery has been 
considered in detail by Morton7 , and the fuel transition from 
charcoal to coal by Morton« and Morton and Mutton'. From 
the variety of processes covered by this group it would be 
expected that the characterist ics of the slags would also 
vary. Nevertheless , those examined to date appear to eontai:. 
the compound fayalite, which in itself is high iron-bearing. 
As with bloomery s lags , the fayalite i s associated with a gla.-» 
phase,but in these s lags oxides of iron other than wust'.te 
could be present, and the iron in the slag can he in the order 
of 50"̂  of the slag. It follows therefore that stags in thin 
group are likely to he somewhat similar in appearance :.> 
bloomery slags, hut perhaps more compact. Other diftereju 
may be found,and these will be the subject of a furiln-r paper 
on completion of the section of the work now being under-
taken. Typical analyses of s lags in this group are given ::> 
Table II. 

BLAST-FURNACE SLAG (Low iron loss) 

The higher temperatures attained in the blast-furnace per-
mitted the formation of s lags containing s i l icates of lime a:-' 
alumina instead of s i l icates of iron as in the bloomery p:<>-
cess , thus leaving more iron available for reduction u:.J 
providing s lags low in iron. 

TABLE 1 Analyses of Bloomery Slags, 7„ 

Roman Medieval 

Us) 2 3(19 4 5 6 
Ashwickcn Worcester Gt. Casterton Nun's Well Rushall Stoney 

F e 2 0 3 7. 70 10. 57 3 .20 6 .90 4. 30 3 .20 

FcO 6?.. 10 01.85 46.10 47 .50 45. 50 56 .90 

S i0 2 21. 20 10. 15 26. 20 24.20 24. 70 21. 20 

Cat) 0. -10 3. 05 7. 00 1. 10 5. 60 2 .50 

MgO 1 .40 1.25 1.10 0 .30 2. 60 0 .90 

MnO 0. 50 0. 2.4 0 .70 2 .50 0. 80 0. 13 

A I 2 O 3 3 .20 5. 88 9 .50 14.50 13. CO 8 .90 

1. 72 0 .03 2 .30 1. 60 0. CO 0. 71 

S n. d. n.d. n.d 0 .22 

T i 0 2 0.45 
Fe 1.20 1. 40 1.90 

Total 93. 22 9'J.OO 96. 55 99. 80 99. 10 99 .56 



Lowick Ipsley 
Back-
bnrrow Ipsley 

Little 
Aston««» 

Little 
Aston Staffs. 

FcO 65. 10 G9. 10 33 .20 58.80 50.59 ) 
45. 20 

58.67 
FC 2 0 3 9. 10 11. 20 8 .60 9 .90 ) 45. 20 

17.00 
S i 0 2 •11 .20 7. 70 20. 02 17.80 12. 50 22 .62 11.76 
CaO 3. 10 2 .50 4. 20 2. GO 3 .20 nil 2. 88 
MgO 0. 29 0. 10 1.94 0. 22 f 0.54 0 .15 0. 29 
MnO 3. 83 0 .58 0.74 2 .50 . 0. 24 0.0G 0. 57 
A I 2 O 3 3 .50 5 .70 10.60 4 .90 1 i 7 .92 13.38 2 .84 
P 2 O 5 2. 59 1.80 1 .00 2.01 0.51 n.d. 4. 27 
s 0. 10 0.08 1. 83 1.05 2 .47 0 .08 3.11 FeS 
T i 0 2 0. 23 0 .10 
Fe 0. 75 0 .88 17.20 0 .70 
C 13.89 
II2C) 1 .40 
Alkali 0 .74 

The development of blast-furnace s lags over the years can 
be directly related to this ability to obtain higher and higher 
air blast volumes and pressures . The effect of increasing 
blast on the operating temperature made possible a change 
in the fuel used from charcoal to coke, and to coke-coal mix-
tures, which led to the ability to use l ime in greater quanti-
t ies as a flux. Blast-furnace s lags can therefore be divided 
into groups according to the nature of the blast, the fuel used, 
and the quantity of lime added as flux (Table Iil). This ability 
to use more lime as a flux also allowed more sulphur to be 
taken up by the slag, which meant that poorer-quality ores 
(i.e. those with higher sulphur content) could be successfully 
smelted. 

All these s lags have definite identifiable visual, chemical, 
and mmeralogical characterist ics . Skfrly blast-furnace s lags 
are glassy and,as the l ime content increases, the slag takes 
on a more stony appearance, even to the point of slaking after 
many years of exposure to atmospheric conditions. The 
visual characterist ics of these s lags are given in Table IV. 

It is to be expected that the chemical analyses of the s lags 
will vary according to the nature of the gangue material 
associated with the ore,but in the charcoal blast-furnaces 
the ratio of the sum of the bases to acids is always such that 

the resultant slag has a glassy appearance. Table V shows 
the analyses of charcoal blast-furnace s lags . The appearance 
of cold-blast coke furnace s lags, on the other hand, is 
markedly affected by the rate of cooling; rapid cooling retains 
a glass whereas slow cooling produces a calcium si l icate 
stony mass. Thus cold-blast s lags tapped from the furnace 
into cast-iron slag bogies will show a glassy surface where 
the melt was in contact with the bogie, and this turning to 
stone a short distance from the surface . Hot-blast s lags are 
generally stony and unless very rapidly cooled show little 
glass. 

Cinder 

The definition of cinder suggests that drossv material insolu-
ble in the molten slag at a particular temperature might be 
taken into solution with progress ive increase in temperature. 
It therefore follows that bloomery cinder will differ in con-
stitution from that found on the top of charcoal blast-furnace 
slags, and this again will differ from that found on s lag from 
later blast-furnace proces se s where st i l l higher tempera-
tures were obtained. In the bloomery p r o c e s s the s lag was 
either tapped off into a s lag pit via a runner from the "hearth 
tapholc (i .e. , tap s lag i s ) o r ) e f t jrl t h e hearth and removed 

TABLE III Analyses of Blast-Furnace Slag.s, % 

Charcoal blast- furnace Coke/coal blast-furnace 

(CaS) 

Cannock Charlcot Duddon Tipton ( 1 1 ) Ebbw Valc(K-> 
1561-1650 1700-1792 1736-1866 c l050 c 1850 

coke cold- hot-blast 
blast 

S i0 2 47. 90 52. 50 56.40 39. 52 43. 55 
AI2O:i 23. 20 20. 17 12.40 15. 11 20. 40 
CaO 11. 90 17.00 14.60 32. 52 28. 85 
MgO 7. 20 4 .57 3 .60 3.49 1 .10 
MnO 3. 30 

CC 9. 80 2.89 0. 25 
FeO 4. 40 2. 60 2. 02 3. 74 
F C 2 0 3 4. 30 

0. 10 0. 32 0. 35 
S 0. 10 0. 01 2. 15 0 .65 



CirfKlp 

Colour 

Texture 

C I» K 
Mainly light to dark 
grey. Some opaque 
milky green and 
some bottle-green 
patches 

All pieces show-
glare. Some patches 
completely vitrified. 
Some pieces of 
unburnt charcoal 
present. 

Lightish milky grey-
green 

All p ieces highly 
glazed. Many com-
pletely vitrified 
patches. Some 
pieces of unburnt 
charcoal present. 

Porosity 

Rust 

Smell 
(on fresh 
break) 

General 
remarks 

Variable, gas holes Greater than A, with 
mainly small , though average pore s ize 
some up to 1 cm dia. larger. Welt d is -
Well distributed. tributed. 

Present in fair 
quantity on the most 
porous pieces . 

None 

Present in fair 
quantity in many 
porous pieces . 

None 

Milky grey-green to Greyish-white Light to medium 
turquoise chalky appearance. grey. 

Outer (top) surfaces 
cement -like. I.arge 
proportion of 
striated glass. Some 
outer separation of 
clear green-brown 
glass. 

Outer (top) surfaces 
pin-pointed with 
many mainly small 
holes. 

None visible. 

H2S 

Mostly rallier soft 
and slaked, due 
to weathering. 

Hard, concrete • 
like. 

No glassy phase visible 

Gas holes largely 
invisible, but in 
places medium-
sized, even,and 
closely spaced. 

Infrequently visible 

Strong smel l of 
H2S 

Low, except in 
darker pieces , where-
there are c losely 
spaced small to 
medium-sized holes. 

Infrequently vis ible . 

Sulphur. 

For all glassy s lags the glassy appearances decrease with increasing porosity, and the colour l i-htens in 
most cases . ° 

The diameters of the gas holes are stated: very smaU-pin-hoad to 1mm; small-l-3mnv 
medium—3mm-lcm. ' ' 

TABLE V Analyses of charcoal blast-furnace s lags , \ 

Cannock 

15G1-1650 

Rievaulxf 131 

1577-1790 

Sharpley 
Pool 
1G52 

RockleyO-ti 

1G52-1736 

Charlcot 

1700-1763 

Duddon 

1736-1866 

sio2 49. G6 «- ~ 45. 30 49.30 45. 90 52. 50 56.40 
A I 2 O 3 23. If, 22.48 11.40 19. 07 2.0. 17 12.40 
CaO 11. 92 22. 80 22. 80 18. .40 17. 00 14. 60 
MgO 7.1G 3. G9 12.00 9. 19 4. 57 3 . 6 0 
MnO 3. 29 1. 17 0. 84 2. 95 1. 06 9 . 8 0 
FcO 4. 37 2. 70 2 . 6 0 
Fe 2 0 : . 3. 72 2. 43 4 . 3 0 
PZOS 0. 073 0. 055 trace 0. 50 0. 32 
S 0.10 trace 0. 01 
Sulphide 0. 032 0. 102 
Sulphate 0. T 19 0. 058 ^. 

when cold as "furnace bottoms". The- upper surface of these 
furnace bottoms might well include drossy material which is, 
in «.-fleet, cinder and the two terms "cinder" and "slag" should 
I I I I n - confused. They are structurally different and also 
differ in chemical and miiicralogic.il composition. Cinder 
found on the top of s lags tapped from the blast-furnace, parti-
cularly from those of the charcoal era, includes many readily 
identifiable constituents such as charcoal, pril ls of iron, 
glassy slag, oxides and sulphides of iron, and many other 
insobible phases. Details of cinder found on the top of pieces 
of slag taken from the Cannock site are shown in Fig. 4. 

Blast-Furnace Dear 
At the site of Cannock charcoal blast-furnace, Morton16 found 
a number of slagged hearthstones and a mass of bear approxi-
mately iff in dia.and 3 in thick. The bear material was heavy 
and had the .appearance of slag produced in the charcoal 

finery mrgc rather than the bottle-green slag usually made 
at Cannock and oilier charcoal blast -furnaces. II v..is 
apparent that the hear was formed by contact of molten iron 
and slag with (he silica stone of the furnace hearth, and llr.it 
its structure would be related to the reactions occurring 
between the metal, slag, and refractory, and the tramp mate-
rials held in suspension in the molten mass . A section 
through this sample of bear (Fig. 5) shows the high iron 
bearing mass with entrapped charcoal, metallic iron pri l ls , 
and other materials. Adhering to the underside v.-cie larger 
picce'S of pig iron and partially slagged refractory material 
from the hearth. On fresh fracture the colour appeared a 
lighter grey than that of forge s lags ,and x-ray analysis con-
firmed the matrix to be a mixture of crystalline anorthitc 
(Ca O. A1 2 0 3 . 2Si0 2) and cristobalite. The presence of 
anorthitc in its crystalline form confirms the slow rate of 
cooling to which the bear would have been subjected on the 
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Fit;. 5 — Section through Cannock cinder 
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blowing out of the furnace. The other material lias become 
entrapped in this matrix. 

The type of bear from coke b las t - furnaces considered by 
Stead was formed over a long period of years ,during which 
time the bottom linings were more or l e s s fluxed away and 
replaced by a metall ic agglomerate in avhich a large and 
varied number of substance.'; col lected. This m a s s contained 
a mixture of metal, kish, and partially fused brickwork, in 
which sulphides of iron and manganese, m a s s e s of oxides and 
s i l i cates of iron,and other compounds were present. Detai ls 
of typical bears are given in Figs . G and 7, each of which 
would weigh many hundreds of t ons 1 7 . Bear of this type were 
common in coke b last - furnaces where the operating tempera-
ture was high f> lDOCFCj and the campaign lasted many years 
(•l-f> years t). 

Since the melting temperature of the refractory material in 
the hearth was far above tint of the liquid iron. i t fol lows that 
the main action on s i l ica and f irebricks was due to chemical 

attack and not by s imple fusion. In addition it must be noted 
that, when a furnace is blown in at the beginning of a new 
campaign, the only time that molten s lag i s in contact with 
the hearth is prior to the f i rs t tap. It i s therefore the metal 
which is mainly respons ible for the attack on the brickwork, 
and every c l a s s of s i l ica brick and f ircbrick g ives way to the 
action of the liquid iron. Stead a lso points out that all pig 
irons contain manganese, which is highly react ive with s i l i ca , 
and produces a fusible manganese s i l i ca te , green in colour, 
lie gives the reactions: 

2Mn + SiCk, - • 2 M n O + S i 

2MnO + S i 0 2 -» 2X111540! 

This green discoloration i s frequently seen on the side wa l l s 
of early charcoal furnaces. Alumina in the refractory mate-
rials will be fluxed away with the manganese s i l i ca tes and 
iron will a l so form the s i l i c a t e fayalitc (2FeO. S i 0 2 ) . In this 
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Fig . C - No. 3 furnace tear, as removed July-October 1917. The bear was removed in f ive distinct n .d se„nr I r 
Hons: two central lumps with two annular m a s s e s round them and a f l a y e r ^ n r U y r e d u c e d ' r . e t a 

Fig. 7 - Orrnesby No. 4 furnace bear, removed November 1914-April 1910 

manner the bear builds v.p and, because it r e s t s below the 
level of the iron notch, it . s not removed on tap. 

In the charcoal blast furnace, the operating temperature 
being low (< 14505C) and the campaign approximately 9 
months,a somewhat different bear would form. The bear 
found at Cannock was readily differentiated from the normal 
working slag. 

Bear material from btoornery hearths 

With the stil l lower operating temperature of the bloomery 
hearth (< 135CTC) and the working cycle of approximately 12 h, 
it follows that the bear material might be limited only to the 
attack of the s lag on the refractory material In the region of 
the hearth and s idewalls . Since in the bloomery furnace the 
reduced iron was never molten in the hearth, virtually all the 
attack on the lining must have conic from the molten slag, at 
temperatures in the order of 1100-12r>0:C. Bloomery furnace 
linings were usually made from clay minerals , probably in 
the form of an agglomerate of kaolinite and free quartz grains. 
At about 500X', water of crystall ization would be driven off 
from the clay, leaving amorphous SiO, and A l 2 0 3 , a n d it would 
be with these that s lag react ions would occur. 

A sample of bear material 2 -3 in thick was obtained from 
Hockley bloomery, and examined visually, microscopically 
and subjected to x-ray analysis . The appearance of the work-
ing surface was rough and eroded. Immediately below the 
surface the structure was quite hard and the colour dark grey 

with considerable porosity. The remainder of the c r o s s -
section was more dense and had a wide greenish glassy band 
running through it (Fig. 8). 

Fig. 8 — Section of Hockley lining 



refractory background. A suction from the centre of the 
sample showed a few large laths of fayalUo in a refractory 
matrix. Thin sect ions showed, in addition, many feathery 
dendrites of mullitc, and near the working face there were 
areas opaque to polarized light. X-ray analys is confirmed 
the presence of fayali le, nuillitc and probably some anorthilc. 
Spectrographs analys is showed Al .Ca , F c . M g , and Mn a s 
major e lements , with only t races of the alkalis Na and K. 

Fig. 9 — Itockley bloornery s lag 
Magnification x 100 

It Is therefore c lear that when the clay lining of a bloornery 
furnace is f ired at lOOO'C, FeO from the s lag penetrates the 
lining to form fayalite with the amorphous s i l i ca . The depth 
of penetration of fayalite continues for a distance of at least 
lV 2 -2 in. The presence of g la s s away from the working sur -
face may be due to the smal l amount of alkali present 'in the 
clay acting as a flux for the formation of low-melting g la s se s . 
Nearer the working surface these would d isso lve into the 

SUMMARY AW) RECOMMENDATIONS 

Slag, c inder,and hear are three distinct and identifiable mate-
rials . Slag is a molten product of smelting, cinder an infu 
sible or partially fused m a s s produced at a particular tem-
perature of furnace operation,and bear a material resulting 
trom reaction of molten smelt ing products with the refi ne'.'-.-
lining of the furnace hearth. These t erms should not be cm. 
fused, and attempts have been made in the paper to clarify 
the present uncertain state . It i s therefore recommended 
that t erms for each material should be put forward for 
national and international acceptance,and towards this end 
members of the Historical Metallurgy Group should be 
requested to cr i t ic ize constructively the suggest ions made. 
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The efficiency of the bloomery process l e s t e r a . r o s s 

G . K . M O K T O N A N D J O Y C E W 1 N C K O V E 

The e f f ic iency of Iron extract ion in tlie b loomery is general ly 
defined as the proportion of tiie iron content of the prepared 
ore charged into the furnace which i s extracted as metal l ic 
iron;thus 

X 100 

when e =.- weight of iron extracted , 

T - total weight of iron in ore . 

In pract ice var ious cons iderat ions af fect the iron y ie ld of the 
operation. Since in the b loomery p r o c e s s there i s no added 
flux, some iron is used to flux the gangue mater ia l in the ore 
and this iron cannot be extracted a s meta l . In addition, s o m e 
Iron is lost by react ion with the c lay l ining, and this iron a l s o 
cannot be extracted. The operator has no control over such 
l o s s e s . 

Some iron enters the s lag a s wust i te (FeO), which then takes 
Tart in decarburizing s l a g - m e t a l reac t ions , and the quantity 
of this d i sso lved FeO may be cons iderably control led by the 
worker in order to obtain a good y ie ld of iron. 

The maximum theoret ical e f f i c i ency would be achieved if all 
the iron were extracted except ing for that used in fluxing the 
gangue material of the ore . 

The w r i t e r s have shown that b l o o m e r y s l a g s c o m p r i s e three 
main phases: fayal i te (2FcO. S iO z ) , g l a s s , and v/ustito 
(approximately FeO) - s e e Fig. 1. Other p h a s e s may be p r e -
sent in smal l amounts, but can be neg lec ted for the purposes 
of this note. The authors further showed that the quantit ies 

Fig. 1 - B loomery s lag: dark = g l a s s , grey fayalite , light ^ 
wusti te Magnification x 100 

of the main phases can be calculated f rom the chemical 
analys i s of the s lag , using the s i m p l i f i e d argument set out 
below. 
The composit ion of the g l a s s phase approximates to the 
mineral anorthitc (CaO. A l 2 0 3 . 2SiO z ) and, s ince there i s 

The authors are at the Col lege of Technology, Wolverhampton. 

a lmos t invariably an e x c e s s oi S i 0 2 , t h c total amount of 
anorthitc formed Is l imi ted by the proport ions of l i m e and 
alumina present , the quantity being such a s to exhaust the 
oxide present in s m a l l e r m o l e c u l a r rat io . The e x c e s s SiO 
then r e a c t s with wusti te (as FeO) to form f a y a l i t e . 2 

The maximum ef f ic iency f r o m the p r o c e s s would be obtained 
if all the remaining iron compounds f rom the o r e were 
reduced to iron. Th i s would in fact only o c c u r if the rate o ' 
reaction with carbon within the furnacc w a s such a s to rcduei 
the avai lable ox ides of iron c o m p l e t e l y to pure iron with no 
e x c e s s carbon avai lable for carburizat ion of the m e t a l . 
These ideal conditions in fact never occur , and pure iron Is 
obtained by decarburl /a t lon in the hearth, s l a g / m e t a l r e -
act ions occurring with wust i te d i s s o l v e d in the s l a g . 

The w r i t e r s have cons idered the m e c h a n i s m of reduction in 
the b loomery hearth ,and a study of this m e c h a n i s m g i v e s an 
indication of the amount of wust i te In solut ion with the s lag 
required to take part in decarbur iz ing s l a g / m e t a l r e a c t i o n s . 

It s e e m s likely that reduct ion of the ore p r o c e e d s both by 
direct and indirect reduct ion, v i z . : 

1. Reduction by so l id carbon, added a s charcoa l 

2 FeO + C-+ 2Fc + C 0 2 

2. Indirect reduction by CO. 

Although charcoal arr iv ing at the t u y e r e s wi l l react init ial ly 
to form C 0 2 , the react ion 

C O Z + C - > 2 C O 

wil l proceed at the t e m p e r a t u r e s above 1000'C prevaUin* In 
the hotter parts of the furnace . Thus s u c c e e d i n g indirect" 
reduction react ions will occur as the CO p a s s e s up through 
the furnace and the charge d e s c e n d s : 

(a) 3 F E 2 0 3 + C O -» 2 F c 3 0 4 + C 0 2 

(b) F e 3 0 4 + CO -» 3FeO -I- C 0 2 

(c) FeO 4 CO > Fe + CO z 

In order for these reac t ions to proceed e x c e s s CO must be 
present . At t emperatures b e l o w about 500'C, the react ion 

2CO -> C + C 0 2 

take place rapidly, deposi t ing carbon as f ine ly divided l a m p -
black, which coats and Impregnates the part ia l ly reduced ore 
and leads to direct reduction reac t ions : 

(a) 6 F e 2 0 3 + C -> 4 F e 3 0 . , + C 0 2 

(1)) 2 F e 3 0 4 + C --» GFeO -I C 0 2 

(e) 2FeO 4 C > 2Fc 4 C 0 2 

Visual evidence of the o c c u r r e n c e of s o l i d - s t a t e reduct ion 
can be seen in F i g s . 2 and 3. 

The operation wil l be most e f f i c i en t when the reduction r a t e s 
(both direct and indirect) a r e such that the amount or e x c e s s 
CO, and therefore the carburizat ion of the iron, i s a m i n i m u m 
In pract ice s o m e CO will a l w a y s p a s s out with the was te gas , 
and the C 0 / C 0 2 rat io of this g a s wi l l thus g i v e an indication' 
of the reduction e f f i c i e n c y . 
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An unavoidable lowering of yield from the bloomery occurs 
as a result of slag attack on the furnacc lining. Those were 
generally of clay mineral, probably in the form ot an agglo-
merate of kaolinito and free quartz gra ins . At about 5 0 0 T 
water of crystall ization would be driven off, leaving amor-
phous S i 0 2 and A 1 2 0 3 . During the running of the furnace, 
wustite in the slag would readily attack the rcfractory, form-
ing fayalite with the amorphous s i l i c a . Thus, according to the 
physical form of the attack, extra slag could be formed by 
this means, or iron could be lost by the penetration of fayalite 
into the refractory. This latter has in fact been observed, 
a s the typical fayalite lathes penetrating the furnace lining 
show (Fig.4) . 

Fig. 4 — Fayalite laths In clay lining 

Fig. 3 — Internal reduction 

It can be seen from the above outline of the complex reduc-
tion mechanism that the skill of the operator In controlling 
the course of the reaction had an important bearing on the 
efficiency of extraction. The main aim was to produce slag 
containing a minimum amount of wustite consistent witli the 
production of pure decarburized iron, thus minimizing the 
Iron lo s s to the s lag. The control of temperature, rate of 
addition of charcoal and of ore, and estimation of slag com-

SUMMARY 

The efficiency of a bloomery reduction p r o c c s s may be 
defined as the proportion, expressed a s a percentage, of the 
Iron content of the ore (including gangue) which i s extracted 
a s metall ic iron. This i s governed by a number of factors 
which control the iron l o s s . These arc (i) the amount of 
iron needed to flux the ganguc material of the ore; (ii) the 
amount of wustite in the slag, some of which i s needed for 
s lag/nictal reactions in order to produce pure iron; and (iii) 
refractory attack of the furnace lining by the s lag . The iron 
l o s s can be reduced by skilful working of the furnace to pro-
duce a slag containing a minimum of wustite at the end of the 
operation. Thus a study of the mineralogical constitution of 
any given slag wil l give an indication of the eff ic iency of 
operation during the corresponding furnace run. 
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P R E L I M I N A R Y A R C H A E O L O G I C A L E X A M I N A T I O N O F O H I O ' S 
F I R S T B L A S T F U R N A C E : T H E E A T O N ( H O P E W E L L ) 1 

JOHN R. WH1TI5, Department of Sociology and Anthropology, Youngstown Stale University, 
Youngstown, OH 44555 

Abstract. The Eaton (Hopewell) Furnace located near Struthers, Ohio was built in 
1802-1803. The first blast furnace west of the Alleghenies and the first industry of 
any kind in the Western Reserve, it went out of blast circa 1808 due to a combination 
of factors and fell into ruin. Historical sources on the Eaton are scarce and informa-
tional sources are vague, but archaeological excavations carried out in 1975, 1970, 
and 1977 have led to some interesting findings concerning early blast furnace opera-
tions. Subsequent chemical and metallurgical analyses of furnace artifacts and speci-
mens provided insights into the level of efficiency of the operation and the quality of 
the raw materials, products, and byproducts. Foremost among these findings is the 
fact that the Eaton's use of bituminous coal in combination with charcoal was the 
earliest use substantiated in the New World. 

OHIO J. SCI. 80(2): 52, 19S0 

The Eaton-Hopewell Furnace (33MH9) 
is located in Yellow Creek Gorge just 
200 m downstream from manmade Lake 
Hamilton in Mahoning County, between 
the cities of Struthers and Poland, two 
suburbs of Youngstown, Ohio. It lies 
midway up a steep slope with an incline 
in excess of 45 degrees. The slope soil is 
classified as Dekalb very stony loam, 25% 
to 50% slopes (DkF), characteristic of 
very steep valleys in Mahoning County 
(Lessig et al 197Í, p. 78). 

The furnace, built in 1S02-1803, was 
the earliest blast furnace west of the 
Alleghenies and the earliest industry of 
any kind in the Western Reserve. It 
operated with only one major interrup-
tion until about 1808, when, due to a 
combination of factors including an in-
efficient blast process, a shortage of 
readily available hardwood for charcoal, 
and an accidental blow-out., it went out 
of blast. Very little is known about the 
operation years. What few accounts I 
have found written in local histories 
(Butler 1921, p. 058) are somewhat re-
petitive (even in their errors), suggesting 
that they were gleaned from the same 
primary and insubstantial source. 

Prior to excavation, very little of the 
furnace was observable and, like the re-

'Manuscript received 30 January 1979 (#79-8). 

mainder of the site, was either destroyed 
or buried under 175 years of erosional 
overburden. Only the tuyere arch and 
a small 1.75 m rim segment of the inner 
chimney of refractory sandstone were 
visible. Evidence, including old photo-
graphs, indicated that little more of the 
furnace th an this was exposed for at least 
the last 75 years. The cover vegetation 
was so dense with elm, sycamore, wild 
grape, sumac, and poison ivy that it 
took 4 full days just to clear the area for 
gridding. 

Excavations covering 3 seasons were 
carried out by a crew consisting of 15 
Struther's High School seniors, 5 uni-
versity archaeology students and recent 
graduates, and a more or less steady sup-
ply of university volunteers. The site 
was divided into 7 major excavation 
zones, 4 of which were of prime im-
portance. This division served 2 pur-
poses: it allowed for simultaneous sampl-
ing and investigation in different areas 
of the site, and it facilitated deployment 
of the field crew over the relatively re-
stricted and precarious land area. 

FURNACE ZONE 
The Furnace zone consisted of the 

furnace structure itself and the fill within 
its perimeters. Overburden often reached 
a depth of more than 2 m. Because of 
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the striking visual remains and great lo-
cal interest, continuous efforts were made 
to clear this zone. The end of the first 
season saw almost the entire furnace 

structure uncovered to its full remaining 
size. Excavation revealed the remains 
of the entire bosh area and firepot or 
hearth, measuring 180 cm in height from 

TIPPLE AREA 
~ i 

DAM STONE IRON 
FIGURE 1. Schematic drawing of a typical early 19th century blast furnace. 
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base to bosh and varying in width be-
tween 1.7 m and 1.9 m. The bosh, which 
is the widest point of the furnace and the 
structural feature t ha t allows for the sup-
port. of the charge, measured a maximum 
of 2.7 m in diameter. (Sec tig. 1 for a 
schematic of a typical early blast fur-
nace.) Based on these specifications, an 
estimated production rate of 2 to 3 tons 
of cast iron per day seems reasonable. 

The inner chimney lining was made 
from shaped blocks of refractory sand-
stone tha t were cemented with a hard 
mortar colored to a brick-red. Exami-
nation of this mor tar showed a con-
stituency quite similar to t ha t of the 
samples of sand and soil analyzed from 
the site (table 1). In a laboratory ex-
periment, red sand from the hearth 
opening (Sample 2) was mixed with water 
and baked. '" This process resulted in the 
creation of a friable concretion not as 
hard as hu t not very different f rom the 
color and texture of our mortar sample. 
This finding leads us to believe tha t the 
furnace builders expeditiously welded 
their sandstone blocks together with 
mortar made from local sand or mud and 
water. The intense heat and pressure 
produced by the furnace operation hard-
ened and colored the mortar . The 
chimney interface was pat inated with a 
thick incrustation of slag, and the t ap 
hole itself was clotted with the remains 

of the furnace 's last cast, a par t of which 
upon cessation of the blast had been al-
lowed to cool within the firepot. Re-
mains of the cast, which consisted of a 
pudding-like conglomeration of charcoal, 
slag, ore, and iron, were discovered in 
the form of a long runner extending 
from the tap hole some 4 m out onto the 
casting floor. The runner was covered 
with 100 cm of erosional soil. This find-
ing suggests tha t the incompletely cooked 
cast erupted onto the casting floor as a 
result of a furnace lining failure. 

FURNACE WALL 
The outer furnace wall was composed 

of large hand-chiseled blocks of nat ive 
sandstone, some weighing several hundred 
pounds. The furnace was built into the 
gorge slope with the natura l sandstone 
cliff constituting an integral par t of its 
construction. The insulating space be-
tween the heavy outer wall and the re-
fractory inner chimney was filled with 
sand t ha t was subsequently oxidized to a 
bright red-orange by the intense heat 
generated b y the furnace. This sand, 
though dramatically different in color, 
proved to be quant i ta t ively and quali-
tat ively identical to samples taken from 
other areas of the site (table 1). These 
sands were local in origin and resulted 
from weathering and erosion of the con-
tiguous sandstone cliff. When the fur-
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nace subsequently collapsed, the oxidized 
sand spilled out over the immediate cast-
ing floor area and served as a clear red 
demarcation between the lower cultural 
levels on which it sits and the post-1808 
sandy loam overburden on top of it. 

CASTING FLOOR (ZONE A) 

Zone A was the designation given to 
the relatively flat and featureless area 
immediately adjacent to and south of 
the furnace. I t was determined to be 

the casting floor, the place where the raw 
molten iron or loupe was set. into various 
molds. This zone represented the area 
of maximum furnace activity. The en-
tire zone measured approximately 14 x 18 
m in area and was cleared to a depth of 
between 10 and 100 cm revealing a flat 
sandy floor. The top several centi-
meters contained a heavy concentration 
of rock spalls and fragments. Within 
this spall level were found several arti-
facts shaped like large, thick dog biscuits 

I I I I I I 
0 5 

FiGUKi 2. H y d r a u l i c m o r t a r b r i c q u e t s r e c o v e r e d f r o m the s i t e i n d i c a t e |Mist-l!X)7 a c t i v i t y . 
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(fig. 2). These art i facts were determined 
to be bricquets used for testing the 
tensility of hydraulic mortors (American 
Society for Testing and Materials 1903, 
p. 505). These devices were used by 
engineers during the construction of 
Hamilton Dam and hence were ideal 
dating indicators for the spall level as 
modern or post-1907. The spalls them-
selves could well represent the result of 
energies pu t to the finish-shaping of the 
enormous sandstone blocks used in the 
dam. While no evidence was found of 
a casting floor shed in this area, such a 
s t ructure would have been a necessity 
because even the smallest amount of 
precipitation coming into contact with 
the molten iron would cause a violent 
reaction. 

Most of the ar t i facts that were found 
came from Zctnc A. These included 
stove parts , fireback fragments, frag-
ments of assorted heavy iron tools, 
spikes, heavy pins, staples, utensil pieces 
such as Dutch ovens, trivets, and pans; 
and byproducts of the manufacturing 
process including sprues and scrap iron. 
Some art ifacts were so encrusted with 
rust t ha t identification was impossible. 
Several ar t i facts were made from wrought 
iron and must have been brought to the 
site f rom elsewhere because there is no 
evidence, historical or archaeological, of 
the Ea ton ' s having a forge or facility for 
their production. One of these wrought 
iron art ifacts was a large staple tha t may 
have been par t of the casting shed. The 
more ubiquitous i tems included chunks of 
slag and kidney ore. Two basic methods 
were used to clean these artifacts: (1) 
more delicate pieces were cleaned by 
electrolysis; (2) the hardier, bulkier arti-
facts were muffled and sandblasted. This 
is a new, efficient and far speedier process 
(White 197G). 

Less than 30 cm below the sand level, 
we found an extremely rocky talus level 
composed of huge slabs and blocks of 
sandstone tha t had, through the cen-
turies, detached themselves from the 
cliff side. Apparently, the furnace build-
ers created the necessary flat casting 
floor by filling and covering the talus in-
terstices with sand until a level working 
surface was achieved. Immediately 
southeast of the flat casting floor was a 

massive slag heap t ha t sloped steeply 
from the perimeter of the casting floor to 
the creek level 1 1 m below. A cut made 
into this slag heap at its top revealed 
evidence t ha t the furnace had undergone 
some major repair and refining during its 
use. Refining was done in a piecemeal 
or patchwork manner ra ther than by a 
complete overhauling. Fragments of dis-
carded refractory sandstone were found 
sandwiched between layers of slag and 
cinder. The slag heap probably served 
as the general disposal area for all dis-
carded material. 

OTHER ZONES 

Zone B was the designation given to a 
small terrace roughly 6 x G m in area 
located about 8 m downslope east f rom 
the furnace mouth. It was here t ha t the 
original mechanism for supplying the 
blast was located. Excavations revealed 
a stone wall or footing and an almost 
square, flat sandstone slab floor measur-
ing 160 x 158 cm along its sides. This 
s t ructure was all t ha t remained of the 
blowing shed or wheel house. The over-
shot wheel turned in the area between the 
walls and raised and lowered the bellows 
tha t rested atop the square slab floor. 

The least investigated of the major 
excavation areas was Zone C. This is 
the designation given to the tipple area 
approximately 10 m up the cliff face 
from the bosh. Work was under taken 
here to determine what we could about 
the charging process. We found more 
fragments of kidney ore, charcoal, and 
coal in this area than we had anywhere 
else on the site. This is as it should be, 
since it was from this spot tha t the 
charges of fuel, iron ore, and flux (lime-
stone) were supplied to the furnace. 
The abundance of high quality bitumi-
nous coal in this zone led us to believe 
tha t the Eaton (Hopewell) used a com-
bination of charcoal and raw coal as 
fuel. Chemical analysis of the cast irons 
by scientists at Youngstown Sheet and 
Tube company and other laboratories 
supported this conclusion because the 
finished iron contained larger amounts of 
sulfur than expected with simple char-
coal reduction, i.e., between 0.060% and 
0.22% by weight (White 1978). This 
fact tends to reduce the effectiveness of 



57 JOHN R. WHITE Vol. 80 

those arguments by historians and ar-
chaeologists who proclaim that archaeol-
ogy cannot add anything of a hard 
factual nature to our knowledge of our 
historical past. No extant record of the 
Eaton (Hopewell) mentions this use of 
charcoal in combination with raw coal; 
in fact, coal used in this manner was the 
earliest reported for the New World 
(White 1978). 

ANALYSES 

The Eaton (Hopewell) coal was an-
alyzed and found to be of a relatively 
efficient, high grade, and bituminous 
type, averaging out as 4.00% ash, 38.04% 
volatile material, and 52% sulfur. By 
comparison, the Eaton (Hopewell) char-
coal ranged between 1.94% and 7.30% in 
ash content, between 40.02% and 44.58% 
in volatile material, and between 0.01% 
to 0.02% in sulfur content. 

Eaton (Hopewell) iron ore is a variety 
known as kidney or reniform ore, getting 
its name from its physical characteristics, 
i.e., it is generally kidney-shaped and 
reddish brown in color. Extremely dense, 
it occurs in both pockets or layers and as 
float material in Yellow Creek. While 
higher quality iron ore exists (today the 
mills use taconite pellets with 60-65% 
iron), the Eaton (Hopewell), with its 
ferrous oxide (Fe203) between 47.9% and 
58.6%, is considered good especially for 
its time. 

The most ubiquitous byproduct of the 
ironmaking process is slag, which is the 
lithic material created when the lime-
stone flux mixes with impurities or non-
ferrous materials in the iron ore. This 
slag, less dense than the molten iron, 
floats oil the iron and is skimmed off and 
discarded. Old ironmasters had a maxim: 
"Take care of the slag and the steel will 
take care of itself," which exemplified the 
importance of this phase in the operation. 
Low viscosity and high sulfur-removing 
capacity are the prime characteristics of 
blast furnace slags (Muan and Osborn 
1964, p. 148). The Eaton (Hopewell) 
were relatively consistent in this dcsul-
furizing ability, having between 0.30% 
and 0.50% sulfur. As is characteristic 
of blast furnace slags, the thermo-
dynamically stable oxides of magnesium 

(MgO), aluminum (A1203), silica (Si02), 
and calcium (CaO) were present. Slag 
colors included blue, green, glassy black, 
and turquoise. The content figures were 
roughly comparable for each of the dif-
ferent colors. Analysis of Eaton (Hope-
well) slags indicated that the furnace was 
run at a temperature between 2150 °F 
and 2250 °F (1177-1232 °C) (White 
1977). As a point of comparison, mod-
ern furnaces work at approximately 
2800 °F (1538 °C). Earlier blast fur-
naces did not get respectively cooler as 
there is a minimum effective temperature 
for ironmaking of 2200 °F (1204 °C). 

We have learned a considerable amount 
about early iron production in an area 
that prides itself as one of the world's 
largest steel producing centers, but this 
is only a preliminary report and many 
questions still remain. Classification and 
analysis of the artifacts and specimens 
from the site is almost completed, as is 
the final site report containing more 
complete descriptions of site settings, 
geology and archaeology. Undoubtedly, 
publication of our final monograph will 
serve to raise even more questions, but 
archaeology can answer some hard ques-
tions about those periods and aspects of 
our historical past traditionally neglected 
by the record keeper and the historian. 
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BRIEF NOTE 

X - R A Y F L U O R E S C E N T ANALYSIS OF AN E A R L Y OHIO BLAST 
F U R N A C E SLAG1 

JOHN R. WHITE, Department of Sociology/Anthropology, Youngstown State University, 
Youngs town, OH 44555 

OHIO J . SCI. 77(4): 186, 1977 

In the summers of 1975 and 1976, 
archaeological excavations were carried 
out a t the Eaton-Hopewell Furnace near 
Struthers , Ohio. These excavations were 
carried out primarily t o recover informa-
tion on early ironmaking in the Western 
Reserve. The Eaton-Hopewell Furnace, 
considered to be the earliest blast furnace 
west of the Alleghenics, was built in 1802 
and lasted for 10 years until 1812. The 
excavations lasted a period of 10 weeks 
and led to the recovery of hundreds of 
ar t i facts and several major structural 
features. Among ''the more ubiguitous 
cultural remains recovered from the site 
were the f ragments of heavily incrusted 
iron scrap and slag. 

The slag phase in ironmaking has al-
ways been a critical one as indicated by 
the industrial maxim " t ake care of the 
slag, and the steel will take care of it-
self". Nowadays, the steelman is a 
technologist, enlisting the aid of a wealth 
of accrued information in slag chemistry, 
his predecessor in the early 19th century 
was more an art isan, guided by a feel for 
his trade. Now, as then, the slag char-
acteristics of concern to the metallurgist 
are its fusibility (the slag should be com-
pletely liquid a t ironmaking tempera-
tures) and fluidity (the liquidus should 
have relatively low viscosity, t ha t is, 
favorable diffusion properties). Muan 
and Osboni (1964) add to these the 
properties of opt imum composition and a 
high sulfur-removing capacity. Analysis 
of slag for the information it can provide 
is especially impor tant in the historical 
or archaeological context where there is a 

'Manuscript, received October 1, 197(1 and in 
revised form as a note April 1, 1977 (#70-77). 

absence or paucity of writ ten informa-
tion. 

Fragments of slag (9) were selected 
from various stratigraphie levels and from 
different horizontal locations. The sam-
ples consisted of slags of different colors 
and textures and were analyzed by spe-
cialists at the Youngstown .Sheet and Tube 
Company in Youngstown, Ohio using a 
Vacuum X-ray Quantometer . The in-
st rument was calibrated using previously 
analyzed samples of modern blast furnace 
slags of known constituency. In the 
case of the Eaton slags, t he critical cali-
bration was for Si02 where the range was 
in the 50 percentile. Modem test sam-
ples in this high silica range are not com-
mon bu t samples are available. 

Slags produced through a charcoal blast 
furnace normally are of a viscid character 
and have a high silica content . Lord's 
(1884) early work on Ohio iron manu-
facturing and his analysis of slags from 
charcoal furnaces in the Hanging Rock 
region seem to bear this out. The Eaton-
Hopewell slags were no exception. X-ray 
fluorescent analysis of 9 specimens of slag 
indicated a high percentage of Si02 rang-
ing between 51.6 and 58.0 and with an 
average of 54.5 (table 1). 

The Eaton-Hopewell slag is apparent ly 
typical of slags produced in the blast 
furnace environment. At the low oxy-
gen pressures prevailing, only those oxides 
which arc very stable thcrmodynamically 
were present. The oxides of magnesium 
(MgO), aluminum (A1203), silica (Si02), 
and calcium (CaO) were the most im-
portant . Manganese (MnO) also was 
present in appreciable quanti t ies (table 

The sulfur-removing ability of blast 
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T A B L E 1 

Percentage composition by X-ray spectroscopy of Eaton-Hopewell slags. 

Specimen* 

Color 

Consti tuents 
MgO 
A120„ 
SiOj 
S 
CaO 
MnO 
Ti02 
FcO 

CaO+MgO 
Si0 2 +Al 2 0 , 
(desulfurization 

index) 

1 2 

Blue Green Black Tur-
(glassy) quoisc 

5 
Grecn-

Tur-
([tloisc 

Green 
(glassy) 

Black 

8 9 
Grey- Green-
Black Black-

(porous) (porous) 

0.1 0.1 5.1 0.2 3.3 2.70 2.90 2.40 4.30 
15.3 10.2 14.8 10.3 14.5 15.00 13.10 14.40 10.30 
51 .0 51.8 53.5 53.2 55.3 55.80 55.00 50.00 58.00 
0.4 0.5 0.3 0.4 0.4 0.35 0.28 0.38 0.28 

18.2 10.0 20:2 15.4 19.0 17.80 19.30 10.20 10.50 
3.2 4.1 2.0 4.1 2.9 2.80 3.74 3.05 4.40 
0.7 0.7 0.5 0.7 0.0 0.01 0.00 0.00 0.70 
0.5 1.0 0.4 0.0 0.0 0.00 1.94 2.32 1.75 

.30 .33 .37 .31 .32 .29 .33 .20 .20 

'Specimens 1, 2, 3, and 4 were collected from the surface of the slag pile. They were selected 
specifically By color and/or texture. Spccimcn 5 was recovered from the tipple area at a depth 
of 21) cm. ' Specimens (i and 8 were recovered from the casting floor area at a depth of 25 cm. 
Specimen 7 was^recovered from the slag pile at a depth of 75 cms. Specimen 9 was recovered 
from the slag "pile at a depth of 120 cm. 

f u r n a c e s lags increases in t h e o r d e r S i 0 2 < 
A1203 < M g O < C a O . T h e o p t i m u m com-
pos i t iona l r a t i o fo r de su l fu r i za t i on h a s a 
low S i 0 2 - A l 2 0 3 c o n t e n t a n d a h igh C a O -
M g O c o n t e n t . T h e de su l fu r i za t i on in-
dex can b e d e t e r m i n e d b y d iv id ing t h e 
c o m b i n e d p e r c e n t a g e s of C a O a n d M g O 
b y t h e c o m b i n e d p e r c e n t a g e s of S i 0 2 a n d 
AI2O3. T o a po in t , a t l eas t , t h e h ighe r 
t h e index, t h e g r e a t e r t h e su l fu r r e t a i n i n g 
c a p a c i t y . T h e index fo r E a t o n - H o p e w e l l 
s lags w a s b e t w e e n a v e r y low 0.20 a n d 
0.37 ( a v e r a g e 0.31) . F o r c o m p a r i s o n 
pu rposes , s lags f r o m 8 o t h e r h i s to r ic b l a s t 
f u r n a c e s ( d a t i n g f r o m 1650 t o 1850) were 
a n a l y z e d . T h e s e r a n g e d f r o m a low in-
dex of 0 .28 ( f r o m I h a m m e r s m i t h on t h e 
vSaugus, t h e ear l ies t b l a s t f u r n a c e in t h e 
U n i t e d S t a t e s ) t o a h igh of 0.54 ( f r o m 
t h e original Hopewel l in B e r k s C o u n t y , 
P e n n s y l v a n i a ) . in t e r m s of desu l fu r i z ing 
p r o p e r t y , t h e E a t o n - H o p e w e l l slag could 
n o t b e cons ide red p a r t i c u l a r l y e f fec t ive 
even for i t s t ime . 

T h e n e e d for e f fec t ive s u l f u r r e t e n t i o n 
c a p a c i t y is m o r e cr i t ical in t hose s i tua -
t i o n s w h e r e cokc o r r a w coal were used a s > 
a fuel t h a n iti cases w h e r e cha rcoa l was 
re l ied u p o n . J u s t such a n e e d m a y h a v e 
been called for a t t h e E a t o n - H o p e w e l l 
F u r n a c e b u t h i s t o r y h a s l e f t 110 w r i t t e n 

r eco rd of t h e fue l u sed . I t h a s been 
c o m m o n t o c red i t t h e " M a r y " F u r n a c e 
in Lowellvil le, Ohio w i t h b e i n g t h e first 
b l a s t f u r n a c e in t h e U n i t e d S t a t e s (bui l t 
in 1842) t o use coal in t h e m e l t i n g of i ron 
ore. Archaeologica l findings a n d sub-
s e q u e n t me ta l lu rg i ca l ana ly s i s l e ads t o 
t h e i nev i t ab l e conc lus ion t h a t t h i s h is-
tor ica l f o o t n o t e will h a v e t o b e modi f ied . 
Archaeologica l e x c a v a t i o n s u n d e r t a k e n in 
t h e t i pp l e a r e a of t h e E a t o n - H o p e w e l l 
F u r n a c e ( loca ted on t h e cl iffside a b o v e t h e 
b l a s t f u r n a c e ) t u r n e d u p a n a b u n d a n c e of 
h igh q u a l i t y b i t u m i n o u s coal m i x e d w i t h 
f r a g m e n t s of cha rcoa l a n d k i d n e y ore . 
In a d d i t i o n , ana ly s i s of t h e finished 
E a t o n - H o p e w e l l i r ons r evea l ed l a rge r 
a m o u n t s of s u l f u r ( be tween 0 . 0 6 0 % a n d 
0 . 2 2 % ) t h a n o n e m i g h t expend wi th s im-
ple cha rcoa l r e d u c t i o n ( W h i t e 1970). I n 
s h o r t , t h e E a t o n - H o p e w e l l F u r n a c e u s e d 
c o m b i n a t i o n of cha rcoa l a n d r a w coal a s 
fuel . I t s d a t e a l m o s t 10 yea r s ear l ie r 
t h a n t h e " M a r y " s u p p o r t s t h e s i t e ' s 
c la im a s r e p r e s e n t a t i v e of a t r a n s i t i o n 
s t a g e b e t w e e n t h e sole u se of c h a r c o a l a n d 
t h e sole use of coal . 

F o r t u n a t e l y , t h e v e r y s a m e qua l i t i e s 
t h a t deve lop o p t i m u m d e s u l f u r i z a t i o n 
also p r o v i d e d for low v iscos i ty . C a O 
a n d M g O a id in t h e b r e a k i n g d o w n t h e 
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p o l y m e r i z e d s i l i con -a luminum-oxygen t e t -
r a h e d r a . T o a p o i n t ( a t wh ich v e r y low 
S i 0 2 c o n t e n t l e ads t o t h e f o r m a t i o n of 
m e r w i n i t e o r per ic lase c r y s t a l s s u s p e n d e d 
in t h e l i qu idus ) v i scos i ty decreases w i t h 
t h e inc rease of C a O a n d M g O . 

Us ing t h e 1 5 % A1,0 , p l ane of t h e C a O -
Mg()-AI,(),-Si<>, t e t r a h e d r o n des igned b y 
O s b o r n a n d c o - i n v c s t i g a t o r s (1954), t h e 
E a t o n - H o p e w e l l s lags were f o u n d t o fall 
w i th in t h e i s o t h e r m s of 1300°C. T h i s is 
a p p r e c i a b l y cooler t h a n t h e t e m p e r a t u r e 
of m o d e r n b l a s t f u r n a c e s lags (fig. 1). 
T e c h n i c a l a n a l y s e s such a s t h e s e give 
a r chaeo log i s t s a n d h i s t o r i a n s ins igh t s i n t o 
e a r l y i n d u s t r y a n d t h e y m a y u l t i m a t e l y 
s u p p l y t h e cr i t ical c lues on p ioneer ing 
o p e r a t i o n s w h i c h l a s t e d o n l y a s h o r t t ime . 
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August 1, 1979 

Mr Sanborn Partridge 
62 Ormsbee Avenue 
Proctor, Vermont 05765 

Dear Sandy, 

I believe I've found my way to the bottom of the so-called 'blast furnace' in 
Proctor (in a manner of speaking). The enclosed should be of interest to you. 
I find it hard to believe that someone would construct a blast furnace where 
the illustration shows it. Iron may have been made here, but I have only found 
references to 'bar iron', a product of forges and trip hammers, not blast 
furnaces. Forges also had waterwheels to operate bellows. Blast furnaces were 
usually (but not always) built a di tance from water so as to reduce the chances 
of molten iron contacting water, and thus producing superheated steam, scalding 
everyone in the \zicinity. 

I'll be in Montpelier at the VHS and State Library the coming Friday, August 10. 
The next day, I'll be in Troy (Vermont, that is) to do some continuing field 
work at a blast furnace site there. 

Victor R, Rolando 
34 Howard Street 
Pittsfield, Mass 01201 

(NEW ADDRESS!) 

(413) 443-1461 



Letters To The Editor 
The Herald welcomes letters from readers on all timely subjects. Writers must in-

clude their names and addresses, but these will be withheld from publication on request. 
Please make your letters short. 

furnace, and beside the mill pond. 
The water came from above Suther-
land Falls on Otter Creek past a grist 
and carding machine, which stood near 
the head of the falls. 

The earliest land records show its 
existence as far back as 1809. From 
that time onward it passed through 
many vicissitudes, ending financially 
bankrupt after the disastrous flood 
of 1840, when two decrees of fore-
closure by the Court of Chancery, one 
in 1843 and the other in 1845, were 
granted to Abel Penfield of Pittsford 
who had a financial interest in the 
Venture. 

An attempt to mine iron ore was 
made on the so-called "ore hill" on the 
high bluff north of , the Humphrey 
homestead, but it was of a very infer-
ior quality. Record has it that some 
iron ore was brought from Crown 
Point, N. Y. for smelting in the fur-
nace. 
^The charcoal used in the furnace 

may undoubtedly have come from seme 
kilns located on the bluff to the west 
of the so-called Garden of Eden, where 
indications are that such kilns were 
located. 

OTTO T. JOHNSON 
Proctor, Jan. 2. « ' 1 

A N O T H E R F O U N D R Y 

To the Editor of The Herald: It t. 
may not be so well known to many 
in this vicinity that there existed 
another forge and iron furnace in 
what was known as Sutherland Falls, 
now Proctor, during the early part 
of the last century. 

I have a photograph made of a 
painting, now in the possession of the 
Vermont Historical Society, which 
was made in 1859, which does show 
the furnace and the building hous-
ing the forge, it stood approximately 
at the north end of thè so-called 
"Johnson's mill," then a deep gulley 
about 75 feet below the present floor 
level of the mill. 

The pictures also shows the flume 
which carried the water from the mill 
dam to the wheel, which was dis-
located by the disastrous flood, of 1840. 
The water wheel which operated the 
bellows stood a short distance north 
of the furnace. The west side of the 
furnace seems to have been integral 
with the cliff on the west side with a 
driveway above and to the west of 
the furnace. 

The forge or foundry stood on a 
higher elevation to the east of the 

i I Fiw r V wi 
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Mr. Victor Rolando 
Parsonage, Apt. 3S 
Nassau, NY 12123 

Dear Sir: 

I saw the note about your interest in slag analysis in the November 
1978 issue of the SIA newsletter. I am in charge of the artifacts 
excavated from the site of Fort Michilimackinac which had a French 
occupation from about 1715 to 1761 and a British occupation from 
1761 to 1781. I am currently doing research into the possibility 
that trace element analysis of some of our iron artifacts might be 
used to determine their origin. 

My interest is, therefore, tangential to yours, but in my research 
I have found a couple of things which may be useful to you. First, 
Professor John R. White, Dept. of Sociology/Anthropology, Youngstown 
State University, Youngstown, Ohio 44555. His office telephone is 
216/742-3442 and home 216/783-2484. He has excavated a furnace in 
Ohio and has used slag analysis to help show that it was partially 
coal fired. He has published two articles, "Archaeological and 
Chemical Evidence for the Earliest American Use of Raw Coal as a 
Fuel in Ironmaking" J. of Archaeological Sci., Vol. 5, No. 4 (Dec. 
1978), pp. 391-393 and "X-Ray Fluorescent Analysis of an Early 
Ohio Blast Furnace Slag" The Ohio J. of Sci., Vol. 77, No. 4 
(July 1977), pp. 186-188. 

Secondly, enclosed is some membership information on the Historical 
Metallurgy Society. I have recently received a complete set of the 
back Issues of their journal. I have not had time to study them 
carefully, but they seem to be a treasure trove of information. 
There are several articles on slag analysis. There is also a 
French journal, but since I do not read French it has not been of 
much help to me. Revue d'Histoire de la Siderurgie, 54 Jarville, 
Nancy, France. 
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Mr. Victor Rolando - 2 April 6, 1979 

I hope this information proves to be of some help to you. If you 
should come across a metallurgist who is interested in doing the 
chemical analysis of some iron samples, I would appreciate knowing 
about him. 

Sincerely, 

MACKINAC ISLAND STATE PARK COMMISSION 

Loren Daniel Lillis 
Archaeology Lab Director 

LDL: ajw 

Enclosure 
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The Society's origins lie in concern over the steady reduction in the number of surviving early 
blast furnaces, which was expressed in a letter to Hie Journal of the Iron and Steel Ins t i tu te 
in 1962. This brought together enough interested people I'or the Historical Metallurgy Group 
to be consti tuted informally and to produce its first Bulletin in 1 9(>3. Subsequent years brought 
large increases in membership, which in mid-1970 was approaching 400, and valuable links with 
the Iron and Steel Inst i tute and with the Insti tute of Metals. 

At the beginning of 1974 the Group became the Historical Metallurgy Society, aff i l iated to the 
newly formed Metals Society. 

The Society has three inter-rclated purposes; it maintains its original object of encouraging the 
recording of early metallurgical sites and selecting examples for preservation, but it has 
extended its interests to the fostering of all aspects of metallurgical history, ferrous and non-
ferrous, whether by documentary or field research, in this count ry or abroad; it has been able, 
from time to t ime, to make small grants in aid of research and publication. Its second func t ion 
complements the first; publication of the Journal ( former ly the Bulletin of the Historical 
Metallurgy Group), twice each year, provides a medium f o r short articles, and in part icular , for 
up-to-date reports on work in progress, providing members with information which might 
otherwise not be seen until the eventual publication of completed research reports; occasional 
papers are also published f rom time to time. The third funct ion is to hold annual conferences ; 
these began with one in Wolverhampton in 1965, and have subsequently been held in Sheff ield, 
the Forest of Dean, the Lake District, Cornwall, South Wales, Leeds 2nd Staffordshire? giving 
members the oppor tun i ty of hearing papers bo th of national and local interest, and of extensive 
visits to sites in these regions. 

New members are very welcome, whatever the aspect of their interest in the his tory of metals. 
Among the present membership are metallurgists, economic historians, archaeologists, and 
many with a wide general interest in history and technology. The latter may find tha t the 
activities of fellow-members are of interest; for instance the archaeologists in the Society always 
welcome helpers in field-work, whose range can be seen f rom past issues of the Bulletin. In 
particular, excavations have been carried out on Roman works in Sussex, and early modern 
sites in the Lake District and in the Weald. The Wealden Iron Research Group has been formed 
by members with interest in the south-east, and welcomes assistance. 

Anyone wishing to join The Historical Metallurgy Society should write for details and a form 
pf application to the Hon Secretary, K C Barraclough, 19 Park Avenue, Chapel town. Sheffield 
S30 4WH. 

Details of available back-numbers of the Bulletin/Journal and o ther publications may be 
obtained from the Hon Treasurer, C R Blick, 16 S y c a m o r e C r e s c e n t , B a w t r y , 
D o n c a s t e r , DN10 6LE. 

* and now - Sheffield, South Wales, Scotland, Teesside and Mid-Wales 
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Literature available from Hon. Treasurer 
16 Sycamore Crescent 
.Bawtry 
DONCASTER, DN10 6LE 

1. Back numbers of the Bulletin of the Historical Metallurgy Group 

Volume 4/2 

Volumes 5/1, 6/2, 7/2 

- -75p each, post f ree ' 
in U.K. or by surface 
mail 

- £1.00 each - ditto -

2. Back numbers of the Journal of the Historical Metallurgy Society 

_ Volumes 8, 9, 10, 11, 12, Parts I:-- :: _ £1.50 each, post free 
and 2 in the U.K., or by 

surface mail. 

( Complete Set (Vol. 1/1 to Vol. 12/2 
( incl.) including Index, Vols 1 - 7 

15 ( 
sets ( Complete Set (as above) - European 
only ( Countries bi.-- :•.. .' 

remain( 
( Complete Set (as above) - Western 
( Hemisphere and Australia -

- £20.00 - ditto 

- £24.00 post free, surface 
mail 

- £25.50 post free, surface 
mail; 

3. Index, Volumes 1 to 7, inclusive 

Members, Historical Metallurgy Society 

Non-Members 

50p post free in the U.K. 
only 

£1.00 post free in the U.K. 
only. 

Re-Prints of Papers 

Papers at present available are :-

i) R.F. Tylecote, A.P. Banks, D.R. Wattleworth, B.G. Ashmore 
"Maryport Blast Furnace - Post Mortem and 
Reconstruction" (8 pages) 

R.F. Tylecote, J.N. Austin and A.B. Wraith ii) 

iii) 

"The Mechanism of the Bloomery Process 
in Shaft Furnaces" 

K.C. Barraclough 
"Alternative Routes to Steel - A survey of 
the position around the time of the Bessemer 
and Siemens inventions" 

(22 pages) 

(13 pages) 



4• M z P r i n t ^ ^ P a ^ ^ (continued) 
iv) K.c. Barraclough 

"Puddled Steel - a forcrott^n ^ • 
history of steelmaking" C h a p t e r l n t h e 

. ~ ( H pages) 
v) G.R. Morton • . 

. » •* 113 pages) vi) H.D. Ward . 

. . . - (10 pages) 
1 L K'°' B a r r a c l ° u g h and J. a. Kerr 

' : ' — Archive 
(5 pages) 

% tte:^.AB0VEARE 7 0 p e L : : post free in 'v: 

S 2 r f ! i C e S l u r f a c e m a i l l o overseas 
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«S» I H l UlNIVtKÒI I Y 
I f OF ASTON 

IN BIRMINGHAM 
Gosta Green. Birmingham B4 7ET/Tel: 021.359 3611 Ex 3 7 3 

Mr Victor Rolando The Department of Metallurgy and Materials 
Parsonage Apt 3 S 
Nassai 
U S A 

>7 XX i o 1 T3 Head of Department Nassau N Y 1Z1ZJ Professor I L Dillamore PhD, DSc. FIM 

13th June 197 9 

MET/OPN/HAH 

Dear Mr. Rolando, 

My attention has been drawn to a note in a recent S.I.A. 
publication, in which you express an interest in the 
examination of slags. There has indeed been much interest 
in the relationships between slag constitution and its 
origins. Iron and steel makers have for many years 
exercised effective' control over their processes by 
selecting a slag composition to give the required inter-
actions with the ore, or the melt, which is to be refined. 

It is now known that solidified slags may be glassy, 
crystalline, or a mixture of both structures. The slag 
composition (and structure if crystalline) certainly enables 
assessment to be made of its melting point, and perhaps if 
its source. Its physical appearance (when allowance is 
made for weathering and similar deterioration) is also of 
importance - for instance, charcoal furnace slags often 
enclose unburnt charcoal, or characteristic ash. The 
distinction between slags of different origin cannot be 
100% definitive, but by the critical appraisal of results 
from the several "analytical" techniques currently available, 
a fairly high degree of confidence may be established. 
(I use "analytical" to include conventional chemical 
analysis, X-ray discriminatory techniques, mineralogical 
studies, electron microscopy, and similar techniques). 

From the point of view of providing an effective aid to the 
industrial or to the classical archaeologist, slag technology 
is I believe at an exciting stage of development. Indeed, I 
have at this moment a Ph.D. student who is examining and 
characterizing ancient ferrous process slags, using the varied 
techniques already mentioned. We are fortunate in having 
access to the National Collection of Archaeological Slags, 
which is housed not too far from here by the Ironbridge Gorge 
Museum Trust (with whom we have a close working arrangement). 
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Mr Rolando 
Nassau 
U S A 

13th June 1979 

I attach a short list of some significant published work on 
ironmaking slags, which you may find to be a useful 
introduction. I shall be pleased to hear from you in more 
detail, so that more pertinent information may be exchanged, 
I am, 

Yours sincerely, 

0 P Nicholson 
Lecturer in Metallurgy and Materials 

Enel. References 



THE UNIVERSITY OF ASTON IN BIRMINGHAM 

DEPARTMENT OF METALLURGY AND MATERIALS 

REFERENCES 

X-ray fluorescent analysis of an early Ohio blast 
furnace slag. J.R. White, Ohio J.Sei., 77(4), 
186, 1977. 

Constitution of Roman bloomery slags. G.R. Morton 
and J.J Wingrove. J. Iron & Steel Inst. (London) 
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• Journal of Archaeological Science 1978, 5, 391-393 

iji 
| Archaeological and Chemical Evidence for the 
¡•Earliest American Use of Raw Coal as a Fuel 

in Ironmaking 
> John R. White" 

The archaeological discovery of bituminous coal in the tipple area and the sub-
sequent analyses of specimens of the iron ore, charcoal, limestone, slag, and cast 
iron from the Eaton (Hopewell) blast furnace built in 1802 indicate that raw coal 
was used in combination with charcoal as a fuel in American iron smelting at least 
thirty years before it was used alone. Further, its use in this combinatory manner 
marks the earliest as yet attested to in the New World. 

Keywords: EATON F U R N A C E , U N I T E D STATES, AMERICA, IN-
D U S T R I A L REVOLUTION, 1802, METALLURGY, SPECTROGRAPHY, 
CHEMISTRY, BITUMINOUS COAL, SLAG, CAST IRON, IRON-
M A K I N G , BLAST FURNACE, SMELTING. 

His to ry c red i t s t h e P ionee r b las t f u r n a c e in Pot tsv i l le , Pennsy lvan i a w i t h be ing t h e 
earliest b las t f u r n a c e in A m e r i c a t o use r a w coal ( an th rac i t e ) successful ly as a fue l in t h e 
smel t ing of i r o n . T h i s occur red in 1839 ( W a r r e n , 1973; H o g a n , 1971). P r i o r t o t h a t t i m e 
charcoa l was the sole fue l used in A m e r i c a n f u r n a c e s because it h a s s o m e d is t inc t a d v a n -
tages as a fue l in i r o n m a k i n g : (1) t h e f u r n a c e c o n s u m e s cons ide rab ly less c h a r c o a l t h a n 
coke pe r t o n o f p ig i r o n ; (2) on ly one - th i rd as m u c h l imes tone p e r t o n o f p i g i r o n is 
required in a c h a r c o a l f u r n a c e ; (3) t h e a m o u n t of b las t r equ i red is on ly a b o u t 6 6 % o f 
t ha t f o r a c o k e f u r n a c e wi th the s a m e p r o d u c t i v e capac i t y ; a n d (4) t h e "c r i t i ca l t e m p e r a -
t u r e " m a y be lower in a cha rcoa l f u r n a c e t h a n in a c o k e f u r n a c e . M a t e r i a l s co l l ec ted 
du r ing a rchaeo log ica l excava t ions a t t h e E a t o n (Hopewel l ) F u r n a c e site in 1975 a n d 

; 1976, a n d the i r s u b s e q u e n t chemica l analysis , s h o w t h a t th is h i s to r i c " f a c t " will h a v e t o 
be modi f ied . Ev idence p resen ted here in indica tes t h a t r a w coal w a s used in c o m b i n a t i o n 
with cha rcoa l s o m e 30 years b e f o r e it w a s used a lone , a n d t h e E a t o n F u r n a c e m a r k s t h e 

; earliest s u b s t a n t i a t e d use in th is way . 

" T l i e E a t o n ( o r H e a t o n ) F u r n a c e ( la ter called Hopewe l l by its owner s ) w a s bu i l t in 
1802-03 a n d is loca ted nea r Y o u n g s t o w n , O h i o , in (he ci ty o f S t ru the r s . T h i s ea r ly 
smelt ing o p e r a t i o n , w h i c h went o u t of b l a s t s o m e t i m e b e f o r e 1812, w a s t h e first b l a s t 

' f u r n a c e west o f t h e Al legheny M o u n t a i n s a n d t h e first f u r n a c e o f a n y k i n d in a n a r e a 
which, by the 1860's, was o n e o f the larges t i r o n - p r o d u c i n g a r e a s in t h e w o r l d . 

T h e first i nd i ca t ion t h a t r a w coal h a d been a n in tegra l pa r t of t h e E a t o n i r o n m a k i n g 
process c a m e wi th the a rchaeo log ica l excava t ion of t h e f u r n a c e t ipp le o r l o a d i n g a r e a . 
Excava t ion revea led t h e presence o f f o u r p r i m a r y cha rg ing m a t e r i a l s : c h a r c o a l , l ime-

• s tone, i ron ore , a n d b i t u m i n o u s coa l—al l b u t t h e coal ful ly expcc tcd . A s t h e t ipp le a r e a 
would n o r m a l l y b e expec ted to yield samples of t h e mate r ia l s be ing i n t r o d u c e d i n to t h e 
fu rnace , t h e recovery , in t h e u p p e r levels, of a l m o s t as m a n y s a m p l e s of coa l as c h a r c o a l 

'College of Arts and Scienccs, Youngstown State University. Youngstown 
Ohio 44555, U.S.A. 
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was cons ide red a s ignif icant a rchaeo log ica l d iscovery . N o r m a l l y such a n occur rence 
w o u l d b e suff ic ient s u p p o r t fo r t he conc lus ion t h a t b o t h i t ems were used , in c o m b i n a t i o n 
a s r e d u c i n g agen t s . H o w e v e r , in o r d e r t o p rov ide i n d e p e n d e n t non-a rchaeo log ica l 
s u p p o r t f o r th i s hypo thes i s , t h e va r ious ma te r i a l s f r o m t h e site were submi t t ed to 
meta l lu rg ica l a n d chemica l eva lua t ions wi th the fo l l owing f indings . 

T h e o re used a t t h e E a t o n is of t h e type re fer red t o as reniform o r kidney ore, a con-
c r e t i o n a r y o r e cons is t ing of masses of i m p u r e c a r b o n a t e of i r on , o f t e n discoidal or 
e l l ipsoidal in f o r m . T h e o re is general ly c o m p o s e d of c o n c e n t r i c layers o r shells m a d e 
d i s t inc t b y wea the r ing . T h e s h a p e a n d deep r e d - b r o w n c o l o u r is r e spons ib le fo r the name . 
T h e F e 2 0 3 c o n t e n t o f t h e samples tes ted var ied b e t w e e n 4 4 - 0 % a n d 58-6%, wi th an 
ave rage of 5 1 - 3 % . L o s s o n igni t ion r a n g e d b e t w e e n 2 5 - 0 % a n d 3 2 - 5 % . N o n e of the 
spec imens , c h o s e n f r o m v a r i o u s d e p t h s a n d a r ea s o f t he site, c o n t a i n e d measurab le 
a m o u n t s o f s u l p h u r . 

T h e E a t o n c h a r c o a l va r ied in ash c o n t e n t b e t w e e n 1 - 9 4 % a n d 7 - 3 % , wi th an average 
o f 4 - 4 2 % ; a n d h a d a s u l p h u r c o n t e n t wh ich r a n g e d b e t w e e n 0-01 % a n d 0 - 0 2 % , wi th an 
ave rage of 0 0 1 5 % . 

T h e na t i ve l imes tone used as a flux w a s of a relat ively p o o r qua l i t y h a v i n g a h igher 
t h a n des i rab le silica ( S i 0 2 ) c o n t e n t (as h igh as 3 3 - 8 % ) a n d a re la t ively low calcium 
( C a O ) c o n t e n t (27-5%) . P r e m i u m blas t f u r n a c e fluxes a re usua l ly se lec ted f o r a low 
s i l i ca -h igh ca lc ium ra t io ( M c G a n n o n , 1964). In n o n e of t h e s a m p l e s w a s a measurab le 
a m o u n t o f s u l p h u r f o u n d . 

Slag, b y f a r t he m o s t u b i q u i t o u s evidence of the i r o n m a k i n g process , w a s t aken f r o m 
v a r i o u s s t r a t i g r a p h i c levels a n d a reas of t h e site, i nc lud ing t h e si te 's l a rge slag heap. 
C o l o u r a n d t ex tu re were a lso cons idered in c h o o s i n g t h e test s ample . Since s l ag i sp robab ly 
t h e single m o s t revea l ing ma te r i a l t o t h e r educ t ion process , t h e spec imens were subjected 
t o b o t h spec t rochemica l and wet chemica l ( t i t r imet r ic ) analys is . S a m p l e s of slag were 
e x a m i n e d i n d e p e n d e n t l y in five d i f fe ren t l a b o r a t o r i e s : Y o u n g s t o w n Shee t a n d T u b e 
C o m p a n y ; U n i t e d S ta tes Steel C o r p o r a t i o n ; I n l a n d Steel C o m p a n y ; W h e e l i n g Pi t t sburgh 
Steel C o r p o r a t i o n ; a n d t h e L o n e S t a r Steel C o m p a n y . 

A h igh s u l p h u r - r e m o v i n g capac i ty is cons idered a p r i m a r y s lag asset t o t h e metal lurgis t 
( M u a n & O s b o r n e , 1964). T h e s u l p h u r - r e m o v i n g capac i ty o f b l a s t f u r n a c e slags increases 
in t h e o r d e r S i 0 2 < A I 2 0 3 < M g 0 < C a 0 . T h e o p t i m u m c o m p o s i t i o n index f o r de-
s u l p h u r i z a t i o n h a s a low S i 0 2 - A l 2 0 3 c o n t e n t a n d a h i g h C a O - M g O c o n t e n t . T o a point 
a t least , t h e h ighe r the index t h e grea te r t he s u l p h u r - r e m o v i n g capac i ty . T h e index f o r 
E a t o n ( H o p e w e l l ) slags var ied be tween a n exceedingly l o w 0-20 a n d 0-37, wi th an 
ave rage of 0-31. W h e n c o m p a r e d t o slags f r o m eight o t h e r h i s to r i c f u r n a c e s , da t i ng f r o m 
1650 t o 1850, t h e E a t o n mate r i a l did n o t f a re well as a de su lphu r i z ing slag, even fo r its 
t i m e ( W h i t e , 1977). T h e s u l p h u r c o n t e n t of t he tes ted samples var ied b e t w e e n 0-23 % and 
0-55 %, w i t h a n ave rage of 0-35 %. 

Spec imens o f t h e E a t o n cas t i ron were very m u c h in a b u n d a n c e a t t h e site where they 
o c c u r r e d as f r a g m e n t s of finished ( t h o u g h usua l ly flawed) p r o d u c t s , casua l droppings , 
o r sprues. S p e c t r o g r a p h s a n d t i t r imet r ic analysis es tab l i shed a r a n g e of s u l p h u r between 
0 - 0 5 5 % a n d 0 - 1 7 % . O n e spec imen charac te r ized as h a v i n g " p o o r r e p r o d u c i b i l i t y " had 
a s u l p h u r c o n t e n t of 0 - 2 2 % . T h e average f o r all s amples w a s 0 0 8 6 % . 

I t is ev iden t t h a t even the m i n i m u m s u l p h u r c o n t a i n m e n t (0 055 %) in the f inished iron 
p l u s t h e smal les t s u l p h u r con ten t of the s l ag (0 -23%) a d d s u p t o f a r m o r e s u l p h u r in the 
or ig ina l mix t h a n w o u l d be possible w i th the cons t i t uen t s general ly c o n c e d e d t o have 
g o n e i n t o t h e r e d u c t i o n process , i.e., m i n u s the r a w c o a l . 

A n ana lys i s of the coal spec imens t a k e n f r o m t h e site ind ica tes a h i g h qua l i ty bitu- • 
m i n o u s coal w i t h a relatively low ash a n d s u l p h u r c o n t e n t . T h e s u l p h u r c o n t e n t varied 
be tween 0-52 % a n d 0-79 % wi th a n average of 0 -63 %. 
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BRIEE NOTE 

e ? ? £ ? C E N T ANALYSIS OF A N E A R L Y OHIO BLAST r U K N A C E SLAG1 , 

J 0 H Y o u ^ g s t o w n ! OH ^ g r t m e n t o f Sociology/Anthropology, Youngstown Sta te Univeri 

• x 
O H I O J . S C I . 7 7 ( 4 ) : 1S6, l fc 

I n t h e s u m m e r s of 1975 a n d 1976, 
a r c h a e o l o g i c a l e x c a v a t i o n s w e r e c a r r i e d 
o u t a t t h e E a t o n - H o p e w e l l F u r n a c e n e a r 
S t r u t h e r s , Oh io . T h e s e e x c a v a t i o n s w e r e 
c a r r i e d o u t p r i m a r i l y t o r e c o v e r i n f o r m a -
t i o n o n e a r l y i r o n m a k i n g in t h e W e s t e r n 
R e s e r v e . T h e E a t o n - H o p e w e l l F u r n a c e , 
c o n s i d e r e d t o b e t h e ea r l i e s t b l a s t f u r n a c e 
w e s t of t h e Al leghen ies , w a s b u i l t in 1802 
a n d l a s t e d f o r 10 y e a r s un t i l 1812. T h e 
e x c a v a t i o n s l a s t e d a p e r i o d of 10 w e e k s 

. a n d led t o t h e r e c o v e r y of h u n d r e d s of 
a r t i f a c t s a n d severa l m a j o r s t r u c t u r a l 
f e a t u r e s . A m o n g t h e m o r e u b i g u i t o u s 
c u l t u r a l r e m a i n s r e c o v e r e d f r o m t h e s i t e 
w e r e t h e f r a g m e n t s of h e a v i l y i n c r u s t e d 
i r o n s c r a p a n d s lag . 

T h e s l ag p h a s e in i r o n m a k i n g h a s a l -
w a y s b e e n a c r i t i ca l o n e a s i n d i c a t e d b y 
t h e i n d u s t r i a l m a x i m " t a k e c a r e of t h e 
s lag , a n d t h e s t ee l will t a k e c a r e of i t -
s e l f " . N o w a d a y s , t h e s t e e l m a n is a 
t e c h n o l o g i s t , e n l i s t i n g t h e a i d of a w e a l t h 
of a c c r u e d i n f o r m a t i o n in s lag c h e m i s t r y , 
h i s p r e d e c e s s o r in t h e e a r l y 1 9 t h c e n t u r y 
w a s m o r e a n a r t i s a n , g u i d e d b y a feel f o r 
h i s t r a d e . N o w , a s t h e n , t h e s lag c h a r -
a c t e r i s t i c s of c o n c e r n t o t h e m e t a l l u r g i s t 
a r e i t s f u s i b i l i t y ( t h e s lag s h o u l d b e c o m -
p l e t e l y l i q u i d a t i r o n m a k i n g t e m p e r a -
t u r e s ) a n d f l u i d i t y ( t h e l i q u i d u s s h o u l d 
h a v e r e l a t i v e l y low v i s cos i t y , t h a t is, 
f a v o r a b l e d i f f u s i o n p r o p e r t i e s ) . M u a n 
a n d O s b o r n (1964) a d d t o t h e s e t h e 
p r o p e r t i e s of o p t i m u m c o m p o s i t i o n a n d a 
h i g h s u l f u r - r e m o v i n g c a p a c i t y . A n a l y s i s 
of s l ag f o r t h e i n f o r m a t i o n i t c a n p r o v i d e 
is e spec ia l ly i m p o r t a n t in t h e h i s to r i ca l 
o r a r c h a e o l o g i c a l c o n t e x t w h e r e t h e r e i s a 

•Manuscript received October 1, 1970 and in 
revised form as a note April 1, 1977 Û7G-77). 

a b s e n c e o r p a u c i t y of w r i t t e n inform 
t i o n . 

F r a g m e n t s of s l ag (9) were select* 
f r o m v a r i o u s s t r a t i g r a p h i c l eve l s and I V 
d i f f e r e n t h o r i z o n t a l l o c a t i o n s . T h e 
p i e s c o n s i s t e d of s l ags of d i f f e r e n t coke 
a n d t e x t u r e s a n d w e r e a n a l y z e d by 
e i a l i s t s a t t h e Y o u n g s t o w n S h e e t a n d Tri-
C o m p a n y in Y o u n g s t o w n , Oh io using . 
V a c u u m X - r a y Q u a n t o m e t e r . The & 
s t r u m e n t w a s c a l i b r a t e d u s i n g previous^ 
a n a l y z e d s a m p l e s of m o d e r n b l a s t furr . i : 
s l ags of k n o w n c o n s t i t u e n c y . In tit 
c a s e of t h e E a t o n s lags , t h e cri t ical cali-
b r a t i o n w a s f o r S i 0 2 w h e r e t h e range 
in t h e 5 0 p e r c e n t i l e . M o d e r n tes t sans-
p i e s i n t h i s h i g h si l ica r a n g e a r e no t com-
m o n b u t s a m p l e s a r e a v a i l a b l e . 

S lags p r o d u c e d t h r o u g h a charcoa l bias 
f u r n a c e n o r m a l l y a r e of a v i sc id character 
a n d h a v e a h i g h si l ica c o n t e n t . Lord; 
(18S4) e a r l y w o r k o n O h i o i ron manu-
f a c t u r i n g a n d h i s a n a l y s i s of slags free 
c h a r c o a l f u r n a c e s in t h e H a n g i n g Root 
r eg ion s e e m t o b e a r t h i s o u t . T h e Eat-s-
H o p e w e l l s l ags w e r e n o e x c e p t i o n . X-ra, 
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i n d i c a t e d a h i g h p e r c e n t a g e of S i0 2 rang- ( 
i n g b e t w e e n 51 .6 a n d 5S.0 a n d with 3M. M A o o Tht 
a v e r a g e of 54 .5 ( t a b l e 1). P 0 1 u - f s ( { l 
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p r e s e n t i n a p p r e c i a b l e q u a n t i t i e s (tab> p w j i e r e coke 
' s 1 , 401 t h a n in c 1). (. i 
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TABLE 1 
Percentage composition by X-ray spectroscopy of Eaton-Hopewell slags. 

Specimen* 1 2 

Color Blue Green Black 
(glassy) 

Constituents 
MgO 
A l-O, 
SiOj 
S 
CaO 
MnO 
TiO, 
FeO 

CaO+MgO 
SÌO2+AI2O, 
(desulfurization 

index) 

6.1 
15.3 
51.6 

0.4 
18 .2 
3.2 
0.7 
0.5 

.36 

6.1 
16.2 
51.8 

0.5 
16.6 
4.1 
0.7 
1.0 

.33 

5.1 
14.8 
53.5 

0.3 
20.2 

2.6 
0.5 
0.4 

.37 

Tur-
quoise 

6.2 
16.3 
53.2 

0.4 
15.4 
4.1 
0.7 
0 .6 

.31 

5 
Grecn-

Tur-
q noi se 

Green 
(glassy) 

3.3 
14.5 
55.3 

0.4 
19.0 
2.9 
0.6 
0.6 

.32 

2.70 
15.00 
55. SO 
0.35 

17.80 
2.86 
0.61 
0.06 

.29 

8 9 
Green-Grey-

Black Black Black-
(porous) (porous) 

2.90 
13.10 
55.00 
0.28 

19.30 
3.74 0.60 
1.94 

.33 

2.40 
14.40 
50.00 
0.38 

16.20 
3.05 
0.60 
2.32 

.20 

4.30 
16.30 
58.00 

0.28 
10.50 
4.40 
0.70 
1.75 

.20 

Specimens 1 2 3, and 4 were collected from the surface of the slag pile. They were selected 
specifically by color and/or texture. Specimen 5 was recovered from the tipple area at a depth 
of 20 cm. Specimens 6 and 8 were recovered from the casting floor area at a depth of 25 cm 
Specimen 7 was recovered from the slag pile at a depth of 75 cms. Specimen 9 was recovered 
from the slag pile at a depth of 120 cm. 

f u r n a c e s l ags i n c r e a s e s in t h e o r d e r S i 0 2 < 
AI2O3 < M g O < C a O . T h e o p t i m u m c o m -
pos i t i ona l r a t i o f o r d e s u l f u r i z a t i o n h a s a 
low S i 0 2 - A l 2 0 3 c o n t e n t a n d a h i g h C a O -
M g O c o n t e n t . T h e d e s u l f u r i z a t i o n in -
dex c a n b e d e t e r m i n e d b y d i v i d i n g t h e 
c o m b i n e d p e r c e n t a g e s of C a O a n d M g O 
b y t h e c o m b i n e d p e r c e n t a g e s of S i 0 2 a n d 
A1203. TO a p o i n t , a t l ea s t , t h e h i g h e r 
the i ndex , t h e g r e a t e r t h e s u l f u r r e t a i n i n g 
c a p a c i t y . T h e i n d e x f o r E a t o n - H o p e w e l l 
slags w a s b e t w e e n a v e r y low 0 .20 a n d 
0.37 ( a v e r a g e 0 .31) . F o r c o m p a r i s o n 
pu rposes , s l ags f r o m S o t h e r h i s t o r i c b l a s t 
f u r n a c e s ( d a t i n g f r o m 1650 t o 1S50) w e r e 
a n a l y z e d . T h e s e r a n g e d f r o m a l o w in-
dex of 0 .2S ( f r o m H a m m e r s m i t h on t h e 
Saugus , t h e ea r l i e s t b l a s t f u r n a c e in t h e 
U n i t e d S t a t e s ) t o a h i g h of 0 .54 ( f r o m 
t h e o r ig ina l H o p e w e l l in B e r k s C o u n t y , 
P e n n s y l v a n i a ) . I n t e r m s of d e s u l f u r i z i n g 
p r o p e r t y , t h e E a t o n - H o p e w e l l s lag cou ld 
n o t b e c o n s i d e r e d p a r t i c u l a r l y e f f ec t ive 
even f o r i t s t i m e . 

T h e n e e d f o r e f f ec t ive s u l f u r r e t e n t i o n 
c a p a c i t y is m o r e c r i t ica l in t h o s e s i t ua -
t i o n s w h e r e c o k e o r r a w coal w e r e u s e d a s 
a fue l t h a n in ea se s w h e r e c h a r c o a l w a s 
rel ied u p o n . J u s t s u c h a n e e d m a y h a v e 
been ca l l ed f o r a t t h e E a t o n - H o p e w e l l 
F u r n a c e b u t h i s t o r y h a s l e f t n o w r i t t e n 

r e c o r d of t h e f u e l u s e d . I t h a s b e e n 
c o m m o n t o c r e d i t t h e " M a r y " F u r n a c e 
in Lowel lvi l le , O h i o w i t h b e i n g t h e first 
b l a s t f u r n a c e in t h e U n i t e d S t a t e s ( b u i l t 
in 1S42) t o u s e coal in t h e m e l t i n g of i r o n 
ore . Archaeo log i ca l findings a n d s u b -
s e q u e n t m e t a l l u r g i c a l a n a l y s i s l e a d s t o 
t h e i n e v i t a b l e conc lus ion t h a t t h i s h i s -
to r ica l f o o t n o t e will h a v e t o b e m o d i f i e d . 
Archaeo log ica l e x c a v a t i o n s u n d e r t a k e n in 
t h e t i p p l e a r e a of t h e E a t o n - H o p e w e l l 
F u r n a c e ( l oca t ed o n t h e e l i f fs ide a b o v e t h e 
b l a s t f u r n a c e ) t u r n e d u p a n a b u n d a n c e of 
h i g h q u a l i t y b i t u m i n o u s coa l m i x e d w i t h 
f r a g m e n t s of c h a r c o a l a n d k i d n e y o r e . 
I n a d d i t i o n , a n a l y s i s of t h e finished 
E a t o n - H o p e w e l l i r o n s r e v e a l e d l a r g e r 
a m o u n t s of s u l f u r ( b e t w e e n 0 . 0 6 0 % a n d 
0 . 2 2 % ) t h a n o n e m i g h t e x p e c t w i t h s i m -
p le c h a r c o a l r e d u c t i o n ( W h i t e 1976) . I n 
s h o r t , t h e E a t o n - H o p e w e l l F u r n a c e u s e d 
c o m b i n a t i o n of c h a r c o a l a n d r a w coa l a s 
fue l . I t s d a t e a l m o s t 40 y e a r s ea r l i e r 
t h a n t h e " M a r y " s u p p o r t s t h e s i t e ' s 
c l a i m a s r e p r e s e n t a t i v e of a t r a n s i t i o n 
s t a g e b e t w e e n t h e sole u se of c h a r c o a l a n d 
t h e sole u s e of coa l . 

F o r t u n a t e l y , t h e v e r y s a m e q u a l i t i e s 
t h a t d e v e l o p o p t i m u m d e s u l f u r i z a t i o n 
a l so p r o v i d e d f o r low v i scos i t y . C a O 
a n d M g O a i d in t h e b r e a k i n g d o w n t h e 
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FIGUKF. 1. Phase relations at liquidus temperatures in the 15% AbOj plane of the CaO-MgO-
AI2O3-SÌO2 system,.showing position of Eaton-Hopewell Furnace slags in relation to those of a mod-
ern blast furnace. Temperature in degrees Celcius. 
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p o l y m e r i z e d s i l i c o n - a l u m i n u m - o x y g e n t e t -
r a h e d r a . T o a p o i n t ( a t w h i c h v e r y low 
S i 0 2 c o n t e n t l e a d s t o t h e f o r m a t i o n of 
m e r w i n i t e o r pe r i c l a se c r y s t a l s s u s p e n d e d 
i n t h e l i q u i d u s ) v i s c o s i t y d e c r e a s e s w i t h 
t h e i n c r e a s e of C a O a n d M g O . 

U s i n g t h e 1 5 % A1203 p l a n e of t h e C a O -
M g 0 - A l 2 0 3 - S i 0 2 t e t r a h e d r o n d e s i g n e d b y 
O s b o r n a n d c o - i n v e s t i g a t o r s (1954) , t h e 
E a t o n - H o p e w e l l s l ags w e r e f o u n d t o fal l 
w i t h i n t h e i s o t h e r m s of 1300°C. T h i s is 
a p p r e c i a b l y coo le r t h a n t h e t e m p e r a t u r e 
of m o d e r n b l a s t f u r n a c e s l ags (fig. 1). 
T e c h n i c a l a n a l y s e s such a s t h e s e g i v e 
a r c h a e o l o g i s t s a n d h i s t o r i a n s i n s i g h t s i n t o 
e a r l y i n d u s t r y a n d t h e y m a y u l t i m a t e l y 
s u p p l y t h e c r i t i ca l c lues o n p i o n e e r i n g 
o p e r a t i o n s w h i c h l a s t e d o n l y a s h o r t t i m e . 
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a l t h o u g h W a r w i c k , a n e x c e p t i o n a l f u r n a c e , o f t e n m a d e fo r ty tons a 
week b e f o r e t h e close of t h e R e v o l u t i o n . « T h e first f u r n a c e s estab-
l ished i n t h e twen t i e s m a d e f r o m fifteen to t w e n t y tons week ly 

T h e o p e r a t i o n of t h e f u r n a c e - a c h e m i c a l o p e r a t i o n - w a s f a i r ly sim-

c n j U S m a n a § e m e n t o f t e n invo lved g r e a t diff icul t ies . I t was 
^ept filled c o n t i n u o u s l y w i t h a l t e r n a t e layers of cha rcoa l , o r e a n d 
l i m e s t o n e « T h e s e m a t e r i a l s were usua l ly n o t w e i g h e d b e f o r e be ing 
:narged , b u t s i m p l y m e a s u r e d in baskets or bucke t s . T h e p r ac t i c e of 
we igh ing b e g a n w i t h t h e use of a n t h r a c i t e coal in t h e s m e l t i n g of i ron 
which c a m e m u c h l a t e r t h a n t h e p e r i o d u n d e r d iscuss ion . T h e <mSeom 
p r o d u c t s e scaped a t t h e t o p of the stack. A t the t u y è r e of t he f u r n a c e 
ffie o re m e l t e d a n d d r o p p e d d o w n to the h e a r t h be low. T h e c inde r 
>r slag, floated on t o p of t h e m o l t e n i r o n a n d was d r a w n off f r o m 
' . m e to t ime . 5 3 T h e s lag was t h e resu l t of t he a c t i o n of t h e l imes tone 
• lux u p o n t h e i m p u r i t i e s of t he ore . A b o u t twice a day , some t imes 
u t e n e r , t h e m o l t e n i r o n was r u n i n t o t h e cas t ing b e d of s a n d 5 « which 

was p r e p a r e d fo r its r e c e p t i o n by m o l d s occas iona l ly m a d e f r o m ma-
.ogany w o o d p a t t e r n s , 5 7 b u t u sua l l y f r o m o t h e r w o o d p a t t e r n s . Some 
imaginative ear ly i r o n m a s t e r c o m p a r e d the cas t ing b e d to a sow and 
1er n i t e r of s u c k l i n g pigs . T h u s , t h e m a i n s t r e a m o r f e e d e r f r o m the 
u r n a c e was ca l l ed t h e sow, w h i l e the s ide g u t t e r s were ca l led pigs, a 

:e rm w h i c h is in use t o d a y . B e f o r e t h e i r o n b e c a m e cold, t he pi<4 were 
e p a r a t e d f r o m t h e sow a n d t h e l a t t e r b r o k e n u p i n t o s m a l l e r "pieces 
t he a m o u n t of o re necessary to m a k e a ton of p i g i r o n va r i ed , d e p e n d -
ug on the type of ore , t h e c o n s t r u c t i o n of the f u r n a c e , a n d ski l l of 
ie m a n a g e r . A b o u t t w o t o n s of o re usua l ly m a d e a t on of cast i ron 

T h e b l o w i n g i n , " o r t he s t a r t ing , of a f u r n a c e was di f f icul t . T h e 
rack was first filled w i t h c h a r c o a l a n d l i g h t e d f r o m t h e t o p A f t e r 
-•veral days, w h e n t h e fire h a d b u r n e d d o w n a n d r e a c h e d t h e tuvè re 
p e n i n g , t h e f u r n a c e w a s re f i l l ed w i t h cha rcoa l . T h e fire n o w w o r k e d 
ack to t h e t o p . T h e b la s t was t h e n a p p l i e d , a n d o re a n d flux p u t 

^_from_ the t u n n e l h e a d in g r a d u a l l y i n c r e a s i n g q u a n t i t i e s . A f t e r a 

-Schoepf, Travels. I 202. Warwick and Reading furnaces produced some 800 
•ns of p i g ,ron annually e'en before the middle of the century, which was equal 

' a r g e S t E n g ' i S h f U r n a C C S ° f t h e s a m e P" i o d - Acrelius, New 
u From two to three hundredweight of limestone was used each day by the 
erage furnace to flux the ores of their impurities. Drinker to Blackledge. p. 83. 

Coleman vs. Brooke, AldenS Appeal Record, pp. 205, 221. The journey of the 
- through the furnace front the time it was put in until it reached the hearth 
•k from forty to sixty hours. 
'Ibid., pp. ¡60. 165. ' 
"Schoepf, Travels, I, 199. 
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f e w days, s lag a n d i r o n r a n i n t o t h e h e a r t h b e l o w . T h e p r o p o r t i o n 
of o r e a n d flux to cha rcoa l was g r a d u a l l y i n c r e a s e d u n t i l t h e f u r n a c e 
was w o r k i n g n o r m a l l v . l T h e s lag v a r i e d in co lo r . T h a t of a fine skv-
b l u e co lor d e n o t e d t h e p r e s e n c e of m a n g a n e s e . G r a y s lag i n d i c a t e d 
h i g h g r a d e i ron , r i ch i n g r a p h i t e c a r b o n . D a r k s lag s h o w e d t h a t t h e 
i r o n was low in g r a p h i t i c c a r b o n , j 

Bes ide p i g i r on , t he ear ly P e n n s y l v a n i a f u r n a c e s cast h o l l o w w a r e , 
s u c h as pots , pans , ski l lets , s u g a r ke t t les , D u t c h ovens , s toves, a n d 
f i rebacks . T h e process was s i m i l a r t o t h a t of c a s t i n g p ig i r o n . Di f -
f e r e n t m o ld s , of course , h a d t o b e used . W h e n t h e m o l t e n i r o n was 
t a p p e d i n t o the p i g beds , a p a r t of i t was d e l i v e r e d i n t o l a r g e lad les , 
a n d i n t u r n was p o u r e d i n t o s m a l l l ad l e s a n d t h e n i n t o the m o l d s f o r 
cas t ings . M a n y of t h e d e c o r a t e d s tove p l a t e s w i t h t he i r b i b l i c a l a n d 
classical scenes, s c r i p t u r a l q u o t a t i o n s , m o t t o e s , hea r t s , a n d flowers,58 

st i l l r e m a i n , b e a r i n g t e s t i m o n y to a r t i s t i c y e a r n i n g s of these ea r ly ar t i -
s ans i n i r o n . T h e verses a n d m o t t o e s i n a f o r m of G e r m a n a n d t h e 
G e r m a n i z e d s p e l l i n g of E n g l i s h n a m e s r evea l t h e o r i g in of m a n y of 
these ea r ly worke r s . 

T h e b u r d e n i n g of t h e f u r n a c e — t h e d e t e r m i n a t i o n of t h e p r o p e r 
p r o p o r t i o n s of ore , flux, a n d f u e l f o r t h e f u r n a c e charge—was con-
s i d e r e d a " g i f t " of t h e o l d t i m e f u r n a c e w o r k e r . T h e resu l t s o b t a i n e d , 
in v iew of lack of k n o w l e d g e , w e r e r e m a r k a b l e . T h e m o d e r n l a b o r a t o r y 
m e t h o d w i t h its q u i c k a n d a c c u r a t e ana lyses ha s d o n e a w a y w i t h such 
guesswork , o r t r i a l a n d e r r o r , b u t t h e r e is s t i l l t h e necessi ty for j u d g -
m e n t , e x p e r i e n c e , a n d a c e r t a i n i n t u i t i o n w h i c h successfu l f u r n a c e m e n 
m u s t h a v e . 

T h e n u m b e r of w o r k m e n n e e d e d to o p e r a t e t h e f u r n a c e w a s n o t 
l a rge . T w o f o u n d e r s , t w o keepe r s , t w o g u t t e r m e n , t w o o r t h r e e fillers, 
w h o filled t h e f u r n a c e w i t h a l t e r n a t e c h a r g e s of cha rcoa l , ore , a n d 
l i m e s t o n e , a " p o t t e r " w h o m a d e t h e h o l l o w ware , a n o re roas te r , a n d 
a few l a b o r e r s i n c l u d e d t h e m a l l . 3 9 T h e " f o u n d e r s , " w h o r e g u l a t e d t h e 
f u r n a c e , m a d e t h e s a n d m o l d s , a n d cast t h e i r o n , t o g e t h e r w i t h t h e 
p o t t e r were the o n l y sk i l l ed w o r k m e n e m p l o y e d a t t h e f u r n a c e . Fre -
q u e n t l y the p o t t e r was a n i t i n e r a n t w o r k e r , w o r k i n g a f e w weeks a t 
o n e f u r n a c e a n d t h e n t r a v e l i n g o n t o a n o t h e r . As t h e w o r k of i r o n -
m a k i n g h a d to be c a r r i e d o n n i g h t a n d day , t h e w o r k e r s l a b o r e d in 
t w o t w e l v e - h o u r sh i f t s . 

58 The collection of stove plates at Doylestown is described in H. C. Mercer, The 
Decorated Stove Plates of the Pennsylvania Germans (Doylestown, 1859), ate' in 
his The Bible in Iron (Doylestown, 1914) . 

a Drinker to Blackledge, p. 83. 
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CHAPTER 2 
SISCO FURNACE 
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The Sisco Blast Furnace was the most important industrial plant 
ever to be located in Westport. It cost $100,000 to build. For com-
parison, a blast furnace could be built for about $1,500 to $2,000 
in 1840 as reported by the Indiana Geological Survey in Native Iron 
Oven and 19th Century Ironworks. The Sisco Furnace represented the 
best technology that money could buy in the late 1840's. It was used 
as an example of current technology in most of the technical journals 
and books of the era. For example, the most respected ironmaker's 
text of the 1800's entitled A Treatise on Metallurgy by Frederick 
Overman used the Sisco Furnace as a basis for his description of 
parts of a blast furnace. 

At this point we should say that the blast furnace itself was a 
revolution in the history of ironmaking. It produced much more iron 
than local Catalan forges and was continuous in operation. This 
meant that it had to be mechanized. Other forges were either moun-
tain forges or Catalan forges and were old-fashioned when compared 
to the Sisco Furnace. Few observers in early Westport realized the 
advance in technology that the Sisco Furnace represented, particular-
ly since few profits were realized from its operation. But as a 
student of the history of technology, this writer can't emphasize 
enough on these next few pages that the Sisco Furnace and its sister 
furnace at Port Henry influenced not only the state-of-the-art on 
Lake Champlain but of the entire United States. 

The furnace was located on the Sisco farm which was about one 
mile north of the center of the village of Westport. The small bay 
was also known as Sisco Bay. Today it is shown on the USGS map as 
Furnace Point. On an 1850's map, it is shown under the name of 
Ralph A. Loveland, who was then in charge of the business. It is 
indeed strange that the furnace was not shown on this map or any 
other contemporary map. In the Atlas of Essex County, the property 
is shown as owned by W. H. Conger, a Westport businessman. 

The furnace was built by Mr. Francis H. Jackson of Boston who 
already owned part interest in the Port Henry Iron Company. The 
Port Henry furnace was the only other advanced blast furnace in Essex 
County, and this is where Jackson probably got his ideas for the 
Westport operation. The Sisco Furnace was reportedly started in 1845 
and finished in 1847. It was completely rebuilt -in 1856 just one 
year before it ceased operation. 

Jackson built his own home there in 1848. He also built a dozen 
workmens' houses, a large house for his bookkeeper, offices, a store, 
a long row of giant coal kilns and a large wharf. At one time over 
a hundred people resided there, and the place was given the name of 
Jacksonville as shown on a map. Caroline Royce in Bessboro reports 
there was never a post office there even though the community had its 
own mail bag. In 1857, the property was sold by Jackson. 
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The building effort necessary to construct the furnace probably 
involved most of the businesses and craftsmen in Westport. Building 
a furnace was an exacting project and required the very best build-
ers. One of these men was Abe Sherman, grandfather of Gordon Sher-
man, Sr. He worked at many jobs during his life but we narrowed 
down his work on the Sisco furnace to the woodwork rather than the 
masonry. He was paid $1 a day for his work. 

These skilled workmen cut stone for the furnace stack, burned 
limestone for mortar and made bricks for the lining. Heavy timbers 
to support the ore and iron were cut in local forests, taken to a 
sawmill and then hauled to the site. All of the stone had to be 
dressed to some extent because the sheer weight of the structure re-
quired a tight fitting outer shell. The space between the outer 
shell of stone and the inner shell of brick was filled by crushed 
rock to insulate and support the boshes. Remember the outer cover 
was a square pyramid like shape and the interior was a rounded, 
flour-mill shaped structure. Although the facing stones, arch stones 
and corner stones required great precision, the best craftsmen worked 
on the hearthstones and were considered the greatest artists. The 
hearthstone was trapezoidal in shape and formed the inverted cone at 
the bottom of the boshes where the iron collected. It was so impor-
tant that a wood model was made by the furnace designer. The meas-
urements of the Sisco furnace hearthstone are given in a later para-
graph of this text. A wooden crane was necessary to construct the 
Sisco furnace. It had to be higher than 60 feet and over 54 feet 
wide. Although made of wood, it was reinforced with iron bolts and 
straps. It is difficult to imagine how a stone structure the size 
of a four story building was constructed with only man and animal 
power. 

The following materials relating to the Jacksons came from Henry 
and Mary Lee - Letters and Journals. The July 6, 1846, letter is the 
only eyewitness account of the furnace site. This material is found 
in the collection of Gordon Sherman, Westport Historian. 

The following passages are from letters of Dr. Jackson 
to Miss Anna C. Lowell.... 

At this time Cousin Frank and Cousin Sarah Jackson 
and their little children, Jim and Lily (Cousin Lily 
Winson), were living at Westport, N. Y., where Cousin 
Frank was in charge of the Ironworks. 

In November, 1848, Uncle Frank and Aunt Sarah Lee, 
just married, were living at Stonysides, still lived in 
and loved by their family to the third generation,... 

•M 

.»year as Sisco. 
£ n t 60 f t . I vBtWD 

July 6, 1846 
If you come through Lake Champlain in the daytime, 

I hope you will see my son Frank's place. It is in 
Westport, about two or three hours' sail on this side 
of Burlington. You probably will stop in the Village 
of Westport, which is in a bay; and on the north of the 
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bay you see his furnace, a large stone building down on 
the lake, while on the bank above you see his neat row 
of houses for the operatives, and above them his own 
house. As the ground rises gently from the bluff on the 
lake, and as there are many trees interspersed among the 
houses, you have a pretty, quiet scene exhibited. 

November 1, 1848 
We had a very pleasant journey to Frank's this 

autumn, enjoyed the gorgeous beauties of the Vermont 
Mountains in their bright red, yellow and russet attire, 
and found everything very comfortable at Westport. F. s 
wife and two children were in excellent health and very 
happy. His affairs are going as well as anybody's in 
these hard times.... 

J. Elliot Cabot to his sister, Mrs. Henry Lee, Jr. 
November 11, 1852 

As for Frank, I thought I knew him pretty well before, 
but I very soon found I had under-valued both the depth 
and the breadth of his understanding, and I came to love 
more and more his great and magnanimous heart. -- I have 
no criticism to make on his way of life, for I did not 
find any evil effects upon him; there is nothing morbid 
or contracted, and tho1 one might wish he could have 
developed more fully, and made the mark on the world 
that he might, yet take him as he is, how many men are 
there whose life on the whole one could call more success-
ful than his? I can think of but very few... 

Winslow Watson in his History of Essex County notes that: 
In 1847, Lee and Sherman effected a sale of twenty 

thousand tons of iron ore to F. H. Jackson of the Sisco 
furnace at Westport. This was the first sale made of 
ore to be used in the furnaces, (p. 403) 

This ore was reported to be Moriah ore. But in History of the Iron 
Industry of Essex County by Frank S. Witherbee, only one bed was re-
ported owned jointly by these two men, and it was the "Sanford, or 
Old Bed Mine." Individually and with other partners, they owned an 
interest in many ore beds in the area. They bought the Sanford Bed 
in 1846 and they sold it to S. H. and J. G. Witherbee in 1851 for 
$4,000. The Port Henry Furnace, in which Jackson had an interest, 
owned the Sanford Bed so it is probable that his ore came from there 

Teams or wagons hauled the ore directly from the mine. In 
another part of his book, Winslow Watson cites a different location 
for the ore as follows: 
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The ore used was chiefly from the Cheever bed, and 
in part from a bed two or three miles west of the village 
of Westport, and owned by the proprietors of the furnace, 
who are also owners of the Goff ore bed in Moriah. 
(p. 463) 

That commentary requires a bit of explanation and this writer is not 
certain if the sources of the ore will ever be known. For example, 
the bed to the west of town owned by the proprietors of the furnace 
would be the Jackson Bed where only a small amount of ore was re-
moved (see Watson, p. 411). But in Bessboro, it is called the Ledge 
Hill Mine located just west of the Mountain Spring Road, back of the 
McMahon place. Caroline Royce reported, "The ore was soon found to 
be titaniferous, and therefore not available for use in the furnace, 
but large quantities of the Moriah ore were manufactured." Watson 
also infers that the Goff Bed was owned by the same owners. However, 
as near as this writer can ascertain, about the only time that this 
mine was used was during the brief tenure when George W. Goff owned 
the Sisco Furnace. The Goff mine adjoined the Cheever mine and was 
supposedly the same ore but in a smaller quantity. This also means 
that the furnace had to operate some time after 1857. 

About 1869, Winslow Watson wrote that the Sisco Furnace was then 
owned by the Champlain Ore and Furnace Company, but that the works 
had not operated for a long period. The last year that any produc-
tion was reported, according to The Iron Manufacturers Guide, was 
for 31 weeks in 1857 when 3,741 tons of iron were produced. The 
yearly total before then was around 4,200 tons. This compares with 
5,321 tons from the Port Henry Furnace, the only other advanced blast 
furnace in the area. It is interesting to compare this production 
with the Willsboro Iron Works that only produced 1,000 tons of iron 
in 1855 but was operated at a profit for 20 more years. Caroline 
Royce in Bessboro writes about Sisco that "it is said to have cost 
one hundred thousand dollars and with the well known ingratitude so 
often found in costly building, never returned to its builders one-
tenth of the price." This is the best remembered quote about the 
Sisco Furnace and unfortunately, the figures upon which it is based 
may never be known. 

The Si sco furnace produced pig iron or more properly called 
"white iron," according to the previously mentioned Guide. In An 
Introduction to the Metallurgy of Iron and Steel by H. M. Boylston, 
white iron is described as: 

Pig iron and cast iron in the fracture of which little 
or no graphite is visible, so that the fracture is silvery 
and white. 

This book mentions the Port Henry furnace as the most advanced of 
the time. Pig iron was strictly industrial iron and had to be pro-
cessed in another furnace called a puddling furnace. Thus it was a 
two step operation to turn this metal into plows and other farm 
tools. This was another disadvantage for the Sisco furnace because 
its competition, the Catalan furnaces at Willsboro and Highlands 
Forge, directly produced wrought irop. Whereby much of the metal 
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where the cinders flowed out. Vast piles of cinder surrounded the 
furnace and were probably dumped into the Lake. The bottom of Sisco 
Bay is most likely covered with this cinder even today. 

To describe the rest of the Sisco Furnace we must start at the 
bottom and work our way up. First of all, there was the hearth upon 
which the rest of the furnace was built. The inside of the furnace 
did not mirror the outside shape of the furnace but was shaped like 
an old fashioned flour mill. For those who do not remember what that 
shape looked like, refer to graphic showing a bosh. The narrow top 
was called the throat and the wide sloping central walls, the boshes. 
The widest part of the boshes of the Sisco furnace was 13 feet accord-
ing to the Iron Manufacturers Guide. The narrow bottom part was what 
we earlier called the hearth. Overman in a Treatise on Metallurgy 
described the hearth of Sisco Furnace as being a square 2 feet 10 
inches wide and 18 inches high. On page 516, he noted the Sisco 
tuyere entered the hearth 18 inches above the bottom and 20 inches 
below the point where the boshes begin. 

There were at least two archways at the base of the furnace as 
shown on the picture of the Tahawus. One of these was used to remove 
the molten iron and was called the Casting Arch. The other arch, 
known as the Blast Arch, was used to permit entry for the tuyere, 
through which the air blast was blown. As blast furnaces grew in-
creasingly sophisticated, more tuyeres were added; but, only two 
arches are mentioned on the Sisco furnace. The blast machines were 
located near the steam plant and the air was carried to the Blast 
Arch by iron pipes. There were regulator boxes just outside of the 
furnace where the ironmaster could regulate the flow of air to the 
furnace. 

The process of making iron is very colorful on a clear night 
and presented Westport residents with quite a show unsurpassed even 
today. The following is a description from Joseph Hergesheimer's 
book, The Three Black Pennies, of an early furnace. 

It had ... grown dark with annoying rapidity .... 
At the same moment a brighter, flickering radiance fell 
upon the road, the thick foliage of the trees. The blast 
was gathering at Shadrach Furnace. A clear, almost smoke-
less flame rose from the stack against the night blue sky. 
It illuminated the rectangular, stone structure of the 
coal house on the hill, and showed the wet and blackened 
roof of the casting shed below. The flame dwindled and 
then mounted, hanging like a fabulous oriflamme on a 
stillness in which ... one could hear the blast forced 
through the furnace by the great leather bellows. 

It was quite a show and one that early Westport residents certainly 
availed themselves of on warm, clear summer evenings. The setting 
of sky, lake, and pyrotectics from the furnace were an unequalled 
sight. 

To fire up the furnace, coal was placed in the hearth and it was 
gradually filled up to the boshes with burning coal. When half-full 
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of burning coal, ore and flux were added. When drops of molten iron 
were seen dropping to the bottom, the damstone was put in place with 
fire clay to keep the molten iron from running out of the furnace. 
It took a week to get the furnace in full operation to full capacity 
and the blast going at full force. A well regulated furnace made 
from 16 to 18 tons per week when in full blast. The Sisco furnace 
exceeded normal production by a large amount. The following descrip-
tion is attributed to Judge Hatch. 

We now find ourselves situated in a pleasant village 
of about one thousand inhabitants plentifully supplied 
with all the necessities of life and many luxuries, having 
now a variety of factories, among others a furnace which 
makes from six to nine tons of iron per day. 

This production increased in later years as we noted in an earlier 
paragraph so Judge Hatch was rightfully proud of his local furnace 
The quantity of iron produced certainly was never a factor in its 
downfall. In fact, it seems production was on the increase when it 
closed (refer to earlier production figures). 

Dr. George F. Bixley, former editor of the Plattsburgh Republican 
wrote a series of articles on the iron industry entitled "The History 
of the I ron Ore Industry on Lake Champlain." He visited many of the 
ironworks on the Lake, and his description of the high degree of 
mechanization of the Crown Point plant seems to describe what the 
Sisco Furnace must have looked like when it was operating. On read-
ing about the size of the furnace the reader must remember this 
furnace was built about 40 years after the Sisco furnace. 

A walk of a mile toward a lurid gleam in the east, 
most of the distance over as good plank sidewalks as 
Plattsburgh can boast of, brings us to the spot. ... 
A blast furnace should always, if possible, be visited 
by night, for everything about it then shows to the most 
striking advantage, and if he who comes in upon one for 
the first time, out of the darkness of night, does not 
experience a new sensation, then he is played out and 
incapable of one. The ponderous machinery, the bright 
streams of light, the intense heat, the strange figures 
of the workmen, now lighted up with a brighter than noon 
day blaze, and then flittering about in the sombre shadows 
of the huge walls: all make up a strange, weird scene. 

Away up aloft, under the high roof, you can dimly 
see the ponderous "walking beam" working up and down 
upon its center. It is a mere reed, thirty feet in 
length and weighs 28,000 pounds. At one end a piston 
rod connects it with the steam cylinder 52 inches in 
diameter and into this the rod plunges fourteen times 
every minute, nine feet six inches, as the steam forces 
the huge piston up and down within. At the other end, 
a similar rod works in the same manner in the "blowing 
cylinder," which is eight-four inches in diameter. This 
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is filled with air, and here is where the blast comes from 
ihich blows the fire and melts the iron in the furnace 
The eng ne has a capacity of 350 horse power There is 
p r e s s u r e to thirty pounds of steam and the blast pressure 
is from four to five and one-half pounds. 

Passing over into another building we find the 
boilers, sixteen of them, each forty feet long, with a 
diameter of three feet, six inches. 

' We pass along into another compartment and the heated 
atmosphere indicates that here is thefurnaceahuge 
circular brick structure, sixty feet high and largest 
diameter sixteen feet. Great colls of PTes connect t 
with other portions of the establishment and water circu 
lates about through other pipes freely. This is about 
how it all is; in order to separate the iron from the 
rock impurities with which it is always found it must be 
melted rock and all. Then the next thing is to separate 
the iron from the melted rock or cinder In order to do 
this there must be a hot fire, and in order to get a hot 
fire there must be a strong blast of air. 

" " But here it is not sufficient, so an artificial blast 
is created by the aid of a steam engine, as we have already 
described̂  I t his blast furnishes the heat which is the 
motive power of the engine. Thus we see it is a circular, 
reciprocating, back-action arrangement, which when it once 
gets in motion, must be kept so. Into the top of this 
furnace is dumped first a certain quantity of iron ore, 
and another of "transition limestone," which is used as a 
flux Wh5ch, when melted mixes readily with the melted 
rock and facilitates its separation from ̂ he iron The 
same proportion of these three materials is constant y ad-
hered to and the furnace is kept filled up nearly f 1 . 
these materials being put in at the top... he coa: 
rattles down its sides into what looks like the crater of 
a volcano or the mouth of the burning pit itself. You 
are thirty feet away, and yet the fuel gases choke you 
and the heat from the mouth of the monster scorches your 
face, as if it would not be denied the pleasure of swallow-
ing you up... Then the ore and limestone flux follow. 

Upon the platform again, and at the signal we descend. 
Suppose the chain should break sometime when these immense 
loads are going up? Then, by an ingenious arrangement, 
the motion of an elliptical spring, which is aways kept 
bent to its fullest tension by the weight of the Platform 
and its load, but which would immediately upbend, should 
the chain break, an iron of strong iron teeth spring at 
each side and "mesh" into an iron rack, arresting in an 
instant the descent. Here we are upon the ground again, 
after passing the tank holding 200 tons of water which 
serve with a thirty foot head to keep the surroundings of 
the furnace cool. 

Mm E 

fUkfc 
h 'A 



•»¿•SS S s ? «a» 



HBCed 

rfi 
rcSrcu-

fclast 
»already 
rIs the 
tular, 
once 

tttis 
i ore, 

lead as a 
I ted 
The 

irtly ad-
fall, 

ieal 
ater of 
Tou 
> you 
your 

eof swallow-iftllow. 
descend, 
irmense 
jient, 

ays kept 
t platform 
i, should 

uyring at 
in an 
again, 

, which 
ings of 

One of remaining houses in old Town of Jacksonville 

W f J Li 

h,.* • ' - « ' « »w »it-- — 

Ruins of cellar holes of one of workmen's houses on Main 
Street, Jacksonville. 

31 

(IB 

II ¡»fi M L ! a 

f M 

Ml 



w f " • 

-SJBSS^ 



They are about to blow off the cinder. As the ore 
and rock melt inside, the rock or slag rises like froth 
to the top of the molten mass and must be drawn off. The 
hold which is at the right level is punched out, and the 
ruddy stream pours forth and crawls along like a great 
red dragon. 

A stream of water from a hydrant played upon it, 
causes it to expand in a strange manner, as if it was 
humping its back angrily at the interruption. Another 
interval and the iron is ready to be drawn off. A lower 
orifice is opened, and the molten iron pours down a 
gutter and side ways into trasverse short ones in a large 
bed of sand, forming the "pigs." The inside of the build-
ing is brilliantly lighted up and the faces of the work-
men glow as if they were demons. Thirty tons of pure 
iron are melted into pigs here every day in the year. 
Blast furnaces run day and night, week in and week out 
for years without interruption, for when they stop it 
costs thousands of dollars to start them again. The red 
stream becomes weaker, for ensues the most brilliant 
sight of all. The fire glows as it issues from the 
orifice, with a most intense whiteness, and the sparks 
fill the huge room full, while the lurid light streams 
far out upon the lake. 

The steamboat bell sounds, we hasten to the dock 
just in time for the boat, and as she moves off down the 
lake, we take one last lingering look at this still glow-
ing building, and its reflection in the waters of the 
lake, at the very foot of the walls, illuminating with a 
weird light all the objects in the vicinity, after which 
we turn in to dream of all sorts of infernal horrors 
through the few remaining hours of the night, as the 
good steamer Adirondack plows her way northward through 
the lake. 

The history of the old furnace after Jackson sold it is largely 
unknown. We know, as mentioned earlier, that George Goff operated 
the furnace on the ore from his Goff Bed, but no official production 
was ever reported to national reporters. Goff reportedly hired over 
100 men at one time to operate the ore bed, haul the ore, and operate 
the furnace. This was a larger work force than Jackson ever had. 
Goff was making money in the ore business but he probably lost a 
great deal of money on the Sisco venture. The reason for the failure 
of the Sisco Furnace when compared with the spectacular success of 
its sister Port Henry Furnace is a mystery. At one point, Sisco was 
either owned or operated by a Port Henry industrialist by the name of 
Silas H. Witherbee who hired a team of experts to run the furnace. 
He was one of the directors of the world famous Cedar Point Iron 
Company, owner of Witherbee, Sherman and Company, and had a reputa-
tion of being able to produce iron from anything that would melt. 
When he could not make iron at a profit in Westport, other operators 
were forewarned. 
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There is just not enough known about the old furnace to deter-
mine the cause of the Sisco failure. At some point before it was 
torn down, it was owned by a large company who bought many Champlain 
Iron works after the depression of the 1850's. However, it was 
eventually torn down and the stone was used to build houses in the 
area. When Carol ine Royce wrote Besshoro, stone from the walls of 
the furnace were to be found in the house of Mr. Robertson Marshall. 
The bookkeeper's house was then occupied by a Mrs. Hall. Earlier, 
when Witherbee operated the furnace, Mr. Victor C. Spencer lived 
there. The massive foundation was still in existence, the wharf was 
being used by pleasure boats, and most of the workmen's houses had 
disappeared. All of the modern equipment was probably dismantled 
and taken for use at the Port Henry Furnace. Today there are very 
few ruins left of the former town of Jacksonville. On the left as 
one approaches the point there are about eight cellar holes in a 
neat row in the woods and a commercial summer camp on the right. 
There is one lovely brick house from the former town, owned by the 
Prescotts, located at the junction of this road. 

Addenda 
The I860 Census of Industry gave the following production for 

the Sisco Furnace that year. 
Used 4,249 tons of ore 

429,200 bu. of coal 
$29,936 spent for above 

60 H.P. steam engine 
26 men employed (at $30 a month each) 

2,456 tons of pig iron produced 
$44,208 sale price of iron 
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CHAPTER 18 
HIGHLANDS FORGE 

above Port kpnriali "" l0C?ted 1 2 T l e S Upland from Lake Champlain above Port Kendal , seven miles south of Keeseville, and about four 
miles north of Will short. Koert Burnham noted to this writer that 
Highlands Forge was patented to Robert Boyd on February 4 1796 
especially to control the water power available from the fall of Long 
Pond and Warm Pond to the main lake. Earlier maps show Long Pond as 
Rattlesnake Pond. Koert Burnham also advanced the date when forge 
evtt

S:mf°Peratl0nS
1
be9an.?t Hl'9hlands Fo^e. He established the 

existence of a vertical sawmill and forge well before 1837. The 
almost simultaneous development of iron works throughout the Lake 
Champlain area about 1802, which is discussed in the chapter on Wills-
borough Iron Works, tends to validate this earlier development 

Highlands Forge was located on Howards Brook at the mouth of 
Warm Pond, now called Highlands Forge Pond on the U.S.G.S. map £ the 
nu? ^ 2 n? Ir0n Manufacturer's Guide of 1855, it was called 
Highlands B oomery." Howards Brook has also been called Higby Brook 
after Levi Higby of Willsboro who served as Postmaster at PortKendall 
near the out et of the Brook into the Lake. It waslistedinthe 
Guide as having a Port Kendall P. 0. Box. Just as a sidelight, Hlaby 
the Postmaster and one of the most important men in the area at that 
nnlv'M2SnRnlysPaid TitS 2- P- 4 6 in 1851 and took ^ avenues of hv aiJJS'SL nme of.the.Hl9by history at Port Kendall is reported by Alice Higby Downs in History of An Old House. On page 61 she 
mentions that Ransom Higby started up the iron trade in Port Kendall 
The forge at Port Kendall was evidently operated for several short 
periods of unknown duration. She goes on to say that Higby reported-
ly sold most of his lands to a dishonest purchaser except for 80 acres 
on Higby Brook where a saw mill was later built 

At that time, it was just one of many active forges and furnaces 
that were scattered throughout Essex County. Now only the name and 
crumbled ruin recount it as the location of an Adirondack fjrge 
Just as Split Rock graphite mine is representative cf the foraotten 
mines of the area, Highlands Forge is the prime can da e £ serve 
as an example of the forgotten iron work of the area. There are no 
pictures and no recorded visits to the forge; the only aid torecon-
tfnn^n^L* ll mUSt +haVe ]°°ked like comes * seven Une descr p-
uiScin ,1 aforem^^oned Guide and a four line description by 
Winslow Watson in 1857. Dr. C. S. Smith of M.I.T., a noted metalur-
gist also suggested an educated study of the ruin would reveal a 
lot of information about its mode of operation. From such sketch? 
ihlT nlV° n\ H LS indeed d i f f i c^t to reconstruct a picture of what 
the forge site and equipment looked like. But there is just enough 
information about the equipment and enough ruins left at Highlands 
h£w9?ha£ t V n d u s t r y sou^es written during tha? era an a£er ain how that type forge was generally equipped and how it operated Th? 
describing Hiahland T " 6 5 a ^ i n c ? u d e d - this" ̂ p t e f ' S S i . ™ 1 8 describing Highlands Forge as it must have existed. 
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Koert Burnham has studied the ruins and given much thought to 
the former uses of the structures. His reconstruction of the site is 
given as follows: 

(H .P . ) ba lance s h e e t t o measure the advan tage of h i s l o c a t i o n , i t 
would read something l i k e t h i s : 

Power Expended 
H.P. to load ore from mine 

to boat 
H.P. to load boats 
Wind Power to move the boat 
H.P. to unload boats 
H.P. to get wagons up the hill 
H.P. to unload wagons 

The above tabulation also shows the premium placed upon water power 
for industry in 1837-57. The horse power of A. G. Forbes' water 
wheels are not known, but they must have been efficient wheels to 
offset the costs in the "power expended" column above. The ruins of 
Highlands Forge indicate at least two large water wheels and possibly 
other smaller wheels. Koert Burnham remembers a description given 
to him of the wheel when he was very young by an old farmer at High-
lands Forge. He said that the wheel was a 60 foot water-wheel and 
told of seeing a man killed on the wheel one winter when he was 
attempting to clear the top of the wheel of ice. This would indicate 
the wheel must have been an undershot wheel. End mounts for the axle 
of the wheel and a trough for the bottom of the wheel are in an ex-
cellent state of preservation. The trough measures about 33 feet 
long by 6 feet 4 inches wide and 6 feet deep. This would indicate 
that the paddles or buckets were 6 feet wide. Slits are also con-
structed into the side of the trough in such a manner as to suggest 
that they were used to mount supports for the axle of the wheel. 

Another curious aspect of the business was the general associa-
tion of saw mills with the iron forges with dams serving a double 
duty. It is not known if this was needed to satisfy some operation 
ancillary to the forge or if the proximity of the water power made 
the setting up of a mill beneficial. This applied in general to all 
Iron works of that era; for example, at the Ringwood Ironworks, there 
was located one saw mill, and one grist mill and at the Charlotteburg 
Ironworks there were two saw mills. 

The arrangement of the industrial plant at Highlands Forge would 
take a technical historian many chapters to relate. The ruins are in 
an amazing state and have not been disturbed by succeeding uses. 
They are located in the valley made by Howards Brook. The steep 
slopes of the Brook were bypassed for agricultural uses, and the 
Brook was not large enough to destroy the remains during periods of 
high water. It offers an interesting site for a detailed historical 
study. 

Power at Mill 
Water Wheels 
(100,000 bushels of 
charcoal per year) 
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The water power for the site was stored by both Long 
Pond and Warm Pond. There was a small dam at the mouth 
of Long Pond with a number of planks stacked in a slot. 
When more water was needed at the forge, one or more 
planks could be removed to release water. There was a 
saw mill and a forge between Long Pond and Warm Pond to 
take advantage of that drop in water. There was another 
dam, the same as the one at Long Pond, located at the 
mouth of Warm Pond. Just below the mouth of Warm Pond 
were two more small forges with small eight foot dams. 
There are still some remains and cinders scattered about 
from these forges. Going further down the stream, we 
encounter the remains of a large stone dam which impounded 
water necessary for the short term operation of two large 
forges located just below the dam. It was about 300 feet 
across and its height varied with the terrain. The forge 
on the right bank of the valley was the one where the 
undershot wheel must have been. Water came to this wheel 
from the dam in a flume. There are fairly complete remains 
of the stonework of the wheel but almost nothing of the 
forge building. There is a pile of charcoal at the top 
of the rise where the working level of the forge must have 
been located. The foundation of a large forge is located 
near the waterfall on the left side of the valley. The 
drop in water from the dam to the ruin is about 40 feet. 
Water was also carried to this forge by a flume. The 
foundation indicates a building about 24 feet square. It 
was reported to be a three story building with the top 
two stories constructed of wood. Other details of this 
building are not known. But it would appear to house the 
large forge in the area. 

A map dated 1837 shows there were at least six more sawmills 
located on the stream to Port Kendall. Port Kendall is reported to 
have been called Port Misery by the ore bargemen because of the harsh 
northern winds. These winds were unbroken over the long reach of the 
lake and made the task of unloading the ore barges a miserable job. 

Highlands Forge used over 100,000 bushels of charcoal per year 
as fuel to heat the forge and melt the iron ore. Thus charcoal pro-
duction was an important part of the process. Production of the 
charcoal, like the rest of the process of ironmaking, was a laborious 
task. Even though timber was close at hand, inspection of a map of 
Highlands Forge shows the hilly nature and indicates the difficult 
task of moving the timber or finished charcoal. Gangs of woodcutters 
first felled suitable trees, cut them into proper lengths, and carted 
them to a burning area. These were usually remote areas located on 
an isolated farm as only the large furnaces had charcoal ovens. Here 
the logs were stacked in conical piles in a dry sheltered area. The 
pile was covered by earth and damp leaves. The damp leaves were 
necessary to keep the dirt in place once the burn began. A small 
chimney or flue was left in the pile and burning wood chips were 
dropped down this chimney to ignite the cone of wood. 
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Ft res were usually set from early May until late December, thus 
avoiding the winter weather and strong winds that could ruin the 
charring process. Weather was the charcoal master's clock. The trees 
had to be cut in the coldest months when the sap had retreated This 
wood was also considered to be harder and it dried faster thus'pro-
ducing stronger charcoal. This strength was caused by the soluable 
chemical residues left in the wood of the tree by the retreating sap. 

Production of charcoal was a job calling for expertise; it was 
not a job for beginners. Small openings had to be located in the 
sides of the cone of wood. This provided a proper draft and, as the 
winds changed, the location of the holes had to be changed. Without 
proper care, either ash or partly burned wood would be the result of 
the fire. Usually from three to ten days was required depending upon 
the size of the cone, technique of the charcoal master, weather, and 
the kind of wood. If the site was remote, the burner had to camp out 
or maintain a small cabin nearby. Even today, a trek through the 
woods will reveal a deserted charcoal burner's cabin. Some burners 
preferred a pile of rocks and wood forming a conical hut, which is 
curious, since the piles of wood were also conical. 

The end product of the fire was nearly pure carbon which, after 
a cooling period, was hauled to the forge only as needed. There were 
probably only small piles of charcoal maintained at Highlands Forge 
Most charcoal masters preferred to have the coal remain at its burn 
location rather than move it into large piles. It was transported to 
the forge in iron bedded wagons. 

Highlands Forge was of a primitive type since it was described 
by the 1855 Guide as having two bloomery and one forge fires The 
bloomery fire was a modified Catalan. It was sometimes called a 
mountain forge. It was a simple device and produced reasonably uni-
form results. Frederick Overman in the Manufacture of Iron describes 
a Catalan forge as: 

... the whole is a level hearth of stonework from six 
to eight feet square at the corner of which is a fireplace 
from 24 to 30 inches square and from 15 to 18 inches in 
depth. 

It generally looked like a large barbecue pit mounted on a brick 
platform with a sloping shed type roof for a cover. The chimney was 
generally 20 feet in height. 

There was also a number of blacksmith fires at Highlands Forge 
for working metal into shapes and usable instruments. It was likely 
many such products were fabricated in order to make a living at the 
forge. The blooms certainly did not produce enough profit to keep 
the forge going during the depression of the 1850's. Koert Burnham 
has collected a large sample of tools fabricated at the forge They 
are mostly hammers in various degrees of completion. It is also said 
that the forge was known for fabrication of Highland plows and High-
land stoves. The plows would have been made of wrought iron from 
the loup and hammered into shape on a blacksmith's anvil. The stoves 
would require a foundry operation. This would mean some of the iron 
was carburized and then poured into stove molds. 
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The use of the Catalan Forge is a two-step operation: first 
the deoxidization; and second, the reduction of the ore. Once thè 
ore arrived at Highlands Forge, it was laid in large pyramidal piles 
on top of logs, intermixed with brush, logs, and layers of charcoal, 
and then roasted" for several days. Too little fuel caused poor 
roasting as did too much fuel. The proper amount was determined by 
experience only; no written rules were handed down. This custom of 
piling the ore seems to be an exclusively Champlain custom. Larger 
furnaces used kilns but there is no evidence of such at Highlands 
Forge._ This roasting produced a friable, crumbling mass which was 
pulverized by large flat hammers. It was always reduced to a powder 
before it was put into the hearth. 

A description of this roasting process can be found in the 
August 27, 1875, Plattsburg Sentinel. After the ore was roasted it 
was put into long troughs with grates in the bottom. Water was passed 
through these troughs and its flow was adjusted so that the iron ore 
sank to the bottom because of its greater specific gravity The 
gangue would be carried out of the trough as the ore sank through 
holes in the bottom of the trough. It was periodically collected 
and carried to the forge in wheelbarrows. 

The forge was first filled with charcoal, and when fully ignited 
by a blast of air it was then covered with the pulverized ore and 
scattered evenly over the glowing fire. Charcoal and ore were then 
added for a period of about two hours or until what was called "the 
loup" was formed in the hearth. The iron was a pasty mass at the 
bottom of the hearth. Workmen then tested the glowing mass by a push 
and pull with tools. If it felt like lead, then the mass was pulled 
in front of the blast of air. By a continual raising and turning, 
the iron would become uniformly heated. In from three to four hours, 
the loup of iron and scoriae would be finished. The blast of air 
entering the hearth was turned off and the whole ball of material 
was removed from the hearth. The metal was a mixture of fiberous 
iron, cast iron, and steel. Outside the furnace was located a bench 
where the ball was laid and the scoriae was removed with wooden 
mauls. 

The next step in production was to take the ball of iron and 
some scoriae to the trip hammer. According to the 1855 Guide, High-
lands Forge had "one hammer driven by water," the sound of which 
could be heard across the breadth of Warm Pond, but the ruins of 
Highlands Forge suggest several hammers. Here another expert entered 
the picture, the hammer-man. It was his job to pound the iron until 
it was drawn to an oblong and square sided "bloom." The term "bloom" 
comes from the word "blum" or flower. Koert Burnham has found the 
iron hammer-head of one of the Highland Forge hammers. It is about 
eight inches with a wedge end for fitting into a wooden harrmer ami. 
The end of the hammer is shaped like a peening hammer. It was ob-
viously never used for finishing operations as that required a flat 
taced hammer. It was probably used exclusively for shingling the 
porous loup of iron to remove the cinder trapped inside and other 
hammers were used for finishing. A hammer described in the August 27 
18/5, Plattsburg Sentinel was also run by an undershot wheel, weighed 
five tons and operated at a rate of 80 strokes per minute. 



The iron hammer-head was mounted at the tip end or head of a 
long beam of wood called the "stale." It was generally made of beech 
and pivoted on an iron collar at a point near its center. At the 
opposite end from the hammer-head was the tail which received the 
blows of the cams mounted on the axle of the water wheel. As the 
water wheel turned, these cams forced the tail of the stale down, 
thus raising the hammer-head. Then the hammer dropped as the cam 
passed on. Each cam repeated the action and the hammer master reg-
ulated the water flowing over the water wheel, thus regulating the 
wheel. 

A new fire was lit and the forge fire was run at full blast for 
the purpose of reheating the bars drawn from the bloom to perfect 
them by further hammering. They had to be reheated since they had 
grown cold on the hammer. To protect the bars from again melting 
or burning, ore was sprinkled over them to form a protective coating. 
This ore melted, thus forming the basis of the next loup. Therefore, 
only a small amount of time was lost in the reheating process. 

In the average furnace, it would take about 50 bushels of char-
coal to produce 100 pounds of iron. The Highlands Forge produced 
about 100 tons of blooms per annum, which was a relatively small 
amount of production. Cost of the production was averaged at $40 a 
ton in 1851 from this type of forge. Such forges were much less 
costly to build than blast furnaces and rolling mills such as the 
one built at Boquet, but the iron produced was more costly. Wages 
of the workmen worked out to about $10 per ton in 1851. As mentioned 
earlier, the cost of labor at Highlands Forge was one of the highest 
in the area. These forges were best when used with magnetic ores. 

The Catalan method produced wrought iron which was a very differ-
ent product from the pig iron produced by the blast furnaces. The 
wrought iron blooms produced were superior for making nail plates for 
nail factories and large quantities of Adirondack blooms were conver-
ted into that article. Even though it cost more to produce them than 
the competitive puddled iron from the local blast furnaces, it was 
preferred by many users. Local farmers could take the product, put 
it into their home forges, and make plows and other farm implements. 
Charcoal iron was also a favorite product with farmers since it had 
the reputation for high quality. Wrought iron was also called bar 
iron since this was the shape in which it was commonly sold. 

The blast of air for the furnace was probably provided by two 
bellows worked by the water wheel although the blast required by a 
Catalan furnace was quite small — only about one pound per square 
inch. Thus a common device called a water box was used to obtain a 
blast of air for small forges. Where a good head of water could be 
obtained, it was dropped through a pipe into a box-like shaped re-
ceptical. This box was one-half water and one-half air. Air rushed 
into the box along with the dropping water, was forced out under a 
small pressure, and then was piped into the furnace through tubes 
called tuyeres (pronounced twee-airs). This method was usually 
sufficient for a Catalan forge. 
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In general, the 18401s was a boom decade for Adirondack iron 
forges. According to Peter Tenin in Iron and Steel in Nineteenth 
Century America, this was ended by a depression in the early 1850's. 
The depression was one of the causes of A. G. Forbes going out of 
business at Highlands Forge. In addition, this was also the period 
of a general deforestation of the area, so he had to go further and 
further for charcoal. During this period, over one-half of the 
production in the United States changed over from charcoal as a fuel 
to coke while steam replaced water power as a dominant economic 
factor. After this period, the demands of the railroads for rails 
and the Civil War caused renewed activity in the United States, but 
production at Highlands Forge was over. No attempt was ever reported 
to reopen Highlands Forge, and in 1857 it thus became a candidate for 
our "forgotten Adirondack Iron Work." 

In Personal Reminiscences 1840 - 1890 by Lucius Chittenden who 
visited the shores of Lake Champlain is a good description of the 
devastation of Adirondack timber. 

The Adirondack Region - A Warning to the Destroyer --
A Plea for the Perishing 

The vandalism originated in the Champlain Valley ... 
The smoke of coal-pits covered the land. The trees were 
swept away as if some gigantic scythe-bearer had moved 
over it. In a few years there was no charcoal to be had 
at paying prices. Then the furnaces ceased operations, 
and where the forest had stood were huckleberry plains, 
where the berries were picked by Canadian-French "habitans." 
One may travel in that region now for miles and not find 
a tree large enough to make a respectable fish pole. 

He was speaking of the area around the AuSable where there were sev-
eral forges. But Highlands Forge was probably similar at least for 
a few years. 

In describing the mountain forge, Dr. John Percy in Metallurgy-
Iron and Steel, stated that in comparatively few locations could such 
a forge produce a profit. He gave the following analysis: 

In mountainous regions, abounding in rich iron-ores 
and wood suitable for charcoal, and still inaccessible to 
railways, the Catalan process may hold its ground; but 
certainly not in localities, however advantageous with 
respect to ore, fuel, and waterpower, where it is un-
protected by high rates of carriage or other circumstances 
from competition with iron smelted and manufactured by 
modern process. Its advantages are, that the outlay and 
floating capital required for a forge are inconsiderable, 
and the consumption of charcoal is comparatively small. 

Even in the Lake Champlain area, most operators realized that it was 
an uneconomical production method. In the Plattsburg Sentinel, 
August 27, 1875, issue, it was reported: 





m 

Opinion is expressed among our best iron makers that 
the Catalan Forge is a thing of the past even though it 
produces most Adirondack iron. About 40,000 tons for 7h 
million dollars was produced with about 25% of it coming 
from this part of New York. Two new Catalan forges were 
built in the last year. 

So we find even though the experts around Lake Champlain were aware 
of more economical methods of production, such forges were still being 
built around Plattsburgh in 1875. 

The Highlands Forge industrial plant was an important structure 
to the entire region during its day and provided employment for many 
men. Much more than just acquisition of iron ore was involved. A 
whole catalogue of supplementary goods and services was needed to 
provide and maintain the large number of tools, mauls, sledges, 
utensils, and other equipment necessary to produce iron. Also, the 
human needs of the workers and their families were met by trips to 
Willsboro and Keeseville. The small communities at Highlands Forge 
and Port Kendall were intimately connected to the operation of the 
Forge and saw mills. When operations ceased, it was a severe blow 
to the community. Port Kendall is today smaller than it was in 1853 
and Highlands Forge remains about the same size. There are in exist-
ence many foundations and cellars on the road from Port Kendall up 
the Brook, but only three houses exist along that road today. In 
fact, the name Port Kendall no longer appears on maps. 

Without the advantages of A. G. Forbes' water power and manage-
ment, the bloomery at Port Kendall closed sometime in the late 1840 s 
soon after opening. There are no descriptions of its physical plant 
so a "historic reconstruction" such as we have performed on Highlands 
Forge is impossible for this Forge. Just enough was known about_ 
Highlands Forge that we are reasonably assured that the description 
included in this chapter has a sound basis in history. 

Today, Highlands Forge is owned by Koert Burnham and several 
partners. His home, Highlands, occupies the former site of A. G. 
Forbes' home as shown on the 1856 map of Essex County. Other struc-
tures from A. G. Forbes' era still stand nearby. For example, a 
building that once housed the old Highlands Forge Post Office is 
located in the front yard of Highlands and an old one-room school-
house is located on a nearby rise. The view from Highlands is un-
surpassed anywhere. It offers a view of Lake Champlain as well as 
that of towering mountains. It is indeed a unique and historic 
location. 

S? 

All thi 
tion of lak 
center on t! 
documents tl 
guess at th. 
boats range 

Willsbf 
Lake before 
recorded it: 
the written 
largely a fc 
I do remembr 
but no exacl 
property on 
canal boats 
probably bui 
as being cor 
probably lar 
Temperance c 
largest vess 
94 tons. Th 
span of one 

Constru 
at Willsboro 
was a poor c 
port is illf 
copy of the 
article enti 
Sherman had 
writer that 
that they w 
and lived at 
fied Gordon 
that we knoi 
the name of 
er at Whitet 
built in 18, 
Library is a 
Westport." 
dustry of We 
I doubt at t 

Essex w 
In 1783, the 
and settled 
became the f 
found in the 

338 



J n e C o ^ t r c V C o T & U H 7 F u f i * * C V 

A M f ü ß ^ ^ c r Ç l ï H c V c ï S 

C Y f o w e 

7 ' v t r f r f r i u T U t u ^ / o ß -

C o ^ ^ t f t f t c u T 

7 , 0 F g f r f l o f a 1 * / ì f z r 

C ö ^ t c v c u r S o , " G " " -

. i ' V 

c j f i v 7 



T H E E A R L Y I R O N I N D U S T R Y O F C O N N E C T I C U T -

P a r t I I . 

T H E CONNECTICUT BLAST FURNACES 

AND FURNACE PRACTICE 

B y Charles Hulas Harte, Member The C o n n e c t Society ol ClvU Engineers, Inc. 

I n t r o d u c t o r y 

W h i l e the e s t ab l i shmen t , b y J o h n W i n t h r o p , j r of a b las t f u r n a c e 

and f o r g e at East H a v e n in 1658 a pioneer 
colonies in the m a t t e r of sme l t ing w h a t minerals , 
field she en te red . L o n g b e f o r e , m a n had discover ^ 
p r o p e r l y heated w i t h c h a r c o a l m a - m p a r a t vely shaUow i ^ g ^ ^ 

I pas ty " l o o p " , t and malleable 
m e l t e d minera l m a t t e r , b e c a m e a b l o o m or * m a t e r i a l s , 
w r o u g h t i ron, o r , w i t h a d e e p e r fire, Y ^ e d ' f r o m t h e s a ^ ^ 

t h e h a r d and c o m p a r a t i v e l y b n t t l C
r " w h i c h on ly m a d e t h e w r o u g h t 

h a d t h e advan tage t h a t , a t a t e m p e r a t u r e w h ch on ly m 

i ron so f t , it me l t ed a n d f l owed a lmos t iron-

I n d s o , w h e n W f n t h r o p establ ished the ^ ^ ^ 
t i c u t , a n d u n d e r t o o k t o sme l t t h e b o g o re o N o h H a v e n ^ 
gu ide h i m , n o t on ly his p r e v i o u s exper ience m M j « « o f 

h a d s ta r ted t h e B r a i n t r e e a n d L y n n plants , b u t a l s o t h e t r a 
an o ld t echn ique , w h i c h , wh i l e a lmos t e n u r e y h e sul 
e r r o r , h a d p r o d u c e d , i n t h e pas t , v e r y sa t is fac tory resul ts . 

- ^ ¡ ^ atMst Annual Meeting, Tke Connecticut Society o! Civil Engineers, ^ 

New Haven, Conn., February 20, 1935. possibly occurred 
i lt would seem that the formation of the pasty mass, ^ f ^ L t L s or t * 

the first times in altar fires, was a n y t l C n g « 1 c o r « ^ a n d i e a r t i 

French, for they called it by the name of tEe ̂  ° * * ^ * 
.*.„ u.olf The EngUsh, however, seem to base no su 
translating^he French "loup". they merely anglicized it to "loop . 
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T h e Meta l lu rgy of the Blast F u r n a c e 

I t is a f o r t u n a t e fac t , t h a t of the m a n y minera l s c o n t a i n i n g i ron , those • 
wh ich have a sufficiently h igh percentage of the meta l , and are t h e m -
selves sufficiently a b u n d a n t t o be cons idered i ron ores, — an o r e be ing 
a c o m p o u n d f r o m which the meta l can be p r o d u c e d in c o m m e r c i a l 
q u a n t i t y , at a cost p e r m i t t i n g its sale at a commerc i a l l y ob ta inab le pr ice , 
— are ei ther oxides, or , by compara t i ve ly s imple t r e a t m e n t , can be 
c o n v e r t e d t o oxides, f o r these la t te r , sui tably hea ted w i t h c a r b o n , 
readily give u p the i r oxygen t o it, leaving spongy meta l l ic i ron . • 
. I n t h e f o r g e t h i s i s prac t ica l ly the ex t en t of the reac t ions ; t h e resu l t -
ing gases at once escape i n t o the air, whi le t h e mine ra l m a t t e r associated 
wi th t h e ore, and k n o w n as t h e "gangue" , mel ts , p a r t r ema in ing in the 
forge as cinder, and p a r t filling the pores in t h e spongy i ron , f r o m w h i c h 
some is later r e m o v e d by h a m m e r i n g o r squeezing. 

T h e r educ t ion of t h e ore , h o w e v e r , is b u t t h e first s tep in a series of 
reactions, in the case of t h e blast f u r n a c e . T h e f u n c t i o n of t h e l a t t e r 
is n o t on ly t o deoxidise t h e i ron , as is doTIe in t h e fo rge , b u t also t o 
carburise and m e l t i t ; and t o c o n v e r t t h e gangue i n t o a fus ible slag 
which, as fa r as pract icable , will c a r r y off all undes i rab le m a t t e r , t h e 
process depend ing u p o n a general , t h o u g h n o t invar iable p r inc ip le u n -
derlying mos t meta l lurg ica l ope ra t ions : t h a t if b o t h r educed and ox id i sed* 
substances are mel ted toge the r , t h e r educed substances will u n i t e in 
one g r o u p , and those oxidised in ano the r , b u t t h e t w o g roups will r e m a i n * 
entirely separate . 

T h e blast f u r n a c e is essentially a tall con ta ine r , filled t o t h e t o p w i t h 
fuel, o re and flux, w i t h t h e lower p a r t of t h e c o n t e n t s m a i n t a i n e d a t 
an intense heat b y a blast of air, wh i ch fu rn i shes t h e o x y g e n t o b u r n 
the fuel , and t h e n , by the p r o d u c t s of t h a t c o m b u s t i o n , a ided b y t h e 
heat p roduced , first effects t h e reac t ions w h i c h m u s t p r ecede t h e m e l t -
>ng of the i ron and the slag, and t h e n B e c o m e s " t u n n e l - h e a d gas", b u r n e d 
m the early days t o get r id of it, b u t la ter ut i l ised t o hea t t h e blast and 
, 0 generate s team. 7 

The solid con ten t s of t h e s tack, ea ten away a t ' t h e b o t t o m b y t h e 
urmng of the fue l and the me l t i ng of t h e o t h e r cons t i tuen t s , m o v e 
°wly d o w n w a r d , the t o p of the c o l u m n , by t h e m o r e o r less c o n t i n u o u s 
aaition of fresh mater ia l , be ing k e p t close t o a fixed level, t h e " s t o c k -

f o
C ' t h e o r e descends, it is first r educed t o spongy i ron , as in t h e 

J g e ; then , con t inu ing d o w n i n t o regions of increasing hea t , b u t still 

the u 1 7 a b $ ° r b S C a r b ° n ' t h u S l o w e r i n g i t s P o I n t of f u s i o n f r o m 
4/86 degrees Fah renhe i t r equ i r ed f o r p u r e i ron , un t i l at a b o u t 2200 
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d e g r e e s it m e l t s , t a k i n g u p , as t h e t e m p e r a t u r e c o n t i n u e s t o i nc rease , 
m o r e c a r b o n , u n t i l i t h a s a b s o r b e d a t o t a l of n e a r l y 5 p e r c e n t , t o g e t h e r 
w i t h s u c h s i l icon , m a n g a n e s e a n d p h o s p h o r u s as h a v e also b e e n r e d u c e d , 
a n d s u c h s u l p h u r — as i r o n s u l p h i d e — as h a s n o t b e e n c o n v e r t e d t o 
c a l c i u m su lph ide , t h e c o m p o u n d c o l l e c t i n g i n t h e b o t t o m of t h e h e a r t h 
as a m o l t e n mass of t h a t m a t e r i a l of r a t h e r w i d e l y v a r y i n g c o m p o s i t i o n 
k n o w n u n d e r t h e g e n e r a l n a m e of " p i g - i r o n " . 

I n t h e m e a n t i m e , t h e l i m e s t o n e , t h e a m o u n t of w h i c h , i n t h e ea r ly 
d a y s w a s d e t e r m i n e d b y t h e c o m b i n e d r e su l t s of e x p e r i e n c e , e x p e r i m e n t , 
a n d t h e n a n " i n f o r m e d g u e s s " , h a s b u r n e d t o l i m e , p a r t c o m b i n i n g w i t h 
t h e i r o n s u l p h i d e p r e s e n t , t o f o r m c a l c i u m s u l p h i d e a n d f r e e t h e i r o n , 
t h e r e s t u n i t i n g w i t h t h e s i l i c ious m a t t e r of t h e g a n g u e , a n d t h e ash, 
t o m a k e a f u s i b l e s i l ica te of l i m e w i t h m o r e o r less m a g n e s i a a n d a lu-
m i n a , w h i c h , o n m e l t i n g , c o l l e c t s al l t h e ox id i s ed m a t e r i a l a n d t h e cal-
c i u m s u l p h i d e , a n d se t t l e s o n t o p of t h e m u c h h e a v i e r m o l t e n i r o n , t o 
flow o u t o v e r t h e " c i n d e r n o t c h " , as s o o n as i t r e aches t h a t l eve l . 

T h e v a r i o u s r e a c t i o n s a r e c o n t r o l l e d b y m i x i n g d i f f e r e n t o r e s , by 
v a r y i n g t h e p r o p o r t i o n of flux u s e d , a n d b y c h a n g i n g t h e t e m p e r a t u r e 
of t h e h e a r t h , t o all of w h i c h t h e r e s u l t i n g m e t a l is v e r y s ens i t i ve . T h a t 
t h e e a r l y i r o n - m a s t e r s — a n d n o t so e a r l y o n e s a t t h a t , f o r i t is on ly 
w i t h i n c o m p a r a t i v e l y r e c e n t t i m e s t h a t t h e ass i s tance of t h e c h e m i s t 
h a s b e e n a c c e p t e d — w o r k i n g a l m o s t e n t i r e l y b y r u l e - o f - t h u m b m e t h -
o d s , w e r e ab le t o t u r n o u t t h e q u a l i t y of i r o n t h a t t h e y d i d , is l i t t l e 
s h o r t of m i r a c u l o u s . 

T h e E a r l i e r F u r n a c e s 

T o d a y , a t t h e o u t l e t of L a k e S a l t o n s t a l l , t h e r e is n o t a t r a c e of 
W i n t h r o p ' s f u r n a c e , n o r h a v e t h e r e b e e n f o u n d a n y d e t a i l s of i t s con-
s t r u c t i o n in a n y of t h e r e c o r d s e x a m i n e d . T h a n k s , h o w e v e r , t o a n old 
s k e t c h o n c e i n t h e pos se s s ion of t h e B a r n u m - R i c h a r d s o n C o m p a n y , we 
k n o w i n a g e n e r a l w a y w h a t t h e L a k e v i l l e f u r n a c e of* 1 7 6 2 w a s like, 
a n d as i t i t v e r y s imi l a r t o s o m e E u r o p e a n f u r n a c e s of a b o u t 1 6 0 0 , and 
as i r o n s m e l t i n g w a s a c r a f t of l o n g s t a n d i n g , w i t h all t h e t r a d i t i o n s 
a n d all t h e c o n s e r v a t i s m of s u c h a n i n d u s t r y , i t s eems f a i r t o assume 
t h a t n o m a t e r i a l c h a n g e s w e r e m a d e i n t h e f u r n a c e s i n t h e i n t e r v e n i n g 
p e r i o d . If th i s a s s u m p t i o n is c o r r e c t , a r e a s o n a b l y a c c u r a t e "descr ipt ion 
of t h e p i o n e e r C o n n e c t i c u t f u r n a c e , a n d of t h o s e w h i c h f o l l o w e d it 
i n t h e succeed ing o n e - h u n d r e d o r o n e - h u n d r e d - a n j l - f i f t y y e a r s , is & 
f o l l o w s : 

T h e o u t e r shell w a s of d r y r u b b l e m a s o n r y , a n d w a s a p p r o x i m a t e d 
2 0 f e e t h i g h , w i t h a base a b o u t 2 0 f e e t s q u a r e , a n d p r a c t i c a l l y vertica-
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sides, Lrift l o f a c t K t a t e c h a r g i n g t h e f u e l a n d o r e , a n d t o p r e v e n t loss of 
j j e _ t was p l a c e d w i t h its t o p o n a level w i t h t h e t o p of t h e b a n k 
agaiftA " H ' ' n t o w b ' c b 4 w a s b u i l t . E m b e d d e d in o p p o s i t e sides w e r e 
j^UrY-A-ft t i m b e r s in pa i rs , each p a i r t i e d t o g e t h e r b y i r o n r o d s p a s s i n g 
t i r o , - b m a s o n r y a n d b e a m s , and h a v i n g in t j i e i r s l o t t e d e n d s w e d g e s 
^ . r i v a r ing a g a i n s t t h e w o o d , c o u l d b e t i g h t e n e d t o t a k e c a r e of ariy' 
shriek*i.v t h e l a t t e r as i t w a s d r i ed o u t b y t h e h e a t ; t h e f r a m e t h u s 
f o r m o . ' <v r v e d t o b i n d t h e m a s o n r y t o g e t h e r a n d p r o t e c t i t f r o m c r a c k -
• ^ f r o n t t h e r e w a s a r u d e a r c h w a y a b o u t 10 f e e t h i g h a n d as 

Corner o i Ml. R iga furnace . N o t e t imber t i e beams, s lo t ted _ 
tie rods, and rough c h a r a c t e r of masonry . 

many a n f t o n o n e t b e r e w a s m o t h e r s imi la r b i t s m a l l e r 

opening. About 6 f e e t h i g h a n d w i d e . 
Inside '-bis o u t e r s t r u c t u r e , a n d s e p a r a t e d f r o m i t b y a sealed a i r 

space v/ u t b c f u r n a c e p r o p e r . A t t h e b o t t o m , o n a h e a v y f o i n d a t i o n 
of s a n d s t o n e , w a s t h e h e a r t h , o r c r u c i b l e , a b o u t 24 i n c h e s s iua re i n 
section -s s a n d s t o n e wal ls , 2 o r 3 f e e t t h i c k , f l a r i n g o u t w a r d a l i t t l e 
¡n t } l c ; r o r 5 f e e t of h e i g h t . A n o p e n i n g a t t h e f r o n t w a s t o j p e d b y 
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a s t one cu r t a in -wa l l , t h e " t y m p " , in f r o n t of w h i c h t w o side walls and 
a f o r e - s t o n e , t h e " d a m " , f o r m e d t h e " f o r e - h e a r t h " w h i c h was p rac -
t ically an extens ion o u t i n t o t h e b ig a r chway of the l ower p a r t of t h e 
h e a r t h T h e side walls and p a r t of t h e d a m were cons iderably h igher 
t h a n t h e b o t t o m of t h e t y m p , b u t a shor t section of t h e f o r m e r t h e 
" c i n d e r n o t c h " , a l t h o u g h still somewha t h igher t h a n t h e b o t t o m of the 
t y m p w a s lower t h a n t h e rest of the f o r e - h e a r t h , so t h a t w h e n t h e 
m o l t e n slag r eached this level, it f lowed o v e r i n t o a channe l leading t o 
o n e side of the f loor of the casting house , t h e escape f r o m t h e f u r n a c e 
of a n y gases be ing p r e v e n t e d b y the t y m p , p ro j ec t i ng b e l o w t h e surface 

° f N e t r t h e " t o p of t h e h e a r t h an open ing in its wal l i n t o the small a rch-
w a y p e r m i t t e d t h e b l o w p i p e t o delivef the b las t t o t h e fire, whi le a n o t h -
er ho le , in the base of t h e dam, kep t closed at o t h e r t imes b y a plug; of 
fire-clay, was t h e o u t l e t by which t h e m o l t e n i r o n was t a p p e d off in to 
t h e p ig-bed , o n t h e side of the cast ing house oppos i t e t h e slag-bed. T h e 
m o l t e n i ron , k e p t f r o m ox ida t ion b y t h e slag wh ich lay o n t o p of it, 
was a l lowed t o accumula te f o r a b o u t six h o u r s ; this resu l ted in t h e p r o -
d u c t i o n of app rox ima te ly one-half a t o n of i ron , or a b o u t as m u c h as 
w o u l d fi l l t w o o rd ina ry water -pa i l s , and filled the f o r e h e a r t h near ly t o 
t h e level of t h e - i n d e r - n o t c h . 

A b o v e the dea r th , res t ing o n i t a n d ex t end ing u p t o t h e t o p ot the 
o u t e r s tone m a s o n r y , was an egg-shaped s t r u c t u r e , large end d o w n 
T h e furnaces of a s o m e w h a t la ter d a t e h a d heavy cast i r o n ba r s buil t 
i n t o t h e ou t e r walls, t o f o r m a seat o n w h i c h this i nne r m a s o n r y rested, 
t o guard against u n e q u a l s e t t l emen t ; w h e t h e r Sal tonstal l and t h e o ther 
ea r ly fu rnaces h a d such castings, w h i c h w o u l d h a v e h a d t o c o m e f r o m 
o n e of the Massachuse t t s f u r n a c e s o r f r o m abroad , o r w h e t h e r their 
i nne r shells s imply res ted o n ledges in t h e o u t e r s t o n e w o r k , was not 

l e a r n e d . 
W h e n t iese stacks first began t o use firebrick is n o t clear . M r . John 

B i r k i n b h u , a n o t e d a u t h o r i t y , says*— 

"Tie 'inwalls' (were) built of shale or slate - - , The bottom, the 
cruciile (or hear th ) , and the boshes, were built of sandstone, nicely 
joinfcd, the masonry being carried out against the buttresses or 
corrers of the stack, which were in many instances b r a c e ^ b y heavy 
timlers and iron rods, to preserve the masonry f rom in jury by 
expansion." 

-Ameican Blast Furnace Progress", in Mineral Resources of the United States, 
1883 anc 1884." Page 290. 

I ' I ' 
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T h e old L ime R o c k fu rnace , and those at S t a f fo rd , Falls Village and 
Joycevil le all show s tone l ining at the top , a l though t h e last n a m e d o n e 
has boshes of b r ick , b u t as, accord ing t o Les ley 0 , it was in blast as late 
as 1854, it is p r o b a b l e tha t , w h a t e v e r its earlier m a k e - u p , the br ick n o w 
in the boshes are of compara t i ve ly recen t date . T h e in te r io r of t h e 
M t . Riga s tack, a n o t h e r o ld - t imer , is comple te ly f i l led w i t h rubb ish , 
and could n o t be reached f o r examina t ion , b u t as it is said t o have been 
rebui l t in 1845, and t o have been in blast as late as 1856, (Lesley), i t 
is ve ry unl ikely e i ther t h a t any of t h e old l ining is le f t , o r t h a t , if 
present , i t could e i ther be ident i f ied o r co r r ec t ly da t ed . 

T h e m a x i m u m d iamete r , wh ich was f r o m 8 t o 10 fee t , occu r r ed a t 
mid-height , o r t he reabou t s , usually at a p o i n t somet imes called " t h e 
top of the boshes" , and somet imes s imply " t h e b o s h " , " t h e boshes" be -
ing t h a t p o r t i o n of t h e f u r n a c e be tween t h e t o p of t h e h e a r t h and , in 
most cases, this sect ion of greatest d i ame te r . These t e r m s were n o t 
fully s tandard ized , h o w e v e r , and, at least in 1856, t h e p o i n t of m a x -
imum diameter , and " t h e bosh" , o r " t h e t o p of the boshes" , were n o t 
always synonymous . Lesley records Sha ron S ta t ion as :— 

"built in 1854, 9 fee t bosh, swelling in the cylinders to 10 feet, ** 
and 23 feet high." 

Of M t . Riga h e says:— 

"an old furnace, built about 1800. I t was rebuilt in 1845, 8 f ee t 
across the top of the bosh by 30 high, but across the bilge, six fee t 
above the top of the bosh it is 16 fee t wide." 

Wherever the p o i n t of beginning, t h e boshes, s t a r t ing w i t h a c i rcular 
section at the top , s loped d o w n , gradual ly chang ing shape and c o n -
tracting, t o connec t s m o o t h l y w i t h t h e s q u a r e t o p of t h e h e a r t h . 

T h e p o r t i o n above t h e bosh, " t h e s h a f t " , h a d t h r o u g h o u t its l e n g t h 
a circular section, r educ ing f r o m the same d iame te r a t its base as t h e 
bosh t o abou t 3 feet a t the top , " t h r o a t " , o r " r o u n d - t o p " , as it was 
variously called. T o p r o t e c t i t against t h e w e a r and t ea r of charg ing , 
the t h r o a t at f i r s t had a s tone curb ing , b u t la ter a heavy cas t - i ron cover -
Plate, w i t h a charg ing hole 18 inches t o 2 f ee t in d i a m e t e r and cen t ra l 

the shaft , t o o k its place. Because of t h e d i f f i cu l ty of p r o c u r i n g 
tuch a p la te at t h a t t ime , t he re being n o o t h e r f u rnaces n e a r t o cast i t , 
Saltonstall u n d o u b t e d l y was curbed , b u t s o m e w h a t l a te r t h e use of a 
Plate became pract ica l ly universal . 

'J- P. Lesley, "The Iron Manufacturer's Guide". Page 30. 
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T h e blast was p r o d u c e d b y a pair of bellows, ve ry similar t o the ones 
w h i c h u p to qu i t e recen t ly cou ld be seen in any b lacksmi th ' s shop, b u t 
m u c h larger, and " b l o w n " by means of a wate r -whee l . Dr . J ames 
T h a c h e r , w h o was o n e of its owners , describing, in 1804, the Federa l 
f u r n a c e in P l y m o u t h C o u n t y , Massachuset ts , a s tack which , bu i l t in 
1794, of stone, was 20 feet h igh and 24 fee t square, w i t h an in t e r io r 
d i ame te r of 10 fee t , and walls 7 fee t th ick , w r o t e * : — 

"In another arch on one side there is a small aperture for the in-
sertion of pipes of two large bellows 22 fee t long and 4 fee t wide, 
which being kept in constant alternate motion by the agency of a 
water-wheel 25 fee t in diameter, a powerful current of air is exerted, 
and being impelled upon the surface of the fuel, the fusion of the 
metal is greatly accelerated." 

T h e " t r o m p e " , a ve ry ef f ic ient device w h i c h is essentially a w a t e r -
ope ra t ed a i r - in jec tor , a s t r eam of w a t e r f l owing t h r o u g h a small t h r o a t 
at t h e t o p of a larger ver t ica l t u b e sucking air t h r o u g h a series of holes 
jus t be low the t h r o a t , and del iver ing it t h r o u g h a w i n d - b o x at t h e b o t -
t o m , as a d a m p b u t s teady blas t at a pressure depend ing o n the head of 
t h e wa te r , whi le used extensively abroad , and , t o a lesser ex ten t , in 
N e w Jersey, N o r t h Ca ro l ina and Tennessee, par t i cu la r ly f o r forges, does 
n o t seem t o h a v e been e m p l o y e d at all in the C o n n e c t i c u t i ron indus t ry . 
I t is interest ing t o no t e , h o w e v e r , t h a t in 1901 the re was installed at the 
site of the p resen t " T u n n e l " hydro -e l ec t r i c p o w e r p lan t o n the Qu in -
ebaug River , jus t above N o r w i c h , C o n n e c t i c u t , a T a y l o r H y d r a u l i c Air 
Compress ing C o m p a n y t r o m p e of 1365 horse p o w e r , wh ich , un t i l June, 
1917, supplied compressed air f o r p o w e r t o several fac tor ies in N o r w i c h . 

T h e blast i tself, a t a pressure l i t t le if any ove r o n e - h a l f - p o u n d per 
square inch, was i n t r o d u c e d i n t o t h e f i re t h r o u g h a clay " t u y e r e " , or 
nozzle , the ou ts ide d i ame te r of w h i c h was appreciably less t han t h a t of 
t h e opening in w h i c h it was cen te red , leaving an annu la r space t h rough 
w h i c h nearly as m u c h outs ide air as was del ivered by t h e nozzle itself 
was fed the f i re b y in j ec to r ac t ion , w i t h a roa r ing w h i c h was one of 
t h e character is t ic sounds of these early fu rnaces , w h e n in act ion. The 
n i t r o g e n which f o r m s 80 pe r cen t of the air , plays no c h e m k a l p a r t in 
t h e furnace , b u t t rans fe rs hea t , absorb ing it as it b lows t h r o u g h t h e zone 
of active c o m b u s t i o n , t o give it o u t again as it goes, unchanged , up 
t h r o u g h the charge . T h e oxygen , h o w e v e r , f i r s t combines w i t h the 
c a r b o n of the fue l t o f o r m c a r b o n dioxide, p r o d u c i n g grea t hea t ; then 

•Jas. M. Swank: "History of the Manufacture of Iron." Page 93. 
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immedia te ly is r educed t o c a r b o n m o n o x i d e by t h e h o t a n d o x y g e n -
h u n g r y c a r b o n just above the zone of c o m b u s t i o n ; t h e n he lps in t h e 
r educ t ion of the i ron o re ; and f inal ly , as a m i x t u r e of c a r b o n m o n o x i d e 
and dioxide, reaches the t o p of the s tack mixed w i t h t h e n i t r o g e n , 
f o r m i n g t h e " t u n n e l - h e a d gas" . 

T h e high p r o p o r t i o n of c a r b o n m o n o x i d e makes this gas a ser ious 
menace t o t h e m e n at t h e t o p , and f o r the i r p r o t e c t i o n i t was d r a w n 
o i l by a side f lue o r t u n n e l , c o n n e c t i n g w i t h a c h i m n e y o r " t u n n e l -
head , and f o r a long t ime i t was b u r n e d t o get r id of i t . T h i s f l a m i n g 
t o p was as charac te r i s t ic of these early stacks as t h e r o a r of t h e o p e n 
tuyeres . Descr ib ing its appearance , M r . R i c h a r d Peters , J r . , s ays :—* 

"A translucent f lame interspersed with glowing sparks rose and 
fell f rom the open tunnel-head in harmony with the pulsations of the 
blast. By day it was suspended over the furnace top like a mystical 
oriflamme, and at night it served as a beacon, lighting up the coun-
try-side." 

W h a t shelter the m e n h a d was largely incidenta l t o t h e p r o t e c t i o n of 
p rope r ty . Since if in the p ig -bed the m o l t e n i ron came in c o n t a c N w i £ h 
any appreciable a m o u n t of mo i s tu r e o v e r and above t h a t necessary t o 
give t h e m o u l d i n g sand t h e consis tency r equ i r ed t o p a c k p r o p e r l y , t h e r e 
was cer ta in t o be a serious s team explosion, w i t h c o n s e q u e n t w r e c k i n g 
of the bed, t o say n o t h i n g of i n j u r y t o the m e n , t h e r e h a d t o b e s o m e * 
sort of cast ing house t o keep o u t t h e ra in , b u t f o r a l o n g t i m e th is was 
little m o r e t h a n an o p e n shed ove r t h e p ig-bed and t h e s lag-bed. T h e 
bellows, too , had t o be shel tered f r o m the sun as well as f r o m t h e r a i n o n 
account of the i r l ea ther sides; and if any cast ing o t h e r t h a n t h a t of pigs* 
was done at t h e f u r n a c e , t h e r e h a d t o be some sor t of a p a t t e r n s h o p a n d 
storage l o f t ; as a rule this was t h e e x t e n t of t h e hous ing at t h e basq^of 
the s tack. A t the t o p t he r e was even less. -Al though the t u n n e l - h e a d 
carried m o s t of t h e f u r n a c e gases well above the cha rg ing f l o o r , flare-» 
backs occured every n o w and t h e n , and a " t o p - h o u s e " , o r any s imi la r 
structure wh ich m i g h t be set o n f i re , and in t u r n b u r n t h e c h a r g i n g 
bridge and f loo r , was long cons idered t o o great a risk', am* t h e t o p - m e n 
bad l i t t le o r n o cove r . 

U p t o just w h a t t ime this p i c t u r e r ema ined reasonably c o r r e c t is n o t 
now possible t o state, at least f r o m a n y of the mater ia l so f a r d i scove red . 
•no d o c u m e n t a r y evidence has been f o u n d , whi le t h e f ac t t h a t s t acks 
*ere rel ined and rebui l t again and again has largely masked a n y i n f o r -

•Rlchard Peters, Jr.:—"Two Centuries of Iron Smelting in Pennsylmnia." Page 7. 
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m a t i o n w h i c h m i g h t o t h e r w i s e h a v e b e e n u n c o v e r e d in the f ie ld . B u t 
w h i l e t h e t ime e l emen t in u n c e r t a i n , n o t on ly as t o this ear ly pe r iod 
b u t also un t i l wel l t o w a r d s t h e b e g i n n i n g of t h e Civi l W a r t h e s teps 
i n t h e d e v e l o p m e n t s w h i c h o c c u r r e d as t h e o ld conse rva t i sm died a w a y , 
a n d changes began t o be m a d e in t r a d i t i o n a l p roceed ings , are qu i t e ap -
p a r e n t . T h e y a re so i n t e r - r e l a t e d , h o w e v e r , t h a t o f t e n it is qu i te d i f -
f i c u l t , if n o t impossible , t o tel l j u s t w h a t was cause a n d w h a t was e f f ec t . 

T h e F u r n a c e L ines a n d T h e Blast 

A cons iderab le p e r i o d of t i m e elapsed b e f o r e t h e early i r o n - m a s t e r s 
r ea l i zed t h a t t h e change in shape f r o m t h e egg-l ike f o r m of t h e f u r n a c e 
as i t was bui l t , t o t h a t f o u n d w h e n i t was " b l o w n o u t ca r r i ed an i m -
p o r t a n t lesson; n o t u n t i l 1839 is J o h n G i b b o n s , an Eng l i shman , c r e d i t e d 
w i t h recogn iz ing t h e f u n c t i o n s of t h e inside shape ; b u t b e f o r e t h a t t i m e 
The f a c t t h a t a f t e r o p e r a t i n g f o r a wh i l e t h e " e g g " w o u l d be fi l led o u t i n 
p laces b y ma te r i a l w h i c h h a d s t u c k t o its walls , whi le e lsewhere i t h a d 
b e e n me l t ed o r w o r n a w a y , h a d led t o m o d i f y i n g b o t h shaf t a n d b o s h e s 
t o f r u s t r u m s of cones ; t o c h a n g i n g t h e sec t ion of t he h e a r t h f r o m square 
t o r o u n d ; and h a d p u s h e d t h e b o s h d o w n t o a p o i n t a b o u t o n e - t h i r d of 

t h e h e i g h t f r o m t h e b o t t o m . 
A s a result of these n e w e r l ines t h e c h a r g e m o v e d m o r e f ree ly a n d 

r a p i d l y , and this , t o g e t h e r w i t h t h e increase in size t o m e e t g r o w i n g 
d e m a n d fo r m o r e a n d m o r e i r o n , r e q u i r e d a co r r e spond ing ly g rea t e r 
a i r supp ly f o r t h e f u r n a c e , f o r i t t akes nea r ly five t ons - 150,000 cubic. 
f e e t _ of air t o r educe o n e t o n of i r o n f r o m t h e o re . T h i s necessi ty 
w a s f i r s t m e t b y p u t t i n g a s econd t u y e r e oppos i t e t h e o r ig ina l single 
o n e in one side; t h e n b y a d d i n g a t h i r d one at t h e r ea r ; a n d finally, by 
inc reas ing t h e n u m b e r of t u y e r e s t o five, o n e a t t he r ea r , a n d t w o 
e a c h in each of t h e side a r c h w a y s . 

T h e single t u y e r e was c o n n e c t e d d i rec t ly t o t h e bel lows b y a d u c t of 
wt>od o r t in , a l ea ther sec t ion m a k i n g a f lexib le jo in t w h i c h fac i l i ta ted 
t h e t e m p o r a r y w i t h d r a w a l f o r repa i r s , of t h e p o r t i o n of t h e j n p i n g in 
t h e a r c h w a y . F o r m o r e t h a n o n e t u y e r e , a "bus t l e -p ipe p a r t l y en-
c i rc l ing the s tack , was used , t h e d u c t f r o m t h e bel lows feed ing i n t o it, 
w h i l e d r o p p e r pipes at t h e a r c h w a y s suppl ied the separa te nozzles . A t 
f i r s t th is bus t le p ipe was of t i n o r l igh t shee t i ron , and was h u n g on 
t h e outs ide walls, above t h e a r c h w a y s , - t h e R o x b u r y stack still has some 
of t he s u p p o r t i n g r ings in p l a c e , - b u t i t was soon m o v e d inside, b e t w e e n 
t h e inne r b o d y and its h o u s i n g m a s o n r y , wel l above the t u y e r e o p e n -
ings , cast i r o n p ipe be ing u sed , w i t h p a r t of t h e jo in ts be l l - and^sp igo t . 
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a n d p a r t f l anged . T h e rear d r o p p e r was s ingle ; if t h e r e w e r e t w i n 
t u y e r e s o n the sides, a large ve r t i ca l m a i n f r o m t h e bus t l e p ipe b r a n c h e d 
i n t o t w o d r o p p e r s , each of t h e same size as t h e o n e a t t h e r ea r . To-
each of these d r o p p e r s , w h i c h h a d i n d i v i d u a l d a m p e r s so t h e c o n n e c t e d 
lines cou ld be c u t off w i t h o u t i n t e r f e r i n g w i t h t h e o t h e r t u y e r e s , was 
a t t a c h e d , by a slip j o in t t o f ac i l i t a t e r e m o v a l , a s h o r t , ve r t i ca l p ipe , 
t h e " t u y e r e - s t o c k " , o r " b o o t - l e g " , w h i c h in t u r n was c o n n e c t e d t o t h e 
h o r i z o n t a l " b l o w - p i p e " , o r " b e l l y - p i p e " , c a r r y i n g a t its o t h e r e n d t h e 
t u y e r e i tself . 

- - T-' 

~ s -

H - F 

: v , . 
if?, ^ ¿ m ^ i 
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Bust le -p ipe , dropper, and tuyere s tock f o r rear tuyere , Shkrparoon 
furnace . N o t e peep-ho le and cover, d a m p e r s t e m w h e r e c l a m p i n g 
rod is a t tached , and t h e s a n d s t o n e h e a r t h blocks. 

X. 

A t t h e l o w e r e n d of t h e t u y e r e s t o c k an o p e n i n g o n t h e c e n t e r - l i n e 
of the be l ly -p ipe was n o r m a l l y closed b y a sw ing ing cap w i t h a m i c a -
covered peep -ho l e t h r o u g h w h i c h t h e f i r e a n d t h e c p n d i t i o n of t h e 
tuyere was w a t c h e d . W h e n , as o f t e n h a p p e n e d , p a r t l y m e l t e d m a t -
erial t ended t o b l o c k u p t h e l a t t e r , t h e cap was s w u n g t o o n e side, a n 
' ton b a r r u n in, and t h e o b s t r u c t i o n c leared a w a y . 
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T h e W o o d e n T u b B l o w i n g M a c h i n e s 

F o r a t i m e t h e i n c r e a s e d v o l u m e of b l a s t r e q u i r e d w a s o b t a i n e d b y 
i n c r e a s i n g t h e size of t h e b e l l o w s , b u t w h e n t h e l a t t e r b e g a n t o exceed 
->0 f e e t i n l e n g t h , i t w a s e v i d e n t t h a t s o m e o t h e r dev ice was necessa ry , 
a n d a t t e n t i o n w a s t u r n e d t o t h e b l o w i n g a p p a r a t u s w h i c h h a d been i n -
v e n t e d in 1350, b y o n e H a n s L o b s i n g e r , a n o r g a n b u i l d e r of N u r e m -
b u r * G e r m a n y . T h i s h a d t h r e e p a r t i c u l a r l y n o t i c e a b l e p a r t s so l ike 

H o p e w e l l f u r n a c e ( P e n n s y l v a n i a ) b l o w i n g m a c h i n e , w i t h 
s q u a r e w i n d - b o x o r e q u a l i z e r b e t w e e n t u b s 

C o u r t e s y M r . L e w i s D a l r y m p l e B r a d b u r y 

t u b s t h a t t hey h a d a t o n c e b e e n ca l led b y t h a t n a m e a n d e v e n t o d a y , 
a l t h o u g h t h e r e s e m b l a n c e d i s a p p e a r e d l o n g ago , t h e c y l i n d e r s of b l o w i n g 
e n g i n e s of t h e r e c i p r o c a t i n g t y p e a r e st i l l ca l l ed " b l o w i n g t u b s . I B 
t w o m a i n s " t u b s " of t h e L o b s i n g e r m a c h i n e , o p e r a t e d b y a w a t e r wheel , 
p u m p e d t h e air i n t o a t h i r d a n d l a r g e r c y l i n d e r , t h e e q u a l i z e r o r winO-
b o x , t h e f r e e b u t l o a d e d p i s t o n of w h i c h , w h i l e r i s ing a n d fa l l ing wi tn 
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t h e p u l s a t i o n s of t h e p u m p i n g c y l i n d e r s , m a i n t a i n e d a s t e a d y o u t f l o w a t 
u n i f o r m p r e s s u r e . 

T h e f i r s t A m e r i c a n i n s t a l l a t i o n w a s a t t h e H o p e w e l l f u r n a c e , n e a r 
B i r d s b o r o , P e n n s y l v a n i a , a b o u t 1 7 7 1 . T h i s m a c h i n e w a s t h e sole d e -
p e n d e n c e of t h e p l a n t u n t i l 1 8 8 0 , w h e n a n u n u s u a l l y s e v e r e w i n t e r 
f r o z e u p t h e w a t e r - w h e e l , a n d o t h e r m e a n s h a d t o be u s e d t o t i d e o v e r 
t h e e m e r g e n c y ; . a p p a r e n t l y t h e o l d m a c h i n e w a s s o o n r e t u r n e d t o service ," 
h o w e v e r , a n d it c o n t i n u e d i n o p e r a t i o n t h e r e a f t e r u n t i l t h e f u r n a c e 
c losed d o w n p e r m a n e n t l y i n 1 8 8 3 . R e c e n t l y , t h r o u g h t h e g e n e r o s i t y 
of M r s . E d w a r d B r o o k e of B i r d s b o r o , o n e , if' n o t t h e , o w n e r of t h e 
p r o p e r t y , t h e c o m p l e t e o l d b l o w i n g gea r , in w o r k i n g o r d e r , h a s b e e n s e t 
u p i n t h e m u s e u m of t h e F r a n k l i n I n s t i t u t e a t P h i l a d e l p h i a . U n d o u b t -
ed ly t h i s u n i t is v e r y s im i l a r t o s o m e of t h e v e r t i c a l Sa l i sbu ry m a c h i n e s , 
a n d i n v i e w of t h e f a c t t h a t so f a r n o ¿ p i c t u r e s , a n d b u t o n e o u t -
l ine s k e t c h of a n y of t h e l a t t e r h a v e b e e n f o u n d , a n d t h e r e a r e p r a c t i c -
ally n o r e m a i n s , i t is p a r t i c u l a r l y f o r t u n a t e t h a t t h r o u g h t h e c o u r t e s y 
of M r . L e w i s D a l r y m p l e B r a d b u r y , r e c e n t l y M a n a g e r of A d v e r t i s i n g of 
t h e B i r d s b o r o Steel F o u n d r y a n d M a c h i n e C o m p a n y , i t is p o s s i b l e t o 
s h o w a p h o t o g r a p h of t h e H o p e w e l l u n i t as i t s t o o d s h o r t l y a f t e r t h e 
f u r n a c e h a d c losed d o w n . 

J u s t w h e n o r w h e r e i n t h e S a l i s b u r y d i s t r i c t t h e f i r s t s u c h i n s t a l l a t i o n 
was m a d e has n o t b e e n l e a r n e d , a l t h o u g h i t seems p r o b a b l e t h a t t h e d a t e • 
was n o t f a r f r o m 1835 . P y n c h o n * i l l u s t r a t e s , as a t y p i c a l S a l f s b u r y 
u n i t , a v e r t i c a l m a c h i n e s i m i l a r t o t h e o n e a t H o p e w e l l , a n d as t h e f u r -
nace h e descr ibes in d e t a i l is C a n a a n N o . 3, i t is p r o b a b l e t h a t h i s b l o w -
ing gea r w a s of t h a t p l a n t a lso . I n c i d e n t a l l y , M r . W . A . B a r k e r , » f K e n t , 
whose f a t h e r , M r . J a m e s B a r k e r , w a s l o n g t h e . s u p e r i n t e n d e n t a t K e n t * 
f u r n a c e , says t h a t o n e of t h e C a n a a n b l o w i n g sets, q u i t e l i ke ly t h a t of 
N o . 3, w a s o n e , if n o t t h e , b e s t i n t h e s t a t e . 

T o d a y , e x c e p t a t K e n t , t h e r e is v e r y l i t t l e l e f t of a n y of t h e s e m a -
chines. A t t h a t f u r n a c e t h e t u b s w e r e h o r i z o n t a l , a n d , i t w o u l d s e e m 
f r o m t h e a p p e a r a n c e of t h e m a s o n r y f o u n d a t i o n s , h o r i z o n t a l g e a r w a s 
used a t L i m e R o c k , R o x b u r y a n d V a n D e u s e n v i l l e as we l l . B u e n a V i s t a , 
(at H u n t s v i l l e ) , B e c k l e y , C a n a a n N o . 3, S h a r o n V a l l e y a n d W a s s a i c a p -
p a r e n t l y w e r e v e r t i c a l , w h i l e w h a t t h e o t h e r s w e r e , a t leas t so f a r as 
judging f r o m p r e s e n t c o n d i t i o n s is c o n c e r n e d , is a n y - o n e ' s guess . W h i c h -
ever w a y t h e b l o w i n g t u b s t h e m s e l v e s s t o o d , h o w e v e r , t h e e q u a l i z e r 
had t o b e v e r t i c a l . 

*W. H. C. Pynchon:—"Iron Mining in Connecticut" Connecticut Magazine Vol 5 
Page 232. 
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T h e K e n t b l o w i n g p l a n t , t h e o n l y o n e of t h e w a t e r - d r i v e n sets of 
w h i c h t o d a y t h e r e r e m a i n s a n y t h i n g t o s p e a k o f , w a s o p e r a t e d b y a 
b r e a s t w h e e l 17 f e e t in d i a m e t e r a n d 12 f e e t w i d e , w i t h a b u c k e t r i n g 
c o n s i s t i n g of a t i g h t b a c k of 2 i n c h p l a n k ; s ide r i n g s - a n d p r o b a b l y o n e 
in t h e m i d d l e - 9 inches w i d e , m e a s u r e d r ad i a l l y , m a d e u p of s e g m e n t s 
c u t f r o m 3 inch p l a n k , t w o l aye r s t h i c k , b o l t e d t o g e t h e r a n d b r e a k i n g 
j o i n t s a t t h e e n d s ; a n d f r o n t b o a r d s of 2 i n c h p l a n k 12 inches w i d e 
f i t t e d t i g h t l y t o t h e b a c k w i t h w h i c h t h e y m a d e an ang e of a p p r o x -
i m a t e l y 26 degrees , w i t h t h e f r o n t c h a m f e r e d o n t h e ins ide t o f o r m an 
e d g e a n d t h e ends l e t i n t o t h e s ide - a n d t h e c e n t e r - if so b e t h e r e w a s 
o n ° e _ r i n g s If t h e s e f r o n t b o a r d s e x t e n d e d t h e f u l l 12 f e e t of w i d t h , 

s p i d e r s in b a c k g r o u n d . 

t h e r e w e r e 50 b u c k e t s ; if t h e r e w a s a c e n t e r - r i n g t h e b u c k e t s w e r e 6 

f e e t l o n g , and t h e r e w e r e 100 . — 

T h e b u c k e t r i n g w a s c a r r i e d a t t h e e n d s of 3 sets of r e c t a n g u l a r 
w o o d e n spokes , 5 % inches w i d e b y 5 i nches pa ra l l e l t o t h e s h a f t , 10 to 
e a c h se t , w i t h o u t e r e n d s n o t c h e d i n t o a n d b o l t e d t o t h e r i ngs ; t h e inner 
e n d s b o l t e d in p o c k e t s i n c a s t i r o n sp ide r s 41 i n c h e s in d i a m e t e r , held 
b y 8 k e y s each o n an i r o n s h a f t w h i c h f o r s o m e u n d i s c o v e r e d reason 
h a d one -ha l f of i ts 14 f e e t of l e n g t h o c t a g o n a l , 9 inches f a c e t o f ace , and 
t h e o t h e r half r o u n d , 9 i n c h e s in d i a m e t e r . T h e keys a r e r ec t angu la r , 
1 % inches w i d e b y % i n c h e s d e e p , a n d a r e sea t ed in k e y ways i n the 
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h u b s of t h e sp iders a n d i n t h e r o u n d sec t i on of t h e s h a f t , b u t s i m p l y 
r e s t o n t h e f lat faces of t h e o c t a g o n a l p o r t i o n of t h e l a t t e r . T h e c r a n k s , 
o n e a t each e n d of t h e s h a f t , a r e 9 0 deg rees a p a r t , a n d d r o v e t h e tub-
p i s t o n s t h r o u g h w o o d e n c o n n e c t i n g r o d s w i t h i r o n e n d - f i t t i n g s . 

T h e b l o w i n g c y l i n d e r s , 5 0 i n c h e s ins ide d i a m e t e r b y 5 f e e t s t r o k e , 
w e r e b u i l t u p of a l a r g e n u m b e r ( a p p r o x i m a t e l y 100) of n a r r o w p i n e 
s t aves , 2 inches a v e r a g e w i d t h b y 2 i n c h e s d e e p , b o u n d t o g e t h e r b y i r o n 
s t r a p s w i t h t i g h t e n i n g b o l t s . T h e h e a d s w e r e b u i l t u p of t w o l aye r s , of 
p i n e p l a n k 1 i n c h t h i c k , la id a t r i g h t angles t o each o t h e r , b o l t e d t o g e t h -
e r , a n d w e r e c l a m p e d o n t h e c y l i n d e r b y t i e - r o d s t h r o u g h t h e e n d s of 
p a i r e d b e a m s a t each h e a d , w h i c h , l y i n g across t h e h e a d s o n e i t h e r s ide of 
t h e p i s t o n r o d , e x t e n d e d o u t j u s t f a r e n o u g h so t h e r o d s c l e a r e d t h e s ide 
of t h e t u b . B o t h t h e K e n t a n d t h e C o r n w a l l B r i d g e m a c h i n e s , t h e o n l y 
o n e s of w h i c h a n y of t h e w o o d e n p a r t s r e m a i n , w e r e d o u b l e - a c t i n g , 
e a c h h e a d h a v i n g b o t h a n i n l e t a n d a n o u t l e t , c losed b y w o o d f l a p v a l v e S | 
w i t h l e a t h e r h inges . 

A t K e n t t h e in le t s w e r e s q u a r e a n d t h e o u t l e t s w e r e r o u n d ; a t C o r n -
wa l l B r i d g e all o u t l e t s w e r e r o u n d , b u t t w o h e a d s h a d s q u a r e i n l e t s , a n d 
t w o h a d t h e m ova l . T h e h e a d s a t t h i s l a t t e r f u r n a c e w e r ^ m u c h t h e 
h e a v i e r , cons i s t i ng of t w o l a y e r s of 3 i n c h p l a n k , a n d w h i l e t h e r e w e r e 
a f e w b o l t s n e a r t h e c i r c u m f e r e n c e , t h e l ayers f o r t h e m o s t p a r t w e r e 
p i n n e d t o g e t h e r w i t h t r e n a i l s . I t is r a t h e r i n t e r e s t i n g t o n o t e t h a t a t 
C o r n w a l l Br idge , e x c e p t f o r t h e f o u r c y l i n d e r h e a d s , a n d o n e p i s t o n 
b u i l t j u s t l ike t h e m b u t w i t h o u t o p e n i n g s , n o t a n o t h e r p a r t w a s f o u n d 
of t h e b l o w i n g u n i t . — 

T h e p i s t o n w a s b u i l t u p l i k e t h e t u b h e a d , b u t t h e t h i c k n e s s a t t h e 
edge of t h e K e n t p i s t o n s w a s d o u b l e d b y a r i n g of s e g m e n t a l s e c t i o n s of 
1 i n c h p l a n k o n each s ide; i t w a s m a d e a i r - t i g h t in t h e c y l i n d e r b y p a c k -
ing c o n s i s t i n g of n a r r o w s t r i p s of l e a t h e r la id t i g h t l y side b y s ide a c r o s s 
t h e p i s t o n ' s edge, t h e e n d s b e i n g t u r n e d d o w n o n t h e f ace , t o w h i c h they 
w e r e na i l ed . G r a p h i t e w a s u s e d as a l u b r i c a n t , b u t a t b e s t ^hey m a i n - v 
t a i ned a d o l e f u l m o a n i n g . M r . Bol les w r o t e , w i t h n o l i t t l e m o d e r a -
t i o n : — * 

"The - - mournful groaning - - affects the unaccustomed ear 
rather curiously." 

It m i g h t wel l d o so, f o r o n e of t h e o l d f u r n a c e m e n said t h a t o n a s t i l l 
n igh t i t s o u n d e d " n e x t d o o r " a t h i s f a t h e r ' s h o u s e , s o m e 2 mi le s a w a y . 

*J. A. Bolles, in an article in the New Milford Gaaette of March 25, 1887, quoted In 
Atwater's History of Kent. 
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M r . J o h n Birkinbine, w r i t i n g a b o u t 1884, says:— 

"The wooden blowing tubs were cylindrical or rectangular in form, 
f rom 5 to 7 feet in diameter, or square, and from 2 to 5 fee t stroke. 
They were formed f rom segments or strips cut from 1 inch boards, 
generally pine, glued and doweled together and then turned or planed 
to smooth surfaces. There are examples of both cylindrical and 
rectangular wooden tubs still in use. These tubs, when lined with 
apple or other hard wood, were very durable. - - Large wooden pis-
tons with leather edging were f i t ted in the tubs and connected 
with square wooden piston rods working in square s tuff ing boxes." 

B o t h K e n t and Cornwa l l Br idge h a d r o u n d cylinders and pis ton rods . 
K e n t ' s p i s ton rods were of i ron , 3 inches in d iameter ; those at C o r n -
wall b r idge may have been of w o o d , f o r t h e hole in the cyl inder head 
is 4^2 inches d iameter , and in it was some graphi te pack ing in fa i r c o n -
d i t ion . (1935). A t Ken t , t o p r e v e n t t h e we igh t of the p i s ton f r o m u n -
du ly wear ing the lower half of t h e cy l inder , the p is ton rod was ex-
t e n d e d t h r o u g h the p i s ton and o u t t h r o u g h the rear cyl inder h e a d as a 
t a i l - rod ; t h e fact t h a t t he re w e r e n o tail r ods at Co rnwa l l Bridge — t h e 
rea r heads having n o o p e n i n g f o r o n e — m a y well indicate t h a t i t was 
a ver t i ca l set, a l though P y n c h o n ' s ske t ch shows tai l -rods on a ver t ica l 
m a c h i n e . 

T h e equalizer cyl inder a t K e n t , 65 inches in d iamete r inside, and 
s o m e w h a t more t han 51 inches long — t h e b o t t o m is sunk in t h e m u d 
a n d is inaccessible — was m a d e u p of s taves the same average w i d t h — 2 
inches — as those of t h e b l o w i n g tubs , b u t they were 3^2 inches t h i c k , 
measu red radially; they w e r e b o u n d t o g e t h e r by the same type of ad-
jus table straps. T h e inlet and ou t l e t , w h i c h were at t h e b o t t o m , and 
n o t visible, u n d o u b t e d l y h a d some k i n d of valves, b u t this cou ld n o t 
be de t e rmined wi th any c e r t a i n t y . A series of small holes, in s lant ing 
lines, n e a r the top , ev ident ly w e r e t o serve as relief openings in case the 
p i s t o n was forced dangerous ly near t h e t o p by some in te r fe rence w i t h 
t h e b las t beyond it and t h e r e was a r e su l t an t bui ld-up of pressure. 

W h i l e there are wheel shaf t s s imilar t o the one at K e n t at t h e sites 
of several old b lowing p lan t s , t h e o n l y o t h e r fu rnace wh ich has a n y -
t h i n g l e f t of the wheel itself is Buena Vis ta , where t he r e are t h e re-
ma ins of a breast wheel 5 f ee t 6 inches w ide and 20 fee t in d i ame te r . 
T h i s whee l had a w o o d e n sha f t 24 inches in d iameter , b u t all t r ace of 
t h e c ranks and connec t ions are gone . I ts bucke t r ing had 60 bucke t s , 
and was carried at the ends of t w o sets of 12 spokes each, each spoke 
being 9 inches wide, paral le l w i t h t h e sha f t , and 3 inches th ick . T h e 
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spokes were mor t i sed i n t o t h e shaf t and were s t r apped a n d b o l t e d t o t h e 
cheek plates of the b u c k e t r ing , w h i c h la t te r except in w i d t h a n d d i a m e -
ter was pract ical ly a d u p l i c a t e of t h a t at K e n t . Besides t h e r e m a i n s of 
the wheel, t he re are a f e w sill t imbe r s in the whee l -p i t , and c l ing ing t o 
the wheel is the de l ivery end of the f lume , b u t of t h e t u b s o r their* 
suppor t s t he re is n o t h i n g ; i t seems probable , h o w e v e r , t h a t th is w a s a 
vert ical un i t . 

S t eam Blowing Gear 

U n t i l it was realized t h a t t h e gases f r o m t h e t o p of t h e f u r n a c e c o u l d 
be b u r n e d successfully f o r t h e pu rpose , i t was fe l t by t h e Sal isbury i r o n -
masters t h a t the cost of t h e fue l in the i r d is t r ic t m o r e t h a n o f f se t t h e 
advantages of f r e e d o m f r o m i n t e r r u p t i o n b y reason of d r o u g h t o r f l o o d 
possessed by s t e a m - o p e r a t e d b lowing engines, and , in f a c t , u n t i l f u r t h e r 
demands f o r greater p r o d u c t i o n fo rced such an increase in t h e d i a m e t e r 
of the stack t h a t t h e o ld w a t e r - o p e r a t e d p lan t s cou ld n e i t h e r give t h e 
requi red v o l u m e n o r t h e pressure necessary t o reach w i t h t h e blas t t h e 
center of t h e zone of f u s i o n , t he r e was litclg. real need f o r such a c h a n g e ^ 

In 1842, howeve r , W i l h e l m Faber d u Faur was g r a n t e d his A m e r i c a n 
p a t e n t cover ing t h e use of t h e t u n n e h h e a d gases f o r gene ra t i ng s t e am, 
and shor t ly t he r ea f t e r s t eam blowing-engines began t o appea r , p a r t i c u -
larly whe re minera l fue l s w e r e used, and a h igh-p ressu re b las t was a 
necessity. I n a f e w ins tances , whe re a w a t e r - b l o w n set was superseded , 
the old w o o d e n tubs w e r e used, b u t prac t ica l ly all of t h e n e w u n i t s h a d 
new i ron tubs . In t h e Sal isbury dis t r ic t t h e r e is b u t o n e ins ta l l a t ion of 
wh ich the re is a n y t h i n g r ema in ing , t h a t at t h e M a l t b y f u r n a c e , n e a r 
Mil ler ton , N e w Y o r k , t h i s had a single cy l inder engine gea fed t o t h e 
c rank-shaf t ope ra t i ng t h e t w o h o r i z o n t a l i ron tubs . C o p a k e , o n g m -
ally w a t e r - b l o w n , b u t l a t e r c o n v e r t e d t o s team, n o j ^ h ^ n o t h i n ^ w h a t - ~ 
e v e r T e f t o f t h e b l o w i n g g e a r / b u t p h o t o g r a p h s k i n d l y l o a n e d b y Miss 
HHenMiTes of T w i n Lakes , d a u g h t e r o f r i i e n o t e d Sal isbury i r o n - m a s t e r 

"""William A. Miles, o w n e r of C o p a k e T o r m a n y y e a r s - T o w a s inghTcyGn-
'der h o n z o n t a l Corhss_engine geared t o t h e c r a n k - s h a f t of a pa i r of v e r -
tical n ibs of i ron . 
T h e large a m o u n t of d u s t in the gases, w h i c h f o r a l o n g t i m e w e r e 

used w i t h o u t any a t t e m p t at c leaning t h e m , m a d e a large f lue bo i l e r 
desirable and the usual ones emp loyed were v e r y long Lancash i re t y p e 
of small d iamete r . T h i s , h o w e v e r , is largely hearsay , f o r t h e r e is b u t 
one of the s t e a m - b l o w n f u r n a c e s t h a t has n o t been s t r i pped of all its 
equ ipment . A t M a l t b y , h o w e v e r , the boi ler is still in place, just above 



193 F I F T Y - F I R S T A N N U A L R E P O R T 

the level of the top of the furnace and behind the stove, a common flue 
bringing the hot gases to a point where dampers turned them to the 
oven or to the boiler or both as desired. 

The Heated Blast 
The development of the railroad brought new demands on the Salis-

bury furnaces, for the Salisbury iron, and especially that from ore of 
the Ore Hill Mine, was particularly adapted to the making of chilled 
cast-iron car wheels. All of the early furnaces had been blown with 
air at outside temperature, and to the older iron-masters, "William Hen-
ry's experiments at Oxford, New Jersey, in 1834, with the heated blast 
that James Neilson of Glasgow claimed to have used with great success, 
and for which, in 1828, he had obtained a patent, seemed little short of 
sacrilege; as late as 1837 Dr. Shepard,* urging the employment of hot 
blast, stated that there was then no furnace in Connecticut making use 
of it. Shortly afterwards, however, installations began, and of 33 fur-
naces listed by Lesley as comprising those in the Salisbury district in 
1859, 26 were using hot — or at least heated — blast, although 6 of these 
at times also ran on cold blast. 
As with so many of the other features of these furnaces, there is today 

very little to tell the story of the early heaters in any detail. Described 
broadly, the air from the blowing tubs was put through a series of cast 
iron pipes surrounded by hot gases from the furnace top, and so was 
raised to a temperature which, in the first installations, was about 250 
degrees Fahrenheit. This limit was gradually increased, however, until 
it reached a maximum of about 900 degrees, above which point the 
cast iron pipes tended to deteriorate very rapidly and seriously. 
The "oven" or "stove" pipes, oval in section, were formed into "U's", 

with the long diameter of the oval in the plane of the legs. At_Copake 
they were suspended, but apparently in the majority of cases they stood 
~up7 inverted. They have been described as being nested, and also as 
being connected in series. J. A. Bolles said of the Kent oven:— 

"The water power from the dam operates these bellows, which 
send big blasts of air through a long pipe connecting with the fu r -
nace. From the main pipe the air flows into a bed pipe and thence 
into a tier of siphon pipes, f if teen in a tier, forty-five in all. The 
pipes of each tier are curved like an ox-bow, and the three tiers are ^ 
connected with each other by means of three bed pipes. The air, 

•Charles Upham Shepard:—"Mineralogy of Connecticut". Foot-note on Page 26. 
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as it is carried over and over in these siphon pipes, so as to be thor-
oughly exposed to the heat of the furnace, becomes very hot, and 
it is estimated that its pressure, as it comes down from the siphon 
pipes upon the fire, cannot vary much f rom one pound to the square 

inch." 

At Maltby, the only furnace where there is enough material left to 
give any sort of an idea of the arrangement, they seem to have been in 
pairs, the two U's of each pair in series, but the pairs themselves 11* 

P There was another type of oven-pipe used elsewhere, of which no 
traces were found in the field, nor does there seem to be anything on 

M a l t b y f u r n a c e m a n i f o l d s in o v e n floor. N o t e flue o p e n i n g s b e t w e e n , "bp w h i c h h o t 
g a s e s c a m e . 

record to indicate that the "pistol-pipes" so called because they 
looked something like enormous single-barrelled pistols — were em-
ployed in this district, except for the possibility that the mention in the 
Proceedings of the United States Cha?toal Iron Workers Association 
of "web" pipes used at Kent may have referred to them. These pipes 
were like a "J" inverted, with the end of the hook closed, and a par-
tition — which might well have been called a web — extending almost 
to that end, the blast going up on one side and returning on the other. 
Whether the base of the pipe forked, and there was a nipple for each of 
the branches, or whether a single nipple had a partition which matched 
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w i t h t h e one in t h e " p i s t o l " a n d was c o n t i n u e d t h r o u g h t h e bed p i p e 
cou ld n o t be d i scovered . Bolles' desc r ip t ion of t he o v e n p ipes at K e n t 
as " c u r v e d like an o x - b o w " w o u l d seem t o ind ica te t h a t at t h a t t ime — 
1887 — K e n t h a d U pipes , a n d as th is was just a b o u t t he same t i m e as 
the o t h e r re fe rence it is p r o b a b l e t h a t " w e b - p i p e s " w e r e n o t t h e same as 
"p is to l -p ipes" , b u t t he re was n o t h i n g t o ind ica te w h a t else they m a y 
have been . 

T h e M a l t b y o v e n , seated o n t o p of t h e s tack , was of b r i c k , 9 f e e t 
square , 8 fee t h i g h t o t h e spr ing ing- l ine of t h e semi-cyl indr ica l top , and 
\ i y 2 f ee t h igh a t t h e c r o w n of t h e a rch . B e d d e d in t h e f loo r , parallel 
t o t he axis of t h e t op , w e r e 3 cast i r o n man i fo lds , t h e t w o ou t e r ones 
r o u n d , 10 inches inside d i a m e t e r , each h a v i n g on its t o p , w i t h t h e i r 
long axes a t r i gh t angles t o t h e axis of t h e m a n i f o l d , 15 o v a l n ipples , 

sii 

•1 

. 

R e e k m a n » t e a m - b l o w n f u r n a c e w i t h t o p of o v e n on g r o u n d j u s t s h o w i n g a t l e f t . 

spaced 6 % inches c e n t e r t o c e n t e r , each 2 % inches h igh , 8 inches long, 
and 3 % inches wide , o v e r al l . T h e m i d d l e m a n i f o l d , 2 1 ^ i n c h e s w i d e 

by 1 0 y 2 inches deep ins ide , h a d t w o such r o w s of n ipples , 14 inches 
c e n t e r t o cen te r of r o w s , w h i l e f r o m c e n t e r of ou t s ide r o w t o cen te r 
of nea res t side m a n i f o l d w a s 32 inches . T h e pipes — t h o u g h n o n e 
w e r e f o u n d at M a l t b y — p r o b a b l y h a d be l l - and-sp igo t jo in ts , as did the 
f r a g m e n t of an o v e n p i p e f o u n d in t h e b r o o k a t M a c e d o n i a , and if the 
U 's , 32 inches c e n t e r t o c e n t e r of legs, h a d t h e same c lea rance a t the 
t o p t h a t t hey h a d at t h e s ide wal l , t h e y w e r e b e t w e e n 10 a n d 11 fee t 
h igh . 

A d a m p e r in a d u c t l e a d i n g also t o t h e bo i l e r , w h e n o p e n e d , al lowed 
t h e h o t gases t o go first i n t o t w o la rge t r a n s v e r s e a rched passages u n d e r 
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the oven f loor , t h e n i n t o t h r e e s imilar b u t smal ler d u c t s pa ra l l e l t o t h e 
mani fo lds , and finally t h r o u g h a series of holes in t h e b o t t o m b e t w e e n 
the man i fo lds , i n t o t h e o v e n , w h e r e , a f t e r c i r cu l a t i ng a r o u n d t h e pipes , 
they w e n t o u t a ho le in t h e t o p t o a c h i m n e y w i t h a t o p d a m p e r . T h e 
blast a p p a r e n t l y w e n t first i n t o b o t h ends of o n e of t h e side m a n i f o l d s , 
then t h r o u g h o n e set of U ' s t o t h e cen te r m a n i f o l d w h i c h s e rved m e r e l y 
as a rece iver , t h e n t o t h e o t h e r side m a n i f o l d b y w a y of t h e o t h e r set 
of U 's , a n d t h e n , h e a t e d , passed o u t at b o t h ends of t h i s last m a n i f o l d 
in to t w o d o w n t a k e s w h i c h w e n t t o t h e side t u y e r e s , t h e b u s t l e - p i p e , 
wi th t h e d r o p p e r f o r t h e r e a r t u y e r e a t its m i d - p o i n t , b e i n g c o n n e c t e d 
to b o t h of these d o w n - t a k e s . 

T h e r e m a i n s of t h e o v e n s a re b u t l i t t le less s c a n t y t h a n t h o s e of t h e 
b lowing appa ra tu s . A t M a l t b y a n d a t K e n t t h e y w e r e o n t o p of t h e 
stack, b u t a p p a r e n t l y h a v i n g t h e o v e n o n t h e g r o u n d , as a t t h e B e e k m a n , 
N e w Y o r k , s t e a m - b l o w n f u r n a c e , was n o t u n c o m m o n p r a c t i c e , f o r 
Bolles, in his ar t ic le o n t h e K e n t f u r n a c e , speak ing of t h e o v e n , says :— 

"The latter is placed on top of the stack instead of to one side of 
it, as is the rule in many iron worksr" * • \ 

W h e t h e r t h e s toves w e r e s t r i p p e d of t he i r p i p i n g as s o o n as t h e y w e n t 
out of service because a t t h e t i m e t h e r e was a g o o d m a r k e t f o r cas t 
iron scrap, and in t h e w r e c k e r s ' zeal t h e ovens t h e m s e l v e s w e r e d e s t r o y -
ed, o r w h e t h e r t h e r e was s o m e less obv ious h a p p e n i n g , t h e f a c t r e m a i n s 
that excep t a t M a l t b y , B e e k m a n and K e n t , n o t a t r a c e of an o v e n c o u l d 
be f o u n d , n o r , if we e x c e p t a b i t of o v e n - p i p e d i s c o v e r e d in t h e b r o o k 
at Macedon ia , of a n y fittings. ^ 

T h e W a t e r - C o o l i n g S y s t e m 

Sta r t ing w i t h a so-cal led " h o t " blast of b u t a b o u t " 2 5 0 degrees F a h r e n -
heit, t h e t e m p e r a t u r e was g radua l ly raised t o enab le t h e f u r n a c e s t o 
meet t he d e m a n d f o r g r e a t e r p r o d u c t i o n , u n t i l t h e b las t was l eav ing t h e 
oven a t 900 degrees o r e v e n a l i t t le h i g h e r . L o n g b e f o r e th i s l a t t e r 
stage was r eached , h o w e v e r , t h e t in , and in s o m e cases w o o d e n , p i p i n g , 
which h a d served f o r t h e l ow-p re s su re co ld b las t , had* g i v e n p lace t o 
cast i ron , a n d f o r t h e o ld c lay nozz les h a d been s u b s t i t u t e d w a t e r - c o o l e d 
tuyeres. T h e s e l a t t e r , a f o o t in l eng th , 6 inches in d i a m e t e r a t t h e nose , 
and 9 inches d i a m e t e r a t t h e r ea r , h a d nose o p e n i n g s v a r y i n g f r o m 2 % 
inches inside d i a m e t e r t o 3 % inches , increas ing t o 4 o r 5 inches d i a m e t e r 
at the back , t o rece ive t h e f o r w a r d end of t h e b l o w - p i p e . C o o l i n g was 
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effected by c i rcu la t ing w a t e r e i ther t h r o u g h passages cast in the walls, 
in the Lancashire t ype , o r , in the Scotch type , t h r o u g h a coil of p ipe 
a r o u n c which the t u y e r e was cast . Ma l tby h a d Lancashire tuye res ; 
Macedonia , Scotch . T h e ou t l e t discharged in to an o p e n cup o n t o p 
of a vertical dra in p ipe , so it cou ld be seen at a glance w h e t h e r o r n o r 
t h e circulat ion was all r i gh t . ' 
_ T h f success_of j :he wa te r - coo l ed tuyeres led t o the r ep lacement of 

t h e massive s tone h e a r t h by water -cooled segmental i r o n plates he ld 
t o g e t h e r t o f o r m a cy l inder by i ron c lamping rings, and l ined~with~a 
single cgorse of f i re -br ick . A numSer~of the o ld~ tu rnaces d l d ~ n o t 
m a k e tHITchange, b u t C a n a a n N o . 3 was bui l t w i t h a wa te r -coo led 

L a n c a s h i r e type w a t e r - c o o l e d tuyeres, Maltby furnace . 

h e a r t h , and R i c h m o n d , C o p a l ^ — always in the f o r e - f r o n t in p rogres -
siveness, — and M a l t b y were amongTl iose wh ich m a d e t h e subs t i tu t ion . 

. T o d a y , at Canaan and at R i c h m o n d only a l i t t le of the p ip ing remains , 
b u t j i t C o p a k e and at M a l t b y b o t h p ip ing and h e a r t h are in fa i r c o n -
d i t i o n . As w i t h the tuyeres , some of the hea r th -p la tes had w a t e r -
passages, and o thers cast- in p ip ing , t h r o u g h which t h e w a t e r c i rculated, 
and similarly, an open discharge served as a tell-tale. A t m a n y fu rnaces 
t h e fo re -hea r th had a l ready d i sappeared , t app ing-ho le and c inde r -no t ch 
be ing pierced t h r o u g h the h e a r t h walls. W i t h the adven t of the w a t e r -
cooled hear th , the c i n d e r - n o t c h was also wa te r -coo led ; the t app ing -
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hole , h o w e v e f , was bu i l t in fire-brick, t h e p r o b a b i l i t y of a ser ious ex -
plos ion in case of leakage i n t o the m o l t e n i f o n , m a k i n g w a t e r - c o o l i n g 
of the t app ing -ho le t o o dangerous a p roceed ing . 
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F o r e - a r c h of Copake furnace . N o t e w a t e r cooled h e a r t h and 
t h e c l r cu fa t i onT° ' " d t h e t e U - S e ^ f o ^ c M n ^ 

T h e O u t e r A p p e a r a n c e • ^ j 

W i t h these o t h e r d e v e l o p m e n t s came changes in t h e ex t e rna l a p p e a r - " 

£ °A U T h C r a § 8 C d d r y r u b b l e P i l e ' w i t h t i m b e r a n d -
ue-rod b ind ing sys tem, and its i r regu la r a r chways , cha rac te r i s t i c of M t . 

3 n d ° f J ° y c e v i l I e » gave place t o stacks, first of r u b b l e in m o r t a r , 
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as a t M a l t b y , a n d t h e n of va r i ous grades of ashlar , t he S h a r p a r o o n L a k e 
s t ack a t D o v e r F u r n a c e , a n d t h e R o x b u r y f u r n a c e be ing good examples 
of t h e bes t w o r k . C o p a k e , a n o t h e r e x a m p l e of fine f a a n g ^ o ^ e d 

stone b y ^ ^ i ^ r i - S t a ^ 

b r o o f T T e t a i n i n g wa l l . 

R o x b u r y f u r n a c e . N o t e fine a s h l a r m a s o n r y , b r l c h a r c h e s , a n d 
h e a v y w a l l p l a t e s a t e n d s of t i e r o d s . 

T h e s e s tacks all h a d t i e - rods t h r o u g h t h e m a s o n r y as h a d t h e n p red 
ecessors, b u t t h e wedges in t h e s lo t t ed ends , ins tead of b e a r i n g agams 
w o o d e n beams, w e r e seated o n massive r o u n d square o r d i amond 
s h a p e d cast i r o n wal l -p la tes , o f t e n heav i ly r i b b e d f o r - n f o r c e m ^ 
T o faci l i ta te o p e r a t i o n s t h e a r c h w a y s , especially t h e f r o n t o n e w e 
ma te r i a l ly increased in size, a n d ins tead of t h e ragged open ings , these 
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w e r e n o w G o t h i c arches in b r i c k , w i t h t h e m a s o n r y nea t ly fitted t o 
t h e m : At Bulls Falls, and t h e u n f i n i s h e d D o v e r s tack , an a r c h e d nar-< 
r o w passageway t h r o u g h t h e m a s o n r y c o n n e c t e d side and rear a r c h w a y s , 
so t h e opera t ives cou ld pass f r o m o n e t o t h e o t h e r w i t h o u t t h e necess i ty 
of go ing outs ide and a r o u n d . 

T h e r e still r ema ined cons ide rab le m o d e s t y as t o the boshes; t h e p o r -
t i o n a t the end of t h e a r c h w a y w a s concea led b y o n e o r m o r e c u r t a i n 
wal ls , s tepped back , if t h e r e w e r e m o r e t h a n one , as t h e s lope of t h e 
boshes d r e w i n w a r d . T h e s e c u r t a i n walls res ted o n cast i r o n l intels , 
s o m e square, o t h e r s of I sec t ion , wh i l e a t t h e Bulls Falls s tack t h e r e w e r e 
t w o semi-c i rcular g i rders of tee sec t ion , 4 inches w ide across t h e f l ange , 
8 inches deep, and spann ing 9 f e e t in t h e clear . 

I t was be ing realized, t oo , t h a t r easonab le p r o t e c t i o n f o r t h e ~ w o r k -
m e n , instead of m a k i n g t h e m " s o f t " , r e su l t ed in b e t t e r eff iciency. P u t -
t ing tuyeres on th ree sides of t h e f u r n a c e h a d m a d e it necessary t o m o v e 
the s tack o u t f r o m the b a n k i n t o w h i c h t h e ear ly ones h a d b e e n b u i l t , 
in t u r n r equ i r ing a b r idge t o span t h e gap so t h a t t h e s tock c o u l d still 
be k e p t a p p r o x i m a t e l y on a level w i t h t h e cha rg ing f loor . G r a d u a l l y 
the sheds on t h e b a n k h a d b e e n e x t e n d e d o n t o t h e t res t le , a n d w h e n 
the re began t o be d ivers ion of t h e t u n n e l - h e a d gases this she l te r was 
car r ied o u t t o the s tack a n d en la rged , as a " top-house" , , u n t i l i t t o o k 
at least t w o good looks t o d e t e r m i n e w h e r e t h e f u r n a c e itself w a s lo -
cated. T h e cas t ing-house h a d b e c o m e a closed s t r u c t u r e ; t h e f o r e -
h e a r t h , r educed l i t t le by l i t t le , h a d finally c o m p l e t e l y d i sappeared , t a p -
p ing-hole and c i n d e r - n o t c h be ing p i e r c e d in t h e walls of t h e h e a r t h 
itself; a n d a g rea t i r o n h o o d , w i t h a c h i m n e y f r o q j i t ca r r ied wel l a b o v e 

, the top -house , t o o k off such f u m e s a n d gases as escaped w h e n t h e 
f u r n a c e was t a p p e d off . _ 1 

Elsewhere t h a n in this t e r r i t o r y t h e r e was a g r o w i n g t e n d e n c y t o s t r i p 
the l in ing of its b u l k y ou t s ide c o v e r i n g , a n d rely cfff r ad i a t i on a n d v a r i -
ous t ypes of cool ing devices t o k e e p t h e t h i n walls of r e f r a c t o r y b r i c k 
f r o m b u r n i n g t h r o u g h , b u t t h e Sal i sbury d i s t r i c t a p p a r e n t l y did n o t get 
beyond the stage of t he c o m p l e t e l y exposed and wa te r - coo led h e a r t h . 

F u r n a c e O p e r a t i o n a n d C o n t r o l " * 

S ta r t ing the blast f u r n a c e , — " b l o w i n g i n " — was r a t h e r m o r e of ' 
an u n d e r t a k i n g t h a n it m i g h t seem at first t h o u g h t . T h e massive c h a r -
acter of the s t r uc tu r e , and t h e p o o r c o n d u c t i v i t y of t he ma te r i a l s of 
^ b i c h it was bu i l t , m a d e i t essential t h a t t h e fire shou ld be b r o u g h t u p 
to ful l in tens i ty gradual ly , t o p r e v e n t u n e v e n expans ion and c o n s e q u e n t 
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i n j u r y . T h e s tack first was filled w i t h c h a r c o a l , w h i c h was lit a t t h e 
t o p , a n d t h e n , on ly fue l be ing cha rged , t h e fire was a l lowed t o b u r n 
g radua l ly u n t i l i t h a d w o r k e d d o w n t o t h e t u y e r e s . W i t h t h e f u r n a c e 
fu l l of g lowing charcoa l , t h e blas t was s t a r t e d , g e n t l y a t first, g r adua l ly 
increas ing t o fu l l s t r e n g t h ; a t t h e same t i m e o r e a n d f lux was cha rged , 
also g radua l ly increas ing t h e a m o u n t u n t i l n o r m a l o p e r a t i n g c o n d i t i o n s 
w e r e r eached . A t t h e end of t h e r u n s imi lar ca re was used in " b l o w i n g 
o u t " ; t h e " b u r d e n " , o r p r o p o r t i o n of o r e a n d f lux t o t h e f u e l was g r a d -
ual ly c u t d o w n un t i l finally t h e o re was r e p l a c e d w i t h all t h e old sc rap 
i r o n a b o u t t h e p l a n t ; and w h e n t h a t was m e l t e d a n d t a p p e d off t h e 
h e a r t h was o p e n e d a n d w h a t was l e f t ins ide c leaned o u t . 

T h e re la t ive a m o u n t s of o re , f lux a n d f u e l c h a r g e d w e r e d e p e n d e n t 
o n t h e c o m p o s i t i o n s of t h e first t w o ; t h e a m o u n t c h a r g e d , o n t h e s i j e 
of t h e s tack. K e n t , p r o d u c i n g a b o u t 14 t o n s of i r o n dai ly , us ing f o r 
t he m o s t p a r t Sal isbury l imon i t e , c h a r g e d 1100 t o 1400 p o u n d s of o r e , 
30 bushels (600 p o u n d s ) of charcoa l , a n d 250 t o 350 p o u n d s of l ime-
s tone p e r h o u r . O x f o r d , N e w Jersey , r u n n i n g o n m a g n e t i t e a n d p r o -
d u c i n g 2 t ons of i r o n p e r day , c h a r g e d 175 p o u n d s of ore , 210 p o u n d s 
— 1 0 y 2 bushels — of charcoa l , and 50 p o u n d s of l imes tone ¿ e r h o u r . 
I n pe rcen tages , K e n t cha rged 58 p e r c e n t o r e , 28 p e r c e n t fue l a n d 14 
p e r c e n t f l ux ; f o r O x f o r d , t h e r e spec t ive figures w e r e 40 p e r cen t , 4 8 
pe r c en t , a n d 12 p e r cen t . I n t e r m s of o r e , K e n t - u s e d 48 p e r c e n t f u e l 
and 24 pe r c e n t f lux ; O x f o r d 120 p e r c e n t f u e l a n d 29 p e r cen t flux. 

A t first t h e cha rge was m e a s u r e d w i t h c o m p a r a t i v e l y l i t t le a c c u r a c y ; 
t he mate r ia l s w e r e shovel led i n t o boxes a n d baskets , a n d the p e r s o n a l 
e q u a t i o n h a d n o t a l i t t le t o d o w i t h h o w w<Jl t h e y w e r e filled, f o r t h e y 
were ca r r i ed a n d d u m p e d , b y h a n d . L a t e r , w h e n scales h a d been i n -
t r o d u c e d , a n d t h e mater ia l s w e r e we ighed , w h e e l b a r r o w s w e r e e m p l o y e d , 
and w e r e u n l o a d e d by b u m p i n g t h e m v i o l e n t l y against a s top- log jus t 
in f r o n t of t h e t h r o a t . T h e charge , s h o o t i n g t o t h e f a r side, t e n d e d t o 
segregate, t h e fines f o r m i n g an incl ine w h e r e t h e y h a d l anded , wh i l e 
the la rger ma te r i a l , rol l ing d o w n this , w e n t t o t h e oppos i t e side. I n 
consequence t h e w o r k i n g was v e r y u n e v e n , t h e h e a v y resis tance of t h e 
fines, o n t he i r side, all b u t s t o p p i n g t h e b las t , w h i c h , o n t h e o t h e r h a n d , 
blew t o o f r ee ly t h r o u g h t h e l u m p s . F r e q u e n t level l ing off t he t o p 
helped s o m e w h a t , b u t a t bes t t h e resul ts w e r e n o t good . 

T h e n e x t i m p r o v e m e n t was t h e use of a t u b e o r " t r e m i e " , e x t e n d i n g 
f r o m t h e t o p d o w n near ly t o t h e s tock- l ine . T h i s was b e t t e r , b u t i t 
still h a d the d i sadvan tage t h a t t h e fine m a t e r i a l p i led u p d i rec t ly u n d e r 
the t ube , wh i l e t he coarse ro l led t o t h e in-wal ls , f o r m i n g the re an easy 
passage f o r t h e blast , b u t leaving t h e c e n t e r c h o k e d . T o obv ia te th is 
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t h e t r e m i e was replaced by an Iron cone , h u n g , p o i n t u p , a l i t t le above 
t h e s tock- l ine . T h e charge , d u m p e d o n this "be l l " , was au tomat ica l ly 
t h r o w n t o t h e sides, w h e r e t h e fines s tayed, t h e l u m p s rol l ing d o w n 
and t o t h e cen te r , w h e r e it was desirable t h a t t h e resistance should be 
least. T h i s t o o k care of the d i s t r ibu t ion , b u t by this t ime the pressure 
of t h e b las t h a d been increased t o a p o i n t t h a t m a d e it necessary t o s top 
it d u r i n g charg ing , t o p r o t e c t t h e m e n f r o m gas. T h e final s tep was t o 
res to re t h e t u b e and use w i t h i t a moveab le bell w h i c h cou ld be d r a w n 
u p t i g h t l y against t h e b o t t o m of t h e f o r m e r . I n t h a t pos i t ion t h e t o p 
coulcf be o p e n e d and t h e t u b e filled w i t h o u t serious gas escape; t h e t o p 
was t h e n closed and t h e bell lowered , w h e n t h e cha rge f lowed ove r its 
sides t o t h e sides of t h e s tack. I t is n o t clear h o w f a r t h e Salisbury 
f u r n a c e s w e n t in th is m a t t e r . Lesley, - 1859 - says t h a t C o p a k e : -

"uses a cone or ' tremie' let down 4 fee t into the tunnel head."^ 

and t h a t N o r t h e a s t , at Mi l l e r ton , N e w Y o r k : — 

"uses a cone (tremie) 3 fee t deep." 

T h e B e e k m a n s team f u r n a c e is said t o h a v e h a d an a u t o m a t i c charg ing 
sys tem t h e cars, ho is ted by a small engine, d u m p i n g themselves i n to a 
h o p p e r a t t h e t o p , and i t na tu ra l ly w o u l d be expec ted t h a t t he r e was 
an equal ly u p - t o - d a t e system f o r c o m p l e t i n g t h e s tock disposi t ion. T h e 
large m a j o r i t y of t h e Salisbury stacks, h o w e v e r , h a d br idges f r o m g r o u n d 
a t p rac t i ca l ly the same level as t h e cha rg ing f loor , in t u r n imp ly ing 

w h e e l - b a r r o w o r ca r t hand l ing . 
T h e i r o n - m a s t e r con t ro l l ed the o u t p u t of his f u r n a c e in several ways . 

By a cho ice of ores and sui table p r o p o r t i o n i n g , he cou ld get a m i x t u r e 
w h i c h l en t itself t o f u r t h e r t r e a t m e n t ; t h e n , by v a r y i n g t h e t e m p e r a t u r e 
in t h e h e a r t h , by chang ing t h e p r o p o r t i o n of f ue l t o t h a t of ore and 
f lux, a n d b y va ry ing the p r o p o r t i o n of f lux t o o re , and so v a r y i n g the 
c o m p o s i t i o n of t h e slag, he was able t o c o n t r o l t o a v e r y considerable 
e x t e n t t h e compos i t i on of the i ron itself. T h e h igher t h e w o r k i n g 
t e m p e r a t u r e , the m o r e p o w e r f u l t h e deoxid iz ing ac t ion of t h e fu rnace , 
and t h e m o r e silicon, manganese and p h o s p h o r o u s r educed t o be t a k e n 
u p b y t h e i r o n ; also the s t ronge r t h e t e n d e n c y f o r i r on sulphide, r a the r 
t h a n go i n t o the i ron , t o b e c o m e ca lc ium su lphide and go off in t h e 
slag, pa r t i cu la r ly if t he la t te r was r i ch in l ime, o r "bas i c " ; this t ended 
t o p r o d u c e gray i ron , f o r t h e h igher t h e silicon c o n t e n t of t h e i ron , 
t h e grea te r the t e n d e n c y of some of t h e c a r b o n t o b e c o m e g raph i t e ; sul-
p h u r in t h e i ron, on t h e c o n t r a r y , opposes t h e f o r m a t i o n of graphi te , 
and so t e n d s t o p r o d u c e w h i t e i ron . 
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T h e hea r th t e m p e r a t u r e was raised by one o r m o r e of th ree m e t h o d s ; 
- b y : -

1. Reducing the burden — the proportion of ore and flux to fuel . 
2. Making the slag more basic, that is, richer in lime. This 

raised the fusion point of the slag, and so held the iron sub-
ject for a longer time to the high temperature. 

3. Raising the blast temperature. Obviously, with cold blast this 
was not possible. 

Of these, the t h i rd gave the qu ickes t results , b u t f r e q u e n t l y the c o n -
di t ions which m a d e i t desirable t o raise t h e h e a r t h t e m p e r a t u r e also 
caused very lean f u r n a c e gas, and in such cases, unless t he r e was some 
auxil iary means of ge t t ing t h e desired hea t , t h e scheme could n o t he 
employed . Reduc ing t h e b u r d e n , o r increasing t h e l ime c o n t e n t of t h e 
slag t o o k m o r e t ime because of the slow d o w n w a r d m o v e m e n t of t h e 
charge, b u t the h igher p r o p o r t i o n of fue l o r l imes tone t e n d e d t o m a k e 
a coarser mix tu re , and by c u t t i n g d o w n t h e resis tance t o the blast a 
qu icker react ion was h a d t h a n w o u l d na tu ra l ly be expec ted . 

U n t i l t he chemis t became o n e of t h e fu rnace ' s regular staff, and a 
l abora to ry pa r t of the e q u i p m e n t — and w i t h m a n y of these fu rnaces 
t ha t t i m e never was reached — h o w t h e s tack was " r u n n i n g " , t h a t is, 
wha t k i n d of i r on it w a s p r o d u c i n g , was d e t e r m i n e d in advance of t a p -
ping off , and w i t h r e m a r k a b l e accuracy t o o , b y t h e appearance of t h e 
fire t h r o u g h t h e t u y e r e peep-holes, b y t h e cons is tency of the m e l t e d 
slag as it flowed over t h e c inde r -no tch , and b y its appea rance a f t e r i t 
had cooled. Rega rd ing the la t te r , T u r n e r * says:— 

"With an excess of lime, as is usual for the production of an open 
grain iron, such, for instance, as a No. 1 grade, the slag is difficulty 
fusible, and when solidified, is white in colour, light, and soft in 
texture, and when it comes in contact with water it readily slakes. 
With intermediate grades, such as No. 4, the slag is more hard and 
compact, and usually has a grey colour, with more or less of a green-
ish or bluish shade, caused by a small^quantity of fe r rous oxide, and 
probably also by sulphide of manganese. I t is this class of slag 
which is chiefly employed for road metal, apd fo r the production 
of slag bricks; not infrequently also definite crystals are met with in 
these slags. When the furnace is making white iron, the slag pro-
duced is dark in colour and very fluid; it contains unreduced iron in 
the form of ferrous oxide, and on account of its grea t fluidity, when 

•Thomas Turner:—"The Metallurgy of Iron." page 175. 
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melted, and its power of attacking the furnace lining, is known as 
a "scouring slag". 

T h e C h a r c o a l I r o n G r a d e s 

C h a r c o a l i r o n f r o m t h e S a l i s b u r y d i s t r i c t w a s g r a d e d i n 7 s teps . A n 
a n o n y m o u s w r i t e r i n R a i l r o a d G a z e t t e 0 , s p e a k i n g of S a l i s b u r y i r o n as 
of 1877 , a n d w i t h p a r t i c u l a r r e f e r e n c e t o t h e p r o d u c t of t h e B a r n u m -
R i c h a r d s o n C o m p a n y , s a i d : — 

"This iron is graded as Nos. 1, 2, 3, 4, 5 and 6. No. 1 is the 
softest grade, of which very little is made. It will not chill, and is 
used for cheap ordinary castings. No. 2 is the softest or lowest 
grade which is produced in any quantity. It will not chill, and is ' 
used for making malleable castings in air furnaces, and is mixed 
with old wheels and hard high grades of iron for car wheels. No. 3 
is a somewhat harder iron and will chill slightly in the tread of a 
wheel, and is much used with harder iron in the manufacture of car 
wheels. No. 4 is a still harder iron and will chill about % inch deep 
in the tread of car wheels. No. 4 % is much used for malleable 
castings in cupola furnaces and also for car wheels, mixed with lower 
grades or softer iron. It will chill about % inch deep. No. 5 
mottled, and No. 6, white, iron are both very hard and will chill to 
almost any desired depth. In fact, No. 6 has the character of 
chilled iron all through. These grades are used with softer iron for 
wheels, and also for chilled rolls. 

Nos. 2 and 5 are also used a great deal for making plow castings; 
the harder iron is mixed with that of the lower grade to give the lat-
ter the requisite hardness. By using two different grades of iron, the 
manufacturer is able to modify and control the quality of the cast-
ings as may be required, getting the tensile strength by the use of 
the softer iron, and the hardness with the high iron, whereas if but 
one kind was used, there would be no means of making castings of 
any other quality than that produced by the grade of iron used. 

The quality or grade of the iron produced depends largely upon 
the temperature of the furnace at the time it was manufactured, 
somewhat upon the ore used, and also on the state of the weather, 
and probably on some other causes not fully understood. When the 
furnace is running cold it produces hard or high grades of iron, and 
softer irons are produced by a high grade of temperature. When it 

•Railroad Gazette.—"Salisbury Iron". November 23, 1877. Page 515. 
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is desired to produce hard iron, therefore, an increased amount of 
iron ,s added with a given amount of fuel, or if soft iron is required 
less ore is charged. 

When the iron is cast into pigs several test pieces are made, which 
are then broken, and from an inspection of these, and also from a 

- careful examination of the pigs themselves, the grade or number 
of the iron is determined." 

It wil l b e n o t e d t h a t a t t h a t d a t e - 1 8 7 7 - n o t h i n g is sa id r e g a r d i n g 
any c h e m i c a l analys is . I n s p e c t i o n w a s of t h e c o l o r o f t h e f r e s h f r a c 
rure, a n d of t h e g r a i n , t h e g r a y i r o n h a v i n g a v e r y c o a r s e c r y s t a l l i n e 
structure, b e c o m i n g finer as t h e i r o n b e c a m e ' h a r d e r . T h e " c h i l l " t h e 
sudden c o o l i n g b y c a s t i n g i n i r o n m o u l d s - o r , f o r t e s t , o n a n ' i r o n 
plate - c a u s e d t h e g r a p h i t i c c a r b o n m e c h a n i c a l l y m i x e d w i t h t h e i r o n 
so t r e a t e d t o g o i n t o c h e m i c a l c o m b i n a t i o n a t t h e s u r f a c e ch i l l ed t h u s 
increasing i t s h a r d n e s s . ' 

F o r t y y e a r s l a te r , t h e S a l i s b u r y I r o n C o r p o r a t i o n , s u c c e s s o r ' t o t h e 
B a r n u m - R i c h a r d s o n C o m p a n y , w a s g r a d i n g b y c h e m i c a l ana lys i s a n d 
.-(imposition, w h . c h d o u b t l e s s a c c o u n t s f o r t h e u s e of t h e l o w e r g r a d e s 
.or m o r e i m p o r t a n t s e rv i ce t h a n i n 1877 . T h e i r h a n d b o o k - g ives a 
table of c h e m i c a l c o m p o s i t i o n s , t o g e t h e r w i t h s o m e c o m m e n t s o n t h e 
purposes t o w h i c h e a c h g r a d e is b e s t a d a p t e d : - " 

"The seven standard grades of Salisbury Iron analyze as fol-
lows:— * . 

Number «Silicon Manganese Sulphur . Phosphorous 
% % % % 

1 1.75 to 3.00 0.95 to 1.30 0.03 0.19 to 0 28 
1.35 to 1.75 0.90 to 1.30 0.03 0.19 to 0.28 

3 0.90 to 1.35 0.70 to 1.00 0.03 ' 0.19 to 0 28 
4 0.60 to 1.00 0.55 to 0.80 0J03 0 19 to 0 28 
4 % 0.50 to 0.60 0.45 to 0.55 . y 0.03 0.19 to 0 28 
5 0.35 to 0.50 0.25 to 0.45 0.03 0.19 to 0.28 
6 Very hard, silvery iron of low silicon and manganese. 

No. 1, 2 and 3 are used for makingfstrong close grain castings as 
required in machinery and other castings used in hydraulic and 
steam pressure work. These grades, while close grained and strong 
are soft enough to machine easily. A 25 per cent mix of No 2 with 
ordinary charcoal iron will produce a good even chill for rolls 
^ N m 4 is used in the highest grade chilled work in rolls, special car 

"Dr. Richard Moldenke: — "Charcoal Iron". Page 61. 

I 
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wheels and dies. This grade is especially valuable in making heavy 
machinery requiring the utmost resistance to constant vibration. 

N o 4 v . 5 and 6 are special use irons adapted to mixture control, 
particularly for air fu rnace practice. Both No. 5 and 6 are very 
hard and will chill to almost any required depth. 

Every cast of Salisbury Iron is numbered, analyzed and graded 

with the utmost care." 

I t t o o k compara t ive ly l i t t le exper ience t o teach t h e d i f f e r e n c e b e t w e e n 
t h e ex t remes ; o n the o n e h a n d , t h e br i l l iant incandescence of t h e fire 
a n d t h e h o t s luggish-f lowing slag t h a t spelled gray i ron a n d , o n the 
o t h e r h a n d , t h e c o m p a r a t i v e l y dul l fire and t h e v e r y - f c j d slag^^accom-
p a n y i n g whi te i ron ; b u t t o d is t inguish , as cou ld m a n y of t h e o ld f u r n a c e 
m e n almost be tween t h e ind iv idua l grades whi le t h e i ron was in th 
m a k i n g , was a s o m e w h a t d i f f e r e n t m a t t e r . N o t on ly cou ld m a n y of 
S e exper ienced m e n p r e d i c t m o s t accura te ly w h a t the n e x t cast would 
be- o n c e any t r o u b l e t h a t h a d in t e r f e r ed w i t h t h e o u t p u t h a d been 
c lea red up , i t was as ton ish ing h o w l i t t le " o f f - i r o n " was r u n b e f o r e the 
s t ack was b r o u g h t b a c k t o t h e g rade o n w h i c h it h a d b e e n working . 

F u r n a c e Mishaps 

T h e rate of descent of t h e s tock , as shown a t t h e t o p of t h e furnace, 
was o n e of t h e m o s t i m p o r t a n t signs in t h e ope ra t i on of t h e l a t t e r , any 
i r regular i ty indica t ing s o m e so r t of o b s t r u c t i o n f a r t h e r d o w n . Th 
o u t w a r d flare of the " i n w a l l s " o r sides of t h e shaf t , was supposed ly such 
as w o u l d p r e v e n t any c h o k i n g f r o m t h e swelling of t h e o r e w h i c h oc-
L T e d as i t was r educed , b u t t o o o f t e n mate r ia l w e d g e d itself from 
side t o side in an a r c h o r " b r i d g e " , t hus " h a n g i n g u p t h e p o r t i o n of 
t h e charge above i t . If t h e o b s t r u c t i o n was n o t t o o b a d i t somet im« 
c o u l d be s tar ted b y " j u m p i n g " , o r s topping and s ta r t ing t h e blast sud-
den ly , for even w i t h a p res su re of b u t half a p o u n d t o t h e square inch, 
u n d e r n o r m a l cond i t i ons i ts sudden s top was equiva len t t o loading tW 
" a r c h " w i t h at least an a d d i t i o n a l t o n of we igh t . 

If t h e o b s t r u c t i o n was n e a r t h e t o p it o f t e n could b e b r o k e n dowt 
b y r a m m i n g i t w i t h a l o n g i r o n ba r d r iven t h r o u g h f r o m above , bu t fl 
i t d id n o t a t once yield, m o r e radical measures had t o be t a k e n , and th • 
r i gh t speedily, f o r b e l o w i t t h e r e was a steadily g r o w i n g o p e n space, 
m a k e the b l o w f r o m its d r o p w h e n it did release, increasingly dangerou -
A t t h e same t ime , if t h e t e m p e r a t u r e of the lower mass was n o t kep-
fa i r ly high there was t h e d a n g e r t h a t i t m i g h t sol idi fy , o r " f r e e z e 

w h i c h usually m e a n t t h e d e s t r u c t i o n of a t least the h e a r t h , and mign-

E A R L Y I R O N I N D U S T R Y O F C O N N E C T I C U T — P A R T II 207 

as in one classic case, resul t in t h e a b a n d o n m e n t of t h e en t i r e f u r n a c e , 
its in t e r io r a hopeless mass of solidified slag and i r o n . 

Failing to break d o w n an a rch f r o m above, the n e x t s tep was t o e m p t y 
the h e a r t h as fa r as prac t icable , and then , if it cou ld n o t be go t a t f r o m 
one of the tuyere openings , c u t a hole in the side of t h e s tack and a t t a c k 
it w i th drills, w i t h blast ing p o w d e r , o r even w i t h d y n a m i t e . I n t h e 
early days a sovereign r e m e d y f o r a bad br idge was t o b r e a k o u t t h e 
hearth, clear ou t eve ry th ing t h a t could be w i t h d r a w n , and t h e n l i te ra l -
ly shoot it down, using a small m o r t a r and solid sho t . W i t h t h e c o m -
mercial p roduc t i on of kerosene and o t h e r p e t r o l e u m p r o d u c t s , t h e oil 
blow-pipe proved a m o s t valuable subs t i tu te f o r the blast ing, w h i c h 
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Great s a l a m a n d e r f r o m R i c h m o n d f u r n a c e , 
blocked h y i t . N o t e p r i n t s of t w o t u y e r e s w h i c h w e r e 

:!ways was a serious menace t o t h e stack itself. T h r u s t t h r o u g h a ho le 
Jst below the obs t ruc t ion , a good b low-p ipe could me l t o u t any b u t t h e 

^ost obstinate of blocks . • 

^ A consequence of a h a n g - u p o f t e n hav ing ve ry Ser ious consequences 
•ere the slips which occu r r ed w h e n the o b s t r u c t i o n y ie lded. F r e q u e n t -
• these did no th ing m o r e t h a n cause an o u t b u r s t of gas o r " e x p l o s i o n " 

the tunnel head, a l t hough if t h e l e t t e r of fered t o o m u c h resistance, 
P a r t c a m e o u t at the t h r o a t , it m a d e ma t t e r s decidedly unp leasan t 

~ the charging f loor . A severe slip, h p w e v e r , was ap t t o shake t h e 
tck to at least an undes i rable ex ten t , and if it b r o u g h t u p low d o w n 
s°metimes burs t t h r o u g h bosh walls o r h e a r t h , o r fo r ced a s u d d e n 
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o u t - f l o w of slag a n d i ron f r o m t h e f o r e - h e a r t h of an o p e n - f r o n t f u r n a c e 
n o t » f r e q u e n t l y causing serious i n j u r y o r d e a t h t o t h e m e n a b o u t i t 

A m i n o r slip f o r c i n g a c o m p a r a t i v e l y small a m o u n t of u n f u s e d m a -
te r fa l W o w the level of t h e blas t , usual ly did l i t t le mischief as the: m o l t e n 
r o n a n d slag t h e r e p r o m p t l y dissolved t h e mass. L u t e b y l t t e h w 

eve r , ma te r i a l , associated w i t h t h e o r e a n d in fus ib le h e f u nace t e m 
p e r a t u r e , t e n d e d t o ga the r at t h e b o t t o m of t h e h e a r t h 
a n e n t i r e season t h e col lec t ion was n o t large e n o u g h t o t r o u h e 

a n d t h e " s a l a m a n d e r " , o r " b e a r " , as i t w a s v a n o u s y called was re dily 
r e m o v e d a f t e r t h e s tack h a d b e e n b l o w n o u t . I f , h o w e v e r a u r g e 
S u n t of t he u n f u s e d cha rge w a s f o r c e d d o w n i n t o t h e h e a n h o r if 
b y r ea son of s o m e acc iden t , t h e h e a r t h itself b e c a m e chil led, t h e r e was 
t h e possibi l i ty of t h a t n i g h t m a r e of t h e ^ ^ • • ¿ T J S i 

b e f o u n d A m i s h a p re l a t ed t o t h e 
b r e a k d o w n of t h e cool ing sys tem, was t h e " g o b b i n g u p o a tuyer 
b y p a r r i e d ma te r i a l w h i c h f u s e d o n t o ^ 
fine e x a m p l e of th is f o r m of t r o u b l e was f o u n d in t h e b r o o k at tn 
M a c e d o n i a f u r n a c e , a t u y e r e hopeless ly f u s e d i n t o a mass of slag a n d iron. 

Casting 

I n t h e early days t h e f o r e - h e a r t h was a s to rage reservoi r to, h o W ^ 
m o l t e n i ron , n o t on ly u n t i l t h e r e shou ld b e e n o u g h t o fill t h e pig 
b u t also t o p e r m i t t h e cas t ing of ke t t l es , fire-back , s toves a n d son 
ar t icles^ t h e i r o n be ing d i p p e d o u t w i t h smal l 

moulds made on the casting floor between the pig-bed ^ 
used to receive the slag; not until the cupola had come into general 
for casting was this practice entirely abandoned. , 

T h mg bed consisted of a layer of some kind of sand carrying enoup-
loam or clay so that it would hold a sharp edge when slightly damp, b 
not enough to have it bake to tile with the heat of the m o l t e n - r -
It was prepared either by using patterns, or by excavating. In the ^ 
case much of the sand was shovelled to one side, leaving a level laye 
least 3 or 4 inches deep, on which were laid down the p a t t e r n s l o r ^ 
"pigs" and the "sows"; the rest of the sand was then shovelled b a c k o 
them and rammed down to the level of the tops of the patterns, a» 
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w h i c h t h e la t t e r were ca re fu l ly w i t h d r a w n . T h e use of p a t t e r n s was 
p r ac t i c a l l y a necessity if, as w a s o f t e n t h e case, t he pigs were t o be 

b r a n d e d , t h a t is, t o have, in raised l e t t e r s o n the i r backs, the n a m e of 
t h e f u r n a c e w h e r e they were cast . T h i s was d o n e in N e w Je r sey by 
t h e A n d o v e r and the Speedwell f u r n a c e s - , a n d a cast i ron ba r f r o m t h e 
L iv ings tone f u r n a c e at A n c r a m , N e w Y o r k , n o w used as a h i t c h i n g p o s t 
b y M r . H . Van V a l k e n b u r g h of A n c r a m , has o n it " N . Y o r k (an a n c h o r ) 
1793 , b u t no b r a n d e d pigs f r o m a n y of t h e Salisbury fu rnaces h a v e as 
ye t been seen. 

If n o pa t t e rn s were t o be used , t h e en t i r e a m o u n t of sand was leveled 
and r a m m e d , a f t e r w h i c h t he f o r m s w e r e d u g in i t . In e i ther case t h e 
finished bed was ful l of g rooves l ike a seriei of g rea t rakes, t h e t e e t h 
be ing t h e mou lds f o r t he pigs, t h e b a c k s those f o r t he sows, whi le a s t H 
larger t r ench , the " m a i n r u n n e r " , c o n n e c t e d w i t h one end of each s o w 
and r a n u p to t he t app ing hole . A sand d a m was placed in d o m a i n 
r u n n e r jus t b e y o n d each sow; w h e n t h e l i t t e r neares t t h e f u r n a c c Z T s 
p o u r e d its dam was r e m o v e d , a l lowing t h e n e x t t o fill, and so t o t h e 

nd rh ' t 3 P P i n g n 7 a S D ° P e n e d b y d r i H i n S o u t i t s p l u g , 
and t h e i r o n was al lowed t o f l o w u n t i l t h e escape of t he blast s h o w e d 
that t h e h e a r t h was prac t ica l ly e m p t y . T h e early small t a p p i n g T i e s 
were s t o p p e d as soon as t he f u r n a c e " b l e w " , - t h a t is, t he b L began 
to escape a t this p o i n t , - by a ball of fireclay o n t he end of a s t ou t s t fck 
with w h i c h it was r a m m e d i n t o t h e h o l e a n d t h e n fo l lowed u p w t h 

S " " Z i t h ° l e W a s fil!!d- L " e r > larger a m o u w 
r i ron t o a cast m a d e i t necessary t o h a v e a t a p p i n g hole t o o b iu t o 

be s topped this way , and the re w e r e d e v e l o p e d " m u d g u n s " c o n s i s t 
o a magaz ine o clay balls, and a p o w e r device t o f o r c e X m horn " ! 
gu^ be ing held by several m e n a t first, and l a t e r swung f r o m a c n n e 

^ « M ^ ^ l a r g e l y f o r g o u e n 
e v e r y t h i n g ehe a b o u t t h e f m ° S t p a r t . ™ c h i n e C a S t ' i s ^ a t w h i l e 
PoundTeach thev h a V t n f l W a S ^ ^ k g r ° S S of 2240 ; „ 1US e a c n > t h e y had a t o n of t h e i r o w n of j u 
2 8 being an al lowance f o r a d h e r m g sand ? ^ ^ " " " 

/ 

The Mines 

4 1 0 ^ U S M° f f U r n a C e S 3 S m a d e " k oommerc i a l l y p rac t i cab le t o 

^ I n r t h T c n f - e n g i r S ? t h C S a I l ' S b u r > ' ^ - - t / t h e ru l ing c o n -
other eh. the locat ion of a f u r n a c e was t h e w a t e r - p o w e r - and t h e 
J ^ l e m e n t s , because t h e r e was n o sho r t age of fue l , o're o r f lux, n o r 

Charles S. Boyer.--»Early Forges and Furnaces in New Jersey." 
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lack of m a r k e t , played compara t i ve ly l i t t le p a r t W h e r e v e r p rac t i cab le 

S S S i S s S ^ S S 
w e r e o n t e a m i n g roads t o Poughkeepsie. 

F o r a l o n g t i m e the min ing was b y o p e n cu t , t h e excavated o re being 

P e n - a n d - i n k s k e t c h s h o w i n g ^ 1 | s b U r y m i m n g . 
N o t e d r i f t s a t floor l e v e l i n b a c k w a l l . 

C o u r t e s y M r . M a l c o l m D . R u d d 

d r a w n o u t b y teams, u p roads - r k ^ e w e d t o reduce 
a n d - i n k d r a w i n g in t h e possession of M r . M a l c o l m D - ^ ^ a k e v 
t o w h o s e cou r t e sy we are i n d e b t e d f o r t h e pr ivi lege of r e p r o d u c i n g 
srivinz a v e r y good i l lus t ra t ion of h o w it was done . 
8 La t e , c ab l e ' hau l ed drag-scrapers w e r e used as long as t h e y cou ld b 
o p e r a t e d economica l ly , and t h e n t h e o re was fo l lowed b y h a f t s an 
d r i f t s , t h e l i t t le cars used u n d e r g r o u n d be ing e i ther d u m p e d larg 
ones w h i c h were t h e n hau led t o t h e t o p , o r coup led i n t o t r a ins , 
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similarly d r a w n up . M a n y of the w o r k i n g s were deep and extensive; 
Mr . E d w a r d Buchanan Mann ing , f o r m a n y years in cha rge at Mal tby , 
said t h a t t h e open p i t w o r k at t ha t bed was car r ied nea r ly 100 feet beloifr 
the general surface, and t h a t the shaf ts w e n t d o w n b e l o w the p i t f loor 
at least as m u c h f u r t h e r . In some cases, pa r t i cu l a r ly in Massachusetts , 
steep incl ined rai lways were employed , t h e cars be ing hoisted, u p by 
cable. T h e r e is very l i t t le le f t at any of these m i n e s excep t the hole, -
ba r r ing t h a t o n e at Bos ton Corner s , N e w Y o r k , w h e r e t h e old incline, 
the head-house , and a crusher still s tand in ru ins . 

/ 

/ 

I 

O r e r o a s t e r , A m e n i a m i n e . 

There was n o t a grea t deal of w a t e r t o c o n t e n d w i t h , as a rule , a n d 
drainage was one of the lesser t roubles , b u t in the t i m e t h a t has elapsed 
since the p u m p s s topped , the w a t e r has accumula t ed u n t i l t o d a y a lmos t 
every p i t has become a lake, Ind ian P o n d m i n e being t h e on ly excep t ion 
among the l imoni te beds. T h e R o x b u r y sideri te m i n e was en t i re ly 
shaft and d r i f t w o r k , a n d while, due to. the f ac t t h a t some of the w o r k -
ings descend as they go in t hey are f looded, it still is possible t o go 
through m u c h of the w o r k . 
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T h e o re h a d c o m p a r a t i v e l y l i t t le t r e a t m e n t b e f o r e smel t ing . I t was 
c rushed t o a fa i r ly small size and washed, some t imes a t t h e mine , and 
somet imes a t the f u r n a c e , t h e o re going f r o m t h e c rusher in a s t r eam of 
w a t e r t h r o u g h e i the r flat o r r o t a r y screens w h i c h separa ted i t i n t o t w o 
g roups , t h e pieces m u c h above an inch in d i ame te r going b a c k t o be 

b r o k e n smal ler . — 
C o m p a r a t i v e l y f e w of t h e mines o r f u rnaces roas ted t h e ore . I h e 

g rea t A m e n i a p i t h a d a b a t t e r y of t h r ee ver t ica l cy l indr ica l roas ters of 
bo i le r i r o n l ined w i t h fire-brick; W e s t C o r n w a l l passed i ts h o t gases 
t h r o u g h piles of o r e in its y a r d ; whi le R o x b u r y roas ted its s ider i te in a 

pa i r of square m a s o n r y ki lns . 
I n t h e earliest days the o re was carr ied f r o m m i n e t o f o r g e o r f u r n a c e 

i n saddle-bags, o n t h e backs of horses or mules ; la ter , car t s w e r e used, 
a n d A t w a t e r * says, of t h e Bulls Falls I r o n W o r k s : — 

"The major i ty of the iron was taken in two and fou r horse teams 
to Poughkeepsie, thir ty miles away, where it was probably shipped 
down the Hudson to New York, the teams going one day and re turn-
ing the next, stopping a t Quaker Hill for a load of ore. This, when 
it arrived was weighed in a very primitive way. Chains would be 
placed around the axles near the wheels, large steelyards would be 
put in place, and the load would be drawn up on a windlass. Twenty 
to twenty-five teams were kept in constant use and f rom fifteen to 
twenty tons of iron was put into pigs daily." 

T h e a d v e n t of t h e r a i l road great ly simplified m a t t e r s in some ways, 
b u t d e p r i v e d some of t h e smaller , less efficiently o p e r a t e d mines of the 
a d v a n t a g e the i r l oca t ion h a d given t h e m , and in a n u m b e r of cases caused 
t h e i r a b a n d o n m e n t . O n t h e o t h e r h a n d , some of t h e Sal isbury mines 
w e r e able t o ship o r e t o Pennsy lvan i a f o r a t i m e a f t e r the i r h o m e m a r k e t 
was gone . Th i s was t h e case a t t h e M a l t b y m i n e ; t h e f u r n a c e w e n t out 
of blas t abou t 1884, b u t t h e T h o m a s I r o n C o m p a n y o p e r a t e d t h e mine 
u n t i l 1893, sending the o r e t o the i r p l an t a t H o k e n d a u q u a , Pennsylvania , 
near A l l e n t o w n . 

T h e L e n g t h of "B la s t " 

T h e earlier f u r n a c e s r a n b u t a shor t blast . W i t h l i t t le r ad ia t ion the 
l in ing became exceedingly h o t , and this, coup led w i t h t h e lack of any 
real r e f rac to r ies , c o m b i n e d t o m a k e its life b u t a f e w weeks . Better 
lines and c o n s t r u c t i o n increased this pe r iod , b u t f o r m a n y years every-

* Francis A t x a t e r :—"History of Kent, Connecticut." Page 82. 
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t h i n g was at a standstill t h r o u g h o u t the w i n t e r . B i rk inb ine* says :— 

As most of the blast furnaces were located in a section of the 
country where winter interfered with outdoor work, and as their 
construction was such that the interior was rapidly destroyed, the 
practice of making one "blast" every year was followed. Wood 
would be cut during the winter, and as soon as the weather per-
mitted of doing so, hearths would "be leveled among the cut "timber, 
wood would be hauled to these hearths, and there piled into meilerl 

/ 

C h a r c o a l k i l n , W a s s a l c . 

covered with loam and e i r th and-fired. Af t e r about two weeks of 
carbonization the charcoal would be drawn, and hauled by wagons 
to the furnace . Wljen a sufficient quantity of charcoal had accumu-
lated to insure regular supply, the furnace was blown in, and except 
for some accident, low stage of water, or other disturbing cause, it 
would be continued in blast until all the charcoal which had been 

'John Birkinbine:—"American Blast Furnace Progress" in "Mineral Resources of 
^ United States, 1883 and 1884". Pages 292 - 293. 



made in the coaling season was consumed. This generally permitted 
the furnace to be active eight or nine months in each year." 

E v e n t u a l l y t h e h o u s i n g - i n of t h e s tacks , a n d t h e c o n s t r u c t i o n of great 
c h a r c o a l sheds m a d e a l l - t he -yea r o p e r a t i o n possible . T o w a r d t h e end 
of t h e p e r i o d of s m e l t i n g i r o n in t h e d i s t r i c t , w i t h t h e local f u e l sources 
l a rge ly e x h a u s t e d , c h a r c o a l was b r o u g h t in f r o m t h e s o u t h b y t rain. 
A l w a y s a m e n a c e because of t h e poss ib i l i ty t h a t t h e m e i l e r o r k i l n had 
n o t been c o m p l e t e l y q u e n c h e d , a n d t h a t t h e r e l i nge red a s p a r k which 
o n l y n e e d e d a l i t t l e air t o s t a r t a g lo r ious fire, t h e r e occas iona l ly were 
cases w h e r e t r a i n s w e r e i n v o l v e d , a n d M r . A l f r e d P e r d r i z e t of East 
C a n a a n , f o r m a n y years w i t h t h e B a r n u m - R i c h a r d s o n C o m p a n y tells 
of seeing such a s t r i n g of b u r n i n g c h a r c o a l cars w h i c h c a m e d o w n the 
g r a d e f r o m t h e Eas t C a n a a n r a i l road s t a t i o n t o f u r n a c e N o . 3 l ike a 
g r ea t c o m e t , l uck i ly go ing clear t o t h e e n d of t h e s i d e - t r a c k a n d off it 
i n t o t h e fields, w h e r e i t b u r n e d o u t w i t h o u t f u r t h e r d a m a g e . 

A c k n o w l e d g e m e n t 

S t a r t i n g w i t h m a n y p leasan t an t i c ipa t i ons , t h e a u t h o r s h a v e f o u n d the 
i n v e s t i g a t i o n s necessary f o r t h e p r e p a r a t i o n of these p a p e r s of increas-
ing i n t e r e s t as t h e w o r k has p rogres sed , a n d t h e y h a v e been pa r t i cu l a r ly 
p leased w i t h t h e e n t h u s i a s m s h o w n , a n d t h e assis tance g iven , b y all w h o 
h a v e k n o w n of t h e i r q u e s t . 

T o Miss H e l e n Miles a n d Messrs . M a l c o l m D . R u d d , R i c h a r d Peters , 
J r . , Lewis D a l r y m p l e B r a d b u r y , S. L. N i c h o l s o n , S. L. E a s t b u r n , Char les 
H o d g e , a n d E . I r v i n e R u d d t h e a u t h o r s are p a r t i c u l a r l y i n d e b t e d for 
a id ; t h e y o n l y r e g r e t t h a t t h e l imi t s of \ h e p a p e r m a k e i t i m p r a c t i c a b l e 
t o also list i n d i v i d u a l l y t h e l a rge«number of o t h e r p e r s o n s w h o so k indly 
c o - o p e r a t e d i 

U n d e r t a k e n as a j o i n t p r o j e c t , i t h a d been e x p e c t e d t h a t t h e mater ia l 
o n C o n n e c t i c u t ' s i r o n i n d u s t r y , w h i c h h a d .been j o i n t l y g a t h e r e d , wou ld 
be j o i n t l y w o r k e d u p , b u t t h e f a c t t h a t t h e sen ior a u t h o r first was out 
of t h e s t a t e f o r a l o n g t i m e , a n d is n o w a b r o a d , has necess i t a t ed t w o 
p a p e r s ; i t s h o u l d be c lear ly b o r n e in m i n d , howeVer , t h a t w h i l e this 
s ec t ion of t h e s t o r y bears b u t o n e n a m e as a u t h o r , a g r ea t p a r t of the 
l a b o r of a c c u m u l a t i n g t h e f ac t s was d o n e b y M r . K e i t h . 

By the same author: 
History of the First Fifty Years of the Connecticut Society Civil Engineers. 1934. 
The American Standards Association. Proc, 1934. 
Some Engineering Features of the Old Northampton Canal. Proc. 1933. 
And others. 
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Roach Quarry, Wells and Poul tney. . roof ing 
McGrath ,& Rogers, Wells and Poul tney. . " 
Temple and HclTernan, Wells " 
W. J . Evans ( three quarries), Wells " 
H u g h J . Williams, Pawlet " 
M. Welch, " " 
J . Warren, " " 
Norton Brothers (two quarries), Pawle t . . " 
H . D. G. Goslin, Pawlet " 
Kinnie, Hunt and Co., ' ' " 
Jones and Ellis, . " " 
Robert J . Jones, " " 
Vermont Slate Co., " " ' 
H . J . Williams, " " 
Roberts and Jones (Tabor Quarry), Paw-

let " 
The Brownell Slate and Flagging Co., 

(four quarries), Pawlet " 
Warren Slate Co. ( two quarries), Pawle t . . " 

H . W. Hughes (four quarries), West 
Pawlet r o o f n 

Rising and Nelson (four quarries), West 
Pawlet " .. 

Jones and Griffith, West Pawlet " 
Lake Bomoseen Slate Co., West Cas-

tleton mill itoA 
K n a p p a n d Prouty, Pou l tney . . . " T) 
W . W . M a r t i n , " . . . 
Premium Purple Slate Co., " rocAsj 
The Boyce Quarry, " "* 
Jones, Roberts and Edwards, Poultney, mill i 
Ripley and Stanley, ( two quarries), 

Poultney 
Captain Wrn. H . Jones, Poultney 
Jones and Parry, " 
Lloyd and Jones, " " 
Bolger Brothers, " " 
R. Hanger , lilissville billiard Iteds, i 

H . Dillingham, West Pawlet " 

A few o the r quar r i e s a re in process , qf open ing , b u t no t ye t developed 
which p romise fu tu re profi t . 

A n a l y s i s of slate in R u t l a n d coun ty , Vt . , and W a s h i n g t o n county , N. Y , 
b y Professor J. F ranc i s Wi l l iams , of Rensse lae r Po ly t echn ic Insti tute, Troy, 
N. Y . : — 

SUA 
GREEN. 

• REI) SEATS 
UNFADING PURPLE. OF GRAN-

GREEN. VILLE, NT. 

64.71 62.37 73-93 
5-44 4.21 1.74 
7-23 7.66 10.17 
7.84 13 40 5.16 
0.30 0.20 0.10 
3.00 2.5O 1.25 
i-55 0 . l 6 1.06 

trace trace trace 
6.92 7.20 3-92 
. .38 1.50 1.24 
1.63 0.90 '•43 

Silica 65.02 
Protoxide of iron 5-44 
Peroxide of iron 2.99 
Alumina 16.02 
Manganese Oxide 0.31 
"Calcium Carbonate 1.38 
Calcium Sulphate 1.31 
Phosphoric Acid trace 
Alkalies (Sodium) . 4.16 
Water 1 .37 
•Magnesia 2.00 

P e r o x i d e of iron is p r o b a b l y the color ing ma t t e r . T h e s e analyses show 
t h a t the bu lk of slate deposi t s is m a d e u p chiefly of silica and alumina,; 
was t he r e fo re a t one t ime o rd ina ry clay. 

I R O N . 

Beds of hema t i t e ( l imonite) iron ore a re found in m a n y localities within tfcs 
c o u n t y , s o m e of which have been worked , p r o d u c i n g a supe r io r quali ty o f i 
was called " c h a r c o a l i ron ," charcoal be ing used for fuel in reduc ing the 1 
In close p r o x i m i t y to these ore beds are large depos i t s of yel low ocher (la 
ni te) which has been and is now be ing mined for pa in t mater ia l . 

A n ex t ens ive bed of l imoni te exists in the sou theas t p a r t of Tinmouth 
t h e n o r t h end of T i n m o u t h Pond , which was successful ly worked for 
t h i r t y years . T h i s depos i t was called the " C h i p m a n Bed . " This bed 
a b a n d o n e d s o m e fo r ty yea r s ago, and has not been worked since. 
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About two miles nor th of the Ch ipman Bed is ano the r deposi t of ore which 
was opened and worked seventy- f ive years ago. Th i s ore was excel lent and 
iron of superior qual i ty was made f rom it. This bed is now abandoned . T h e r e 
is a deposit of iron ore s i tuated abou t one mile east of South Wal l ingford vil-
lage that has been worked , bu t is now abandoned . T h e iron ore was of infe-
rior quality, owing to the large pe rcen tage of manganese present. T h e follow-
ing is an anaylsis of iron m a d e f rom this ore, by Prof. Olmstead :— 

Metallic iron 88.71 
Metallic manganese 11.28 

99-99 

The manganese m a d e the iron hard and brittle. 
A furnace for smel t ing iron was buil t in Pit tsford in the fall of 1791 b y 

Israel Keith, f rom Eas ton , Mass. T h e ore was most ly b r o u g h t f rom Chi t t en -
den, a distance of a b o u t two miles. A good qual i ty of iron was made and 
found a ready sale. On the 4 th of July, 1795, Mr. Ke i th sold the fu rnace 
property to Na than Gibbs, Cornel ius Gibbs, E d w a r d K i n g m a n and L u k e Reed ; 
and in 1797 N a t h a n Gibbs purchased his associates ' interests and took upon 
himself the sole m a n a g e m e n t of it. H e enlarged the works and cont inued t h e 
business till about the t ime of his dea th in 1824. A f t e r the dea th of Mr. 
Gibbs the furnace pas sed into the hands of A n d r e w Leach, who sold it to S i m -
eon Granger & Sons in 1826. 

The furnace was bu rned in 1827, bu t was rebuilt soon af te rward and the 
Ifcasiness was conducted by " S i m e o n Grange r & S o n s " till the dea th of the 

father in 1834, when the two sons, L y m a n and Chester , took charge of t h e 
works. In 1837 L y m a n sold his interest to E d w a r d L. Grange r , a n o t h e r 
brother. C. & E. L. G r a n g e r cont inued the business until the death of the 
potior member of the firm in 1846, when George W. H o d g e s was admi t t ed as 
a »ember of the firm, and the furnace business was conduc ted in the n a m e of 
"Granger, Hodges & Co." till 1852. 

I After a partial suspension of business a stock c o m p a n y was fo rmed and 
iocorporated by an act of the General A s s e m b l y as the " Pi t tsford I ron Corn-
pay." This c o m p a n y did a brisk business for a shor t t ime, b u t soon sus-

I, not being able to compe te with o the r companies elsewhere possessing 
perior facilities for the manufac tu re of iron. 
la 1865 the name of the c o m p a n y was changed to the " V e r m o n t I ron 

ny," which was composed of ent i rely new members , who repaired the 
and again p u t it in opera t ion ; b u t it was found to be an unprof i tab le 

and consequent ly was again suspended, and has remained so to t h e 
; t time. 

; Iron was discovered in Brandon in 1810 and soon af ter a forge was buil t 
'bar iron of superior qual i ty was manufac tu red for several years . In 1820 
• Conant, esg., built a furnace for reducing the ore. I t is to the e n e r g y 
rel 
K r ub.iiui -
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Charlotteburg 
Middle Forge 

Robert 
Chandler 

\ 

Pompton River 

Charlotte burg 
Lower Forge 

The ruins of Char lo t teburg Middle Forge s tand 
in a qu ie t , unspoi led s ec t i on of P a s s a i c County 
as a s i lent reminder of the iron indus t ry of bygone 
d a y s . Two hundred y e a r s a g o , the sound of the 
trip hammer rang through the woodlands of the 
Highland a r e a , and the shou t s of swea t ing men-
at-work resounded over the c o u n t r y s i d e . 

The s i te of the forge is on a long narrow i s -
land in the Pequannock River. Today, the term 
"is land" app l i e s only at t imes of high water or 
flooding of the presen t river c h a n n e l , which l i e s 
on the south s ide of the s i t e . A normally dry chan-
nel borders the north s ide of the s i t e . The i s land 
is 80 to 125 fee t wide and approximate ly 500 fee t 

in l e n g t h . It i s s i t ua t ed in a s t e e p and narrow 
gorge on the south s ide of s t a t e route number 23, 
in W e s t Milford Townsh ip , jus t e a s t of the Smoke 
Rise e n t r a n c e . 

The o b j e c t i v e s of archaeological i nves t i ga t i ons 
at Char lot teburg Middle Forge have been two- fo ld : 
F i r s t , to learn something about the ac tua l c o n -
s t ruc t ion and opera t ion of t h i s 18th century i ron-
w o r k s . Secondly , to find some c lue or ev idence of 
what c a u s e d c e s s a t i o n of ope ra t i ons with i t s r e -
sul t ing l o s s of product ive c a p a c i t y for the Revolu-
t ionary War e f f o r t . 

The f i r s t s t a t ed o b j e c t i v e h a s been grea t ly f a -
c i l i t a t ed by the e x i s t e n c e of h i s to r ica l documents 

7 



- r e l a t ing to the a r e a . Numerous m a p s , l e t t e r s , n e w s 
paper a d v e r t i s e m e n t s , and r epor t s g ive us a good 
pic ture of t he l i fe and t imes of C h a r l o t t e b u r g , P e r -
haps the most s i g n i f i c a n t documen t i s a report 
(New Je r sey A r c h i v e s , F i rs t S e r i e s , v o l . 28 (1772), 
p . 247 e t s e q . ) submi t t ed by four a p p r a i s e r s to 
Governor Wi l l i am Frankl in of New Je r sey in 1769 . 
This report shows the ex t en t and c h a r a c t e r of the 
i ronworks at C h a r l o t t e b u r g , Ringwood, and Long-
p e n d . That port ion which s p e c i f i c a l l y r e f e r s to 
Middle Forge i s a s f o l l o w s : 

Sir, 
In compliance with your Exce l l ency ' s request communi-

cated to us by letter of the 2 7th of June l a s t , we proceeded, 
on Monday the 2nd i n s t . to v iew the iron-works erected by 
Peter Hasenc lever , Esq; within this Province, and began 
with those of Charlottenburgh, on the w e s t branch of the 
Pequanock River, which is the boundary between the coun-
t ies of Morris and Sercen. We there found a verv fine blast 
furnace erected in l ~ 6 7 , . . O n the same stream about three 
miles lower, i s a verv f ine force and four f ires , and two 
hammers ror convertinc cic—iron into bar—iron and is 

and workmen, capable of making 250 tons of bar-iron year -
l y , s ingle handed, and from 300 to 350 ton double handed. 
The dam here is upwards of twenty feet high, and is re-
markably substantial and wel l secured: Here are a l s o the 
neces sary c o a l - h o u s e s , d w e l l i n g - h o u s e s , s t o r e - h o u s e s , 
workshops, and s t a b l e s . About a m i l e , , . 

We are, 

Your Exce l l ency ' s most humble servants , 
Stirling 
James Grey 
Theunis Dey and 
John Schuyler 

Newark, July 8 , 1769 

The reade r should e n d e a v o r t o k e e p the a b o v e 
d e s c r i p t i o n in mind a s the s to ry of the e x c a v a t i o n 
is unfo lded in the e n s u i n g p a r a g r a p h s . It h a s 
been a c h a l l e n g i n g and r eward ing t a s k to f i n d , 
e x a m i n e , and in t e rp re t a l l e v i d e n c e in r e l a t i o n to 
th i s a p p r a i s e r ' s r e p o r t . 

Now we come to our mos t d i f f i c u l t q u e s t i o n : 
What happened to the C h a r l o t t e b u r g i r o n w o r k s ? 
What c a u s e d t h i s g i an t of i n d u s t r y to shu t down 
i t s o p e r a t i o n s ? At tempts to s o l v e t h i s mys t e ry by 
means of h i s t o r i c a l r e c o r d s h a v e been f r u i t l e s s . 
Di l igent r e s e a r c h h a s f a i l e d , a t t h i s p o i n t , to 
turn up any s p e c i f i c e v i d e n c e w h i c h would t e l l us| 
what h a p p e n e d . Seve ra l a u t h o r i t i e s h a v e s t a t e d 
tha t the works a t C h a r l o t t e b u r g w e r e d e s t r o y e d 
p resumably by T o r i e s , in 1776 (Swank 1892; 
H e u s s e r 1928; Boyer 1931) . Another h a s wr i t t en 
tha t it w a s d e s t r o y e d by d i r e c t i o n of t he Home 
Company , t ha t i s , t he London Company (Tutt le 
1870) . St i l l a n o t h e r i n d i c a t e s it w a s a b a n d o n e d 
in 1772 (Bayley 1910) , but d o c u m e n t a r y e v i -
d e n c e i n d i c a t e s t h a t t h i s s t a t e m e n t i s i n c o r r e c t . 
The l a s t r ecorded r e f e r e n c e to C h a r l o t t e b u r g , 
found to d a t e , a p p e a r e d in t h e New York Journal 
on February 2 , 17 75 (New J e r s e y A r c h i v e s , Vol . 
31 (1775) ) . This w a s an a d v e r t i s e m e n t p l a c e d by 
Daniel N e a l , l iv ing a t C h a r l o t t e b u r g i r o n w o r k s , 
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s e e k i n g in format ion regard ing h is brother. Thu» 
would a p p e a r tha t the works w a s in exis tence at 
t h i s t i m e . It must be n o t e d , however , that the % 
above t h e o r i e s have the i r b a s i s in legend, or ru-
mor, r a the r t han in f a c t . ..fa, 

At t h i s p o i n t , l e t us examine the actual finds 
uncovered in e x c a v a t i o n a t Middle Forge. This 
s i t e w a s r e d i s c o v e r e d in 1961 . Surface invest i -
ga t ion r e v e a l e d e v i d e n c e of a ce l l a r hole , the 
s ide of a coa l h o u s e , a forge hear th in an ad- ; 
v a n c e d s t a t e of r u i n , two wheel p i t s , and a pos-' 
s i b l e r a c e w a y . This w a s c l e a r and suff icient ev i -
d e n c e to e s t a b l i s h the l oca t i on of Middle Forge, 
and a c t u a l e x c a v a t i o n s were soon undertaken. 
The s e a r c h w a s g r ea t l y a ided by a map of theai 
drawn by Robert Ersk ine (Fig . 1). 

Severa l t e s t p i t s were dug f i r s t to determine J 
the or ig ina l f loor l e v e l , and to l oca t e building * | 
p e r i m e t e r s . Approximate ly 18 i n c h e s of top soil 
and r ive r g r a v e l , d e p o s i t e d by f loods over the 
p a s t 135 y e a r s , cove red the forge work a r e a . In 
order to e x p e d i t e the removal of tons of earth from 
the mill r a c e s and some por t ions of the floor area 
a backhoe w a s e n g a g e d in the Fall of 1961. Of 
c o u r s e , e a c h s h o v e l - f u l l w a s c a r e f u l l y examined 
for a r t i f a c t s e v e n though on ly top soi l and river 
grave l w a s removed in t h i s m a n n e r . 

Pa t i en t ly d igg ing week in and week o u t , the 
a r c h a e o l o g i c a l c rew u n c o v e r e d a l l of the main fea-
t u r e s of t he forge b u i l d i n g . Basing c o n j e c t u r e s 
par t ly on h i s t o r i c a l d a t a , pa r t ly on the lay of the 
l a n d , and par t ly on pure h u n c h e s , t h e s e f ea tu re s 
p lus innumerab le a r t i f a c t s were u n e a r t h e d . The 
four forge h e a r t h s and two hammer s i t e s which are 
ment ioned in the report t o Governor Frankl in were 
in due c o u r s e , la id b a r e . 

A brief d e s c r i p t i o n of t h e main f e a t u r e s of the 
f o r g e , a long with some of t he impor tan t a r t i f a c t s 
which were f o u n d , i s ou t l i ned in t he fo l lowing par-
a g r a p h s . The r e a d e r s h o u l d , h o w e v e r , r e fe r to the 
a c c o m p a n i n g d rawing for s p e c i f i c d e t a i l s and an 
o v e r - a l l v i e w . 

The mill r a c e on the sou th s i d e of t he s i t e 
w a s f i l l ed wi th m u d . Two p a r a l l e l 9 " x 9" oak 
b e a m s , 7 f e e t apa r t and mor t i sed a t 2 - f o o t i n t e r -
v a l s , were found a t the bottom of t h e r a c e . One 
c r o s s member w a s a l s o f o u n d . The bot tom of the 
r a c e w a s s h e a t h e d wi th 1" x 1 0 - 1 2 " oak p l anks 
beyond the c r o s s m e m b e r . The p u r p o s e of t h i s mill 
r a c e p lank ing w a s undoub ted ly to min imize t he ef-
f e c t of w a t e r t u r b u l e n c e c a u s e d by the w h e e l s . 
Por t ions of a cu t s t o n e wal l we re found a long the 
north s i d e of t h e r a c e o n l y . A 5 0 - p o u n d s p o o n -
s h a p e d f o r g i n g , and a smal l 10 -pound c a s t i n g 
were found a t s e c t i o n "D" of t h e r a c e . 

The mill r a c e on the north s i d e w a s f i l l ed with 
s a n d , and had s i d e w a l l s of cu t s t o n e s p a c e d 7 j 
f e e t a p a r t . The bot tom of t h i s r a c e a l s o c o n t a i n e d 
1" x 1 0 - 1 2 " oak p lank s h e a t h i n g a t a dep th of 37 
i n c h e s from t h e top of t h e w a l l . Iron s p i k e s and 



na i l s were found th roughou t . 
In terms of c o n s t r u c t i o n , t h e forge hear ths d e s -

ignated a s Numbers 1 , 2 , and 3 in the a c c o m p a n y -
ing d rawing , were e x a c t l y a l i k e . These forges 
were made of cut s tone bonded with mortar, and 
were the same s i z e . Excavat ion revea led the e x -
ac t loca t ion of all th ree of t h e s e hea r ths within 
the building proper . Actua l ly , very l i t t l e of thei r 
phys ica l s t ruc ture remains ; approximate ly three 
fee t of the b a s e of each is al l tha t i s l e f t . (These 
h e a r t h s , if i n t a c t , would look much l ike g ian t 
b lacksmith f o r g e s . ) The tuyere open ing , or a i r i n -
l e t , from the be l lows for e a c h hear th a l s o was l o -
c a t e d . Each forge undoubtedly had a c ruc ib le form-
ed of iron p l a t e s . In f a c t , a comple te hear th p la te 
weighing approximate ly 300 p o u n d s , and showing 
ev idence of exposure to extreme n e a t , was r e -
covered from forge Number 3 . 

Forge hear th Number 4 , on the o ther hand , i s 
almost complete ly d i f fe ren t from the o t h e r s . I ts 
cons t ruc t ion appea r s crude by compar ison and it 
is larger in s i z e . Again, all tha t remains is a 
mere out l ine of s t o n e s . 

The exac t loca t ion of the two hammers a l s o 
was found in the cou r se of e x c a v a t i o n s . A bed of 
scor ia (slag) w a s uncovered a t each loca t ion 
which showed the s i z e and shape of many of the 
beams which made up the hammer a s s e m b l y . A 
hammer c o n s i s t e d of a 400 to 600 pound iron block 
f a s t ened to the end of a wooden beam so that it 
had a f ree movement up and down . This beam, 
held in great wooden " l e d g e s , " was ra i sed by 
cams on the wa te r wheel s h a f t . After the hammer 
was r a i s e d , it was a l lowed to fal l by gravi ty on 
the a n v i l . Two ho les where the anvi l b locks were 
s i tua ted were c l ea r ly in e v i d e n c e . Found at the 
bottom of each h o l e , in a remarkable s t a t e of p r e -
se rva t ion , were hugh in te r locking oak beams 
which served a s r e i n f o r c i n g . 

Innumerable a r t i f a c t s were recovered from all 
a r ea s and from va r ious l e v e l s . The most important 
of t he se may be summarized and grouped a s f o l -
lows . 
Tools : 

Shovel b l ades 3 -

Hoe 1 
Trowel 1 
Harness buckle 1 
Hammer-headed c h i s e l s 5 
Pick 1 
W e d g e s , va r ious s i z e s . . . (approx.) 25 
Jaw of b lacksmi th tongs 1 

Personal I tems: 
Shoe 1 
Button 1 
Bowl of a c lay smoking pipe 1 
Clay pipe stem f ragments 6 

Cas t ings : 
Fragment of pig iron with da t e "1770".. 1 
Fragment of pig iron with l e t t e r s "CH". . 1 

Other I tems: 
Potsherds 5 
G l a s s f ragments 3 
Alcony 1 
Bellows nozz le (poss ible) 1 

A grea t many hand- fo rged s p i k e s , na i l s and 
pins of va r ious s i z e s were found . Also recovered 
was one comple te iron pig weighing 69 pounds , 
p lus many a s s o r t e d f r a g m e n t s . An in teres t ing and 
unusua l fea tu re revea led was a c a c h e of several 
6 to 8 inch pig f ragments which were s tacked neat-
ly i n s ide forge hear th Number 4 . Another curious 
fea tu re was the p r e s e n c e of f ine sc reened sand in 
many a r e a s . F ina l ly , a profus ion of s l a g , c h a r -
c o a l , b r ick , mortar , bar s t o c k , s t rap iron and 
p la te iron of va r ious s i z e s was found sca t t e red 
throughout the s i t e . The many f ragments of plate 
iron may have come from the forge crucible p la tes 
or the l o o p - a n d - d r a g p l a t e s (an i ron-p la ted path 
lead ing from the forge to the hammer) which were 
on the f l o o r . 

From the foregoing a rchaeo log ica l data it is 
pos s ib l e to draw some c o n c l u s i o n s regarding the 
f a t e of Char lo t teburg Middle Forge . The preponder-
ance of ev idence favors the theory that the works 
was des t royed by v i o l e n c e . For example , the large 
quant i ty of a r t i f a c t s recovered l ends support to the 
belief tha t the works was not abandoned . Items 
such a s t o o l s , pig i ron , and bar s tock were much 
too va luab l e to be l e f t b e h i n d . 

Furthermore, the a p p e a r a n c e of much of the 
iron uncovered seems to ind ica te a v iolent s u s -
pens ion of ac t iv i ty whi le the mater ia l was in pro-
c e s s . A prime example of such a condi t ion was 
noted by Malone (1962) who desc r ibed the appea r -
a n c e of a 40-pound p i ece of pig iron which was 
found and conc luded that it was in the p rocess of 
being melted at the t ime the opera t ion was h a l t e d . 

If the conc lus ion i s correct—that the works 
were de l i be ra t e ly des t royed —then the next ques-^ 
t ion to be a sked is by whom? Numerous ra ids by 
Bri t ish, H e s s i a n , Tory, and robber bands are 
known to have been made throughout the North Jer-
sey a r e a . H e n c e , the s p e c i f i c group a n d / o r i t s 
l eader that des t royed Charlot teburg may never 
come to l i g h t . The c o n c e n s u s of op in ion , however , 
s eems to favor the Tories a s the c u l p r i t s . 

Although the p o s s i b l e s u s p e c t s are many, th i s 
writer puts forth the name of Cap ta in James Gray 
a s the most l i k e l y . It i s noted at the o u t s e t , tha t 
th i s i s a theory based upon c o n j e c t u r e rather than 
s p e c i f i c f a c t . 

As s ta ted p rev ious ly , James Gray w a s one of 
the a p p r a i s e r s appointed to i n s p e c t the ironworks 
of the London Company at Char lo t t eburg , Long 
Pond, and Ringwood. There fore , he was thoroughly 
famil iar with the i r opera t ion a s well a s the s u r -
rounding geographica l a r e a . Furthermore, Gray 
himself opera ted an ironworks at Li t t le Fal ls c o n -
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s i s t i ng of a forge wi th th ree f i r e s and one hammer 
(New Je r sey A r c h i v e s , Vol , 2 7 (1770) , p . 321 ) . In 
f ac t Boyer (1931) s t a t e s t h a t " the ore for t h i s f o r g e 
w a s ca r t ed from Ringwood and Cha r lo t t ebu rg mines 
. . " T h u s , Gray would a l s o h a v e an in t ima te k n o w -
ledge of i r on -mak ing and would r e a l i z e i t s tremen-
dous impor tance to t h e Revo lu t ionary War e f f o r t . 

With t he coming of t he Revolu t ionary W a r , 
Gray c h o s e to remain loya l to t h e Br i t i sh . He r e -
ported for duty to Sir Henry C l i n t o n a t New York 
in 1777, and w a s g i v e n the command of a fo rag ing 
t roop of h o r s e s . Soon , C a p t a i n James Gray w a s 
l ead ing d i s a s t r o u s r a i d s a round Acquackanonk and 
o ther a r e a s a s w e l l . In f a c t , G r a y ' s Company is 
known to have p lundered a round Cha tham and Pine 
Brook (Brooks, 1962) . 

The Char lo t t eburg I ronworks w a s p e r h a p s the 
most remote and v u l n e r a b l e of t he London C o m -
p a n y ' s h o l d i n g s . It w a s s e t apa r t some 13 mi l e s 
from Long Pond and Ringwood. The l a t t e r works 
w a s the h e a d q u a r t e r s of Robert E r s k i n e , where t o -
ge ther with Long Pond , he had enough men to 
make qu i t e a r e s p e c t a b l e mi l i t i a r e g i m e n t . Hence , 
whi le opera t ing in the Pine Brook a r e a , it would 
have been qu i t e l og i ca l for Gray to make a l i g h t -
ening raid on Char lo t t ebu rg t o d e s t r o y t h i s import-
ant Revolut ionary a r s e n a l . 

References 

Bayley, William 
1910 "Iron Mines and Mining in New Jersey" 

Geological Survey of New jersey . Bulletin 
No. 7. Trenton. 

Boyer, Charles S. 
1931 Early Forges and Furnaces in New Jersey 

University of Pennsylvania Press . Philadelphia. 

Brooks, Robert P. 
1952 "Captain James Gray, Ironmaster at Little Falls" 

Bulletin of the Passa ic County Historical Soci -
e t y . Vol. 5 , No . 6 . 

Heusser , Albert H. 
1928 The Forgotten General (Robert Erskin. F .R .S . 

1735-1780) . Geographer and Surveyor General 
to the Army of the United States of America . 
Benjamin Franklin Press . Paterson, N.J . 

Malone, Frank D. 
1962 "Latter Days of Pre-Revolutionary Charlotte-

burg ." Proceedings of the New Jersey Histori-
cal Soc ie ty . Vol. 29 , No. 3 . Newark; 

New Jersey Archives, Vol. 27 (1770-1771) . 
Vol. 28 (First Series) 
Vol. 31 (1775) 

Swank , James M . 
1892 History of the Manufacture of Iron in all Ages. 

and Particularly in the United States from Colo-
ial Times. to 1891. 2nd Ed. The American Iron 
and Steel Assoc ia t ion . Philadelphia. 

10 



END OF PROJECT REPORT 
1986 PROJECT VERMONT SURVEY OF INDUSTRIAL ARCHEOLOGY SITES 

A. INTRODUCi! g_N s 

This project continued thematic survey throughout the state of Vermont, 
at reconnaissance level, to identify the following range of historic 
archeological sites: blast furnaces, iron mines, bloomery forges, 
foundries, charcoal kilns, and lime kilns. Although most of the sites 
were recorded on an 'as-located' basis, sites in close proximity to 
public and/or private development areas were given priority attention. 

1. HISTORIC CONTEXT OF VERMONT IRONMAKINS INDUSTRY: 

a» fievel gpment trends:. The iron industry in Vermont developed in 
association with other pioneer works (grist and saw mills, blacksmith 
shops, etc), which reflected the needs of early settlers in Vermont. 
Ironworks were built near water power, ore beds, and sources of fuel 
(charcoal); blast furnaces along lower elevation sites near good roads 
to transport heavy ingots; bloomeries sometimes at higher elevations 
(i.e. Bristol, Cady's Falls, Lincoln). The works were also influenced 
by Lake Champlain and the ironworks that developed in New York State. 
The Lake and later the Champlain Canal changed the character of Vermont 
ironworks from a larger number of small speculative operations in pre-
canal days to costly, high production works. The railroad eventually 
brought in better iron made cheaper than local works could produce and 
ended ironmaking in Vermont. 

Ironworking, in the form of machine shops (mill gearing, machinery, 
tools, scales) and medium to heavy foundries (agricultural implements, 
railroad iron, castings, stoves), expended to reach peak production 
about 1880-1890, dwindling in numbers and production thereafter. 

b. Limitations of developments. Vermont ironworks were limited by: 
(1) the quantity and quality of its ore (earlier ironworks used 

bog ore). Later works imported ore from New York State to mix with and 
improve the quality of locally-made iron. 

(2) the length of the winters, which froze streams that powered 
the works. 

(3) the works' remoteness from major industrial centers and sea-
ports nearer to the ocean. 

c - Geographic distributions and p.atternsj_ Pre-1800 ironworks were 
distributed near developing population areas that created the demand 
for raw iron product. With better transportation (road, railroad, and 
lake barges) industrial demand commenced (1800-1850) and ironworks 
located closer to fuel, ore, and more reliable water power. Approxi-
mately 907. of the ironworks operated to the west of the Green Mountain 
range and were concentrated in Addison and Rutland Counties. 

d„ Historic highlights! 
(1) Many early ironworks in Vermont were developed by major-

political figures: Nathaniel Chipman, Ira Allen, and Matthew Lyon. 
(2) The first ironworks in the Adirondack Mountain region of New 

York State .imported ore from Basin Harbor (near Vergennes) . 
(3) A major New York State ironworks, the Crown Point Iron 

Company was founded by Vermonterss the Penfield and Hammond families of 
Pittsford. 
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(4) A blast furnace at East Bennington used preheated blast (hot 
blast) a year before generally accepted date (1834) for first use at a 
furnace in New Jersey. 

(5) In 1809, Monkton Iron Company at Vergennes attempted use of 
piston-driven blast machinery, 26 years before accepted date of use in 
Northeast; first documented successful use in Vermont was 1839 by 
Conant at Brandon. 

(6) Last significant bloomery forges in New England operated in 
Vermont (1850-1880's): Salisbury, Vergennes, Fair Haven, Lincoln, East 
Middlebury; then known throughout U.S. industry for high quality 
wrought iron. 

(7) Most all major 1790-1830 Vermont ironworks families inter-
related: Austin, Harwood, Lothrop, Page, Dike, Broughton, Bogue, Keith, 
Sax, Drury, Cooley, Conant, Penfield, and Sutherland; also Col burn and 
Davey„ 

2. HISTORIC CONTEXT OF VERMONT CHARCOAL INDUSTRY: 

a» Development trends:. Charcoal making in Vermont developed in 
association with the development of its mineral smelting and production 
industries. Charcoal fueled furnaces (iron, glass, copper), forges, 
blacksmiths hearths, foundry cupolas, etc. Early charcoal making 
required no structure; it was made merely by mounding cordwood, cover-
ing it with sod, and allowing it to smolder. Much charcoal and potash 
was made by settlers as a by-product of clearing vast acreages of land 
for agriculture. Kilns supplied charcoal to local furnaces and forges 
that initially satisfied local needs. Industrial expansion after 1820, 
stimulated by the Champlain Canal, demanded more charcoal. By Civil 
War period, charcoal was being made in stone- and brick-built kilns 
with much of it exported out of state. By 1880, most of it was shipped 
out as Vermont ironworks phased out and charcoal resources in New York, 
Massachusetts, and Connecticut became scarce. Charcoal making in 
Vermont ended soon after 1900. 

b. Limitations of development s_ Vermont charcoal making was limited 
in the early period <pre~1820)i by the demand of local metal working 
industries, which mostly reflected domestic economics. Limitations of 
middle period charcoal making (circa 1820-1860) still reflected local 
demand, but charcoal was made on a more regional supply and demand 
basis; local forests were becoming depleted through settlement and 
clearing for farmland. After 1860, charcoal making became an industry 
unto itself, with charcoal being exported outside the state and forests 
being rapidly consumed by lumbering interests. Limitations by this 
period became the resources of the forest stands themselves, which were 
commercially exhausted by the turn of the century. 

Geographic distributions and EStternS-L During the early pre-1820 
period, charcoal making generally centered about the ironmaking indus-
tries, then the largest single consumer of charcoal in the state. After 
1820, as iron, copper, and glass industries developed, charcoal making 
caused forest lines to recede into the hills. It was not uncommon for 
charcoal to be carted a dozen miles to furnaces by the 1860's. As 
such, earlier charcoal making sites generally were close to developing 
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industrial communities along the Lake Champlain plateau; later charcoal 
making areas reached well up into the Green Mountain highlands, with 
many final operations at 2000-foot elevations. Most kilns, however, 
still remained on the western slopes of the Green Mountain range, with 
concentrations in the north in the Ripton and Middlebury area; the 
central area of Winhall, Peru, Mt Tabor, Dorset; and southern at Wood-
ford, Shaftsbury, Glastenbury, Stamford, Readsboro. 

d- Historic highlights^ 
(1) Largest single-owned charcoal making operation in Vermont 

was Silas L. Griffith of Danby, whose holdings in late 1880-1890's 
exceeded 50,000 acres, operating some 35-plus charcoal kilns, 9 saw-
mills, and 6 general stores in and near Mt Tabor. He was the first to 
use the telephone in the state, connecting his lodge at Griffith Pond 
to his office at Danby; was an early advocate of using saws instead of 
axes to cut trees in order to reduce waste. He was a Vermont State 
Senator but declined candidacy for Governor. His charcoal, plus that 
made farther south, supplied fuel needs of ironworks in the laconic 
regions of New York, Massachusetts, and Connecticut until about 1912, 
when these resources failed; those ironworks then importing charcoal 
from as far away as North Carolina (that region's iron industry failed 
in 1923). 

(2) Design and efficiency of round and conical kilns in Reads-
boro were recognized in a technical paper in 1879-1880, published 
nationally (the archaeological site of at least one Readsboro conical 
kiln was located in 1983). 

3. HISTORIC CONTEXT OF VERMONT LIME BURNING INDUSTRY: 

a» Development trends! Lime burning in Vermont developed in associ-
ation with the clearing of the land and establishment of farming. 
Eighteenth century and early nineteenth century lime kilns were built 
by farmers to provide lime for agricultural purposes; later lime kilns 
supplied the demands of construction and paper making, although the 
major kilns at Winooski Park supplied lime for sale to farmers by the 
U.S. Government until 1971. 

b. Limi.tati.ons of development! Early lime burning in Vermont, which 
supplied strictly agricultural needs, was limited by physical proximity 
to limestone quarries. Since these early lime kilns required no blast, 
water power was of no consequence. By the mid-19th century, lime kiln 
operations such as those? at Leicester, Weathersf i el d, Highgate, and 
Winooski located closer to railroads. Lime kilns during this period 
were large stone-built, stack structures (similar in appearance to blast 
furnaces), requiring major outlays of capital for construction at cen-
tralized locations, thus phasing out the smaller, local farmers' kilns. 
Vermont's final operating lime kilns at Winooski Park operated until 
1971 when its U.S. Government contract was awarded to a competitor. 

c— Seograghi_c di„stri_but|_OQ=> and patterns! Lime kilns in Vermont 
have always been located in relatively close proximity to limestone 
deposits. Limestone, which manifests itself in Vermont as varying 
grades of dolomite for commercial quality marble, or plain limestone 
for crushing for blast furnace applications or burning for other uses, 
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was early recognized in many places in the State by Zadock Thompson 
(1853). Thompson identified "Chazy, or Isle la Motte Limestone" and 
"Trenton Limestone" as being the state's major limestone groups. These 
groups were located along the eastern shore of Lake Champ!ain, where 
major lime kiln operations were established at Highgate (Lime Kiln 
Point) and Colchester (Winooski Park). Lime kilns were also operating 
in the Lake Champlain valley at Leicester, Bristol, New Haven; in prox-
imity to marble quarries at Wallingford, Tinmouth, Danby, Clarendon, 
Dorset, and Manchester; and also at Weathers-field, Jamaica, and Dover 
in proximity to limestone outcrops. 

d- Historic hi_9h.Lightsj. Research into the lime burning industry in 
Vermont is still in a very preliminary stage of activity, with location 
of physical remains the immediate priority. Insufficient investigation 
into the history of the industry, therefore, contributes little in the 
way of historic highlights of this industry. 

B. METHODOLOGY^ 

The survey was accomplished through a combination of archival and -field 
research: oral and local traditions, informant information, and 
published and unpublished material. 

1. ARCHIVAL RESEARCH: 

a- Library work:. Generally available published and unpublished 
materials were studied for information, however remote or vague, for 
clues and leads to existence or locations of sites. Specific material 
studied included: state, county, and town histories, trade journals, 
business journals, maps, museum and photo collections and papers, 
newspapers, letters, genealogical and cemetery records, legislative 
acts, and professional papers. 

Libraries visited included Mark Skinner Library, Manchester; 
Rutland Free Library, Rutland; Sheldon Museum Library, Middlebury; 
Tyson Library, Plymouth; Griffith Memorial Library, Danby; Vermont. 
Historical Society Library and Vermont State Archives, Montpelier; 
Bixby Memorial Library, Vergennes; the University of Vermont Bailey-
Howe and Special Collections Libraries, Burlington; and Vermont Mapping 
Program (orthophotos), Waterbury. Also, the New York State Historical 
Association Library, Cooperstown, NY; State University of New York 
Library, Albany, NY; Berkshire Athenaeum Library, Pittsfield, Mass; in 
addition to my personal library and collections of Vermont archival and 
data stored in my personal computer system. 

(1) Reliability of many local histories has proven to be 
questionable in some cases. Depending on the interest and personal 
biases of the authors, local histories may or may not have reflected 
actual industrial activities in the subject county/town/vi11 age. This 
is seen in pages of coverage for religious and social organizations, 
banking institutions, and prominent families, but vague statements 
about a 'forge operating in the east part of the town early in the 
century' without regard to type of forge (bloomery? furnace? foundry?). 
Statements such as 'there were no industries of significance in this 
town' conflict with later published histories of the same town which 
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described many mills and foundries, and with field work that located 
sites of mills. Additionally, many clues to sites do not come from 
manufacturing sections of local histories, but in sections dealing with 
family records, early settlers, and general community development. 

2. INFORMANTS AND LOCAL TRADITION: 

A number of reliable contacts have been made regards to general or 
specific information leading to finding sites pertaining to the iron, 
charcoal, and lime industries in the states 

a. Local informants: This category includes people who own site 
properties and contributed information on other known or suspected 
sites or knowledgeable people in the vicinity. The value of slide-
illustrated presentations to local historical societies cannot be over-
emphasised regards to numbers of contacts and quality leads to location 
of sites. Formal presentations at Micldlebury (Sheldon Museum, Summer 
1984), Pittsford (Pitts-ford Historical Society, Spring 1986), Windsor 
(VAS, Spring 1985) attracted many older and knowledgeable residents who 
contributed much reliable oral, manuscript, photo, and artifact infor-
mation. A number of informants also volunteered time to guide me to 
sites. Correspondence continues with most of these reliable contacts. 

b. Professional informants^. This informant category includes those 
who have a professional interest in history/archaeology, beyond members 
of historical societies or owners of site properties, including: 

(1) authors of recently-published histories. 
(2) school teachers. 
(3) U.S. Forest Service personnel. 
(4) staff personnel of: 

(a) Vermont Division for Historic Preservation, Montpelier. 
(b) UVM Consulting Archaeology Program, Burlington. 
(c) Sheldon Museum Library, Middlebury. 
<d) Vermont Historical Society Library, Montpelier. 
(e) Stamford Community Library, Stamford. 

3. BACKGROUND RESEARCH: 

Potential areas for industrial sites were determined through a 
combination of archival information, known industrial development 
patterns, local geology, topography, and mountain trails. 

a. Archival information^ Information obtained through archival 
research was duplicated, transcribed, and/or plotted on USGS maps in 
combination with other associated data to create a job folder, specifi-
cally for the site in question. Related site information, such as 
family connections, incorporation dates, names, and partners, and 
newspaper advertisements, were also investigated. 

ta- Industrial development^. Through 1850s-period county maps, Beers 
maps, and business journals such as the annual Walton's Register-
publications, patterns of industrial development were established and 
analyzed for trends. Concentrations of ironworks industries indicated, 
•for example, the probability of charcoal kilns in surrounding hills. 



END OF PROJECT REPORT 
1986 PROJECT VERMONT SURVEY OF INDUSTRIAL ARCHEOLOGY SITES 

(Conti nued) 

c. Local. geoLogy:. Through state geology reports and maps, the prob-
ability of ironworks and lime kilns were determined. 

d» .l9E9g.CaE.b.Yi Attention to physical topography revealed clues to 
location to otherwise undocumented industrial sites. Inspection of 
streambeds downstream of suspected ironworks or charcoal sites yielded 
slag or pieces of red brick and charcoal, which when traced upstream, 
led to location of the sites. Techniques such as this have in time led 
to development of intuitive skills for locating some types of sites. 

e" Jrails.:_ Many former roads are today official or unofficial 
hiking trails. These trails wind through abandoned communities that 
grew in proximity to saw mills and charcoal kiln operations. Attention 
to black soil in vicinity to suspected charcoal making areas led to 
locating many of the kiln sites. 

4. WALK-OVER SURVEY: 

Once located and verified, the site was inspected at reconnaissance 
level, for extent of its boundary, remains of visible surface artifacts 
and features, and potential archeological value, then recorded. 

a. Site location and verification! Location and verification of the 
site was made through obvious structure remains, such as foundation 
and/or standing blast furnace, charcoal kiln, or lime kiln remains. In 
absence of obvious remains, evidence of such material as burnt brick 
and stone, slag, charcoal, firebrick, burned lime, waste iron, iron 
ore, binding hardware, etc, and such features as collapsed furnace 
mounds, head and/or tail raceways, flumes, dams and dam cribs, water-
wheel pits, charging embankments, etc, were checked for. 

Site inspection! The site was inspected for the following: 
(1) integrity - to what degree is the site undisturbed by later 

development, vandalism, weathering, etc. 
(2) boundary - what is the archaeological boundary of the site 

as determined by range and distribution of surface artifacts and 
features, and also by inspection of eroding shores of streams and by 
shallow (6-inches, max) subsurface inspection. 

(3) threats - what are probabilities for development, further 
vandalism, erosion, etc. 

(4) ownership - proximity to property owner; owner interview, if 
possible, to access local attitude toward site preservation, develop-
ment plans, etc. 

c. Site recording:. The site was recorded through use of USGS topo-
graphical maps, drawing sketches and ground plans, and photography. 
Small surface artifacts were reconceaied after recording. 

(1) USGS maps - the site was accurately located on USGS topogra-
phic quadrangles through identification with local landmarks, such as 
streams, mountains, roads, standing buildings, etc. 

(2) Ground plans - sketch maps were made of the site, indicating 
all relevant surface features, concentrations of artifacts (slag, char-
coal, etc), cellar holes whether known to relate to the site or not, 
roads and paths, dam sites, etc., and general topography. In some 

-6-
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cases, detailed, scaled sketches were made of remains that were con-
sidered of special importance to the integrity or significance of the 
site, such as uniquely-built furnace archways, hearths, kiln hardware 
(which might be stolen or vandalized). Compass readings were recorded. 
In most cases, the site boundary was paced off and dimensions calcula-
ted accordingly. When possible, sketch maps were scaled. 

(3) Photography - black and white photographs were made of the 
site from many angles of view, both close up for detail and from a 
distance to indicate local environment. Small brush and branches might 
be tied aside or cut, but not sufficient to draw attention. Camera 
used is a Minolta SLR model SRT.101, with normal, long-range, and wide-
angle lens, which allow for a wide range of photography under varying 
situations. In many cases, follow-up photo sessions were made during 
seasons of less foliage for better photographs. These return sessions 
also allowed for reinspection of the site, adding surface information 
that may have been missed during the initial recording and interpre-
tation of additional archival information. 

(4) Concealment of artifacts - such large, attention-drawing 
artifacts as kiln doors and hardware, cast iron vents, etc., were 
uncovered of accumulation of surface vegetation and debris for purposes 
of measurement and photography, and were reconcealed beneath brush, 
leaves, and foliage. In all cases, sites were left appearing as much 
as possible as found; no attempt was made to 'clear' fallen trees and 
branches from paths and trails leading to sites. Where possible, fur-
ther concealment was attempted, and trash found in the site vicinity 
was collected and carried out. 

5. SURVEY REPORT". 

Survey reports were submitted to the Vermont Division for Historic 
Preservation (DHP), which included filled in Archeological Site Survey 
Forms, an Industrial Archeology Site Survey Form, and a narrative 
report. 

a. Archeological. Site Survey Forms. This is the standard DHP form 
for recording archeological sites. All categories and spaces are 
filled in that apply to the site. Site and F.S. numbers are left blank 
to be assigned by DHP. 

b. Industrial Archaeology Site Survey Form:_ This form was created 
to provide additional site information not covered by the Archeologi-
cal Site Survey Form. It addresses iron furnace, bloomery, and 
charcoal and lime kiln sites. Where applicable, the form is filled in 
and included as pages 5 and 6 to the Archeological Site Survey Form. 

c» Narrative report! This report includes definitive site location 
information, a description of the site, history of the site, miscellan-
eous observations, duplicated USGS and USFS maps with site location, 
ground plans and sketches, bibliography and sources of further informa-
tion, and captioned black and white photographs. The report is stand-
alone, that is, it includes all information needed to complete the 
Archeological Site Survey Form and the Industrial Archeology Site 
Survey Form. 
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(1) Definitive site location - site location is defined in terms 
of USGS topographic quadrangle name, UTM coordinates, county, and town 
or village. 

(2) Site description - a narrative description of the site 
includes location of the site in the context of its surroundings and 
environment, a site name, its physical characteristics, range and 
distribution of features and artifacts, and source of power and/or 
resources. 

(3) Site history - a brief history of the site is provided, 
including events leading up to the site's establishment, production 
statistics when known, dates of operation, causes of abandonment, 
highlights, owners, and relationship with associated works. In some 
cases, published material was duplicated and included in the narrative. 

(4) Observations - visible or suspected threats to the site, 
potential for further historical/archeological interpretation, etc., 
are included where applicable. 

(5) USGS map - the site is located on current duplicated 
sections of USGS topographic quadrangles; the site is identified on the 
map in the same proportion to the sketched ground plan. 

(6) USPS map - sites in the Green Mountain National Forest, were 
indicated duplicated sections of U.S. Forest Service quadrangles. 

(7) Ground plans -- full page ground plans of the site are 
provided with the report. The sketch is scaled when possible; all 
ground plans are sketched in the normal orientation (north at top) and 
include a north-pointing arrow. 

(S) Bibliography - a comprehensive listing of references and 
sources for all published and unpublished information cited or referen-
ced as part of the report is provided. Addresses and phone numbers of 
contacts are included. 

(9) Photographs - captioned black and white photos depict site 
condition, artifacts finds, and site environment. Photos are identi-
fied by 5~character alphanumeric code (i.e., 86A13) that allows for 
accurate access to my negative files. 

d. Distribution of Forms and Reports: Forms and reports were 
distributed as follows: 

(1) State Archaeologist - original copies of all Forms, Reports, 
sketches and ground plans, and photographs. 

(2) Forest Archaeologist (U.S. Forest Service) - duplicated 
copy of Reports only, pertaining only to sites within the proclamation 
boundary of the Green Mountain National Forest. 

(3) Librarian, Sheldon Museum Library, Middlebury - duplicated 
copies of Reports only, of sites only within Addison County. 

(4) Rolando files - duplicated copy of all Forms, Reports, maps, 
and photo negative file. 

C. RESULT'S:. 

The project period commenced October 1, 1985 and ended November 30, 
1986. Although work on 25 sites was planned for this project period, 
actual efforts for the project resulted in 43 sites in eight of the 
state's 14 counties added to the Vermont Archeological Inventory. Value 
of donated services totaled $10,487 versus the planned $5,998.00. See 
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pages 10 and 11 of this report for the list of inventory and field site 
identification numbers of the 43 sites reported. 

Almost all the sites surveyed and recorded have the potential for 
yielding further significant archaeological information regards to 
their construction, method of operation, technological developments, 
and relationship of property types across the site. Stabilization of 
lime kiln structures at Bristol and Amsden could preserve them for 
future study and possible exhibition as historic industrial sites. 

Despite some surface disturbance and scattering of remains, digging 
and serious subsurface disturbance at most sites appears to be minimal. 
Visible site disturbance appears to be a function of proximity to well-
traveled trails. Sites of brick-type charcoal kilns in along sections 
of the Long Trail in Mt Tabor betray much evidence of pot-holing. 
Construction materials, however, also seems to be a factor. Brick-type 
charcoal kilns, for example, however remote from houses, are relatively 
stripped of usable brick, whereas stone-type kilns remain in relative-
ly better standing condition. Chimneys of homes in proximity of brick-
type kilns contain brick that appears much the same color, texture, and 
condition as bricks seen in local charcoal kiln remains. The occupant 
of one house (East Manchester) knew exactly where some charcoal kiln 
remains existed without acknowledging suspicious bricks in his chimney. 

Although some charcoal kiln sites in higher elevations show evi-
dence of disturbance by brick scavengers, or use of brick for fire-
places by campers and sportsmen, the most serious threat to these sites 
appear to be logging operations. Not all damage is done by the actual 
logging operation; some by road construction into logging areas, al-
though this also had its reverse benefit. Clues to some undocumented 
charcoal kiln sites came from pieces of hardware seen in the beds of 
logging roads in Peru and Woodford (1983). In both cases, the road had 
been graded to within a few feet of the kiln foundation, accounting -for 
hardware in the roadbed. The Peru kiln ruin, as it turned out, was 
unknown even to people who had hunted the area for over 20 years. At 
North Dorset, a staging area for logging vehicles was cleared to within 
a few hundred feet of a collapsed furnace ruin, but still within the 
archeologically-sensitive area; part of the waterpower flume system was 
destroyed. That the property was part of a state park had no effect. 
At Mt Tabor, on federal property, part of the Ten Kilns site has been 
disturbed by widening of roads to accommodate large logging vehicles. 
None of this is intentional destruction, rather there appears to be a 
lack of communications within the governmental systems. In all cases, 
site reports had been written and forwarded before the disturbance took 
pi ace. 

Private owners appear more concerned and willing to cooperate with 
preservation efforts when advised of the historic/archeological value 
of the site. Whether to increase property values or just personal in-
terest in something not fully understood about the ruins on their pro-
perty, nearly all property owners have cooperated with recommendations 
to protect sites from further deterioration through brush clearing or 
wall support, but attempt no serious restoration/excavation. 

Results of this project survey period plus data accumulated in 
previous years continues to support my theory that industrial activity 
in Vermont exceeds that generally thought. Vermont is not perceived to 
have had a significant industrial history. Yet, in terms of numbers of 
blast furnace, bloomery, and charcoal and lime kiln ruins and sites 
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located and documented to date, Vermont appears to have kept pace 
(relative to state population and area) with neighboring states, from 
the immediate post-Revolutionary War period up to the 1850's. Addition-
ally, related genealogical research has shown that the earliest signi-
ficant ironworks in the Lake Champlain district of New York State were 
founded by Vermonters. 

Data from the 1.986 project has added to further understanding how 
and when ironmaking technology came into Vermont, and how the techno-
logy distributed itself within the state. By tracking where pioneer 
ironmaking families came to Vermont from, migration patterns became 
apparent that connect 18th-C ironworks operations in eastern and west-
ern Massachusetts and in northwestern Connecticut with the establish-
ment of some of the first ironworks in Vermont. 

Analysis during the 1986 project year of early 19th-C legislative 
acts of incorporation has led to development of a preliminary pattern 
of industrial capital investment flow into Vermont. The pattern shows 
that many corporation partners were involved in other speculative 
ventures in Vermont. Names of some partners have also been recognized 
from ironworks research done years ago in other parts of New England, 
contributing to understanding the complex economics of early 19th~C 
speculative exploitation of Vermont's natural resources by Boston's and 
New York City's budding capitalists. 

Results of the 1986 project year also sharpened intuitive skills of 
locating undocumented industrial sites. Not 1007. foolproof, attention 
to geology and topography contribute toward developing local patterns 
of charcoal and lime kiln sites. Sites of mound-type charcoal making 
areas can now be located almost at will in southwestern Vermont, 
although this has not been intensely pursued due to the non-threatened 
nature of the area of these sites, as compared to active threats to 
sites being attended to in other parts of the state. 

The following list documents Vermont Archeological Site Survey and 
Field Site Inventory numbers and site names located and recorded during 
the 1986 project year. See individual reports for further information 
on specific sites recorded: 

£dd.i.~?9D coyDty 
VT—AD—404 Richvilie mills & bloomery forges (2) sites - Shoreham 
VT-AD-405 Widow Glynn charcoal mounds (3) sites - Leicester 
VT-AD-406 Sawyer's bloomery forge site - Salisbury 
VT-AD-407 Salisbury bloomery forge site - Salisbury 
VT—AD—409 Bedell lime kiln ruin - Bristol 
VT-AD-414 Brooksvi11e Edge Tool Co foundry site - New Haven 
VT—AD—415 Wainwright/Davenport foundry site - Middlebury 
VT-AD--416 Hoi ley Forge bloomery forge site - E'ristol 
VT—AD—417 Lewis Creek Farm bloomery forge site - Starksboro 
FS 85(AD) Mt Fuller charcoal mounds (?) site - Monkton 
FS 86(AD) Bristol Village bloomery forge site - Bristol 

®BQD.i.Q9.tQ0. County 
VT-BE-105 Kennedy charcoal kiln (stone) ruin - Stamford 
VT-BE-106 Cardinal (Nunge) Brook charcoal kiln (brick) ruins - Stamford 
VT—BE—107 Crazy John Stream charcoal kiln (stone) ruins (3) - Stamford 
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i?.QQLQg.ton County (Cont) 
VT—BE—108 Thompson Farm charcoal mounds (2) site - Stamford 
VT—BE—109 Barnumvi11e lime kiln ruin - Manchester 
VT-BE-110 MD&6 RR abandoned right-of-way - Manchester/Dorset 

QftLttenden County 
VT-CH-282 Weston lime kiln ruins (4) - So Burlington 
VT-CH-283 Stevens foundry site - Colchester 
VT-CH-2S4 Winooski Park lime kiln site - Colchester 

Frankl_i_n. County 
VT—PR—169 Kenfield foundry ruin and site Fai rf a> 

Rutlan 
VT-RÜ-
VT-RÜ-
VT-RU-
VT-RU-
VT-RU-
VT-RU-
VT-RU-
VT-RU-
VT-RU-
VT--RU-
VT-RU-
VT--RU-
VT-RLI-
VT-RU-

d County 
153 Gibbs & Cooley blast furnace/foundry site - Pitts-ford 
154 Maplebrook Farm lime kiln ruin - Tinmouth 
155 Kiln Brook charcoal kiln (brick) ruins (5) - Chittenden 
156 Lampman rectangular charcoal kiln (stone) ruin - Chittenden 
157 Vt Lime Prod Co lime kiln ruins <3> - Mt Tabor 
160 Danby Mtn Road charcoal kiln (brick) ruins (4) - Danby 
161 Crow Hill Farm lime kilns (2) ruins - Tinmouth 
162 Tinmouth Pond Dam blast furnace site - Tinmouth 
163 Pal umbo Farm iron mines (2) - Tinmouth 
164 Unidentified circular stone-lined feature - Mt Holly 
165 S. Bromley Farm lime kiln ruin - Wallingford 
166 'The Cobble' lime kilns (2) ruins - Clarendon 
167 Crow Hill Farm iron mine - Tinmouth 
171 Packard Mi 11/bloomery forge site - Tinmouth 

Wash i ngton County 
VT-WA- 21 Waterbury Last Block Co saw mill ruins and site - Waterbury 
VT-WA- 25 Rice's Forge blast furnace/foundry site - Waitsfield 

Windham County 
VT-WD- 66 
VT-WD- 67 
VT-WD- 68 
VT-WD- 69 
VT-WD- 70 

Harold Field's charcoal kiln (concrete block) ruin 
Janet Greene Farm lime kiln ruin - Dover 
W Thayer lime kiln ruin - Jamaica 
PA Haven lime kiln ruin - Jamaica 
A Howard lime kiln ruin - Jamaica 

- Stratton 

Windsor County 
VT—WN—104 Amsden lime kilns (2) ruins - Weathersfield 

Fi 1 es: 
B-.E0PRPT.86A 
B:EÜPRPT.86B 

Victor R„ Rolando 
33 Howard Street 
Pittsfield, Mass 01201 

February 25, 1987 
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received m m 7
 1 9 9 9 

Victor R. Rolando 
Researcher of Early Vermont Industry 

41 Lebanon Avenue Pittsfield MA 01201 
(413) 442-5985 

May 4, 1992 

Eric Gilbertson, Director 
Division for Historic Preservation 
Pavilion Building 
Montpelier, Vt 05602 

Dear Eric: 

In 1984 I had the opportunity of touring the just-
restored Clove Furnace at Harriman, N.Y., along with 
members of the Iron Researchers Committee (an arm of 
the SIA). The Clove furnace is the furnace stack that 
can be seen a few hundred feet east on the NYS Thruway, 
just south of the Harriman exit. I took many notes at 
the time of the visit, even them having Forest Dale on 
the back of my mind, and used those notes to generate 
the material in the letter to you. 

The Clove Furnace was built in the 1850s, to replace 
an older furnace that still stands uphill about a mile 
farther east. Clove furnace operated by steam power and 
burned coke versus charcoal for fuel. The furnace pro-
bably went out of operation in the 1870-80 period and 
the entire area became part of the Harriman Estate (New 
York State Governor Averill Harriman, et al.). The 
family preserved the two stacks instead of destroying 
them. 

The land on which the Clove furnace stands was 
donated to the Orange County Historical Society in the 
mid-1970s; they in turn contracted Roland Robbins for 
Consultant (you might like to know that back around 
1978-79 they asked me if I was interested!). Since I 
had visited the stack many times in the 1960s-70s, in 
the days I was traveling all over New York State and 
western Massachusetts and Connecticut looking for these 
kind of things, I have a good idea of the 'before and 
after' experience of the furnace stack and grounds. 

At one of my last visits before the restoration, I 
remember inspecting the remains of the charging bridge 
from the adjacent high embankment (40-50 feet high), 



which consisted of a few rotted boards on steel beams. 
Back then I didn't dare make the approximately 15-foot 
walk on one of the 6-inch wide beams to the top of the 
stack for fear of the 40-foot drop to the bottom. In 
1984, the charging bridge had been rebuilt of strong 
planks laid on the original steel beams. It and the 
area about the top of the stack was closed in with a 
high, strong chain link fence. At the top of the fur-
nace you could look down into the throat of the furnace 
through a protective, transparent plexiglass/lexan 
platform, around which was a tile walkway. The plastic 
platform afforded both the interesting view into the 
furnace - top down - and protection to the interior of 
the stack from weathering. There ware some small vents 
around the base of the platform for ventilation but I 
remember thinking that they weren't big enough. The day 
we visited (mid-November), the whole inside looked like 
a giant terrarium, meaning that much vapor coated the 
inside walls of the transparent window at the top of 
the stack. The furnace-top platform was about feet 
high and probably 10 feet square, effectively covering 
the entire top opening of the stack. It cannot be 
walked on, but one could lean on it to view through it 
and into the stack. The fence and walkway was on a 
built-up stone/gravel layer, reinforced at the edges 
with the chain-link fence about a foot from the outside 
edges of the top of the stack. Walking over the 
charging bridge and strolling about the top of the 
stack are an experience. 

What used to be the office at Arden Farms, the dairy 
owned by the Harriman family, was included in the 
little Clove Furnace Park at the bottom of the stack. 
This office building shows up on some early views of 
the works (Beers, Orange County, NY). Again, having 
been in the building many years before when it was 
still the dairy company office, I know that the Orange 
County Historical Society spared no expense to convert 
it into an excellent museum. The museum depicted in 
detail, the almost daily trials and tribulations of the 
stabilizing of the stack, planning the exhibits, arch-
eological work, and the reconstruction of the charging 
bridge and the platform atop the stack. At the time, 
there were probably a hundred 8-by-10 color photos of 
the entire operation, up to the final opening. The 
display is a must for you and the Forest Dale architect 
to see. 



Archeological excavation was still in progress in 
1984. As part of the restoration, the furnace base was 
excavated, exposing foundation walls of buildings that 
once stood there (engine house, casting house, etc.). I 
discussed some aspects of the restoration at Clove 
Furnace with Ed Rutsch, one of the founders of the SIA 
and a renown authority on blast furnaces. Ed felt that 
enough furnaces had been directly excavated about their 
bases, but what is not generally known was what was 
under the fringes of the sites; these parts then were 
under the parking lots, hiking trails, etc. He felt 
that although the Clove Furnace mini-park was exciting, 
that most sagging furnace structures were so far beyond 
rehabilitation as to make them costly beyond gain, and 
the possible work required direct to the masonry would 
probably result in the stack different that what 
existed in the first place. Ed felt that money might be 
better spent on stabilizing the existing stack (minimal 
cost) and building a new replica that might even work. 
Have the replica next to the original so people could 
see one operating and how it really looked. Ed used for 
example of this the Plymouth Colony Restoration, which 
was apparently not built directly on the site as a bona 
fide restoration, but next to the site, thus preserving 
the site itself. 

The mailing address for the museum is: Clove Furnace 
Historic Site, Arden, NY, 10910. Phone number is: (914) 
351-4696. Museum hours are 9 a.m. to noon, and 1 to 4 
p.m., Monday through Friday. I checked these times by 
phone with the museum on April 30. The walkway to the 
top of the furnace and the museum exhibit of the resto-
ration process are still there. 

When Route 73 at Forest Dale was reconstructed (in 
the 1950s?), it cut across to the north of the original 
road. That road still exists in part, about 100 feet 
away. It's too bad that happened, of course, because it 
probably affected, if not entirely destroyed, remains 
of the buildings that stood at the top of the 
embankment and were central to the operation of the 
furnace. If the highway garages are in fact abandoned, 
I would recommend they be carefully disassembled and 
removed. When Audrey Porsche and I traced the boundary 
of the Division's furnace property last fall, we found 
the line to include a lot of the top of the embankment 
that has been backfilled and used by the highway 
department. The garages didn't appear to be on Division 



property but not by more than a couple of feet in one 
case. From inspection of the edges of this embankment, 
it appears that some four to six feet of fill covers 
the original ground in the direct vicinity of the 
garages and this might, to some degree, be protecting 
the original surface area up there. 

In addition to describing the blast furnace at 
Forest Dale, the 1961 History of Brandon (pg. 48) goes 
on to describe "At the top of the cliff is another and 
much shorter tower of similar type. Upon the upper 
level, one sees the outlines, in foundation stones, of 
a number of sizeable wooden buildings..." In a map 
drawn for me a few years ago by Mary Kennedy of Forest 
Dale, a "small casting furnace" is shown at the edge of 
the embankment near the garage. What all this is about 
another furnace atop the embankment has puzzled me down 
through the years unless it was a stone structure that 
was connected with the south end of the charging 
bridge. I doubt cast iron from the furnace would be 
hauled uphill to be cast at another furnace. The 
mystery could be solved by careful removal of the fill 
at the garage and exposure of the original ground 
surface. It would also be nice if we could get the 
State to reroute the highway back around to the 
original bed but I guess that would be expecting too 
much, wouldn't it. 

If you do decide to visit Clove Furnace, let me know 
if you would like and I will try to join you down 
there. 

All best, 
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RECEIVED OCT 1 

Victor R. Rolando 
Researcher of Early Vermont Industry 

RR 1 - Box 1521-3 Manchester Ctr, VT 05255 
(802) 362-4382 

September 30, 1992 

Giovanna Peebles, State Archeologist 
Division for Historic Preservation 
Pavilion Building 
Montpelier, Vermont 05602 

Dear Giovanna: 
Enclosed is a special index and cross reference for 

you to use for getting into "Soot & Sweat" that is in 
sequence by site number. I have left off the "VT-" 
prefixes from the site numbers as I also did in the 
book, since the "VT -" is common to all site numbers in 
the state anyway. Notice that the page numbers, in 
parenthesis, reference any page on which that site is 
discussed but the site might not be referenced there by 
site number. In most cases, the main description of the 
site is in the highest number page(s). 

I phoned David Skinas Wednesday morning to let you 
know that I shall be up Monday morning (Oct 5) to 
replace any of my books that have defective covers with 
new copies. I hope to be there in time to sit in on a 
few minutes of staff, but I cannot stay for the whole 
morning. I have to do replacement of book copies at the 
VHS, then swing by UVM to see Bob Sloma on some VAS 
business. On the way home a stop at the Shelburne 
Museum for some book copies for their book store and 
library, thence home. 

I hope to have my final donated services report for 
1991-92 in hand Monday morning also, but you might want 
to find out if the value of the books I donated to the 
Division ($32.95 X 8 = $263.60) can be considered 
donated service, and also would any percentage of my 
financial and/or hourly efforts toward publishing the 
book be considered donated services also, since the 
book is, in fact, a summary report of 15 years archival 
and field work in Vermont. I will be home Friday most 
all day if you want phone me and advise me if any of 
this is applicable. 

I'll be at the CNEHA conference Saturday to sell 
books and Sunday to present a short paper (and sell 
books). 

Best . . . 



200 Years of Soot and Sweat: The History and Archeology of 
Vermont's Iron, Charcoal, and Lime Industries 

Cross Reference and Index by Site Number Sequence: 

Site No. Site Name/Town/Page 
A d d i s o n C o u n t y 
A D - 1 6 H u n t l e y I s l a n d c h a r c o a l m o u n d , L e i c e s t e r (170, 174) 
A D - 1 4 6 M o n k t o n I r o n C o m p a n y , V e r g e n n e s (12, 38, 42, 73, 9 3 - 9 8 , 172) 
A D - 2 9 9 E a s t M i d d l e b u r y I r o n W o r k s , M i d d l e b u r y ( 2 2 - 2 4 , 50, 73, 88, 9 0 - 9 2 , 172) 
A D - 3 0 0 O r w e l l f u r n a c e , O r w e l l (73, 8 8 - 8 9 ) 
A D - 3 1 4 D r a g o n B r o o k c h a r c o a l k i lns , R i p t o n (156, 170, 173) 
A D - 3 1 5 W i d o w ' s T r a i l c h a r c o a l k i lns , R i p t o n (170, 173) 
A D - 3 1 8 H u n t l e y l i m e k i lns , L e i c e s t e r (221, 227, 2 4 5 - 2 4 7 ) 
A D - 3 3 8 B i l l i n g s c h a r c o a l k i lns , R i p t o n (170, 174) 
A D - 3 3 9 E a g l e F o r g e , M i d d l e b u r y (73, 90) 
A D - 3 4 0 L i t t l e O t t e r f u r n a c e , N e w H a v e n (73, 1 0 2 - 1 0 3 ) 
A D - 3 4 1 K e e w a y d i n C a m p s c h a r c o a l m o u n d s , S a l i s b u r y (170, 174) 
A D - 3 4 8 A d l e r B r o o k - e a s t c h a r c o a l m o u n d s , R i p t o n (153, 170, 174) 
A D - 3 5 1 A d l e r B r o o k - w e s t c h a r c o a l m o u n d s , R i p t o n (153, 170, 174) 
A D - 3 5 5 G r e e n M o u n t a i n L i m e C o m p a n y , N e w H a v e n (221, 222 , 2 2 7 , 2 4 4 - 2 4 5 ) 
A D - 3 5 6 S a n d u s k y c h a r c o a l / c o k e a r e a , G r a n v i l l e (170, 174) 
A D - 3 9 5 W o r t h M t n . c h a r c o a l m o u n d s , G o s h e n / H a n c o c k (168, 170, 174) 
A D - 4 0 4 R i c h v i l l e f o rge , S h o r e h a m (73, 1 0 6 - 1 0 7 ) 
A D - 4 0 5 L e i c e s t e r H o l l o w c h a r c o a l m o u n d s , G o s h e n (170, 175) 
A D - 4 0 6 S a w y e r ' s F o r g e , S a l i s b u r y (73, 89) 
A D - 4 0 7 S a l i s b u r y F o r g e , S a l i s b u r y (24, 73, 88, 8 9 - 9 0 ) 
A D - 4 0 9 B r i s t o l l i m e k i ln , B r i s t o l (214, 216, 227, 2 4 2 - 2 4 3 ) 
A D - 4 1 4 B r o o k s E d g e T o o l C o m p a n y , N e w H a v e n (40, 50, 73, 1 0 0 - 1 0 2 ) 
A D - 4 1 5 W a i n w r i g h t / D a v e n p o r t F o u n d r y , M i d d l e b u r y (42, 47 , 73, 9 2 - 9 3 ) 
A D - 4 1 6 H o l l e y fo rge , B r i s t o l (73, 106) 
A D - 4 1 7 L e w i s C r e e k F a r m fo rge , S t a r k s b o r o (73, 107) 
A D - 4 3 0 N o r t h F e r r i s b u r g fo rge , F e r r i s b u r g h (73, 104) 
A D - 4 3 1 D o r e e n ' s fo rge , F e r r i s b u r g h (73, 1 0 3 - 1 0 4 ) 
A D - 4 3 2 B a r n u m / N i c h o l s f o rge , F e r r i s b u r g h (73, 103) 
A D - 4 6 7 B a r k e r B r o o k c h a r c o a l k i ln , B r i s to l (170, 173) 
A D - 4 9 3 B a l d w i n C r e e k fo rge , B r i s t o l (73, 1 0 5 - 1 0 6 ) 
A D - 4 9 4 L y m a n - M a r t e l l l i m e k i lns , N e w H a v e n (214, 227 , 2 4 3 - 2 4 4 ) 
A D - F S 5 0 A c k w o r t h b l o o m e r i e s , L i n c o l n (73, 88, 1 0 4 - 1 0 5 ) 
A D - F S 8 5 M t . F u l l e r c h a r c o a l a r e a , M o n k t o n (170, 173) 
A D - F S 8 6 F r a n k l i n , A r n o l d , a n d H o b a r t fo rge , Br i s to l (73, 105) 
A D - F S 9 5 P o w e r s L i m e W o r k s , L e i c e s t e r (227, 247) 
A D - F S 9 6 S w i n i n g t o n l i m e k i lns , L e i c e s t e r (227, 247) 
A D - F S 9 7 P l a n k R o a d l i m e k i ln , F e r r i s b u r g h (227, 245) 
A D - C K 0 1 C o b b l e M o u n t a i n c h a r c o a l a r e a , H a n c o c k (170, 1 7 4 - 1 7 5 , 245 ) 
A D - I W 0 1 D o w n i n g fo rge , n o t l o c a t e d (73, 88) 
A D - I W 0 2 N i c h o l s f o rge , M i d d l e b u r y (74, 89) 
A D - I W 0 3 V e r g e n n e s I r o n C o m p a n y , V e r g e n n e s (74, 98) 

W h i t e ' s F o r g e , V e r g e n n e s (74, 88, 98) 
N a t i o n a l H o r s e N a i l C o m p a n y , V e r g e n n e s (24, 50, 74, 9 8 - 1 0 0 ) 

A D - I W 0 4 B e l d i n g / D r a k e f u r n a c e , W e y b r i d g e / N e w H a v e n (74, 100) 

-Or 



Cross Reference and Index by Site Number Sequence (Cont): 

Site No. Site Name/Town/Page 
A d d i s o n C o u n t y ( C o n t ) 
A D - I W 0 5 B r o o k s v i l l e p o c k e t f u r n a c e s , N e w H a v e n (74, 102) 
A D - I W 0 6 N e w H a v e n Mi l l s fo rge , N e w H a v e n (74, 102) 
A D - I W 0 7 B a r n u m fo rge , F e r r i s b u r g h (74, 104) 
A D - I W 0 8 F u l l e r f o r g e , F e r r i s b u r g h (13, 74, 104) 
A D - I W 0 9 S c o t t , M u n s i l , a n d E a t o n fo rge , Br i s to l (74, 105) 
A D - I W 1 0 S c o t t f o rge , B r i s t o l (74, 105) 
A D - I W 1 1 B u r n h a m fo rge , B r i s t o l (74, 106) 
A D - I W 1 2 M u n s o n , D e a n , a n d G a i g e fo rge , Br i s to l (74, 106) 
A D - I W 1 3 F e r g u s s o n fo rge , S t a r k s b o r o (50, 74, 107) 
A D - I W 1 4 U p p e r L e w i s C r e e k fo rge , S t a r k s b o r o (74, 107) 
A D - L K 0 1 Q u a r r y R o a d l i m e k i ln , M i d d l e b u r y (227, 245 ) 
A D - L K 0 2 M a r s h l i m e k i ln , H a n c o c k (174, 227, 245) 
A D - L K 0 3 C h a f f e e l i m e k i ln , G r a n v i l l e (227, 245) 
A D - L K 0 4 P e a k e l i m e k i ln , S h o r e h a m (227, 247) 
A D - L K 0 5 G i b b s l i m e k i ln , M i d d l e b u r y (227, 2 4 4 - 2 4 5 ) 

B e n n i n g t o n C o u n t y 
B E - 9 E a s t D o r s e t f u r n a c e , D o r s e t (v, 27, 42, 74, 1 4 0 - 1 4 2 ) 
B E - 1 0 B e n n i n g t o n I r o n C o m p a n y - e a s t , B e n n i n g t o n (16, 27 , 33 , 39 , 42 , 71 , 74 , 1 3 4 - 1 3 7 , 193) 
B E - 1 1 B e n n i n g t o n I r o n C o m p a n y - w e s t , B e n n i n g t o n (16, 2 6 - 2 7 , 42 , 71 , 74 , 1 3 4 - 1 3 7 , 193) 
B E - 3 5 N o r t h D o r s e t f u r n a c e / A l l e n F o u n d r y , D o r s e t (42, 50, 71, 74, 1 3 8 - 1 3 9 ) 
B E - 3 6 B u r d e n f u r n a c e , S h a f t s b u r y (69, 74, 1 4 3 - 1 4 5 , 192) 
B E - 3 7 R e d C a b i n c h a r c o a l k i lns , G l a s t e n b u r y (170, 1 9 3 - 1 9 5 ) 
B E - 3 9 M a d T o m l o w e r c h a r c o a l k i lns , P e r u (170, 189) 
B E - 4 0 M a d T o m m i d d l e c h a r c o a l k i ln , P e r u (170, 189) 
B E - 4 1 M a d T o m u p p e r c h a r c o a l k i lns , P e r u (170, 1 8 8 - 1 8 9 ) 
B E - 4 2 W i n h a l l R i v e r c h a r c o a l k i lns , W i n h a l l (170, 189, 192) 
B E - 4 3 B r o m l e y B r o o k c h a r c o a l k i lns , W i n h a l l (170, 1 8 9 - 1 9 0 ) 
B E - 4 4 B o u r n B r o o k c h a r c o a l k i lns , W i n h a l l (170, 190, 191, 196) 
B E - 4 5 B i c k f o r d H o l l o w c h a r c o a l k i lns , W o o d f o r d (170, 196) 
B E - 4 6 E a s t F o r k c h a r c o a l k i lns , G l a s t e n b u r y (157, 170, 1 9 3 - 1 9 6 ) 
B E - 4 7 W e s t F o r k c h a r c o a l k i lns , G l a s t e n b u r y (170, 1 9 3 - 1 9 6 ) 
B E - 5 0 H e a r t w e l l v i l l e - s t o n e c h a r c o a l k i ln , R e a d s b o r o (170, 1 9 7 - 1 9 8 ) 
B E - 5 1 H e a r t w e l l v i l l e - b r i c k c h a r c o a l ki lns , R e a d s b o r o (159, 170, 1 9 7 - 1 9 8 ) 
B E - 5 2 H e a r t w e l l v i l l e - c o n i c a l c h a r c o a l ki ln , R e a d s b o r o (170, 1 9 7 - 1 9 8 ) 
B E - 5 3 C o t y k i l n s c h a r c o a l k i lns , S t a m f o r d (170, 1 9 8 - 2 0 0 ) 
B E - 5 4 D u t c h H i l l c h a r c o a l k i lns , R e a d s b o r o (170, 202 ) 
B E - 5 5 G u l l y B r o o k c h a r c o a l k i lns , S t a m f o r d (163, 2 0 0 - 2 0 1 ) 
B E - 5 6 N o r t h G l a s t e n b u r y c h a r c o a l k i ln , G l a s t e n b u r y (170, 192) 
B E - 5 6 N o r t h G l a s t e n b u r y c h a r c o a l m o u n d , G l a s t e n b u r y (170, 192) 
B E - 5 7 H a g e r H i l l c h a r c o a l k i lns , W o o d f o r d (170, 197) 
B E - 5 8 B a c o n H o l l o w c h a r c o a l m o u n d s , S u n d e r l a n d (170, 192) 
B E - 6 1 E a s t M o u n t a i n c h a r c o a l m o u n d s , S h a f t s b u r y (170, 192) 
B E - 6 2 B u r d e n L o t s - s o u t h c h a r c o a l k i lns , S h a f t s b u r y (170, 1 9 2 - 1 9 3 ) 
B E - 6 3 B u r d e n L o t s - n o r t h c h a r c o a l ki lns , S h a f t s b u r y (170, 1 9 2 - 1 9 3 ) 
B E - 6 4 F a s s e t t a n d H a t h a w a y f u r n a c e , B e n n i n g t o n (74, 134) 
B E - 1 0 5 K e n n e d y c h a r c o a l k i ln , S t a m f o r d (170, 202) 
B E - 1 0 6 C a r d i n a l B r o o k c h a r c o a l k i lns , S t a m f o r d (170, 201 ) 

2 



Cross Reference and Index by Site Number Sequence (Cont): 

Site No. Site Name/Town/Page 
B e n n i n g t o n C o u n t y ( C o n t ) 
B E - 1 0 7 C r a z y J o h n S t r e a m c h a r c o a l ki lns , S t a m f o r d (146, 170) 
B E - 1 0 8 T h o m p s o n F a r m c h a r c o a l m o u n d s , S t a m f o r d (170, 202 ) 
B E - 1 0 9 B a r n u m v i l l e l i m e k i ln , M a n c h e s t e r (227, 262 , 264 ) 
B E - 1 1 7 M a n c h e s t e r D e p o t l i m e ki ln , M a n c h e s t e r (227, 264) 
B E - 1 1 8 P o w n a l L i m e C o m p a n y , P o w n a l (222, 227, 265) 
B E - 1 3 4 O l d R o u t e 3 0 c h a r c o a l ki ln , W i n h a l l (170, 190) 
B E - 1 4 1 N o r t h D o r s e t l i m e k i ln , D o r s e t (227, 2 6 2 - 2 6 3 ) 
B E - 1 4 2 S y l v a n R i d g e c h a r c o a l k i lns , W i n h a l l (170, 190) 
B E - 1 4 3 S o u t h w e s t c o r n e r c h a r c o a l ki ln , S u n d e r l a n d (170, 192) 
B E - 1 4 4 J u d s o n - H o w e l l l i m e ki ln , A r l i n g t o n (227, 264) 
B E - 1 5 3 H a r m o n H i l l c h a r c o a l a r e a , W o o d f o r d (170, 197) 
B E - 1 9 0 N o r t h w e s t c o r n e r c h a r c o a l k i ln , G l a s t e n b u r y (170, 192) 
B E - 1 9 1 B e n e d i c t H o l l o w c h a r c o a l k i lns , A r l i n g t o n (170, 193) 
B E - 1 9 2 M a r t i n l i m e k i ln , A r l i n g t o n (227, 2 6 4 - 2 6 5 ) 
B E - F S 7 A m a d e n & S o n l i m e k i ln , R e a d s b o r o (227, 265) 
B E - C K 0 1 S n o w V a l l e y c h a r c o a l a r e a , W i n h a l l (170, 189) 
B E - C K 0 2 B a r n u m v i l l e c h a r c o a l k i lns , M a n c h e s t e r (171, 188, 189) 
B E - C K 0 3 R o o t & J o n e s C h e m . Co. (charcoal ) , B e n n i n g t o n (164, 171, 187 , 2 0 2 ) 
B E - C K 0 4 R e d M o u n t a i n c h a r c o a l a r e a , A r l i n g t o n (171, 193, 264) 
B E - C K 0 5 S a n d g a t e c h a r c o a l p l a n t , S a n d g a t e (171, 193) 
B E - C K 0 6 F a y v i l l e c h a r c o a l k i ln , G l a s t e n b u r y (156, 171, 192) 
B E - I W 0 1 B e n n i n g t o n fo rge , B e n n i n g t o n (74, 1 3 3 - 1 3 4 ) 
B E - I W 0 2 W o o d f o r d f u r n a c e a n d fo rge , W o o d f o r d (74, 138) 
B E - I W 0 3 N o b e l ' s f o r g e , P o w n a l (74, 138) 
B E - I W 0 4 D o r s e t V i l l a g e f u r n a c e , D o r s e t (74, 1 3 9 - 1 4 0 ) 
B E - I W 0 5 F a c t o r y P o i n t f u r n a c e , M a n c h e s t e r (57, 71, 74, 1 4 2 - 1 4 3 ) 
B E - I W 0 6 S a g e a n d O l i n f u r n a c e , B e n n i n g t o n (71, 74, 134) 
B E - I W 0 7 " T h e P u p " , B e n n i n g t o n (74, 1 3 4 - 1 3 6 , 193) 
B E - L K 0 1 N o r t h P o w n a l l i m e k i ln , P o w n a l (227, 265) 
B E - L K 0 2 D o r s e t M o u n t a i n R o a d l ime ki ln , D o r s e t (227, 262) 
B E - L K 0 3 P u r d y H i l l l i m e k i ln , M a n c h e s t e r (227, 264) 
B E - L K 0 4 H o p p e r B r o o k l i m e ki ln , S a n d g a t e (227, 264) 
B E - L K 0 5 E q u i n o x M o u n t a i n l i m e ki ln , M a n c h e s t e r (227, 264 ) 
B E - L K 0 6 R e a d s b o r o l i m e k i ln , R e a d s b o r o (227, 265) 
B E - L K 0 7 R e d M o u n t a i n l i m e ki ln , A r l i n g t o n (193, 227 , 264) 
B E - L K 0 8 L a w r e n c e l i m e k i ln , S u n d e r l a n d (227, 264) 

C a l e d o n i a C o u n t y 
C A - 2 0 P a d d o c k I r o n W o r k s , S t . J o h n s b u r y (43, 74, 7 7 - 7 9 , 172) 
C A - C K 0 1 I . N . H a l l & S o n c h a r c o a l ki ln , G r o t o n (171, 172) 
C A - I W 0 1 J o e s B r o o k fo rge , D a n v i l l e (74, 79) 
C A - L K 0 1 M a r l P o n d l i m e k i ln , S u t t o n (227, 230) 

C h i t t e n d e n C o u n t y 
C H - 1 P i n e I s l a n d c h a r c o a l m o u n d s , C o l c h e s t e r (171, 172) 
C H - 2 8 2 W e s t o n L i m e W o r k s , S o u t h B u r l i n g t o n (227, 240, 2 4 1 - 2 4 2 ) 
C H - 2 8 4 C h a m p l a i n V a l l e y L i m e C o m p a n y , C o l c h e s t e r (218, 221 , 2 2 3 , 2 2 4 , 2 2 7 , 2 4 0 , 2 4 1 ) 
C H - 3 6 5 L a b e r g e l i m e k i ln , C h a r l o t t e (227, 2 3 9 - 2 4 0 ) 
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C H - F S 7 0 S p a f f o r d f o r g e , Wi l l i s t on (74, 87) 
C H - F S 1 1 8 B a t e s l i m e k i ln , C o l c h e s t e r (227, 239) 
C H - I W 0 1 I r a A l l e n f o r g e , C o l c h e s t e r / B u r l i n g t o n (59, 74, 8 6 - 8 7 , 172) 
C H - I W 0 2 S h e l b u r n e F a l l s fo rge , S h e l b u r n e (74, 87) 
C H - I W 0 3 S t a n t o n f o r g e , W e s t f o r d (74, 87) 
C H - I W 0 4 S e e l e y fo rge , W e s t f o r d (74, 87) 
C H - I W 0 5 M i l t o n f o r g e , M i l t o n (74, 87) 
C H - I W 0 6 B u r l i n g t o n M a n u f a c t u r i n g C o m p a n y , B u r l i n g t o n (37, 74, 86) 
C H - L K 0 1 S t a v e P o i n t l i m e k i ln , C o l c h e s t e r (227, 239) 

F r a n k l i n C o u n t y 
F R - 6 7 K e i t h f u r n a c e - w e s t , S h e l d o n (14, 16, 60, 71, 74, 8 2 - 8 3 ) 
F R - 6 8 K e i t h f u r n a c e - e a s t , S h e l d o n (14, 16, 60, 71, 75, 8 2 - 8 3 ) 
F R - 1 4 9 R o c k R i v e r f u r n a c e , H i g h g a t e (14, 75, 84, 86) 
F R - 1 6 3 B a r n e y f o r g e , S w a n t o n (71, 75, 8 0 - 8 2 , 164) 
F R - 1 7 8 F o n d a J u n c t i o n l i m e k i lns , S w a n t o n (221, 227 , 233 , 2 3 7 - 2 3 8 , 2 3 9 ) 
F R - 1 7 9 J o y a l l i m e k i ln , S w a n t o n (227, 235) 
F R - 2 2 4 M i s s i s q u o i L i m e C o m p a n y , H i g h g a t e (67, 227 , 231 , 234 ) 
F R - 2 2 5 M i s s i s q u o i L i m e W o r k s I n c o r p o r a t e d , H i g h g a t e (218, 2 2 1 , 2 2 7 , 2 3 2 , 2 3 4 ) 
F R - 2 2 6 B a n c r o f t l i m e k i ln , S h e l d o n (227, 2 3 4 - 2 3 5 ) 
F R - 2 2 7 R i c h f o r d l i m e k i ln , R i c h f o r d (227, 234) 
F R - 2 2 8 S w a n t o n L i m e W o r k s , S w a n t o n (221, 228 , 2 3 5 - 2 3 6 ) 
F R - F S 2 4 R i c h L i m e W o r k s , S w a n t o n (228, 237, 238) 
F R - I W 0 1 M i s s i s q u o i f o rge , S w a n t o n (10, 75, 80) 
F R - I W 0 2 F a i r f i e l d f u r n a c e , F a i r f i e l d (71, 75, 8 2 - 8 3 ) 
F R - I W 0 3 B r a i n e r d a n d G a d c o m b forge , S h e l d o n (60, 75, 8 3 - 8 4 ) 
F R - L K 0 1 F e r r i s l i m e k i ln , S w a n t o n (228, 235) 

G r a n d I s l e C o u n t y 
G I - 2 7 F o r t S a i n t e - A n n e l i m e ki ln , I s le L a M o t t e (216, 228 , 2 3 0 - 2 3 1 ) 

F i s k P o i n t l i m e k i lns , I s le L a M o t t e (216, 228 , 2 3 0 - 2 3 1 ) 
G I - I W 0 1 G o o d w i n fo rge , G r a n d I s le (75, 80) 

L a m o i l l e C o u n t y 
L A - I W 0 1 C a d y ' s F a l l s fo rge , M o r r i s t o w n (75, 88) 
L A - L K 0 1 B e n j a m i n T h o m a s l i m e ki ln , W a t e r v i l l e (228, 2 3 8 - 2 3 9 ) 
L A - L K 0 2 T i l l o t s o n l i m e k i ln , W a t e r v i l l e (228, 239) 
L A - L K 0 3 S h a t t u c k M o u n t a i n l i m e ki ln , W a t e r v i l l e (228, 239 ) 
L A - L K 0 4 B r a d f o r d l i m e k i ln , J o h n s o n (228, 239) 
L A - L K 0 5 B u t l e r l i m e k i ln , J o h n s o n (228, 239) 

O r a n g e C o u n t y 
O R - F S 1 2 L i m e h u r s t L a k e l i m e k i ln , W i l l i a m s t o w n (228, 2 4 7 - 2 4 8 ) 
O R - C K O l W e s t B r a i n t r e e c h a r c o a l k i lns , B r a i n t r e e (171, 175) 
O R - C K 0 2 E l y c h a r c o a l k i lns , F a i r l e e ( 1 7 1 - 1 7 5 ) 
O R - I W O l R a n d o l p h f u r n a c e s , R a n d o l p h (75, 128) 
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O L - 3 B o s t o n a n d T r o y I r o n C o m p a n y , T r o y (16, 28, 43, 75, 7 9 - 8 0 ) 
O L - I W O l P h e l p s F a l l s f o r g e , T r o y (75, 79) 

R u t l a n d C o u n t y 
R U - 4 1 G r e e n M o u n t a i n I r o n C o , B r a n d o n (27, 28, 31, 33, 35 , 43 , 6 4 - 6 5 , 71, 75, 1 2 3 - 1 2 8 , 1 7 5 - 1 7 6 ) 
R U - 5 7 G r a n g e r f u r n a c e , P i t t s f o r d (16, 26, 30, 39, 42, 43, 49 , 71, 75 , 1 1 4 - 1 1 9 ) 
R U - 7 6 T i n m o u t h C h a n n e l f u r n a c e , T i n m o u t h (75, 109) 
R U - 7 7 R a t h b o n e f u r n a c e , T i n m o u t h (43, 75, 1 0 9 - 1 1 0 ) 
R U - 7 8 O l d J o b c h a r c o a l k i lns , M o u n t T a b o r (57, 171, 1 7 9 - 1 8 2 , 1 8 4 - 1 8 6 ) 
R U - 7 9 T e n K i l n s B r o o k c h a r c o a l k i lns , M o u n t T a b o r (171, 179, 182) 
R U - 8 4 B l a c k B r a n c h c h a r c o a l k i lns , M o u n t T a b o r (171, 1 7 9 - 1 8 3 ) 
R U - 8 5 F o u r K i l n s c h a r c o a l k i lns , M o u n t T a b o r (171, 1 7 9 - 1 8 1 , 183) 
R U - 8 6 G r e e l e y ' s M i l l s c h a r c o a l a r e a , M o u n t T a b o r (157, 171, 1 7 9 - 1 8 3 , 185) 
R U - 8 7 C h i p m a n f o r g e , T i n m o u t h (75, 1 0 7 - 1 0 8 ) 
R U - 9 7 C h i p p e n h o o k f u r n a c e , C l a r e n d o n (75, 110) 
R U - 9 8 S c o t c h H i l l l i m e k i ln , F a i r H a v e n (228, 248 , 249) 
R U - 9 9 C o l b u r n f u r n a c e , W e s t H a v e n (13, 27, 71, 75, 1 1 3 - 1 1 4 ) 
R U - 1 0 8 K i l n # 3 6 c h a r c o a l k i ln , M o u n t T a b o r (171, 185) 
R U - 1 5 3 G i b b s a n d C o o l e y f u r n a c e , P i t t s f o r d (42, 66, 75, 119) 
R U - 1 5 4 M a p l e b r o o k F a r m l i m e ki ln , T i n m o u t h (215, 228 , 250 ) 
R U - 1 5 5 K i l n B r o o k c h a r c o a l k i lns , C h i t t e n d e n (171, 177) 
R U - 1 5 6 L a m p m a n c h a r c o a l k i ln , C h i t t e n d e n (171, 1 7 7 - 1 7 8 ) 
R U - 1 5 7 V e r m o n t L i m e P r o d u c t s C o r p o r a t i o n , D a n b y (222, 228 , 2 5 1 - 2 5 2 ) 
R U - 1 6 0 D a n b y M o u n t a i n R o a d c h a r c o a l k i lns , D a n b y (171, 1 8 5 - 1 8 6 ) 
R U - 1 6 1 C r o w H i l l F a r m l i m e ki lns , T i n m o u t h (228, 250) 
R U - 1 6 2 W i l l a r d a n d P e r r y f u r n a c e , T i n m o u t h (42, 43 , 75, 1 0 8 - 1 0 9 ) 
R U - 1 6 4 ( U n i d e n t i f i e d c i r c u l a r s t o n e - l i n e d f e a t u r e ) , M t . H o l l y (252) 
R U - 1 6 5 B r o m l e y F a r m l i m e ki ln , W a l l i n g f o r d (228, 2 5 0 - 2 5 1 ) 
R U - 1 6 6 L i m e k i l n s a t " T h e Cobble", C l a r e n d o n (228, 250) 
R U - 1 7 1 P a c k a r d m i l l / f o r g e , T i n m o u t h (75, 110) 
R U - 1 7 9 M e n d o n l i m e k i ln , M e n d o n (228, 248) 
R U - 1 8 0 R i v e r R o a d l i m e k i ln , S h e r b u r n e (228, 248) 
R U - 1 8 8 B e a u d r y B r o o k c h a r c o a l m o u n d s , C h i t t e n d e n (171, 1 7 6 - 1 7 7 ) 
R U - 1 9 0 F u r n a c e B r o o k c h a r c o a l k i lns , C h i t t e n d e n (171, 177) 
R U - 1 9 4 S e a g e r H i l l l i m e k i ln , B r a n d o n (228, 248) 
R U - 1 9 5 G a m a l i e l L e o n a r d fo rge , F a i r H a v e n (13, 75, 115) 
R U - 1 9 6 B r i g g s l i m e k i lns , F a i r H a v e n (228, 249) 
R U - 1 9 7 D e v i l s D e n l i m e k i ln , M o u n t T a b o r (228, 252) 
R U - 1 9 8 H o w a r d H i l l l i m e k i ln , B e n s o n (228, 248) 
R U - 2 1 7 C o n a n t f u r n a c e , B r a n d o n (16, 41, 43, 52, 75, 1 2 0 - 1 2 1 , 176) 

B r a n d o n I r o n & C a r W h e e l C o m p a n y , B r a n d o n (75, 1 2 1 - 1 2 3 ) 
H o w e S c a l e C o m p a n y , B r a n d o n (56, 75, 123) 

R U - 2 6 0 B o m o s e e n l i m e k i ln , C a s t l e t o n (228, 2 4 8 - 2 4 9 ) 
R U - 2 6 1 C h i p p e n h o o k l i m e k i ln , C l a r e n d o n (43, 228, 2 4 9 - 2 5 0 ) 
R U - F S 1 7 L y o n ' s W o r k s , F a i r H a v e n (13, 18, 24, 42, 57, 75, 88, 1 1 0 - 1 1 2 , 174) 
R U - F S 1 9 D a n b y S t a t i o n c h a r c o a l k i lns , M o u n t T a b o r (161, 171, 1 7 9 - 1 8 0 , 185 , 187) 
R U - F S 4 8 V i l l a g e L i m e Ki ln , W a l l i n g f o r d (228, 251) 
R U - F S 4 9 K e l l e y a n d W e l l m a n l i m e ki ln , W a l l i n g f o r d (228, 251) 
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R U - F S 5 0 D o r a n l i m e k i ln , W e s t H a v e n (228, 249) 
R U - F S 1 1 9 ( U n i d e n t i f i e d c i r c u l a r f e a t u r e ) , C h i t t e n d e n (178) 
R U - C K 0 1 D u g o u t R o a d c h a r c o a l a r e a , C h i t t e n d e n (171, 178) 
R U - I W 0 1 F o r g e F l a t s , C h i t t e n d e n (57, 75, 107) 
R U - I W 0 2 M i l l e r f o r g e , W a l l i n g f o r d (75, 107) 
R U - I W 0 3 W a l l i n g f o r d f u r n a c e , W a l l i n g f o r d (75, 107) 
R U - I W 0 4 A l l e n f o r g e , T i n m o u t h (18, 71, 75, 110) 
R U - I W 0 5 C a r v e r ' s f o r g e , W e s t H a v e n ? (75, 112) 
R U - I W 0 6 D a n S m i t h f o r g e , W e s t H a v e n (75, 1 1 2 - 1 1 3 ) 
R U - I W 0 7 C a s t l e t o n f o r g e , C a s t l e t o n (75, 114) 
R U - I W 0 8 J o s l i n a n d D a r l i n g fo rge , P o u l t n e y (75, 114) 
R U - I W 0 9 J o h n B u r n h a m forge , M i d d l e t o w n S p r i n g s (75, 114) 
R U - I W 1 0 K e i t h f u r n a c e , P i t t s f o r d (14, 71, 75, 1 1 4 - 1 1 5 ) 
R U - I W 1 1 L a r n a r d ' s f o r g e , C h i t t e n d e n (75, 119) 
R U - I W 1 2 S u t h e r l a n d F a l l s fo rge , P r o c t o r (76, 1 1 9 - 1 2 0 ) 
R U - I W 1 3 S p u d L e o n a r d fo rge , P r o c t o r (76, 120) 
R U - I W 1 4 P i t t s f i e l d I r o n & S tee l C o m p a n y , P i t t s f i e l d (69, 76, 128, 176) 
R U - L K 0 1 V e r m o n t M a r b l e Co. l i m e ki ln , W e s t R u t l a n d (217, 220 , 2 2 1 , 2 2 8 , 2 4 9 ) 
R U - L K 0 2 F u l l e r l i m e k i ln , M o u n t Ho l ly (228, 252) 

W a s h i n g t o n C o u n t y 
W A - 2 1 S t e v e n s o n B r o o k c h a r c o a l m o u n d s , W a t e r b u r y (171, 172) 
W A - 2 5 Rice ' s f u r n a c e , W a i t s f i e l d (76, 8 7 - 8 8 ) 
W A - I W 0 1 D a v i s f o r g e , C a l a i s (76, 87) 

W i n d h a m C o u n t y 
W D - 3 8 S o m e r s e t f o r g e , D o v e r (60, 68, 76, 144) 
W D - 6 6 H a r o l d F i e l d c h a r c o a l ki ln , S t r a t t o n (171, 2 0 2 - 2 0 3 ) 
W D - 6 7 G r e e n e F a r m l i m e ki ln , D o v e r (228, 268) 
W D - 6 8 T h a y e r l i m e k i ln , J a m a i c a (228, 2 6 5 - 2 6 6 ) 
W D - 6 9 H a v e n l i m e k i ln , J a m a i c a (228, 267) 
W D - 7 0 T w i t c h e l l - H o w a r d l ime ki ln , J a m a i c a (228, 2 6 6 - 2 6 7 ) 
W D - 8 7 B e m i s l i m e k i ln , A t h e n s (228, 267) 
W D - 8 8 P i k e - B i l l s l i m e k i ln , S t r a t t o n (228, 2 6 7 - 2 6 8 ) 
W D - 8 9 G r i m e s - F i t z g e r a l d l i m e ki ln , W h i t i n g h a m (229, 268 ) 
W D - 9 0 K e n f i e l d - K a u f m a n n l ime ki ln , W h i t i n g h a m (229, 269 ) 
W D - 9 1 N o . 9 B r o o k l i m e ki ln , W h i t i n g h a m (229, 2 6 8 - 2 6 9 ) 
W D - 9 2 G r a y - H o l t l i m e k i ln , T o w n s h e n d (229, 267) 
W D - 1 2 6 V e r m o n t L i m e C o m p a n y , W h i t i n g h a m (229, 270) 
W D - 1 2 7 K i n g s l e y l i m e k i ln , W h i t i n g h a m (229, 269) 
W D - F S 1 3 W e s t W a r d s b o r o l i m e ki ln , W a r d s b o r o (229, 268 ) 
W D - F S 1 4 L i m e H o l l o w l i m e ki ln , W h i t i n g h a m (229, 2 6 9 - 2 7 0 ) 
W D - L K 0 1 M e r r i f i e l d R o a d l i m e ki ln , W h i t i n g h a m (229, 269) 
W D - L K 0 2 W i n d m i l l M o u n t a i n l ime ki ln , W e s t m i n s t e r (229, 2 6 7 ) 
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W N - 5 1 T y s o n F u r n a c e , P l y m o u t h (16, 27, 43, 6 1 - 6 3 , 76, 1 2 8 - 1 3 2 ) 
W N - 5 8 U p p e r F a l l s l i m e k i lns , W e a t h e r s f i e l d (229, 2 5 9 - 2 6 0 ) 
W N - 1 0 4 A m s d e n l i m e k i lns , W e a t h e r s f i e l d (217, 222, 229 , 2 5 8 , 2 6 0 - 2 6 2 ) 
W N - 1 0 8 B u r n t M o u n t a i n l i m e ki ln , P l y m o u t h (229, 254) 
W N - 1 0 9 C a m p g r o u n d l i m e k i ln , P l y m o u t h (229, 255) 
W N - 1 1 0 R i c e l i m e k i l n , P l y m o u t h (229, 257) 
W N - 1 1 1 G r a c e ' s l i m e k i ln , P l y m o u t h (229, 254) 
W N - 1 1 2 K n a p p l i m e k i ln , P l y m o u t h (229, 254) 
W N - 1 1 3 B r o o k w o o d l i m e k i ln , P l y m o u t h (229, 2 5 7 - 2 5 8 ) 
W N - 1 1 4 M o n e y B r o o k l i m e ki ln , P l y m o u t h (229, 255) 
W N - 1 1 8 F e l c h v i l l e l i m e k i ln , P l y m o u t h (229, 259) 
W N - 1 1 9 G r a s s P o n d l i m e k i ln , P l y m o u t h (229, 2 3 4 - 2 3 5 ) 
W N - 1 2 0 F r o g C i t y l i m e k i ln , P l y m o u t h (229, 255) 
W N - 1 2 1 W a r d L i m e W o r k s , P l y m o u t h (229, 254) 
W N - 1 2 3 L o w e r B r a n c h B r o o k l i m e k i ln , W e a t h e r s f i e l d (229, 2 6 2 ) 
W N - 1 2 4 L i b e r t y H i l l l i m e k i ln , R o c h e s t e r (229, 252) 
W N - 1 2 8 M e s s e r H i l l R o a d l i m e ki ln , P l y m o u t h (229, 2 5 5 - 2 5 6 ) 
W N - 1 3 3 L o w e r G r a n d V i e w L o d g e R d . l ime ki ln , P l y m o u t h (229, 2 5 6 ) 
W N - 1 3 4 U p p e r G r a n d V i e w L o d g e Rd . l ime ki lns , P l y m o u t h (229 , 2 5 6 - 2 5 7 ) 
W N - 1 3 5 U p p e r B r a n c h B r o o k l i m e ki ln , P l y m o u t h (229, 262 ) 
W N - 1 3 6 C a v e n d i s h S t a t i o n l i m e ki ln , C a v e n d i s h (204, 213 , 229 , 2 5 9 ) 
W N - 1 3 7 S t e a r n s l i m e k i ln , C a v e n d i s h (229, 259) 
W N - 1 3 8 M o o r e - C a l k i n s l i m e k i ln , P l y m o u t h (229, 255) 
W N - 1 3 9 P l y m o u t h N o t c h l i m e k i ln , P l y m o u t h (229, 257) 
W N - 1 8 5 R e s e r v o i r B r o o k l i m e k i ln , P l y m o u t h (229, 2 5 3 - 2 5 4 ) 
W N - F S 1 4 U p p e r F a l l s fo rge , W e a t h e r s f i e l d (76, 128) 
W N - F S 1 8 H a l l ' s l i m e k i ln , P l y m o u t h (229, 255) 
W N - F S 1 9 J e w e l l B r o o k l i m e k i ln , L u d l o w (229, 258) 
W N - C K 0 1 S a l t A s h M o u n t a i n c h a r c o a l a r e a , P l y m o u t h (171, 186) 
W N - I W 0 1 W h i t e R i v e r I r o n C o m p a n y , B e t h e l (76, 1 3 2 - 1 3 3 ) 
W N - L K 0 1 B l a c k P o n d l i m e k i ln , P l y m o u t h (229, 254) 
W N - L K 0 2 E a s t B e t h e l l i m e k i ln , B e t h e l (229, 252) 
W N - L K 0 3 S o u t h W o o d s t o c k l i m e k i ln , W o o d s t o c k (229, 259) 
W N - L K 0 4 S h a t t u c k F a r m l i m e k i ln , W e s t o n (229, 252) 
W N - L K 0 5 H u t c h i n s l i m e k i ln , A n d o v e r (229, 258) 
W N - L K 0 6 N o r t h A n d o v e r l i m e k i ln , A n d o v e r (229, 258) 
W N - L K 0 7 A d a m s l i m e k i ln , L u d l o w (229, 258) 
W N - L K 0 8 K n a p p P o n d R o a d l i m e ki ln , C a v e n d i s h (230, 259) 

7 



Furnaces, Forges, and Foundries 

A brief description of the various furnace names, 
dimensions, and applications to the early iron industry. 

This paper was initially written for "Exploring Local Industry, Middlebury 1800-1990" 
presented by The Sheldon Museum, Middlebury, Vermont, on November 8-10, 1985 

Updated and revised May 28, 1998 

by 

Victor R. Rolando 
214 Jefferson Heights 
Bennington VT 05201 

(802) 442-0105 
vic.rolando@juno.com 

Material in this paper came from many sources. Permission is 
granted by the author for copying/duplication/quoting as long 
as proper sources as stated herein are credited. 

mailto:vic.rolando@juno.com


Furnaces, Forges, and Foundries 

Contents 

Introduction 1 

The Charcoal Blast Furnace 2 

Ore Roasting Oven 3 

Hot Blast Oven 4 

Cupola (Air) Furnace 5 

Cememtation Furnace 6 

Cast Steel Air Furnace 7 

Heating (Re-heating) Furnace 9 

The Bloomery Forge 9 

Puddling Furnace 19 

Pocket Furnace 20 

References Cited 21 

11 



Furnaces, Forges, and Foundries 

Introduction 

The iron industry was, and still is, fraught with technical terms and expressions that 
appear to sound alike, but each describe a specific industrial process. Such things as a 
blast furnace, air furnace, cupola furnace, heating furnace, pocket furnace, etc., all tend to 
confuse. Historians generally lumped all these expressions under the all-inclusive 
category of the "forge," leaving it to later generations of historians to sift through the 
words and try to figure out exactly what was going on at the ironworks. 

The word "forge" can be a noun or a verb; it can be a place where iron was worked 
(noun) or it can be the working of iron (verb). In its strict definition, a forge was a place 
where iron was hammered, whether by hand or machine, whereas a furnace was a place 
where molten iron was dealt with. So what, then was Jason Davenport of Middlebury, 
Vermont, advertising in the August 7, 1849 issue of the Middlebury Galaxy when he said 
that he had on hand for sale "forge castings" (Rolando 1992:93)? 

Working iron usually meant heating, melting, hammering, molding, rolling, drawing, 
and shearing. The latter three were normally associated with foundry operations. 
Historians also called a place where iron was being made a forge, which additionally 
included such operations as smelting, casting, puddling, reducing, etc. A forge, therefore, 
can be interpreted to mean almost anything connected with the iron industry, depending 
on the time period of the published material and the technical background of the writer 
and/or historian. The forge could, therefore, have been a full-scale blast furnace 
operation; it could have been a blacksmith's shop. The word "forge" should be approached 
carefully and skeptically. 

Early histories abound with statements that :"At an early time a furnace operated in 
the town . . . " with no further information. Depending on such other factors as proximity 
to water power, iron ore, fuel, and market, the :"furnace" could have been a blast furnace; 
it could have been a small farrier's shop. Follow-up field work usually uncovers the 
secret, although a knowledge of the furnace structure and dimensions is important for 
interpreting the remains in addition to being able to recognize the site when it is seen. 

The 19th century witnessed the final transition of the iron industry from the 
technically stagnant Middle Ages through the frenzied Industrial Revolution and into the 
'modern' 20th century. During that 100-year period, the industry experienced so many 
technical improvements that many blast furnaces were obsolete a mere dozen years after 
they were built. A correct description of the industry and its furnace artifact for the 19th 
century is therefore impossible since no period is typical of the entire century. 

The 1840s has been chosen for this period of description for a few reasons. For one, the 
1840s was the period when the works' owners were comparing notes, sharing technical 
knowledge, and learning that "secret processes" were hindering not only the general 
growth of the industry but also their individual success. Owners were staring to recognize 
that iron making was a chemical process and that almost insignificant variances in 
furnace design and construction materials made significant changes to the quality and 
character of the final iron product. By the 1840s, the iron industry in Vermont was in 
transition, numbers of iron-making blast furnaces and bloomeries were decreasing while 
the manufacture of agricultural implements was increasing. 
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A few blast furnaces continued to operate in Vermont after the 1840s. The Green 
Mountain Iron Company stack at Forestdale to 1865 and the Vermont Iron Company 
stack at Pittsford to the 1870s (maybe 1880s?). But the 1840s generally mark the high 
water mark of blast furnace activity in Vermont. It is a good sample period. 

The Charcoal Blast Furnace 

By the mid-1800s, blast furnaces fueled by anthracite (coke) were appearing in the 
Northeast. Anthracite was tried unsuccessfully at two places in Vermont. The abundant 
local forests, however, provided sufficient fuel for Vermont's blast furnaces. The charcoal 
blast furnace was generally 35 feet high and set 30 feet square at the base on a 
foundation 32 feet square and extended some 6 to 10 feet below ground. The walls of the 
stack sloped inward with height so that this 35-foot high stack was 15 feet square at the 
top, approximately a quarter the area of the base (figure 1). The outside walls were made 
of hard, dense stone, capable of withstanding the weight of everything above without 
cracking. This outside wall was sometime mortared. The inside walls, where the heat of 
the furnace reduced the ore, were made of a refractory quality stone, usually sandstone, 
although by the 1840s some type of refractory bricks (firebricks) were starting to appear. 

Hearth 
Tuyeres 
Approx Ground Level 

— Blast 
Foundation 

Figure 1. A section of a charcoal blast furnace through the tuyere arches (Overman 
1850:153). 

Bosh 
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As the name implies, the charcoal blast furnace was fueled by charcoal and its high 
temperatures were created by the forced blast of air. The blast was continuous, although 
at of a pressure of only V* to V2 pound per square inch, it was none-the-less of high 
volume, pumped by large bellows or air cylinders that were driven by a huge waterwheel. 
The blast was introduced into the furnace interior through cast a iron nozzle called a 
"tuyere" (pronounced: too-wee'-r), located inside the three tuyere arches. The fourth 
archway, the largest of the four, was the work arch, where ironworkers maintained the 
hearth and periodically tapped slag and molten iron from the furnace interior. 

The blast furnace had one sole purpose, which was to reduce iron ore to molten iron 
that when cooled, became a relatively hard, high-carbon cast iron. The blast furnace ran 
night and day without stop, except for malfunctions. Continuous blasts lasted several 
months, sometimes 15 to 18 months. In Vermont, however, frozen winter streams limited 
blasts from spring to fall. The life of the firebrick usually defined the length of the blast. 
During the blast, all fuel, flux, and ore had to keep coming to the top of the furnace stack 
while molten slag and iron were drawn from the bottom. Nothing was allowed to interrupt 
the rhythm of wagons arriving and leaving, roads had to be kept clear, no holidays or 
weekends stopped the process (Rolando 1992:24-35). 

Ore Roasting Oven 

After the iron ore was mined and crushed, separated, and washed, but before it was 
prepared for charging into the blast furnace, it was sometimes roasted. The process of 
roasting the ore removed such impurities as sulfur, hydrogen, chloride, arsenic, and 
phosphorous. These were drawn off as gas, 
and in the case of sulfur, also reduced the 
chance of explosion inside the blast furnace. 
Although called roasting ovens, they had all 
the external appearances (as also did some 
lime kilns) of a short, 12- to 18-foot high 
blast furnace (figure 2). 

Raw ore mixed with charcoal was loaded 
into the oven through the large opening at 
the top, a fire of wood or charcoal started at 
the bottom, and the whole mass smoldered, 
roasting away water and gas. When complete, 
the bottom grates were pulled out and the 
treated ore shoveled into waiting wagons. 
An oven of 50 tons initial capacity yielded 30 
tons of roasted ore every 24 hours. (The pro-
cess is very similar to that employed at lime 
kilns.) 

Figure 2. A section through an ore 
roasting oven (Overman 1850:41). 
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Figure 3. A hot blast oven atop the blast furnace stack, showing how hot exhaust gas was 
tapped (Overman 1850:450). 

Hot Blast Oven 

A significant technical improvement to the blast furnace made in the early 19th century 
was that of preheating the blast. This was found to significantly increase the smelting 
temperature and reduce the charcoal-to-iron ratio. Initial heating ovens were small 
stoves that stood next to the base of the blast furnace through which passed thin-walled 
pipes carrying outside cold air from the bellows to the tuyeres. The pipes were heated by 
fire in the stove fueled by charcoal or wood. In time, the ground-based stove was replaced 
in favor of utilizing the heat of the waste gases exiting the top of the furnace stack (figure 
3). 

In practice, the pipe containing cold, damp outside air traveled from the bellows up the 
outside of the blast furnace wall to the top. Here, a small brick chamber (stove) conveyed 
hot waste gas around the air pipes, heating and drying the air. The somewhat cooled 
waste gases expelled out the other end of the oven while the heated air was forced (by 
cooled air being pumped into the oven) down a slightly larger pipe (warm air expands) 
called a down-comer that traveled down inside the furnace (between the outer and inner 
walls) to keep it warm. At the bottom, another pipe that circled the hearth called a bustle 
pipe conveyed the heated air to the three tuyeres. Hot blast ovens were capable of raising 
air blast temperatures to 600° F. Although not generally used in the industry until the 
1840-50 period, a blast furnace at Bennington, Vermont, experimented with hot blast in 
the early 1830s. A circa 1900 photo of the Forestdale furnace ruins clearly shows oven 
remains (which no longer exist), at the top of the stack. 
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Cupola (Air) Furnace 

Even within the iron industry, the cupola furnace should have more than one definition. 
One type of cupola furnace (figure 4) was a cupola-shaped blast furnace, so named for its 
similarity to the cupola furnace of the foundry. It was a poor type of blast furnace because 
the walls were too thin to insulate and hold its heat. Its only advantage over the usual 
type blast furnace was its relatively inexpensive construction cost. 

The foundry cupola furnace was a tall, round furnace that served merely to melt pig 
and scrap iron for use in manufacture of castings. This cupola had a high height-to-
diameter ratio, sometimes reaching 25 to 30 feet high with only a 4 to 6-foot diameter. 
Pig and scrap iron (and sometimes even some iron ore to affect the character of the iron) 
mixed with charcoal or coke were loaded through a side door about 10 feet above the 
hearth. A ring of tuyeres at the hearth provided hot blast that melted everything inside. 
The molten iron was either cast direct at the foundry or molded into ingots for later 
use or sale to other foundries. Cupolas were the standard furnace in Vermont foundries 
that cast stoves, farming implements, pots and kettles (hollow ware), mill gearing, 
and railroad and machine castings. Advertisements in ca. 1790-1850 newspapers for "pot 
metal wanted for our furnace" were looking for scrap iron (old iron pots) for melting in the 
foundry cupola. The cupola furnace essentially relieved the blast furnace of casting; the 
latter just made iron while the cupola cast it. 

By the late 19th century, cupola furnaces were made of sections of hollow cast plates. 
Water circulated inside the plates to prevent them from melting. The cupolas were 2 to 3 
floors high inside the foundry building and could be located from the outside by the tell-
tale smoke-belching high chimney that extended above the foundry roof (Figure 5). 

Figure 4. A section and interior (left), and front view (right) of a cupola blast furnace 
(Overman 1850:163). 
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Cementation Furnace 

Before Henry Bessemer of England and William "Pig Iron" Kelley of Kentucky discovered 
methods of producing large quantities of steel quickly and cheaply, most steel was made 
by foundries in a low-volume time-consuming furnace called a cementation furnace. In 
this furnace, this iron bars of wrought iron were heated to just under melting temperature 
in sealed clay containers that contained loose charcoal dust. Under the influence of heat, 
carbon in the charcoal was absorbed by the iron, creating an iron bar with a wrought iron 
core under a steel surface. The action of the carbon on the iron created blotchy patterns 
looking like blisters, thus the name of blister steel. Much blister steel went into the 
manufacture of fine cutlery, springs, and edge tools (axes, chisels, saw blades, files, etc.), 
since the steel jacket allowed the iron to hold a fine cutting edge. 

The furnace measured 12 to 15 feet wide by 20 to 25 feet deep. A conical chimney 40 to 
45 feet high vented smoke and gas out the foundry roof. The iron bars were laid up in 10-
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to 16-foot long by 2- to 3-foot square clay containers (figure 6). Two such containers of 
iron took 10 to 12 days to process. With the Bessemer converter, blister steel went out o 
fashion although many small rural foundries continued the process for specialized local 
applications in the manufacture of edge tools and framing implements (plows, shears, 
reapers, etc.). 

Figure 6. A cementation furnace for making blister steel (Overman 1850:471). 

Cast Steel Air Furnace 

The only innovation in steel making between the colonial period and the Civil War was 
the crucible method. Much more complex and costly than the cementation process, in the 
crucible method, pieces of blister steel were broken and melted in refractory clay 
containers to produce a much better quality steel that possessed a uniform internal 
distribution of carbon. The product was called crucible steel or cast steel. 

The crucibles were 5 inches wide by 18 inches deep and were made of a highly 
refractory slay mixed with charcoal dust. Hot gases were drawn from the furnace hearth 
through the crucible chamber and vented upward, out the chimney (figure 7). In some 
foundries, rows of these furnaces were built into the foundation of the building such that 
access to the crucibles was through a row of trap doors in the floor (figure 8). Each 
crucible contained about 50 pounds of steel and took 3 hours or longer to process. The 
crucibles were carefully lifted with long prongs and the steel poured into preheated molds. 

iron bars laid up lengthwise, 10 
to 16 feet deep into the furnace 
and baked for 10 to 12 days. 

7 



Furnaces, Forges, and Foundries 

Each furnace had its own crucible chamber and chimney, so that a row of chimneys on a 
foundry roof might mean a row of air furnaces beneath. 

Figure 7. A cast steel air furnace 
showing the crucible in place in its 
compartment (left, center) under 
the door (Overman 1850:476). 

Figure 8. An iron worker 
lifting a crucible of steel 
from the furnace (Lewis 
1976:36). 
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Heating (Re-heating) Furnace 

When iron was being worked at the foundry, that is, hammered, drawn, punched, etc., a 
means was required to keep the iron hot, lest it crack and/or deform. The heating furnace 
was the answer, which was nothing more than a long, narrow heated chamber (figure 9). 
In this furnace, hot burning gases were drawn from the hearth at the front end of the 
furnace, up and through a chamber in which iron rods, bars, or sheets were placed, and 
vented out a chimney. The heat was sufficient to keep the iron workable without melting 
or deforming it. While some bars were being heated, others were being worked, so that a 
number of pieces were processed at the same time. The furnace was generally rectangular 
in shape, about 8 or more feet wide, depending on the size of the work to be heated, and 5 
or less feet deep, so as to maximize the heating effects of the burning gases. Charcoal 
coke, or coal was used for fuel; the tall exhaust chimneys provided good draft to "draw" 
the flames through the chamber. 

Figure 9. A section through a reheating furnace (Overman 1850:372). 

The Bloomery Forge 

The availability of forests to provide fuel for making charcoal did as much to dictate 
location of the bloomery forge site as did the site's proximity to waterpower. Bits of slag in 
Near Eastern deserts betray an ancient catastrophic loss of local forests for making 
charcoal, at a time when the primitive methods of iron making consumed 70 pounds of 
charcoal for every pound of iron produced (Fleming Jul/Aug 1983:66). 

Contrary to popular thought, unlimited hardwood forests were not everywhere 
available in the American Colonies to supply charcoal. The expensively high ratio of 
charcoal consumption to iron bar production caused many to consider bloomery forges as 
wasteful. One of these areas was Pennsylvania, where few bloomeries existed. There the 
blast furnace came into use instead from almost the birth of this frontier industry. The 
reverse was true in New England, where bloomeries thrived (Bining 1973:65). Colonial 
New England iron was therefore made primarily in bloomeries (Pearse 1876:101). 
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Vermont was no exception; there were many more bloomeries than blast furnaces. 
Many of the early New England ironworks contained "complete works"—both blast 

furnace and bloomeries—rather than just one type of forge. These New England works 
were generally categorized as follows (Bining 1973:28): (1) smelting furnaces reduced 
crushed rock-bearing ore into pigs, with unlimited charcoal supply; (2) refinery forges 
imported pig iron from New York, Pennsylvania, and Maryland furnaces and converted it 
into bar iron; (3) bloomery forges reduced directly from bog ore (without an intermediary 
furnace operation) into blooms—but much inferior to those refined from pigs; (4) "bog ore" 
furnaces reduced bog ore and mainly cast hollowware. 

Few records dealing with the operations of forges in colonial America have survived but 
it is assumed the forge procedures and design in Vermont followed the English pattern. 
Generally, the English forge had two hearths (called fires in the 1780s and 1790s) to each 
trip-hammer. Plans of the forge at the 17th-century ironworks at Saugus, Massachusetts, 
contained this ratio. The 1765 forge at 
Charlotteburg, New Jersey (figure 10), 
had two sets of this 2 - to - l hearth-to-
trip-hammer arrangement, each set 
using about 2,000 square feet of floor 
space (Lenik 1974:10). Ira Allen con-
tracted for a forge at Tinmouth in 1791 
with two fires. A year later he contract-
ed for another forge in Shelburne 
measuring 50 by 40 feet, or 2,000 
square feet (Wilbur vol. 2 1928:6, 27). 
Matthew Lyon sold his "two south fires 
together with a hammer, anvil, and coal 
house" at Fair Haven in 1794 (Adams 
1870:142). It seems, therefore, that 
Vermont's earliest bloomeries, at least, 
followed somewhat in the pattern of Figure 10. Ground plan of a bloomery forge at 
English and colonial American bloom- Charlotteburg, New Jersey, about 1765; typical 
eries. in both layout of apparatus and area as those 

Vermont bloomeries in the early built by Ira Allen in Vermont during the 1780s 
1800s were the latest improved version (Lenik 1974:10). 
of the old Catalan forge (Overman 
1850:245). No longer a small cup-shaped device, it had evolved to a 6- to 8-foot-square 
stonework table called the hearth, with a place for the fire 24 to 30 inches square, 
recessed 15 to 18 inches deep into one corner of the hearth. The hearth was 3 to 4 feet 
high. Through the back wall was an iron nozzle called the tuyere, which directed the 
preheated draft that was provided by the wooden bellows and waterwheel (figure 11). 
These were early predecessors to the Champlain Forge, which reduced magnetic ores. The 
Lake Champlain region, both the Vermont and New York sides, was regarded industry-
wide as containing the best-known deposits of the time. 

To reduce the ore in a bloomery, first the hearth was lined with charcoal, then coarse 
iron ore placed against the wall of the hearth opposite the tuyere, the fire set, and the 

CHARLOTTE BURG 
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draft gently directed against the ore. Char-
coal and ore were added as the process 
continued, 400 pounds of ore being a 
common charge. Charcoal was piled 2 to 3 
feet high against the back wall above the 
hearth. After IV2 to 2 hours the charge was 
reduced to a hot (but not red-hot) mass, 
pasty in consistency, like taffy or cold 
molasses. It was the skill and experience 
of the bloomer that made the critical 
difference whether the soft iron mass 
could be separated from enough charcoal 
and non-iron elements to result in a 
bloom of marketable value. Poor iron, 
with too high a ratio of non-iron elements 
remaining in the product, resembled no 
more than one large chunk of slag. The 
resulting bloom was therefore subject to 
considerable variation, depending on 
whether the bloomer considered the 
economy of charcoal or ore the object. By 
manipulating the tuyere to save charcoal 
he obtained a small yield of iron; or, he 
obtained more iron by burning more char-
coal. 

Good bloomers worked the iron mass 
in the hearth with long iron tools, slowly 
applying moderate draft, and turning and 
folding the charge (much like a baker 
kneading dough). The bloomer's job was 
to concentrate the iron within the charge 
into a coherent ball of iron, working out 
pieces of stone and non-iron material. 
Some of the non-iron material might melt 
and run out of the charge as droplets of 
slag, but usually the charge looked like 
one large mass of debris, except to the eye 
of the expert bloomer. When he judged the 
time had come, the bloomer separated the 
last significant parts of the slag from the charge and lifted what had now become a bloom 
out of the hearth with heavy, long-handled iron tongs. If the bloom was no larger than a 
basketball in size, it may have weighed about 100 pounds (not including the weight of the 
tongs) and could be lifted out by a single bloomer. But if the hearth capacity was larger, 
the bloom might weigh up to 500 pounds. That size bloom required lifting by two or more 
workers with specially large tongs that were sometimes connected waist-high by chains to 

Figure 11. Vertical section of bloomery 
fire (top); plan at hearth level (bottom). 
Hearth at point "a" (Overman 1850: 
246). 
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an overhead support beam. The iron workers could then swivel the bloom up and out of 
the hearth to an adjacent anvil where the bloom was worked on by a trip-hammer to 
squeeze out the non-iron particles, returned to the hearth for further heating, then 
underwent repeated hammering. The process eventually shaped the bloom into a long, 
thick bar, which could be rolled into smaller bars and cut into individual 1-cwt pieces 
(merchant iron). Waste material left in the hearth, although much of it contained iron, 
was cleaned out and discarded. The hearth was recharged before it cooled and the process 
repeated. 

The bloomery process obviously wasted much good iron, especially at bloomeries that 
operated before 1800, when American bloomers had not fully developed the necessary 
skills and hearths had not incorporated the latest technology. The British made sure the 
American Colonies did not have access to the latest developments from Europe. Slag from 
many early bloomeries contained so much reworkable iron that some of the slag heaps 
were later "mined" and remelted. 

Slag from many early- to mid-19th-century Vermont bloomery sites is likewise dark 
and heavy, loaded with wasted iron. Not shiny and light in weight like slag from blast 
furnaces, bloomery slag is dull-looking, appearing like something from outer space. 
Hefting a piece in one hand while holding a similar-size rock in the other will 
immediately betray the difference in weight, the heavier being the slag. 

Despite later improvements, the bloomery process remained an apparently inefficient 
one. Yet it remained popular because the bloomery forge required a much smaller initial 
investment of money and labor than that of building a blast furnace. Whereas the blast 
furnace, once fired, had to remain in continual day-and-night operation, month after 
month, the bloomery cycle ended with each final removal of the bloom from the hearth. 
The bloomery consumed much less fuel and time to come to temperature as compared to 
the large blast furnace, which took days to slowly bring up to operating temperature. The 
bloomery could more easily respond to fluctuations in the supply of ore and fuel, and to 
demands of the market. And since the domestic needs of blacksmiths who were making 
horseshoes and door hinges could be better met by the direct ore-reduction process of the 
bloomery, these small ironworks tucked away in mountain hollows became more 
significant contributors to the market needs of early Vermont than did the blast furnace. 

On an average, it took 4 tons of ore and 300 bushels of charcoal to make a ton of iron. 
In Vermont bloomeries, where the rich magnetic ores were worked, a ton of iron in the 
1840s cost about $40 to make. An ironworker earned an average of $10 per ton (Overman 
1850:247-248). 

There are numerous references to trip-hammers and trip-hammer shops throughout 
town and county histories. Trip-hammers were large, ponderous, and noisy hammers that 
might have been associated with a forge, but could also have been involved in other 
activities, including welding, plating, hammering edges on axes and knives, or stamping 
out small pieces of copper, iron, bronze, or leather for various mechanical, decorative, or 
architectural needs. Stamping didn't require much hammering force and as such, the 
hammers were quite small, on the order of 10- to 40-pound hammerheads and anvils. 
They were all waterpowered, but being small operations, could have been set up in modest 
shops near any small streams. 

Most trip-hammers were associated with blacksmith shops or small foundries. 
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Hammers usually did not involve any furnace beyond a small charcoal hearth to heat 
metal, which made it easier to plate, edge, or stamp. Welding required an intense heat, 
enough to bring the metal to a cherry-red brightness before hammering, requiring a 
larger, bellows-driven heating furnace. Small welds, such as for wagon wheel rims, could 
be done by the blacksmith's rhythmical hammer. Larger welds for repairing cracked or 
broken castings were relegated to the trip-hammer at the forge. Both were noisy and 
scattered many sparks, much to the amusement of spectators. 

The hammers used at the forge had hammerheads weighing from 50 to 400 pounds 
(figure 12). For drawing small-diameter iron, such as for nail rod, a hammerhead of 50 
pounds was sufficient. Forging 60- to 100-pound blooms required a hammerhead of 300 
to 400 pounds. These heads were made of strong-quality cast iron and were secured to 
the business end of the helve by wooden wedges. The other end of the helve was acted on 
by the waterwheel (Overman 1850:336-339). 

In the usual arrangement, a cam wheel 
driven by the waterwheel struck forcibly 
downward on the helve, which, pivoting on 
a horizontal pin near its middle, raised the 
hammerhead end. The closer the pivot pin 
was located to the cam wheel end of the 
helve, the higher the hammerhead would 
be raised (much like adjusting a seesaw), 
and thus more striking force on the anvil 
would be obtained. But then a more power-
ful waterwheel was required (putting the 
heavier person at the short end of the see-
saw), due to the additional torque now 
added to the hammer. Hickory or oak was 
most commonly used for making the helve. 

The anvil, upon which the hammer 
worked the iron, equaled the hammerhead 
in weight. It was attached to the cut end of 
a 4-foot-diameter log that extended length-
wise 6 to 8 feet into the ground. Under that, 
a platform of pilings secured the anvil to a 
stable platform. At many forge sites long 
since abandoned or destroyed by fire, the 
location of the anvil is still marked by its 
deeply buried foundation. With that located, 
the rest of the forge remains can be approx-
imated and found. 

The cam wheel did not merely raise the Figure 12. Tilt hammer and foundation 
hammerhead to let it drop to the anvil. When pilings (left) and helve ring (center). The 
striking its end of the helve, it caused the helve ring served as the strong fulcrum 
opposite (bottom) edge of the helve to bounce on which the full weight of the helve 
off a large piece of timber. This bounce im- rested (Overman 1850:335). 
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parted to the hammerhead the effect of a recoil and dramatically increased its striking 
force on the anvil. The faster the hammering speed (either by increasing the rotational 
speed of the waterwheel or by additional cams on the cam wheel), the greater the 
hammering force due to increased recoil action. 

Hammers of this type were called German forge hammers, but they were commonly 
known in Vermont as trip-hammers or tilt hammers, from the actions of the mechanisms. 
A variation of the forge hammer that was more common in Europe had the cam wheel 
raising the hammerhead at that end, and was known as the T-hammer. By the 1840s, 
when most water-driven hammers were being replaced by steam hammers, bloomeries in 
Vermont were still utilizing the cheap and abundant water resources of the state. Only in 
foundries and heavy machine shops did steam, and later hydraulic, hammers make their 
appearance. 

The process of hammering blooms was known in some sectors of the industry as 
shingling. It was usually used more in terms of hammering to remove (or squeeze out) 
solid bits of impurities such as slag, small stones, or unburned charcoal, rather than 
hammering the bloom into a uniformly shaped bar. A type of hammerhead with a beveled 
face called a squeezer was sometimes employed for shingling. An "iron and shingle mill," 
therefore, did not refer to the manufacture of house shingles. 

Another process of producing wrought iron was to refine pig iron from the blast furnace 
and convert it in the puddling furnace. Refining meant cleansing the pig iron of most of 
its carbon and other impurities. It was called a puddling furnace because the pig iron was 
melted in a reverberatory-shaped chamber and worked in "puddles" into pasty balls, 
similar to the bloomery process. The puddling process took advantage of a major 
difference between wrought and cast iron: how their carbon content inversely affected 
their respective melting points. Cast iron, with a higher carbon content, melted at a lower 
temperature, about 2,100° F, whereas practically carbon-free wrought iron melted at 
about 2,500° F (Schuhmann, 1906). The heat in the puddling furnace was maintained 
high enough to melt the pig iron, but just short of the melting point of wrought iron. 
Additionally, by burning charcoal in one hearth and drawing the hot flaming gases over 
and through an adjoining hearth containing the pig iron, the iron was melted and its 
carbon burned away. Physical separation of the iron and charcoal in this horizontal-type 
furnace prevented charcoal carbon from replacing burned-away carbon. In the foundry, 
this separation-type furnace was known as an air furnace. 

Puddlers stirred the molten iron with long iron rods that reached into the furnace 
through little holes in its side walls. The stirring action continuously brought higher-
carbon iron from below the surface to be exposed to the carbon-consuming flames. As the 
carbon content of the iron was reduced, and therefore its melting point dropped, the iron 
commenced to congeal (come to nature). Lumps of this purified iron were removed from 
the furnace and worked at the hammer much like the bloom of the bloomery process. The 
puddling furnace product, however, was much more pure than that of the bloomery. The 
resultant iron bars hammered from puddled iron were called puddle bars or muck bars. 
They were cut into pieces 2 to 4 feet long, piled in stacks weighing upward to a ton, 
reheated in another furnace specially designed for this purpose (called a heating furnace), 
and each piece was finally rolled into merchant bars. 

With the development and proliferation of puddling furnaces, a controversy arose 
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regarding the quality of wrought iron made by the direct method—the bloomery—and the 
indirect method—puddled pig iron from the blast furnace. In the 1850s, when the two 
operations were operating neck-in-neck for supremacy, the consensus was in favor of the 
bloomery. One reason was that bloomeries produced in smaller quantities. This was an 
age when small quantity was still considered superior to large; only 25 years later the 
theme would switch to "big is better." The puddling furnace, which was consuming much 
more charcoal per ton of merchant bar, would evolve into an efficient process capable of 
turning out a most superior wrought iron from the most questionable grades of pig iron. 

One significant improvement to the Catalan forge was made in the Adirondack 
bloomeries during the early 19th century. It consisted of preheating the blast, which was 
never done with the earliest Catalan forges (Swank 1892:107). The improvement seems to 
have been copied at the Fair Haven Iron Works; an 1866 description of the bloomeries 
includes three arched pipes for preheating the blast above each bloomery hearth (Neilson 
1866:227). Since it was an American improvement, it became known as the American 
Bloomery, although in the New York and New England area it was called the Champlain 
Forge (figures 13 and 14) (Egleston Sept. 1879:515). "The Catalan Forge in this country 
took the form of the Champlain Forge, which had the blast heated by the waste flames 
from the forge. These waste flames heated a coil through which the blast was blown, 
thereby cutting down the fuel requirement. The Champlain Forge, of considerable 
importance in the development of the early iron industry in the northern Appalachian 
areas, was capable of producing an iron with an almost complete absence of phosphorus 
and sulfur" (Kirk and Othmer vol. 8 1952:25). 

Physical details of the Champlain Forge were described in 1879 as follows: 

The furnace in which the ore is reduced and the bloom is made consists of 
a series of cast-iron plates, 2 to 3 inches in thickness, securely fastened 
together, forming a rectangular opening, which, at the bottom, varies from 
24 to 30 inches, at right angles to the tuyere, and 27 to 32 inches parallel to 
it. On the back side, parallel to the tuyere, it is 28 to 36 inches high. On the 
front this plate is cut down to from 15 to 19 inches, to make a place for a 
small platform, or shelf, called a fore plate. The bellows space, where the 
operation of reduction is carried on, is thus rectangular in shape, and is 
called the firebox. Its walls are usually vertical, except the fore and skew 
plates, which are generally inclined, but sometimes they are made to incline 
outward at the rate of 1 inch in 7. 

Each one of the plates forming the sides of the furnace had a name and a 
special duty. They are sometimes made of more than one piece, and are not 
always of exactly the same shape, nor are they always put together in 
exactly the same way in different works, but the variations are not very 
essential. Their size varies also with capacity of the furnace, but their office 
is the same in all. Those plates most exposed to the direct action of the fire 
are usually cast with holes in them, into which pieces, called repair pieces, 
are made to fit, so that they can easily be removed and replaced when worn 
out (Egleston Sept. 1879:518-519). 
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HALF ELEVATION 

SECTION A»A 

Figure 13. A three-pipe variety Champlain Forge, used at Saranac, New York, but typical 
of that which operated at East Middlebury (Egleston Sept. 1879: plate 4). 
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Figure 14. Interior view of the forge at Jay, New York, in 1888, but probably very similar 
in appearance to that at East Middlebury, Vermont, in the 1880s. Notice that forge 
hearths were built on the dirt floor. Man at right-foreground is lying in a charcoal basket 
(courtesy Adirondack Museum). 

Another contemporary report described the hearth area varying from 27 by 30 inches to 
28 by 32 inches, with the height from 20 to 25 inches above the tuyeres and 8 to 14 inches 
below: 

In the East Middlebury forges this bottom plate is 4 inches thick and has 
within it a hollow space of 4 inches. The side plates, which slope gently 
inward in descending, and rest on ledges on the bottom-plate, are llA 
inches thick. A water box, measuring 12 by 8 inches, is let into the twyer-
plate [sic], and a stream of cold water circulates through this box and 
through the bottom plate, as well as around the twyer [sic]. The length of 
the hearth, from the twyer plate to that opposite, is 24Vz inches, and the 
breadth from front to rear is 29 inches. The twyer enters 12 inches above 
the bottom, and is inclined downwards at such an angle that the blast 
would strike the middle of the hearth. The opening of the twyer has the 
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form of the segment of a circle, and is 1 inch high by VA inches wide. In 
front of the furnace, at 16 inches from the bottom, is placed a flat iron 
hearth, 18 inches wide. The side plate beneath it is provided with a tap 
hole, through which the melted slag or cinder may be drawn off from time to 
time. The iron plates used in the construction of these furnaces last for 2 
years. 

At East Middlebury . . . the estimated consumption of charcoal was 270 
bushels to the ton of blooms, a result which is the mean of the figures 
obtained at the New Russia [N.Y.] forges. Some of the ores here used 
contain a little phosphate of lime, and it was observed that when too hot a 
blast was used, although the production of metal was rapid, the iron from 
these ores was hot-short, while with the cold blast, formerly employed, the 
iron, although produced more slowly, was never hot-short. The force of the 
blast at these forges was equal to VA pounds and even 2 pounds to the inch. 
Mr. Pearson, the director of the East Middlebury forges, made, in the 
autumn of 1867, experiments on several tons of the iron sands from Seven 
Islands [Sept-îles, Québec] and succeeded in obtaining from them about 
%ths of their weight of good iron. He, however, found it necessary in order 
to treat these fine sands, to reduce very much the force of the blast. . . . It 
appears to be from ignorance of this fact, that the bloomers of New York 
had always rejected the fine sandy ore separated during the process of 
washing, as being unsuited for treatment in the bloomery fire (Hunt 
1870:277-280). 

Tools required at a typical Champlain Forge (Egleston Sept. 1879:536) were: 

The U.S. Census of 1860 recorded three bloomery forges still operating in Vermont, the 
only report of such forges yet in operation throughout New England. The bloomeries 
reported an output of 1,400 tons of blooms. Neilson's 1866 report notes, however, that 
Vermont did not become the solitary producer of blooms until 1864, the last year that the 
bloomery fires ran at the Franklin Forge, New Hampshire. The only other bloomery then 
in New England was at Falls Village, Connecticut, which by that time had not run for 
some years (Neilson 1866:232-236). Vermont bloomeries were replaced by larger 
specialized operations such as the National Horse Nail Company at Vergennes. Some of 
the smaller forges continued supplying local blacksmith and foundry needs until cheaper 
puddled iron from outside the state closed them down. In the post-Civil War period 
bloomeries continued at East Middlebury, Fair Haven, and Salisbury. By the time the 
East Middlebury bloomery closed in 1890, the significance of Vermont's superior Lake 
Champlain magnetic ores had already passed into history (Swank 1892:113). 

Bloom tongs 
Turn-bat 
Billet tongs 
Ore shovel 
Fire shovel 

Foss hook 
Cinder bar 
Tapping bar 
Furgen 
Wringer 

Sledge, 3 pound 
Hammer, lVz pound 
Fore bar 
Anvil 
Piggin 
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Puddling Furnace 

Similar in outward appearances to the heating furnace was the puddling furnace. This 
furnace converted cast (pig) iron from the blast furnace into wrought iron. The major 
characteristic of the process was separation of iron from fuel. The iron was heated and 
melted in a chamber physically removed from the hearth area, where carbon-containing 
charcoal, coke, or coal was burned. As the burning gases were drawn through the 
chamber, carbon in the molten cast iron was burned away. A worker stirred the molten 
iron with a long iron rod stuck through a small opening in the side wall of the furnace. 
The stirring exposed carbon-rich iron from under the surface to the burning (refining) 
action of the heat. As the iron lost its carbon, its relative melting point dropped and it 
started to congeal on the worker's stirring rod. It was then formed (puddled) into a ball of 
iron, removed from the furnace, and hammered into a bar. The result, wrought iron, was 
practically devoid of carbon, was highly malleable, and was sold as bar iron (merchant 
iron). The ironworker was stirred the ball was called a puddler. 

The puddling furnace was about 12 feet deep by 5 feet high and 5 feet wide. The 
chimney rose 30 to 40 feet, affording good draw for the furnace (figure 15). After the 
furnace is brought up to temperature, which might take days to stabilize if fired from a 
cold start, iron is thrown in and all doors sealed. In about 15 minutes the iron should be 
glowing red; in 30 minutes white, ready to melt; and in 45 minutes, the puddler starts to 
stir the iron. Iron balls were usually limited to about 15 inches in diameter and weighed 

Figure 15. Puddling furnace elevation (left) and vertical section (right). Notice similarity 
to figure 9 (Overman 1850:260, 264). 
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70 to 80 pounds. The cycle took an hour to complete, from initial charging to drawing out 
the hot, pasty iron ball. 

Puddling furnaces generally replaced bloomery furnaces throughout the country during 
the last half of the 19th century. In Vermont, however, bloomeries continued to operate to 
about 1880 (East Middlebury). Bloomery iron, the direct method of making wrought iron, 
although a slower and more expensive process, was considered by many at the time to be 
superior to puddled iron. 

Pocket Furnace 

Pocket furnaces are the most deceptive category of furnaces encountered in text. Mid-
19th century histories abound with references to "pocket furnaces" with no further 
explanation as to what they are. A pocket furnaces was referred to operating at Beeman's 
Hollow (New Haven, Vt.) sometime before 1830 along with trip and blacksmith shops 
(Smith 1880:146). Since a blacksmith shop is mentioned separately, the pocket furnace 
can't be construed to have been the blacksmith shop. 

A book published by U.S. Steel in 1949 includes an illustration of a diminutive 
blast furnace with the caption "Pioneers made iron whenever possible, as in this 
wilderness blast furnace. Note foot-operated bellows." (figure 16). Shown is what appears 
to be a scaled-down version of a blast furnace, complete with binders, bellows, and 
casting archway. Charcoal and iron ore are shown being dropped into the top and what 
appears to be white-hot molten iron is flowing from a tap hole near the bottom. 

An letter to U.S. Steel a few years ago as 
to the source of the illustration and its ex-
planation resulted in nothing more than 
"Mr Fisher [the book's author] is no longer 
with U.S. Steel." I am left with my own 
thoughts and guesses as to what this is. 

My best guess, assuming it actually 
existed and operated as shown made pig 
iron, that is) might have been a "testing 
furnace," for determining the quality of 
the ore before erecting a full-sized blast 
furnace. I have not found anywhere in any 
technical literature anything that hints of 
testing the ore in a diminutive furnace. More 
likely, ore was shipped to an operating full-
size blast furnace and smelted there. 

The pocket furnace remains a mystery. 
Figure 16. Pocket Furnace? (Fisher 
1949:18). 
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A notice in the last issue told 
you that Jim Petersen's monograph was 
being shipped to you immediately un-
der separate cover. Subsequently, 
the Board decided to distribute as 
many as possible at the Spring meet-
ing to save postage, and so I got a 
lot of inquiring mail. Copies were 
distributed to members of record at 
the time of the Spring meeting (May 
10) at no charge. If your 1980 dues 
were paid by.that time and you have 
not received your copy, please noti-
fy me at Box 663, Burlington, VT 
05402. 

Joseph Popecki 
Treasurer, VAS 

GEOMORPHOLOGICAL SUMMARY 
C OF THE WINOOSKI SITE 

By Peter Beblowski 

The Winooski site (VT-CH-46) occupies an 
area of approximately 43,000 square uifTOV of 
floodplain on the north bank of the Winooski 
River, one mile downstream from the Routes 2 & 
7 bridge over the river, in the town of Winooski 
VT. The University of Vermont Department of 
Anthropology's 1978 excavation of portions of 
the site revealed that it contained multiple 
components, the most extensive of which date 
back to the Middle Woodland Period. 

The Winooski site's stratigraphy is rep-
resentative of an alluvial floodplain, with its 
textural character dominated by fine sands and 
course silts. Compositionally, the sediments 
may be described as mature and multi-genera-
tional, composed primarily of quartz. The fine 
grained nature of the site's soil components is 
indicative of vertical accretion of sediments 
during overbank flooding - this depositional 
pattern has probably existed for the past 4,000 
years. The site area's seemingly stable 
sediment accumulation rate of roughly 50 centi-
meters per thousand years (even with an upper 
rate of 80 centimeters per thousand years for a 

^portion of the riverbank levee)lends itself to 
model of relatively steady-state aggradation. 

Sediment accumulation at the Winooski 
site is influenced by a "downstream control 
system" which causes the deposition of fine- r\ 
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Search for Vermont 
Furnaces Yields Dramatic 

Discoveries v 
By Victor R. Rolando 

Wrought and cast iron were made in at least 
62 bloomery forge and 18 blast furnace sites in 
Vermont between 1775 and 1890. During this 
period, 75 bloomery forges and 28 blast furnaces 
were fired at these sites (Rolando 1980:107-1131 
Field investigations made in 1978 and 1979 to 
locate the surface remains of nine of these 
forges resulted in a few bits of slag, one flume 
and one possible dam site. The search for 
blast furnace sites, however, has netted more 
dramatic discoveries. Standing ruins of blast 
furnace stacks exist in Bennington, Dorset, 
Forestdale, Pittsford, and Troy. Trace ruins 
are also identifiable in Tinmouth and Plymouth. 
The remaining sites, which display either 
questionable or no surface evidence are in 
Brandon, Fair Haven, Shaftsbury, Sheldon, St.-
Johnsbury, Vergennes, and Woodford. 

These blast furnaces measure 20 to 30 feet 
square at the base and 23 to 40 feet high, 
tapering inward from the base. The outside 
walls of the earlier furnaces, such as those in 
Bennington, Dorset, and Troy, are of coarsely 
laid rough cut (or uncut) stone. Walls of the 
lat er blast furnaces at Forestdale and Pittsford 
are of uniformly laid large finished stone. A11 
walls were laid without mortar or cement. Each blast furnace was built close enough 

to a low hill to allow a short bridge to 
connect the hilltop to the top of the 

furnace, affording the means of charging the 
furnace with iron ore, fuel, and flux. Iron 
ore was mined locally and sometimes mixed with 
ore from New York State. The fuel was charcoal, 
made in kilns located in the surrounding forests 
or at the furnace site. Anthracite coal was 
considered at Dorset (Neilson n.d.:220), and 
actually used without success in 1854 at the 
Forestdale stack (Lesley 1859 b:25). At the 
Conant furnace in Bradon, a dense peat called 
lignite ("brown coal") was used to supplement 
expensive charcoal. To facilitate removal of 
impurities from the iron, a limestone flux was 
added to the charge of iron and coal. The 
limestone combined with the impurities to form 
slag, visible at most furnace sites as multi-
colored "stone". ^ 2 
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grained material on floodplains, lawns, terraces 
and backswamps. Downstream control of a fluvial 
system is synonymous with "base level control." 
The surface of Lake Champlain has been iden-
tified as the base level for the aggradational 
system operable at the Winooski site. It is 
interesting to note that the sediment accumul-
ation rate perceived at the site parallel's a 
slow but steady rise which has been projected 
for Lake Champlain, surface level. This pro-
jected use is approximately 80 centimeters per 
thousand years over the past 4,000 years, and 
is derived from a straight-line projection from 
two known points representing lake levels at 
particular times. 

In a downstream aggradational control 
system, a "sedimentary wedge" is developed which 
becomes thicker as one approaches the control 
point, in this case the Lake Champlain shore-
line. As a consequence prehistoric human 
occupation surfaces (sites) of any particular 
age on the Winooski floodplain are under a 
thicker mantle of sedimentary material the 
closer they are to the lake, given no major 
breaks in the stratigraphic record. 

The Winooski site, it must be remembered, 
is but a small component of a large and com-
plicated environmental system. With no compa-
rative date to shape a geomorphological model 
around, the conclusions presented above are 
necessarily tentative. They will be expanded on 
in the forthcoming Winooski site mitigation 
report. A more complete geological history of 
the lower Winooski River Valley, of vital im-
portantance to prehistoric archaeologists, 
awaits the collection of further data. 

1 * BLAST FURNACES 
The forced draft for which the blast 

furnace was named was generated for earlier 
furnaces by large bellows, driven by water-
wheels. Usually operated alternately and in 
pairs, 4-foot-wide by 20-foot-long bellows were 
not uncommon at the turn of the nineteenth 
century. Soon after, these bulky and cumber-
some devices were replaced by wooden cylinders 
and pistons, the forerunners of today's air 
compressors. The 1839 alteration of Conant's 
furnace to accommodate two 6^-foot diameter cy-
linders is the earliest recorded use of these 
blast machines in Vermont (Lesley 1859 a:77). 
The cylinder heads were double-acting, with 
inlets and outlets closed by wood flap valves 
on leather hinges. (At a contemporary site at 
Tahawus, New York in 1977, I found the remains 
of wooden cylinders and pistons and their cast 
iron piston rods.) The pistons were operated 
by piston rods made either of cast iron or wood, 
(wood was used at Hopewell Furnace, Pennsylvania 
connected and driven from each side of the water 
wheel. The cylinders were mounted either 
next to the waterwheel (Tahawus) or on scaf-
folding above it (Hopewell). 

The blast was connected to the furnace 
hearth through one of the arches at the base of 
the stack by cast iron nozzles called tuyeres. 
The tuyeres were usually double-walled and 
cooled by circulating water to keep them from 
melting. 

Early blast furnaces had one or two arches; 
later furnaces had four. Early furnaces such 
as the ca.1820 stack in Bennington, employed 
corbelled arches with no decorative molded 
bands. The Dorset and Forestdale furnaces, of 
slightly later construction, contain splendid 
wedge-stone arches, while the Pitts ford furnace, 
which operated until the 1880s has a three-
tiered molding of mortared brick. The soffit, 
constructed of red brick underlain by yellow, 
extends the entire depth of the arch ceiling. 

These archways also gave ironworkers 
access to the hearth, from which the molten 
iron and slag were periodically drawn off. 
The hearth sat at the center of the furnace 
base. It was massively walled and supported 
with stone and/or brick to support not only the 
heavy molten iron and slag in it but also the 
entire bosh, which extended to the top of the 
furnace. The bosh was the inner stone or brick-
lined vertical cavity in which the actual melt-
ing took place. Its configuration was like 
an egg, standing on its wider end. It was at 
this wide point where the tuyeres were connected 
and melting temperatures were the highest. 

Cutaway view into a 
typical blast furnace. 

Early furnace boshes, such as one of those 
at Tinmouth, were lined with a hard stone 
possibly schist or gneiss. As the tech-

nology advanced, iron characteristics were 
found to be affected by the nature of the bosh 
lining, prompting the use of various refractory 
bricks. Bosh bricks from the ca.1840 Troy, 
Vermont, furnace appear to be ordinary red 
bricks; from the ca.1850 Forestdale furnace they 
are yellow firebrick made in Troy, New York. 
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Bosh brick is distinctive from decorative brick 
for its burned and/or glazed end, caused by the 
extreme heat in the hearth. Glass foundaries, 
bloomery forges, iron foundary cupola furnaces 
air furnaces), lime kilns, and other metal pro-

cessing furnaces also employ firebrick-lined 
hearths, as do present-day home heating gas and 
oil furnaces. Some firebricks were tapered to 
better fit the circular bosh configuration; all 
firebricks were mortared. 

The space between the inner, circular bosh 
wall and the outer square furnace wall was fill-
ed with rough stone of all shapes and sizes. 
This fill provided an insulating jacket around 
the bosh and support to hold the bosh vertical. 
This fill is visible at the two Bennington 
furnaces, each of which is partially collapsed. 
Parts of the Forestdale and Pittsford furnace 
interiors are also exposed. 

The two Bennington furnaces are located on 
private property off Route 9 at Furnace Grove. 
They are next to a residence which once served 
as the ironworks' company store and later as a 
chair factory. A good waterwheel pit remains 
next to the eastern stack, and a depression 
traces the route of the flume from the site of 
the forge pond to the wheel pit. Otherwise, all 
surface traces of bloomery forges, charcoal 
kilns, charging and casting shed, coal and ore 
houses, and a third smaller 'pocket' furnace 
(which stood between two stacks) are gone be-
neath gardens, lawn, roads, and underbrush. 

The stack at Dorset stands on private 
roperty just west of a by-passed stretch of 
ute 7 one mile north of the town line. No 

other surface remains are visible. The Forest-
dale stack stands in a heavily wooded, state-
owned area a few minutes' hike up an old road 
northeast of the villege. The Pittsford 
furnace is relatively hidden along Furnace 
Brook a mile northeast of Pittsford village. 
No surface remains except fallen arch and bosh 
bricks and much slag are visible at either of 
the latter two sites. 

The most significant blast furnace site for 
the quantity and quality of interpretive surface 
remains is in Troy. This site is located about 
two and one—half miles north of Route 100 on the 
east bank of the Missisquoi River. It can be 
reached by a ten-minute hike through a pasture 
off River Road. The blast furnace was built 
in 1837 and abandoned in 1846 (Hemenway -
1877:325). It stands immediately downstream 
from a falls where a narrow gorge forms a right-
angle bend in the river. An approximately 300-
foot-long flume cuts diagonally across the in-
side of this bend, affording a good head at the 
waterwheel pit, near the stack. The flume is 
15 to 20 feet wide and 6 to 10 feet deep, cut 
through the rock. The dam, which backed the 
water into the flume, was probably located in 
the narrow gorge although inspection during a 
low water period in 1979 failed to reveal any 
evidence here. Another possible dam location 
exists upstream, where the flume leaves the 
river. 

The wheel pit is about 20 feet west of the 
furnace stack. A narrow rock-cut through a 
low hill between the stack and the pit leads to 
the speculation that (1) the blast machines were 
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either located here, feeding air to a tuyere in 
a possible arch at the east wall, or (2) the 
waterwheel shaft came through this cut to power 
the machines closer to the stack. Locating the 
archways in the stack would help to interpret 
various features of the furnace site, but all 
walls except the southern one are partially 
collapsed, burying probable arch locations. 

Directly east of the stack are stone walls, 
foundations, and an iron hollow-ware 43 inches 
in diameter and 23 inches deep, possible a 
potash kettle cast at the site. A tail race 
from one of the foundation holes may indicate a 
wheel pit that powered a bloomery forge or a cu-
pola furnace for remelting and casting stoves, 
hollow-ware, and boundary markers. (Many of the 
latter, cast at this furnace, were used along 
the nearby international boundary.) Glazed 
firebricks are found in and around this hole. 
Heavy iron mounting, possibly to support a 
waterwheel, lie at one corner of the foundation. 
A small now-dry inlet in one side of the found-
ation could have fed water to run the wheel, 
but its connection to the flume or river cannot 
be found. Slag and waste iron are scattered 
throughout the immediate furnace area. 

During its active ironmaking days, the 
furnace stack was probably abutted by 
buildings, in contrast to today's open 

appearance. These buildings would have protect-
ed the blast machines and casting activities 
around the base of the furnace and the charging 
operations at the top. The charging house sat 
directly on the furnace with a tall chimney that 
vented smoke and stack gases away from the work 
areas. Foundations on the charging hill behind 
the furnace indicate that the charging bridge 
might also have been enclosed. A sketch of a 
ca.1844 blast furnace at Tahawus, New York, 
which is contemporary with the Troy furnace in 
time and wilderness environment, indicates a 
likely configuration of the immediate furnace 
structures (Masten 1968:132). 

A ca. 1844 blast furnace complex at Tahawus, 
New York, a contemporary of the Troy, Vermont 
furnace. (Masten 1968:132) 

VAS NEWS 

Threading through the rubble of the col-
lapsed furnace walls are the twisted iron straps 
that held the stack walls together. Their ends 
are slotted for pins to hold iron end plates 
snugly against the wall. All pins have been 
removed, even from the undisturbed wall, but the 
only end plate was found a few dozen feet down-
stream, in knee-deep water. The vicinity of 
the river near the furnace should not be over-
looked in a search for artifacts. 

The ironworks supported a villege that had 
a boarding house and post office (Thompson 
1842:174). No trace of villege cellar holes 
could be found. They may have been in the 
relatively smooth pasture that now borders the 
wooded furnace site. The old road that ran 
parallel to River Road leads down through the 
woods to the southeast and uphill out of the 
woods east of the rail race. The road is in-
dicated on Beers' Atlas, and shows structures 
in the ironworks vicinity (Beers 1878:50). Vigilance is one response to threats to 

archaeological and historic resources. 
But vigilance must be coupled with 

accurate identification and an ongoing inven-
tory of sites. Unlike blast furnace sites 
that were destroyed years ago by later mill6 
in Sheldon, a hydroelectric power station and 
recently a sewage treatment facility in 
Vergennes, and industrial development in St. 
Johnsbury, the Troy furnace site has managed tc 
escape relatively undisturbed. This is largely 

to its remote location. The Troy furnace 
site does, however, fall well within an area 
of the upper Missisquoi River that is threat-
ened with inundation by the proposed construct-
ion of a high dam about two miles downstream. 
This would place most of the Troy ironmaking 
site under 25 feet of water. 

Assisted by an inventory, the Vermont 
Division of Historic Preservation, already 
accomplished for the majority of the bloomery 
forge and blast sites in Vermont, the UVM 
contract archaeology team has started initial 
documentation of this potentially sensitive 
archaeological site plus an earlier bloomery 
forge site two miles upstream. This effort 
also includes the identification of other 
historic and prehistoric sites at this and 
five proposed downstream dam sites. The result 
of this identification effort will allow the 
Division for Historic Preservation to proceed 
effectively with compliance with federal and 
state historic preservation laws. 
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VICTOR R. ROLANDO 

R E S E A R C H E R O F V E R M O N T I N D U S T R Y 

33 HOWARD STREET 
PTTTSFIELD MASS 01201 

(413) 443-1461 

• Q V S D ^ 

Giovanna Peebles, State Archaeologist 
Division for Historic Preservation 
58 East State Street 
Montpelier, Vermont 05602 

Dear Giovanna: 

As you hopefully know by now, I am coming up to meet with Nancy Boone this 
Thursday (July 9) morning, to discuss where I go with what I've got so far 
on the NR effort. I also want to spend some time, if possible, in the State 
Geologist's office, looking into the whereabouts of former State Geologist 
Elhridge Jacobs' papers. 

Back in the 1950's, Jacobs published a short article in the VHS Proc about 
blast furnaces in Vermont. His information, I have been able to find out, 
came from a 'manuscript' sent to him at his request from a friend, Charles 
Rufus Harte. Harte did a lot of ironworks research in Connecticut in the 
1930's and 40's. Problem is, Jacobs, thanks to Harte, published data on 
blast furnaces in places and at dates in Vermont that I have been unable to 
confirm either historically or archaeologically. 

I have been unable to find any record of the 'manuscript' that Harte sent to 
Jacobs; all the Harte names in the New Haven^phone books apparently have no 
relation or knowledge of Charles R Harte. Harte, in a letter to Richard S. 
Allen in the 1950's siad that he had no copy of what he sent to Jacobs and 
took no responsibility for the accuracy of the content since he obtained 
all the information from town and county histories. But to this day, I have 
been unable to find the sources in any Vermont town and/or county history. 
So the mystery continues. 

I thought that maybe, there might be some Jacobs Papers yet in the State 
Geologist's'office, that I might be able to research. Life would be easier 
if I found out that the problems were due to misprints, but that is not 
likely. The Jacobs article in the VHS Proc in the 50's apparently raised 
a minor furor, witness the defensive nature of Harte's response to Rick 
Allen's query on just that question. Harte probably took his secret to 
the grave (I believe he died in the late 50's). 

UAnyway, the reason for all this,is, could you phone the State Geologist' 
•y office for me to sort of 'grease the skids' so I can find out if there are 

CtSjg^^, Vmny Jacobs papers there? Might anyone at that office know if his papers 
are elsewhere? I understand Jacobs taught at Norwich University; maybe his 
papers (if any) are there? If you can help me with a phone call, I will 
appreciate it. If you are too busy, I undjt^stand and can let this go to 
another time. 

Thank you. 

( k 

//. y 



1984 BLAST FURNACE AND CHARCOAL KILN SURVEY 

10/01/83 - 08/31/84 

COMPLETION REPORT 

During the period October 1, 1983, to July 31, 1984, the 1984 Blast Fur-
nace and Charcoal Kiln Survey project produced reports on eight charcoal 
kiln sites in Bennington County, a furnace in Rutland County and a stone -
lined pit of uncertain origin in Rutland County. Both background research 
and site visits are involved in producing the reports. 

Research results relating to this 1984 survey project were incorporated 
into a detailed, long manuscript submitted to the Division for Historic 
Preservation in April, 1984. The results of this year's survey are impor-
tant because they serve to articulate new information about one of the sub-
systems of iron manufacture (charcoal making) with existing information 
about blast furnaces, ore mining and forges in Vermont. In addition, back-
ground research relating to the iron industry in Vermont generated an 
important hypothesis which will guide future data collection: Vermont iron 
makers were related to each other by marriage ties. Family connections 
formed the basis of capitalizing industry expansion and perhaps supplied 
industrial expertise for the expansion. 

In addition to the Blast Furnace Inventory, a survey of metal truss 
bridges produced reports on and photographs for 23 iron truss bridges in 
Vermont. 



SITES ADDED TO STATE ARCHEOLOGICAL SITE INVENTORY 

October 1, 1983 - July 31, 1984 

10/03/83 Vt--BE-•50 Heartwellville Stone Kiln 

10/03/83 Vt--BE--51 Heartwellville Brick Kiln 

11/08/83 vt--BE--52 Heartwellville Conical Kiln 

05/10/84 Vt--BE--53 Coty Kilns 

05/14/84 vt--BE--54 Dutch Hill Charcoal Kilns 

04/30/84 Vt -BE--55 Cowan Brook Charcoal Kiln 

07/84 vt -BE--56 Sterba Reservoir Charcoal Kilns 

05/27/84 vt -RU -99 Colburn Furnace 

06/84 vt -RU -98 Stone-Lined Pit 
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February 9, 1984 

Mr. Victor Rolando 
33 Howard Street 

Pittsfield, Massachusetts 01201 

Dear Vic: 
Thanks for your last letter and sorry to hear about the disappointment 
on the non-purchase of the furnace property. As Grace said, maybe it 
wasn't meant to be. You may want to get in touch with the new owner 
of the furnace at some point so you can do a little P.R. and make sure 
she doesn't demolish the whole thing. If and when you visit with her, 
you might want to drop off a copy of the site survey form and maybe 
the relevant write-up out of your book. A person's lack of interest 
is often a product of lack of information; the more knowledgable one 
is, the greater the interest. 

I completely understand your desire to keep your Vermont work informal 
and unscheduled. We were simply giving you "equal opportunity" to 
submit a project proposal. Just know that your work is invaluable, 
and I am proud to tell people about the Rolandos' gratis blast furnace 
and charcoal kiln work. From time to time, people walk in off the 
street and ask for money to carry out some "research" project or 
other. I then proceed to tell them that a number of people are doing 
very important research (i.e. the Rolandos) and have never received a 
dime from us. And they should follow suit . . . 

If you have reason to visit with Mr. Nelson Jaqway in the near future 
or if you have his address, I'd appreciate it if you could give him/ 
send along the enclosed information. (Teachers need to be educated, 
too.) I never heard of Nelson before, but he may appreciate the 
enclosed information, especially as an educator. Also, I just want 
to emphasize that you should steer him and his students away from any 
digging or moving stones around. This gives kids the idea that they 
can dig anywhere/any time. Good student activities (including grades 
4 to 6) which I've recommended in the past might include deed and his-
toric research on the furnace, drawing and photographic activities and 
site mapping with tape and compass. There are all kinds of new skills 
to be learned just from the above few ideas. 



Mr. Victor Rolando 
Page 2 
February 9, 1984 

Forgive me for the "educational" tone of the last paragraph. I 
always get zealous/excited when I hear anything about kids digging 
or otherwise physically disturbing a site. 

Speaking of digging (and referring to your next-to-the-last letter), 
if anyone is entitled to do any testing at the kiln sites, it's you 
and Grace. Technically, you're supposed to have a permit from the 
Division (us) if you want to do any excavating or "field investiga-
tions" on State lands. If you plan to do anything at Emerald Lake 
State Park, let's go through the permit process. It's not complica-
ted. For testing on private land, I recommend obtaining the land-
owner's permission, which I know you'd do anyway. Although excava-
tions on Federal land require a Federal permit, you're not exactly 
"excavating." I think we have noted in each individual site file if 
you've done any testing at any given site. Correct me if I'm wrong. 
If I'm wrong, you might want to write a brief one or two page report 
on which sites you've tested, how many test pits, where located, what 
you were looking for, and what you found (or didn't find). 

All my best to you and Grace and thanks for your great letter. 

Sincerely, 

DIVISION FOR HISTORIC PRESERVATION 

Giovanna Peebles 
State Archeologist 

GP/cjd 

Enclosures 
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31 October 1984 
C
 m

 5 1984 
Gtovanna Peebles, State Archeologist 
Division for Historic Preservation 

Dear Giovanna: 

n 

n 

Enclosed are my donated services for October; first fiscal month of 1985. Let me 
elaborate on some of the items therein. 

I have completed trasncription of Asa Chapman's Teaming Book. It afford a unique 
insight into the transactions of loads of ore coming in (and who and where they 
came from), and loads of bar iron being shipped out. I have already plotted the 
data, and have some interesting correlations of the reducing efficiency of the 
works (East Middlebury) and other contemporary forges of the period. 

With Bob West's help, I have finally obtained a photo of the Tyson Furnace. It is 
probably the only one ever taken of it. The furnace went out of operation in 1872; 
the photo probably taken shortly after since there is no smoke in the photo - no 
sign mf industrial activity. The photo was taken from what appears to be the 
exact perspective as Myron Dimmick's painting of it, which leads me to believe 
that maybe Myron painted it from the photograph? None the less, the photo is a 
valuable archeological resource, since I can now plot exatcly where the furnace 
and out-building5were. A section of the road (Dublin Road) shows in the photo, 
as does a corner of the District 12 School House, for reference. A good find. 
Mrs Chiolone, from whom I obtained the photo, wanted $10 for it; it is worth 
it - it is an 8 X 10 glossy, all roady for the publisher. 

When we left Burlington last weekend, we stopped at Chittenden and located 
the mine on Wset Road. First of all, I don't believe there was any blast furnace 
here, for a few reasons; there is no local source of water power, for one thing. 
There is a very small run of water that issues from a wall house a few hundred feet 
to the northwest, but can't conceiveably be enough to power anything. The burned 
stones don't look anything like slag that I've seen. They do appear burned, and 
I've taken some samples of it so I'll bring them up to the meeting at Greenwood 
Lake next week - maybe the 'experts' can help me. Some mine operations roasted 
the ore, to remove some impurities, such as sulphur, but I don't know that this 
happened here - at least, I didn't think that sulphur was a problem with ore 
from this area. We tried to find the other mine, but the road got very rough and 
we had to turn around. It was also getting late and very overcast. We did locate much 
charcoal along that raod, however. There is a Kiln Brook that flows out of the 
mountains here; possibly rising at what is known as 'the basin' where charcoal 
was made for the furnaces at Brandon and Forestdale. We haven't dony any field 
work here yet; maybe next season. 

Upon re-reseraching some data I obtained from Rick Allen many years ago, I discovered 
that his 'connecting furnace' at Dorset village is in fact a smelting furnace, according 
to Zephine Humphrey's history of Dorset. I don't know where Rick got that connecting 
furnace stuff from - he's led me astray a few times before also. I got out to 
Dorset Village last weekend, found nothing where I looked, but feel that if there 
was a furnace there, it might be a bit farther downsteam, where there were many 
large, barking dogs. I'll follow this up at some later date, when I have a better 
idea exactly where the site is. If it's there, I'll find it. 

All else appears to be improving. Keep your fingers crossed for me. 
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FURNACES, FORGES AND 

ABOVE: The old Pitts ford Furnace near 
Fittsford Mills had the good fortune to 
be built practically atop an iron ore bed. 

LEFT: These slag and ore samples from the 
author s collection were gathered at the 
sites of old Vermont iron works. At top 
are two special-shaped fire bricks from 
Pittsford and South Shaftsbury-: furnaces. 



OUNDRIES 
Active old foundries and 
crumbling stone stacks 
are the reminders today 
that Vermont 140 years 
ago led the Nation in 
the production of iron. 

IRON IN VERMONT? A visitor from Minnesota's Mesabi 
country will scoff at such a thing. But a check of 
state geology reports and the history books will 

show that not only was there plenty of iron in Vermont, 
but that the state once was in the forefront of iron pro-
duction. 

Bog ore was first discovered by pioneer Vermonters 
in the swampy areas and low spots which had once been 
covered by the pre-historic "Champlain Sea." There were 
workable deposits of bog iron .in Highgate, Swanton, 
Sheldon and Ferrisburg, with the biggest bed in Monkton. 
This ore was not mined, but simply dug out of drained 
open pits. 

T h e other main type of Vermont iron is known to 
geologists as brown hematite. Th i s was harder to get out 
of the ground. It was usually found in layers of from a 
few inches to several yards thick, and might extend a few 
feet, or several miles. O r e of this kind needed real mines, 
like the ones dug in Chittenden and Bennington where the 
miners descended sixty feet into a shaft and then picked 
away at the ore in galleries that extended in several direc-
tions. 

Possession of an ore bed didn't mean that you had a 
saleable product. To produce it, you had to build a blast 
furnace, or a bloomery forge. A furnace was a large, 

By R I C H A R D SANDERS A L L E N 

Photography by 

LADISLAV D E J N O Z K A 

U OAsviA^f i< f: 

Familiar sight to thousands of motorists is the 
old limestone and marble stack of the Dorset Iron 
Company at the side of Route 7 near East Dorset, 
Demming Pond and Alt. Aeolus' slope beyond. 
Birch trees have an affinity for old iron sites. 
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hollow stack of native stone, tightly mortared and bound 
with iron bands. Inside, it was lined with special fire 
brick, designed to withstand terrific heat. T h e old-time 
furnaces were a lot like the stone fireplaces that today's 
do-it-yourself householder builds in his back yard, and 
were fueled to the best advantage with charcoal, which 
gives a high clean heat. 

In a back yard fireplace you may fan the flames, or get 
down and puff until you are red in the face. In making 
iron, the air to intensify the heat was introduced by means 
of waterwheels, operating big leather bellows to force 
air into the furnace. In later models, a system of wooden 
tubs with pistons compressed the air for the same use. 

A typical Vermont iron furnace was charged at the top 
fifteen times a day. A charge consisted of thir ty bushels of 
charcoal, fifteen hundred pounds of ore, and a hundred and 
fifty pounds of limestone. T h e limestone acted as a flux to 
melt and combine with any unburnable matter found in the 
furnace. This rose to the top of the red-hot mass and was 
drawn off in the form of slag. 

In a fireplace, the important product is the steak that is 
cooked on top. In the iron furnace it is molten iron, drawn 
off at the bottom. On the sandy floor beside the bottom 
of the stone stack a trough was dug to receive the bright, 
smoking metal as it poured from the furnace. This de-
pression was called the " s o w . " Connected with it were 
smaller side ditches which for obvious reasons were called 
"pigs." 

T h e furnace building itself was a dark and cavernous 
place that often resembled Dante 's Inferno. Big, brawny 
iron workers moved about with blackened faces and bare 
chests glistening in the glare of the white-hot pig iron. 
To keep the furnace in continual blast they worked night 
and day in twelve hour shifts for periods as long as nine 
months. Thirsts ran heavy. It has been said that for every 
ton of iron made, at least a gallon of whiskey was con-
sumed. 

Charcoal in vast quantities was needed for the iron 
making process, and the forests around the furnaces were 
quickly cut. Farmers with timber holdings went into 
charcoal-making on the side, and in some regions the 
smoke from the colliers' oven fires on the hills was always 
present. A bed of limestone nearby was considered a 
further asset by the furnaceman. 

Pig iron ran about eighty pounds to the bar, and was a 
mighty important product to early Vcrmonters. From it 
could be made kettles, hinges, spikes, forks, hoes, chains, 
frying "spiders" and all manner of iron implements. 

Hie word " forge" covered several other types of iron 
works. T h e most common, of course, was the blacksmith's 
little heating forge that stood at most village crossroads. 
On a larger scale were the Catalan forges that actually 
smelted iron. These worked on an old principle called the 
trompe, by which falling water was made to trap air and 

deliver it under pressure to a hearth. Naturally, an ideal 
spot was by a waterfall. In these forges the iron ore was 
melted and the iron formed in a pasty mass. A big mechani-
cal hammer banged away at this, squeezing out the cinders 
and resulting in a salable bar of iron called a "bloom." 
This gave the forge another name, a "bloomery." T h e 
first one in northern N e w York, at Wil lsboro Falls, used 
Vermont iron from Basin Harbor across Lake Champlain, 
Adirondack iron being as yet undiscovered. Later thè 
traffic was reversed and five Vermont bloomeries, (at 
Vergennes, Salisbury, East Middlebury, Ackworth 
(Bristol) and Fair Haven) , all used York State magnetic 

Ethan Allen is sometimes erroneously credited with 
establishing Vermont's iron industry. Actually, it was 
another famous Vermonter, Mat thew Lyon, who built the 
state's first iron works at Fair Haven in 1785. In addition 
to bar iron, Lyon made axes, hoes, ploughs and nails. H e 
even tried to protect native industry by petitioning the 
State Legislature to impose a duty on nails coming into the 
state. 

Lyon's pioneer venture was followed closely by an 
iron establishment at Bennington and one in Tinmouth. 
T h e Lake Champlain area had the easy-to-get-at bog iron 
and the industry was centered at Vergennes. There was 
the big bed in Monkton, and sloops brought other ore 
from Highgate, Swanton and from the Rogers bed across 

' A e Lake in N e w York. A t the falls in Vergennes were two 
blast furnaces for producing pig iron, and nine forges 
going full blast to convert it into hammers, anvils, pots 
and teakettles. These were shipped by boat to Montreal 
and Troy, and by overland wagon to Boston markets. 

In 1813 the Monkton Iron Company at Vergennes 
was the largest iron works in the United States. T h e 
strategic site of the works was a boon to Commodore 
MacDonough in carrying out his naval campaign for con-
trol of Lake Champlain during the War of 1812. H e built 
his fleet in the shipyard across the creek from the iron 
works, and the company, after supplying his fittings, 
quickly switched over to war production. T h e y made 
two tons of cannon shot a day for MacDonough and the 
Northern Armies. Af ter the threat of invasion was stopped 
by the defeat of the British fleet in 1814, Benjamin Welles, 
superintendent of the iron company, remarked: 

"MacDonough saved our works, but our works saved 
his ships by furnishing a large supply of shot. So it is an 
even bargain." From its preeminence as the nation's largest 
iron works, the Monkton Iron Company took a swift 
drop and never recovered from the postwar depression. 
Various smaller bloomeries and foundries later occupied 
the site, but conducted only local business. 

Israel Keith was a real pioneer in Vermont iron. H e 
came from the bog iron country of t idewater Massa-
chusetts and in 1791, started a furnace enterprise at 
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Pittsford, Vermont. Israel bought his land from Ira Allen 
and paid for it "in iron and hollovvare" after he got the 
furnace built. H e soon went on north to Sheldon, where he 
could work the hog ore with which he was more familiar. 
His furnace on the bank of Black Creek employed a hun-
dred men, and the iron products, bartered for other necessi-
ties, became known as "Sheldon Currency." Keith's 
specialty was potash kettles, for potash-making was a 
big business at the time. These "ki t t les" were cast in 
molds to sizes holding forty-five, sixty, and ninety gallons 
apiece. Men came as much as two hundred miles for a 
Sheldon kettle, waited their turns, and loaded the cumber-
some castings hot from the mold. 

A small portion of the Keith furnace can still be found 
in the underbrush at Sheldon, forgotten and unmarked. 
More remains of the successor to his first Vermont iron 
venture, the well-preserved stack alongside Furnace 
Brook in Pittsford. Th i s furnace was built in 1828 by the 

This marker on the Vermont-Canadian 
boundary at East Richford, u-as 
cast more than too years ago by the 
Orleans Iron Company, Troy, Vermont. 

Bennington Iron Works furnaces as 
they appeared about 1870. The center, 
smaller stack was called the "Pup." 
Ironmaster Thomas Trevor burned 
down a predecessor to one of these 
furnaces, mistakenly charging it 
with manganese instead of iron. 

R. S.-Allen 

Granger family, long identified with Pittsford iron. T h e 
Grangers had been hauling ore six miles from a mine in 
Chittenden. Then, while excavating for a new furnace, 
they found their site to be directly over a new bed of iron 
ore. T h a t luck, with good limestone in a quarry nearby, 
kept Pittsford iron in production for many years. During 
thir ty weeks of 1856, this furnace produced nearly 1600 
tons of pig iron. 

Down in Bennington, Wil l iam Blodgett commenced 
furnace operations soon after the Revolution. He had 
many successors who endeavored to make a go of the iron 
industry, among them a clothier, an Irish political refugee, 
a newspaper editor, a French scholar, and a minister. T h e 
clothier was Moses Sage, who in 1816 moved to Penn-
sylvania, where he erected another blast furnace. T h e 
place was called Pittsburgh. 

T h e political refugee was Thomas Trenor, a stern, 
stubborn man with an Irish brogue and an easy temper. He 
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'Die old stone stack of the Green 
Mountain Iron Company at Forest-
dale was built in 1854. Two hun-
dred men were employed here, cast-
ing pig iron, and 'later molding 
ornamental chairs, urns & statues. 

Israel Keith's Sheldon Furnace was 
located on Black Creek. Iron pro-
ducts made here were used for bar-
ter, known as "Sheldon Currency." 
Huge iron kettles were a specialty. 

V E R M O N T Life 

insisted on putting a charge of a new black ore he'd found 
into his furnace, with the thought that it was a rich vein 

r L , r ° n ' T h C S t a c k c o m m e n c e d «0 rumble and shake 
When the furnaceman tapped it, the liquid stream burst 
forth with a roar, took fire, and spattered in all directions 
burning down the wooden sheds around the stone stack' 
Mr . Trenor had unwittingly charged the furnace with a 
deposit of black oxide of manganese, which with iron 
burns hke fury. T h e ironmaster had to be extremely 
careful after that, for only half an inch of clay separated 
iron and manganese in some of his ore beds. Manganese 
was always the devil in the Vermont iron' stockpile, and 
similar, though not so drastic mistakes happened at Pitts-
ford and Dorset furnaces. A use for manganese was later 
found in making bleaching powder and in glass manu-
facture, but at Bennington tons of the stuff were thrown 
away. 

Towns adjacent to Bennington also supported iron 

furnaces. There was Woodford, where big anchors for 
navy gun boats were cast during Jefferson's administra-
tion, and Shaftsbury, where all the pig iron was shipped to 
Iroy, N Y. for use by the Burden Company in making 

practically all the horseshoes used by the Union armies 
Up in Brandon were two furnaces. In Brandon village 

John Conant made the patent stoves that bore his name 
and sold them all over N e w England and N e w York This 
company later specialized in casting railroad car wheels 
a product for which durable Vermont iron was especially 
suitable. At the other Brandon furnace in Forestdale to 
satisfy popular demand, the molders even cast ornamental 
items like vases, chairs and statues/in addition to their old 
standby of pig iron. 

AH this iron activity took place on the western slopes 
of the Green Mountain Range. On the other side of the 
state was the small "Somerset Forge" in Dover, which 
shipped iron blooms to Bennington in competition with the 



local works . T h e r e were two forges in Randolph, and one 
at Cady 's Falls in Morr is town, whose ore came from the 
"Goth ic Bed" in Elmore. 

A t Tyson in the town of Plymouth was a substantial 
iron industry, with furnaces erected in 1837 by Isaac 
Tyson of Baltimore, Maryland. Tyson built a large blast 
furnace for pig iron and a small one " fo r convenience." 
At one t ime Tyson Furnace expected to become a leading 
city of the state. W i t h its self-sufficient iron works, stove 
foundry, company store, and houses for the workers , it 
resembled some of the more prosperous "iron plantations" 
of N e w Jersey and Pennsylvania, where everything was 
supplied by and revolved around " the company." 

A t Troy was the only workable Vermont ore of the 
magnetic variety. Since the beds stretched for two miles, 
some Boston promoters bought them and erected the 
Troy Furnace beside the Missisquoi River. Lack of 
transportation and distance from markets caused the 
enterprise to fail. T h e company is noted chiefly for casting 
the boundary markers that can still be seen today at many 
points along the Canadian border. 

One by one the iron beds in the state were exhausted, or 
abandoned because of increased production costs. T h e r e 
are still deposits of good grade iron to be found under the 
Vermont soil, but as long as iron can be easily scooped up 
in the open pits of Mesabi, Ungava, and Venezuela, the 
mineral prospectors will pass them up. 

A new hobby has revived interest in the old Vermont 
iron furnace sites. Th i s centers not on the iron, but on the 
cast-off by-product, slag. Cut and polished by amateur 
lapidaries, this makes interesting and inexpensive rings, 
bracelets and other jewelry settings. Slag ranges f rom 
bright blues and greens to white and orange brown, with 
all shades and combinations in between. 

For those interested in seeing some of the old furnace 
stacks, there are six still standing in the state. T w o are 
visible from Route 9 to the east of Bennington. Perhaps 
the best-preserved is the limestone and marble stack 
beside Route 7 south of East Dorset . A little more hunting 
will bring you to the Pit tsford Furnace on the brook above 
Pittsford Mills, and the Green Mountain Iron Company 's 
old stack still stands under the bank, at the upper end of 
Forestdale. Local inquiry is necessary to find the remote 
old Troy Furnace, out of sight of the river road between 
Troy and Nor th Troy. Portions of other Vermont furnaces 
still can be found, but archaeological digging would have 
to be practiced at most of their sites. However , the 
discerning eye can often pick out a flash of blue or bright 
green slag in the bed of a brook, disclosing the former ' 
presence of one of Vulcan's Green Mountain workshops. 

T h e iron industry in Vermont today is confined to 
foundries, which were often run in connection with both 
furnace and forge. In a foundry the metal is heated and 
cast directly into molds. Modern foundries take bar iron 

and melt it at high temperatures so that it may be cast 
into any desired form. Near ly a dozen foundries still do 
business in Vermont. Typical of them is the G r a y Foundry, 
Inc., of Poultney. 

Follow down Furnace Street along the Poultney River 
and you'll find the G r a y Foundry. Its buildings are ar-
ranged for utility, not beauty, but on a late winter 's 
afternoon when the furnace is in blast, the leaden sky will 
be lit up with a glow that gives this plant an aura all its 
own. 

From the squat, square office, a well-worn path leads 
down to the heart of operations, the main moulding bay 
foundry. Gone is the gloomy cave of the iron workers of 
the last century. Th i s is a modern, spacious building with 
cupola furnaces, electric hoists and cranes. Only the 
brimstone smell of hot iron remains the same. 

Gray ' s foundrymen prepare molds and pour iron five-
and-a-half days a week. Castings range f rom small blocks 
to 3ooo-pound bases for paper-making machinery. T h e 
steel stack of the furnace is charged with the proper 
amounts of York State or Alabama pig iron, scrap iron, 
coke and flux, and the air blast gets roaring in the cupola. 
It takes 30,000 cubic feet of air to melt a ton of iron. 
W h e n the furnace is tapped, the foundry windows reflect 
the glare, and the place comes alive. Gray ' s foundrymen, 
all with at least ten years experience, know their jobs and 
respect the danger of the material with which they work . 
Each is ready at the precise moment when the big ladle is 
poured;—lighting the escaping gases with fire sticks, 
holding the handle steady, or playing a stream of water on 
the hot flask or mold. Sparks fly up and scatter on the 
black sand of the foundry floor. Gushing f rom the furnace, 
white-hot iron pours again and again with a plopping 
noise like thick sour cream from a pitcher. Motions indi-
cate which casting is to be poured next. T h e little ones are 
filled f rom hand ladles and left in smoking rows. 

A t the end of several hours of such work , all hands 
stand back and the furnace is dumped. A huge fiery mass 
cascades to the floor with sparks, coals and thick twisting 
streams of slag. Wate r hisses and steams on this residue, 
the glow fades, and the foundry is done for the day. 

G r a y Foundry, Inc. is thought to be the third oldest 
foundry continually in business in the United States, and 
still produces castings on the same-si te . It commenced 
melting iron in 1828 as the Stanley Stove Works . T h e 
patent Stanley anthracite stove was a big square orna-
mental affair, some of which are still to be found in the 
back rooms of older Vermont houses. T h e stove business 
grew with the demand, and later Stanley went into making 
castings for horse power machines, slate-working ma-
chinery and cur ry combs for the Union cavalry during the 
Civil War . T h e foundry was reorganized iri 1900 under 
the direction of A . Y. G r a y , and has since born his name. 
For the past for ty years the plant has been run by Norman 
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G . Knapp, grandson of M r . G r a y , who has kept pace 
with the times by making a great variety of castings. 

W e r e classed as a small jobbing foundry," says 
G r a y s president and general manager. " O u r business is 
varied and not concentrated on any one product. In addition 
to the machinery for slate and marble working, we make 
castings for paper mill machinery, pumps, machine tools 
pipe bending machinery, oil field maintenance machines' 
and road building machines to name a f ew. We can make < 
just castings, or the complete machine. And our products 
go all over the wor ld . " -

M r . Knapp's G r a y Foundry has risen from the ashes of 
two disastrous fires, and has had the waters of two floods 
four feet deep on the main foundry floor. It is a prime ex-
ample of the survival of a small Vermont family company 
which has licked the problem of falling markets by diversi-
fying its products and adding new lines. E N D 

ABOVE: The Poultney Foundry is one of about a dozen in 
Vermont. Scrap nan and flasks lie in the foreground. 

JW LElr
r
NTm

L
KmPP heads thi '2%-ytar-old Gray 

Foundry believed to be the third oldest in the Nation. 

BELOW L E F T : Appropriate to the Poultney slate belt is 
this Gray Company diamond saw for cutting slate tiles. 

BELOW: Hoist operator and foundrymen start the pour 
of molten iron into the runner box of a machine casting. 
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GE editor digs history 
Victor Rolando probes tor ironworks 

The Berkshire Eagle 

m 
At.' " • - t «j 

By Linda Carman 
Victor Rolando started collecting 

unusual rocks when he was in 
Southern California in the service, 
so he was in the habit of poking 
around hi the dirt. 

When he picked up an aquajna-
rine-colored chunk in Richmond, he 
thought he'd found a rare gem. 

Now he thinks he may have been 
right, after all. The slag from the 
Richmond ironworks — because 
that's what it was — sparked an en-
thusiasm that takes almost the time 
and effort of a second job. 

Rolando's quest for ironworks, 
and information about them, has led 
him to tramp through the over-
crown hills of Vermont, write for 
journals documenting his efforts, 
and speak to historical societies 
about his findings. 

Weekends in Vermont 
He spends most weekends in the 

wood«} Green Mountains of Ver-
'mont, which he says provide better 
hunting grounds than the Berkshires 
and where he and his wife Grace, a 

stered nurse at Berkshire Medi-
Center, spent the past two sum-

mers searching for the remains of 
charcoal kilns. They found about 90 
ruins at dozens of sites, located by 
researching town and county his-
tories, consulting old maps and old-
timers, and exploring back roads 
and backwoods. 

"I don't know whether I've got a 
nose for it or what," said Rolando, 
adding that after a while they began 
to recognize characteristics of kiln-
building terrain and tell-tale signs 
such as pieces of broken brick or 
very black soil on the downhill side. 

Rolando said they found most 
ruins just a few feet from trails and 
old logging roads, but they had 
some surprises. Camping on Mount 
Tabor, they discovered they had un-
knowingly pitched their tent the 
previous day so it straddled a kiln 
foundation. 

This past summer, Rolando was 
delighted to find variant kiln re-
mains, a larger than usual kiln with 
stone walls and a conical kiln. They 
also found what may be the ruins of 
a 1790 forge and furnace with con-
nections to Ira Allen, brother of the 
more famous Ethan, and builder of 
many forges as well as founder of 
Hie University of Vermont. 

Most remnants are meager, the 

most complete having brick walls 3 
to 4 feet high forming circular ruins 
some 28 to 30 feet in diameter. 
These kilns were originally 20 to 25 
feet high and designed for 25 to 45 
cords of wood. 

50 bushels per cord 
The most efficient ones yielded 50 

bushels of charcoal per cord. Most 
kilns collapsed from neglect, but 
others were dynamited during the 
1930s as safety hazards while hiking 
trails were being laid out in the vi-
cinity. Brick was turned into fill for 
road base, and iron went to scrap 
drives during World War II, accord-
ing to an article Rolando had pub-
lished by the the Society for 
Industrial Archaeology's New Eng-
land chapter. 

In pursuing their project, the Ro-
lando's were granted volunteer 
status by the Forest Service and 
were assigned to work independ-
ently under the informal direction of 
the Forest Service archaeologists. 

Rolando mapped and sketched the 
sites, then referred the information 
to the state archaeologists. 

"We find out all there is to find 
out," he explained, "then it's their 
decision whether to do anything for 
the protection of the site." 

Roland's walking and sketching in 
the woods is part of filling in a big-
ger picture, the industrial history of 
the region And it's part of a view 
that considers historic preservation 
as including the workplace as well 
as the battlefield and the mansion. 

"Little by little, we're trying to 
reconstruct what was going on in 
New England and New York in the 
iron industry, from the period of 
settlement up to the electrification 
of the industry in the early 1900s. 
Here it was a rural industry, and 
we're putting it together," he said. 

Although charcoal was generally 
used as to fuel blast furnaces, the 
peak period of charcoal production, 
1880-1900, was after the end of ma-
jor ironmaking, he said. By 1910, 
most available forests in the vicin-
ity had been harvested for lumber 
or charcoal, and the kilns were 
closed. 

The Richmond operation 
Berkshire County ironworking in 

Richmond lasted longer than in 
Lanesboro, which could not compete 
when Richmond got rail service to 
haul its pig iron to Troy, while rail-

- n j 

less Lanesboro still depended on 
oxen. Richmond started in 1830 and 
continued until 1923, after the rail-
roads switched from cast iron 
wheels to steel, which was beyond 
local capabilities. 

The Richmond ironworking, was a 
far-flung operation in the 1880s and 
1890s, he says. It had 700 people on 
its payroll, owned furnaces in 
Cheshire and Van Deusenville, and 
leased land for charcoal all over 
Vermont, New York state, and Mas-
sachusetts. 

In the course of his explorations, 
Rolando does very little excavation, 
and Informs the University of Ver-
mont archaelogical team of his 
finds. "I locate, and let them dig," 
he said. 

Sometimes, nothing pans out. 
Once he spent two hours combing 
the Hoosic River behind the Green 
Mountain race track in Pownal, Vt., 
in search of a forge he had seen in-
dicated on a 1796 map. After digging 
little holes to investigate whether 
the site had been filled, he deter-
mined that the river is now many 
hundreds of feet out of its earlier 
course. Rolando finds much of sig-
nificance in his investigations, or, 
as he prefers to call it, "stories." 

He looks at the water system, 
roads and railroad system to see 
what they did with the slag. He 
looks in the refuse to see who made 
the bricks, because furnaces lined 
with high-quality hearth brick could 
be expected to make iron for dis-
tant, important enterprises. Many 
in Vermont use only fieldstone, and 
as a consequence their product was 
considered usable only locally. 

The quality of the iron produced 
can also be gauged by the quality of 
the slag, he said. Bright clean slag 
like Richmond's turquoise byprod-
uct shows high-quality iron, he said, 
whereas some slag is crusted, indi-
cating that the furnace was not hot 
enough to burn out impurities. 

"There are a lot of dues," be 
said. 

Although Berkshire County had 
nine major blast furnaces — North 
Adams, Cheshire, Lanesboro, Lenox 
Dale, Richmond, West Stockbridge, 
Van Deusenville and Housatonic — 
that produced cast iron high in car-
bon, usually known as pig iron, 
other ironworking with bar or 
wrought inn was being done in 
forges. 

"Ironworking used to be as com-
mon as today's auto body shop," he 
ttgiX 
Bator at GE 1 "" ""— " 
Rolando, a native of Albany, N.Y., 

quips that he has better credentials 
for his avocation than for his profes-
sion — he is publications production 
editor at the General Electric Co. 
here, where he has worked since 
1957. He received an assodate's de-
gree in electronics from Hudson 
Valley Community College in 1957, a 
bachelor's degree in American His-
tory from Empire State College in 
Albany in 1974, and a master's de-
gree in 1980 from the College of St 
Rose, where his thesis topic was, 
unsurprisingly, "Ironmaking in Ver-
mont" 1775-1890. 

He has spoken on his research to 
the Lenox Historical Society, the 
Berkshire County Historical Society, 
and most recently, Oct. 15, to the 
Vermont Archaeological Society's 
annual meeting in Burlington. He is 
treasurer, and iris wife is secretary, 
of the Northern New England chap-
ter of the Society for Industrial Ar-
chaeology. 

Disagrees with Celtic theory 
Rolando strongly disagrees with 

the highly-publicized theories of Cel-
tic origin for stone structures in 
Vermont, maintaining that the 
structures are merely root cellars 
constructed by early settlers. 

He dismisses the possibility of 
Celtic origin by maintaining that if 
the Vikings, in their brief settlement 
in Newfoundland, left debris and 
disturbed the ground, surely any 
stone-hauling Celt would have done 
the same. 

"Did not at least one Celt drop 
and lose one tool during the time the 
structures were built," he inquires, 
rhetorically. "Did they return all 
their dead to Europe?" 

BLAST FURNACE 
Susan Placeman 

remains in Richmond is one of the 
areas investigated by Victor Rolando in his archaeological re-
search throughout New England. 
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¡Table 1. Topographic Data: Bloomery Forges 
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Table 1. Topographic Data: Bloomery Forges (con't) 

Tov/n Forge Name Dates Quadrangle 
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Heavy ironmaking activity such as that requiring blast furnace 
reduction methods commenced in Vermont coon after the close of the 
Revolutionary War. By the 1780's, blast furnaces were operating in 
Fair Haven and Orwell; in 179-1 in Pittsford 5 1?93 in Bennington; and 
1799 in Sheldon. The early to mid-1800*s saw blast furnaces put into 
operation at Tinmouth, Vcrgennes, Highgate, Woodford, Brandon, Troy, 
and St Johnsbury. Additionally during this period, two blast furnaces 
operated in Dorset; one at North Dorset for a time in the 1840's, and 
the other farther south at East Dorset from about the same period to 
a bit later. 

East Dorset 
The blast furnace at East Dorset was erected in the late l840*s. 

It was built by Francis Draper who made iron there for eight years. 
The furnace then lay idle a number of years, it was purchased in 1864 
by the Dorset Iron Company, but two years later was not yet in blast 
although reported to be in fair working condition. In an 1874 report, 
the furnace was still out of blast. The following year it was repur-
chased by Draper who expected to repair it and resume ironmaking, 
probably to support a cupola furnace he owned at Windsor (which by 
now had become a center for heavy manufacture). Draper also owned 
extensive ore beds a mile north of the furnace. Research fails to 
show any iron production at East Dorset after 1854, however. 

The blast furnace stack stands in 1983 in relatively good con-
dition on the property of Mr and Mrs Dennis Conroy (of Niceville, 
Florida). Tenants on the property are the John Harris family. The 
furnace property is located in the South Village of East Dorset, a 
community along the short parallel stretch of the old Route 7, now 
bypassed to the east by the present highway. Of the ironworks complec 
that operated here, only the furnace stack remains visible. Much of 
the bosh and hearth lining has collapsed into a pile of rubble inside 
the base, but enough lining remains to see that it was of stone, 
rather than commercial-type refractory brick of more •modern' furnace 
Many early-1800 blast furnaces in Vermont have been found to be lined 
with stone. The front (eastern) archway is stone block construction; 
the side archways have become filled in due to collapse of the earth 
adjacent to the stack. Remains of a road can be detected behind 



Blast furnace and ironworks complex of the 
Dorset Iron Company (left), from the 1869 
Beers Atlas of Bennington County. 



•the stack leading to the top, probably the charging platform. One 

interior, although this is not advised, given the unpredictable 
habit of unmortared stone walls and structures to collapse. 

Earliest reference to a blast furnace in North Dorset is by 
James Hodges, in 1849, describing an ochreous vein opened in 
Dorset by Curtis "a few rods east of his furnace on the Otter 
Creek". The "Hodges report listed ten blast furnaces in Vermont, 
not all operating, among them one in North Dorset with an annual 
ironmaking capacity of 1000 tons. Little documented data is 
available on this furnace. 

The furnace in 1983 is a collapsed ruin, little more than a 
pile of stones to the disinterested passerby. It is located on 
Emerald Lake State Forest property along the east side of the 
Otter Creek, about 500 feet east of the Emerald Motel (which is 
on Route 7). The ruins are approximately 12 feet high. Some of the 
stones may have been used in the construction of the later foundry 
and saw mill, nearby. The bosh of the furnace stands slightly 
above the collapsed walls. Standing within the partially filled-
in bosh, its glazed walls are waist-high, giving the feeling of 

could walk right to the edge and look downward into the furnace 

North Dorset 

standing within a castle battlement 
N o r t h D o r s e t 

Site of W. Allen Found: 
Machine Shop at North : 
approximate location o 
furnace ruin at the "X 
I 8 6 9 Beers Atlas of Be: 
County. 



Bosh lining of the North Dorset furnace is rough lain stone, of 
a redish color, similar to that found at another collapsed furnace 
ruin in Tinmouth (approx 12 miles northwest). No archways are visible; 
the collapse is too complete. To the north and west of the ruin is a 
field of slag; at the northern edge of the slag field is a heavy iron 
artifact, possibly an anvil base. 

Nearby, on the west side of the creek is the remains of a foundry. 
Earliest reference to it is its purchase in 1847 by W. (Welcome) Allen. 
It was then known as the "old iron foundry property", although whether 
in reference to the foundry or blast furnace or both is unsure (many 
early histories and maps interchange 'foundry' with 'forge* with 
'furnace'). Since cast iron stoves were made at Allen's Foundry, it 
is possible the blast furnace and foundry operated for a while at the 
same time. On the 1856 Rice & Harwood map of Bennington County, it is 
identified as the Allen Machine Shop & Furnace, but the blast furnace 
is not shown. It was still the W. Allen foundry in 1874, but in 1889 
and 1893 trade journals it was the F. (Florez) R. Allen Foundry. 

In the midst of the foundry and blast furnace ruins is the barest 
trace of a saw mill site - introducing the next ironworks-related 
element of this tour. The Beers map of North Dorset identifies the 
saw mill as owned by S. (Silas) L. Griffith. A native of nearby Danby, 
Griffith acquired a significant interest in logging and lumbering 
enterprises in this area. Quick to notice the amount of waste wood 
at his mills and at the woodchopping areas, he turned waste into pro-
fit by converting it into charcoal. 

Mount Tabor 
One of the most concentrated areas of charcoal making in Vermont 

was at Mount Tabor in the late 1800's, where it approached the scale 
of an industrial operation. High up in today's Green Mountain National 
Forest, Griffith operated as many as 30 charcoal kilns. These were at 
places called Ten Kilns Meadow, Four Kilns, Black Branch Job, and 
Griffith (identified as Old Job on current topo maps). There were an 
additional four kilns down below at Danby Depot, a few hundred feet 
east of Route 7. At Danby Depot, specially-constructed railroad cars 
transported the charcoal from Griffith's kiln operations to furnace 
and foundry customers throughout New York and New England. 





Each of these operations supported settlements of varying size 
consisting of woodchopper3, colliers, teamsters, and their families. 
Altogether, Griffith and his partner Mclntyre employed some 500 men 
and used 100 horses and 18 yoke of oxen. The industry converted 
20,000 cords of wood into a million bushels of charcoal annually. 

Initially known as Mill Glen (and also as the Summit Job), it 
was at what was to become the village of Griffith where the charcoal 
business started in Mount Tabor. Here Silas Griffith rebuilt a burned 
saw mill to operate by steam and made 2 to 3 million feet of lumber 
annually. It was the lesser grades of wood and the immense amount 
of scrap that Griffith recognized as additional profit and in 1872 
it prompted him to build his first six kilns here. In time, two more 
kilns were added to these operations which, by the 1880's was described 
as comprising 4-0 to 50 structures. These included the steam saw mill, 
a large boarding house for single men, tenant houses and cottages for 
families, a school house, general store and office, harness shop, 
wagon shop, blacksmith, stables for the animals, etc. When the post 
office opened, the community was known as Griffith, so identified on 
the 1893 USGS topo map. 

The lumbering and charcoal industry at Mount Tabor made a fortune 
for Griffith. In 1893» he charred a whole maple log several feet in 
diameter in one of his kilns and transported it whole for exhibition 
at the World's Columbian Exposition in Chicago. Within a few years, 
however, the efficiency of the woodchoppers resulted in the depletion 
of the forest. The saw mill closed about 1905» the kilns cooled for 
the final time, and by 1912 the village was nearly deserted. Griffith 
sold his property to a New York lumber company, and by the 1930*s, when 
the population of the entire town of Mount Tabor had dropped to close 
to a hundred, most of Griffith's original property holdings became 
part of the newly-created Green Mountain National Forest. 

Except for the Lake Brook Trail, which traverses through the 
area, the site of Griffith has rapidly been reclaimed by nature. 
Cellar holes lie hidden in high summer grass while the collapsed 
ruins of seven charcoal kilns are nearly invisible in heavy brush. 
Horse shoes and axe heads are found everywhere, but most kiln hardware 
is gone. Yet, much remains for reasonable archeological interpretation 
of this forgotten industry. 
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Lacelle, Claudette 
1982 - MILITARY PROPERTY 

( Q k ) 3 h f o s f d X e 
A x 

IN QUEBEC CITY, \ 
1760-1871. History and Archaeology No. 57. 
Parks Canada, Ottawa. 248 pp., 35 illustra-
tions. $12.25 in Canada ($14.70, Canadian 
funds, outside Canada). Cat. No. R64-
81/1982-57E. 

The Royal Regiment of Artillery was 
represented in Quebec City from 1759 to 1871 
by ca. 60 oompanies in turn. The place of 
these companies in the general organization 
of the British Army is described, as is 
their position within the Royal Regiment of 
Artillery. Fluctuations in their strength 
in Quebec City are related to circumstances, 
including the total strength of the regiment 
in Canada. Disparities between officers, 
non-commissioned officers and soldiers in 
respect to conditions of entry into the 
service, career possibilities and pay are 
considered and the various duties of 
artillery companies in garrison towns such 
as Quebec City are described, bringing out 
the differences between artillerymen and 
other troops in the garrison. 

When the British Army entered Quebec City 
after its victory over Montcalm in 1759, it 
established a presence that lasted more than 
a century and had a considerable influence 
on the city and its inhabitants. This paper 
assesses the effect of military property 

Jfrom 1760 to 1871. Military property 
appears to have had an enormous impact on 
the city's urbanization process, and pro-
vides insights into Quebec City society of 
the period. 

Vermette, Luce 
1982 - DOMESTIC LIFE AT LES FORGES DU SAINT-
MAURICE. History and Archaeology No. 5 8 . 
Parks Canada, Ottawa. 316 pp., 59 illustra-
tions. $15.50 in Canada ($18.60, Canadian 
funds, outside Canada). Cat. No. R64-
81/1982-58E. 

This study examines items in everyday 
domestic use at Les Forges du Saint-Maurice, 
Quebec, in relation to the life of the 
people whose habits, dwellings, lifestyles 
and social positions they reflect. The 
survey is mainly concerned with two periods: 
the French regime (1729-60) and the Matthew 
Bell administration (1793-1845). 
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Council, R. Bruce, M. Elizabeth Will, and 
Nicholas Honerkamp 
1982 - BLUFF FURNACE: ARCHAEOLOGY OF A 
NINETEENTH CENTURY BLAST FURNACE. Order 
from The Jeffrey L. Brown Institute of 
Archaeology, University of Tennessee -
Chattanooga, TN. 37402. 156 pages, 41 

photos and line drawings, 1 map, 9 tables. 
US$5.50. 

Results of extensive archaeological and 
documentary research relating to the Bluff 
Furnace Site (1854-1860), a hot-blast iron 
furnace in Chattanooga, Tennessee, are 
reported. Research focussed on the defini-
tion of discreet activity areas at the site, 
identifying the industrial processes that 
occurred there and determining their rela-
tive efficiencies, and establishing the 
local and regional significance of the 
operation in an economic and in an 
industrial sense. Major structural 
components of the early charcoal fueled and 
later coke-fueled periods of the site are 
discussed and illustrated, including the 
base of a coke-fired cupola containing an in 
situ iron salamander. Based on analysis of 
fuels, by-products, and pig iron samples, 
the site is compared to contemporaneous 
blast furnaces in the United States. 

Miller, Henry M, with contributions by 
Alexander H. Morrison, III and Garry Wheeler 
Stone 
1982 - A Search for the Citty of St. Maries: 
A Report on the 1981 Excavations in St. 
Mary's City, Maryland. 

This illustrated report includes a 
discussion of the Prehistoric, 17th and 19th 
century artifacts, and emphasizes the 
spatial distributions of these materials 
with numerous maps. The report discusses 
the historical documentation pertaining to 
the site, significantly alters the previous 
interpretations of these documents with 
archaeological data and presents the first 
maps of the layout of the center of the 17th 
century capital. A limited number of copies 
will be available at cost. Write to Henry 
M. Miller, St. Mary's City Commission, St. 
Mary's City, Maryland 20686 for ordering 
information. 

NOTE: Order the above Canadian publica-
tions from: Canadian Government 
Publishing Centre, Supply and Services 
Canada, Hull, Quebec, Canada K1A 0S9. 

Nine issues of the Journal of the Virgin 
Islands Archaeological Society (JVIAS) have 
been published of which six contain articles 
pertinent to historical archaeology. For 
information on availability and price of 
back issues contact Alesa M. Penso, JVIAS, 

31 
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UT-Gif'il (west stack) 

E Bennington 18/650650/4749300 Benningtor 

1804 

1822 

I803 
I8O3 I803 

1821 

1822 

CI83I 

cl840 

1853 Hot 

cl84o 

9X40 

9tX4O 

4X22 

4X22 
22' 121 2—' 

Brandon Cohant Brandon Vil 18/653700/4851100 Brandon 
ff.<>. ¡(cCRJ) 

*Grn Mtn I Go Forestdale 18/656900/4854800 Brandon 
i l y 

Curtis vf-ßt-NoDorset 

1820 

1823 
1839 CI86O Cold 8X35 2 2I" 61X30 25' 8» | 244 

1854 . 0 9 X^ 2 3 2i" 5X30 ±ODHr 1855 600° 10X40 3 4" 
245 
245 

Dorset unk Dorset 
AC Draper 

Dorset Iron 
Co (1864) 

Draper (I870) 

S Dorset Pd I8/661350/47876OO Manchester 
cl84o 
cl846 

1875 Cold 7x32 2 y 247 
Fair Haven , Lyon's Worlcs upper falls 18/64025X/482769X Thorn Hill 

_k4 Pittsford Keith 
Gibbs & Co 

(1795) 
Leach (1824) 
Granger (1826) 
Vermont Iron 
Co (1865) 

Furnace Bk unk Proctor 
1788 ~24B~ 

1791 

18/661030/4842550 Proctor 

Plymouth u 7 Tyson UT-W-59 y y s 0n Vii 18/685450/4814900 Ludlow 
St Johnsbury Paddock Iron NE St Jbry18/737800/4923200 St Johnsbi|ry 15' 

, t\ -, rs Works 
\JT 2 - ° -

1824 
1827 
1853 

8x27 

600° 9X42 3 22" 5ÌX51 24' 
Warm 9X40 3 3" 

cl880 Hot 10X40 

249 

250 
251 
252 

118.37 I872 Warm 9x35 2 3" 
32' 5i 25 

2 5 T 
254 

1828 
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Table 2. Topographic Data: Blast Furnaces (con't) 

Town Blast Furnace Location UTM Coordinate 
unk 

Quadrajngle 
Shaftsbury Douglass & unk unk Unk 

Bangs 
@H.Burden & Sons S Shaftsbury 18/645260/4-755660 Benningtor 

Built 

113 
Tuyere 

Alter Aband Blast Bosh No Dia Tubs 
.'"heel 
lia Wdt 

cl829 

1863 Hot 10X28 2 4" 
8X23 2fx? 

SEE 
NOTES 

255 
256 

v/ 

t / 

Sheldpg 0 Keith #1 Sheldon Ctr 18/662460/4974700 Enosburg 
Sheldon Ctr 18/662459/^97^700 Enosburg I 

. 15* 

. 15" 
1799 
1824 

1323 
cl850 

at the dam 18/659550/4817050 Middletn £ 

N of dam 18/659480/4816860 Middletn £ 
N of Rte 140 18/658530/4812570 Middletn £ 

Tinmouth ©Willard & 
Perry 

* (unidentified ) 
-t¿j *Rathbone & 

Vaughan 

Pgs 

Pgs 
pgs 

C1810 

CÎ815 
1815 

258 
1837 

••Boston & Troy 
Iron Co. 

Orleans Iron 
Co. (1847) 

River Rd 18/704870/4979450 Irasburg 15' 

below falls 18/63925X/489160X Pt Henry 
below falls 18/63925X/489160X Pt Henry 

1837 1846 ?X30 259 

Vergennes ^ ur Monkt A t> l Sfe on I Co 
@Rathbone 

15" 
15' 

1809 
1824 

1816 

cl830 
Woodford Robinson & 

Lyman 
Hunt & Quimby 

(1822) 

E part fJ 18/651XXX/4749XXX Benningtor cl802 

Explainations of above ; 
Bosh: Dia X Height (in feet) 
Tubs: Dia (ft) X Stroke (in) 
UTM: X is an undetermined value 
* visible ruins 
@ slag in evidence 
In 'Blast Furnace' column: the year 
in parenthesis reflects new ownership. 



See. I/t-ru-vì in kan o/¡ 
f c w s l - Oaìt /n ftusyi/Cùunhj 

See. I/t-ru-vì in kan o/¡ 
f c w s l - Oaìt /n ftusyi/Cùunhj 

•Htla. for Òde!ibernai i n f o . 

* 
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TOWN FORGE DATES QUAD LOCATION V ;M 
Bristol Scott #1 

Scott #2 
Franklin 
Chase 
Holley 
Burnham 

1791- ? 
? 

1802-1830 
1832-(1840' s? ) 

cl850' s 
cl850's? 

Bristol 
M 
ii 
it 
II 
H 

Lower Bridge 
Below Scott #1 
Bristol Village 
Baldwin Creek 
East of Village 
No. of Baldwin Ck 

18/65330X/48877XX 
18/65335X/48874XX 
18/6536XX/4888XXX 

1 
18/655290/4887600 

9 

Ferrisburg Barnum 
Monkton Iron Co. 
Barnum 
Fuller 

cl800's 
1807-18101s 

cl820's 
early 1800's 

Monkton 
II 
n 
II 

Monkton Road Bridge 
II II 1! 

Walkers Falls 
Ferrisburg Hollow 

18/6450XX/4893SXX 
II II 

18/64417X/48952XX 
18/640690/4895000 

Goshen Kendall ? 1 E. Side of Mountaii ? 

Lincoln Soper & Pier 
Burnham 
Ackworth #1 
Ackworth #2 

cl828-1830 
1830-1860 
1828-1830 
1830-1860 

South Mountain 
II 

I I 

II 

West Lincoln 
I I 

I I 

I I 

18/65823X/4886740 
18/65813X/4886740 
18/658600/4886600 

ii II 

Middlebury Middlebury Forge early 1800's-1890 East Middlebury East Middlebury 18/653370/4870130 

New Haven Aiken: i 
Pocket Furnace #1 
Pocket Furnace #2 

1815-1830 
? -1830 

Middlebury 
11 Brooksville 

TI 
18/646XXX/4880XXX 

II II 

Orwell Lyon 1788- ? Orwell East Creek 18/634XXX/4851XXX 

Salisbury Sawyer 
Salisbury Bloomery 

1791- ? 
1840'S-1857+ 

East Middlebury 
I I M 

Leicester River 
I I IT 

18/653XXX/4862XXX 
18/653250/4862050 

Shoreham Shoreham #1 
Shoreham #2 

cl790- ? 
(1800+)- ? 

Orwell 
I I 

Richville 
I I 

18/6387XX/48590XX 
18/658510/4859160 

Starksboro Fergusson 5c Sayles 
Ferguson 5c Bunnell 
East Mountain 

1819-1871+ 
cl820's 
cl840's 

I 

Bristol 
11 
II 

Starksboro Village 
East of Village 
Upper Lewis Creek 

18/655100/4898760 
18/6556XX/4898800 
18/656XXX/4895XXX 
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Searchers Find More \ erniont Furnace Sites 
and a Standing Ruin In 1981 

by Vic Rolando 

' i f z . 

The search for Vermont blast furnaces 
continued in 1981 both in the libraries and in 
the field. Four suspected blast furnace sites 
were located and documented with results that 
contribute to further understanding of the ex-
tent of this industry in Vermont. In Highgate, 
a previously unrecorded blast furnace was 
found. Along Furnace Brook in Bennington, a 
known but unlocated furnace site was finally 
found. At Orwell, a suspected furnace site 
was found in the field, and belatedly in the 
files at the Division for Historic Preserva-
tion. At North Dorset, another suspected 
blast furnace site yielded a previously un-
documented standing furnace ruin. These have 
all been written up, mapped and reported to 
the Division for Historic Preservation. 

I learned about the Highgate site from R. 
John Corby of Ottawa. There are some histor-
ical references to Abel Drury, Israel Keith, 
and a furnace (but not a blast furnace) in 
Highgate (Hemenway 1871:254, 285; Thompson 
1842:89). Keith also built furnaces in Pitts-
ford (1791) and Sheldon (1799). Corby said 
that the lessee of the furnace property esti-
mated the site to date to the "Hessian-British 
period", circa 1720, but that he did not offer 
any evidence for this claim. It was also 
Corby's understanding that the furnace was 
thought to have been built in Quebec, but was 
in Vermont after later border definition. 
Based on the Drury/Keith connection, I esti-
mate that the furnace was in operation from 
about 1790 -1820, if this is the same furnace 
site at all. 

The site is on the Rock River, four miles 
northeast of Highgate Springs. The whole area 
around the site is involved in speculative 
drilling for gas and oil, and colored tapes 
and survey stakes are in and around the furnace 
site. A low mound near the river might be the 
actual furnace remains. Some blast furnace 
slag and charcoal were recovered at its edges. 
Photos of ironworks-related artifacts found 
here in 1973 and now in his possession have 
been loaned to me by Corby. 

In 1793, Fassett and Hathaway built a blast 
furnace in Bennington at ^urnace Brook, so 
named for the furnace built there (Spargo 1938: 
9). John Spargo wrote that this was not the 
first blast furnace in Bennington, but that 
Blodgett's was, which in 1786 advertised the 
sale of "best refined bar iron...the above ar-
ticles will be given for good coal, ore or pot 
metal [scrap iron] delivered at the forge" 
(Spargo 1938:27). Whereas Blodgett's made bar 
iron, a bloomery forge process, Fassett and 
Hathaway advertised in 1794 that their furnace 
"is now in blast..they will begin to cast this 
day" (Spargo 1938:9). Spargo misunderstood 
this crucial difference between forge and blast 

furnace. The 1793 Furnace Brook operation, 
therefore, was Bennington's first blast fur-
nace. 

It 1 is never been known for certain where 
this important blast furnace is located. 
Whitelaw's 1796 map of Vermont places an iron-
works symbol about 1% miles south of the S'nafts-
bury town line. As it turns out, this is only 
a half mile too far north. Spurred on by the 
knowledge that fellow blast furnace researcher 
Richard Allen of New York was also looking for 
this site, I picked up bits of slag in lower 
Furnace Brook, and as weekends and weather per-
mitted, sloshed upstream following the "trail" 
as finds of slag slowly increased in size and 
quantity, then suddenly stopped appearing. At 
this spot are the washed-out and collapsed re-
mains of a dam and mill. Although it is not 
certain that the remains here are directly con-
nected with the blast furnace, no more slag can 
be found for hundreds of feet upstream. Limi-
ted test pitting in and around the remains un-
earthed much slag and charcoal. Shallow tren-
ching through an island in mid-brook immediate-
ly downstream from the dam also revealed a high 
density of typical multicolored glassy blast 
furnace slag. 

Although it was learned soon thereafter 
that information already existed in the Divi-
sion's files about an ironworks on East Creek 
in Orwell, the site was visited on Labor Day 
through independent research that has added to 
and clarified the Division's folder. In addi-
tion to his forges and blast furnace at Fair 
Haven, Matthew Lyon built a blast furnace in 
Orwell in 1788, working bog ore from nearby 
lake-level swamps and from Shoreham (Goodhue 
1861:94). Whitelaw's 1796 map of Vermont 
identifies a "Furnace" at the site, and indi-
cated a road north and south from it. Field 
inspection located the south road winding down-
hill to the site, where the ironworks remains 
consist of a few low mounds of partially exposed 
slag, a possible stone-lined wheel pit and 
shallow tail race, the head race leading from 
the falls above, and a shallow 2-foot diameter 
depression, possibly the furnace site, that 
yielded more slag, some brick, and .a burned-end 
hearth stone. Judging from the disposition of 
the features and artifacts, the blast furnace 
was small—a pocket furnace—such as the "pup" 
at Bennington. The site is on the south side 
of East Creek near the base of a 30 to 40-foot 
falls. 

A suspected blast furnace site in North 
Dorset was inspected in late September. Much 
foundry slag and some foundations of a foundry 
and.a sawmill were located and documented. On 
the east side of Otter Creek, one of the lar-
gest fields (50 by 70 feet) of blast furnace 
slag that I have encountered was found, esti-
mated to be six feet deep in some places. Some 
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fr More Furnace Sites 
very heavy and immoveable ironwork artifacts 
lie at the northern edge of this slag field. 
About 20 feet southeast of the field is the 
ruin of the blast furnace, with its outer walls 
collapsed. The circular bosh with its glazed 
internal walls rises above the rubble, looking 
like a medieval battlement. The construction 
date of the furnace is not known, but it was 
in operation in the early 1840s (Hodges 1849: 
290-291), and out of blast by 1856 (Lesley 
1859:76). 

This North Dorset stack brings to nine the 
total number of identifiable blast furnace re-
mains in Vermont. All except the Troy stack 
stand a few miles either side of Route 7, from 
Forestdale south to Bennington. 
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HISTORY OF IRONMAKING—WALL CHART published by 
the National Park Service, provides a concise 
introduction to the history and techniques of 
iron production. The chart is available from 
the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402. Single 
copies cost $1.50. 

EWING LAB SCHEDULE 
Jan. ,7 Thursday 7--9 
Jan. ,13 Wednesday 5 : 30-•7: : 30 
Jan. ,21 Thursday 7--9 
Jan. .27 Wednesday 5 : 30-•7: : 30 
Feb, .4 Thursday 7--9 
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Mar.18 Thursday 7-9 
Mar.24 Wednesday 5:30-7:30 
Apr.1 Thursday 7-9 
Apr.7 Wednesday 5:30-7:30 
Apr.15 Thursday 7-9 
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More Vermont Furnace Sites and Another 
Standing Ruin Found in I98I 

Vic Rolando £ 
October 1, I98I 

The search for Vermont blast furnaces continued in I98I both in 
the libraries and in the field/ Four suspected blast furnace sites were 
located and documented with results that contribute further understand-
ing of the extent of this industry in Vermont. In Highgate, a previously 
unrecorded blast furnace site was found; along Furnace Brook in Bennington, 
a known but unlocated furnace site was finally found; at Orwell, a suspect-
ed furnace site v/as found both in the field and, belatedly, in DHP files; 
and at North Dorset, another suspected blast furnace site yielded a pre-
viously undocumented standing furnace ruin. These have all been written 
up, mapped, and reported to DHP and the following are abridged from these 
field reports. 

The Highgate site was learned through R. John Corby of Ottawa, who 
advised me of it following my presentation of "Vermont Ironworks" to the 
Annual Meeting of the SIA in Hartford, Ct., in May 198I. Further corres-
pondence with Corby found me on-site in July. There are some references 
to Abel Drury, Israel Keith, and a furnace (but not a blast furnace) in 
Highgate (Hemenway 1871:254, 2585 and Thompson 1842:89). Keith also built 
blast furnaces in Pittsford (1791) and Sheldon (1799). Corby said that 
the lessee of the furnace property estimated the site to date to the 
•Hessian-British period' ca 1720, but that he didn't offer any evidence 
for this. It was also Corby's understanding that the furnace was thought 
to have been built in Quebec, finding itself in Vermont after later border 
definition. Based on the Drury/Keith connection, I estimate the furnace 
in operation about 1790-1820, if this is the same furnace site at all. 
The site is on the Rock River, four miles NE of Highgate Springs. The 
whole area around the site is involved in speculative drilling for gas and 



oil according to the lessee, and colored tapes and survey stakes are in 
and around the furnace site. A low mound near the river might be the 
actual furnace remains but hasn't been confirmed, although some blast 
furnace slag and charcoal were uncovered in three shallow (6" deep) test 
pits at its edges. Photos of ironworks-related artifacts found here in 
1973 and now in his possession have been loaned to me by Corby. 

In 1793» Fassett and Hathaway built a blast furnace in Bennington 
at Furnace Brook, so named for the furnace built there (Spargo 1938:9). 
John Spargo wrote that this was not the first blast furnace in Bennington, 
but that Blodgett's was, which in 1?86 advertised the sale of "best 
refined bar iron...the above articles will be given for good coal, ore 
or pot metal (scrap iron) delivered at the forge" (Spargo 1938:27). 
Whereas Blodgett's made bar iron, a bloomery forge process, Fassett and 
Hathaway however advertised in 179^ that their furnace "is now in blast... 
they will begin to cast this day" (Spargo 1938:9). Spargo misunderstood 
this crucial difference between forge and blast furnace. The 1793 Furnace 
Brook operation, therefore, was Bennington's first blast furnace. 

It has never been known with a relative degree of certainty where this 
important blast furnace site is located. Whitelaw's 1796 map of Vermont 
places an ironworks symbol on Furnace Brook about if miles south of the 
Shaftsbury town line. As it turns out, he was only a half-mile too far 
north. Spurred on by the knowledge that fellow New York State blast furnace 
reseracher Richard Allen was also looking for this site, I picked up bits 
of slag in lower Furnace Brook, and as weekends and weather permitted, 
sloshed upstream following the 'trail' as finds of slag slowly increased 
in size and quantity, then suddenly stopped appearing. At this spot are 
the washed-out and collapsed remains of a dam and mill. Although it is not 
sure that the remains here are directly connected with the blast furnace, 
or a saw mill which may also have occupied this or a nearby site, no slag 
can be found for hundreds of feet upstream; test pits in and around the 



remains unearthed much slag and charcoal; and shallow trenching through 
an 'island' in mid-brook immediately downstream of the dam also revealed 
a high density of typical multicolored glassy blast furnace slag. The site 
is located 1000 feet west of Chapel Road and equidistant north of an 
abandoned dump. 

Although it was learned soon thereafter that information already 
existed in DHP files about an ironworks on East Creek in Orwell, the site 
was visited on Labor Day through independent research that has added to 
and clarified the DHP folder. In addition to his forges and blast furnace 
at Fair Haven, Matthew Lyon built a blast furnace in Orwell in 1788, 
working bog ore from nearby lake-level swamps and from Shoreham (Goodhue 
1861:94). Whitelaw's 1796 map of Vermont identifies a "Furnace" at the site, 
and indicated a road north and south from it. Field inspection located the 
south road winding downhill to the site where the ironworks remains con-
sist of a few low mounds of partially exposed slag (someone else had been 
digging here), a possible stone-lined wheel pit and shallow tail race, the 
head race leading from the falls above, and a shallow 2-foot diameter 

; depression, possibly the furnace site, that yielded more slag, some brick, 
and a burned-end hearth stone. Judging from the disposition of the features 
and artifacts, the blast furnace was small- a pocket furnace - such as 
'the pup* at Bennington. The site is in a cattle pasture on the south 
side of East Creek near the base of a 30 to 40-foot falls. It is about 
3/4 mile downstream from the Route 73A bridge, 

A suspected blast furnace site in North Dorset was inspected in late 
September. Much foundry slag and some foundations of a foundry and a saw 
mill were located and documented (Beers 1869:10). The site is located near 
the headwaters of Otter Creek, 450 feet east of Route 7 opposite the 
Emerald Motel along a dirt road. On the east side of Otter Creek, one of 
the largest fields (50 by 70 feet) of blast furnace slag I have encountered 
was found, estimated in some places to be six feet deep. Some very heavy 
and immoveable ironworks artifacts lie at the northern edge of this slag. 
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About 20 feet SE of the slag field is the ruin of the blast furnace, 
with its outer walls collapsed. The circular bosh with its glazed inter-
nal walls rises above the rubble, looking like a medieval battlement. 
Construction date of the furnace is unkn'own, but it was in operation in 
the early 184-0* s (Hodges 1849:290-291), and out of blast by 1856 (Lesley 
1859:76). 

This North Dorset stack brings to nine the total number of identi-
fiable blast furnace ruins in Vermont. All except the Troy stack stand 
a few miles either side of Route 7, from Forestdale south to Bennington. 
The North Dorset blast furnace lies on the same side of Route 7 as the 
Route 7 bypass construction, currently at Manchester, seven miles south. 
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Author's note: For those interested in additional ironmaking information, 
a Xerox copy of my following efforts are now on file at the UVM and the 
VHS libraries: 

A Survey of the Stone Blast Furnaces of New England and Eastern 
New York State 1977 (133 PP. illus, maps, footnotes, biblio, index) 

Jronmaking in Vermont:177 5-1890 MA thesis:College of St Rose, 
Albany, NY 1980 (132 pp, illus, maps, footnotes, biblio) 
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Stone Blast Furnaces in Vermont 
This list of furnaces was accidentally omitted from last issue's article by 

Victor Rolando, entitled, "Search for Vermont Furnaces Yields Dramatic Discoveries. 

BENNINGTON 
Furnace Brook 
Sage & Olin 

* Hunt 
* Benn. Iron Co. 
Benn. Iron Co. 

BRANDON 
Conant 

* Forestdale 
DORSET 

Curtis 
* Dorset Iron Co. 

FAIR HAVEN 
Lyon 

PITTSFORD 
Keith 
Gibbs & Co. 
Leach 
Granger 

* Vermont Iron Co. 
PLYMOUTH 

Tyson 

1793-1803 
1804-1823 
1822-ca. 1840 
1822-1853 

ca. 1831-ca. 1840 

1820-ca. 1860 
1823-1855 

ca. 1840- ? 
ca. 1846-1875 

1788- ? 

1791- ? 
1795-1824 
1824- ? 
1853-1865 
1865-ca. 1880 

1837-1872 

ST. J0HNSBURY 
Paddock Iron Co. 

SUAFTSBURY 
Douglass & Bangs ca. 
11. Burden & Sons 

SHELDON 
Keith #1 
Keith II2 

TINMOUTH 
William & Perry ca. 

* (unknown) ca. 
* Rathbone & Vaughan 

TROY 
* Boston & Troy I. Co. 

VERGENNES 
Monkton Iron Co. 
Rathbone 

WOODFORD 
Robinson & Quimby ca. 1820- ? 

* Standing or identifiable furnace ruin 

1828- ? 

1829- ? 
1863- ? 

1799-1823 
1824-ca. 1850 

1810- ? 
1815- ? 
1815-1837 

1837-1846 

1809-1816 
1824-1830 

ACADEMIC PRESS PUBLISHES SNOW'S NEW BOOK ON NEW ENGLAND ARCHEOLOGY 
Dean Snow has j u s t completed a book e n t i -

t l ed , Archaeology of New England (Academic 
P r e s s ) . Members w i l l remember Snow wel l be-
cause he has been a featured speaker at Soc ie ty 
meetings on at l ea s t two o c c a s i o n s . 

H is book i s w r i t t e n to appeal to both the 
p r o f e s s i o na l and the avoca t i ona l a r c h e o l o g i s t . 
He expresses a deep concern about the widening 

gap between these two groups and about the de-
c l i n i n g membership o f many a r cheo l o g i c a ! s o c i -
e t i e s . Snow fee l s that a rcheo logy w i l l lose 
much o f i t s charac te r i f i t l o se s i t s non-pro-
fe s s ionaVcemponen t and one-tjf—the_j.nopl i c r t 
aims o f / m ^ b o b k to nego t i a te a new " c o n - " " 
tract"//t>etwéeln thè two. We1 1 I have -a- revi_ew" * 
of the'aeW ¿ ¿ o k "Tri an upcoming issue»." 
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STONE BLAST FURNACES OF VERMONT 

By Victor R. Rolando 

Wrought and cast iron were made in at least 62 bloomery forge and 
18 "blast furnace sites in Vermont between 1775 and I89O. During this 
period, 75 bloomery forges and 28 blast furnaces were fired at these 
sites (Rolando 1980:107-113). Field investigations made in I978 and 
1979 to locate the surface remains of nine of these forges resulted in 
a few bits of slag, one flume, and one possible dam site. The search 
for blast furnace sites, however, has netted more dramatic discoveries. 
Standing ruins of blast furnace stacks exist in Bennington, Dorset, 
Forestdale, Pittsford, and Troy. Trace ruins are also identifiable in 
Tinmouth and Plymouth. The remaining sites, which display either 
questionable or no surface evidence are Brandon, Fair Haven, Shaftsbury, 
Sheldon, St. Johnsbury, Vergennes, and Woodford. 

These blast furnaces measure 20 feet to 3° feet square at the base 
and 23 to 40 feet high, tapering inward from the base. The outside 
walls of the earlier furnaces, such as those in Bennington, Dorset, and 
Troy, are of coarsely laid, rough cut (or uncut) stone,. Walls of the 
later blast furnaces at Forestdale and Pittsford are of uniformly laid 
arid "large finished stone. All walls were laid without mortar or cement. 

Each blast furnace was built close enough to a low hill to allow 
a short, high bridge to connect the hilltop to the top of the furnace, 
affording the means of charging the furnace with iron ore, fuel, and 
flux. Iron ore was mined locally and sometimes mixed with ore from 
New York state. The fuel was charcoal, made in kilns located in the 
surrounding forests or at the furnace site. Anthracite coal was consid-
ered at Dorset (Neilson 1866:220), and actually used without success 
in 1854 at the Forestdale stack (Lesley's Guide 1859*25). At the Conant 
furnace in Brandon, a dense peat called lignite ("brown coal") was used 
to supplement expensive charcoal. To facilitate removal of impurities 
from the iron, a limestone flux was added to the charge of iron and 
coal. The limestone combined with the impurities to form slag, visible 
at most furnace sites as. multicolored "stone". 

The forced draft for which the blast furnace was named was generated 
for earlier furnaces by large bellows, driven by waterwheels. Usually 
operated alternately and in pairs, 4-foot wide by 20-foot long bellows 



were not uncommon at the turn of the 19th century. Soon after, these 
bulky and cumbersome devices were replaced by wooden cylinders and 

1. 
pistons, the forerunners of today's air compressors. The I839 alter-
ation of Conant's furnace to accommodate two 6i-foot diameter cylinders 
is the earliest recorded use of these blast machines in Vermont (Lesley's 
Bulletin I859s?7). The cylinder heads were double-acting, with inlets 
and outlets closed by wood flap valves on leather hinges. (At a contem-
porary site at Tahawus, New York in 1977, I found the remains of wooden 
cylinders and pistons and their cast iron piston rods.) The pistons were 
operated by piston rods made either of cast iron or wood (wood was used 
at Hopewell Furnace, Pa), connected and driven from each side of the 

1 
water wheel. The cylinders were mounted either next to the waterwheel 
(Tahawus) or on scaffolding above-it (Hopewell). 

The blast was connected to the furnace hearth through one of the 
arches at the base of the stack by cast iron nozzles called tuyeres. 
The tuyeres were usually double-walled and cooled by circulating water 
to keep them from melting. 

Early blast furnaces had one or two arches; later furnaces had 
four. Early furnaces such as the cl820 stack in Bennington, employed 
corbelled arches with no decorative molded bands. The Dorset and 
Forestdale furnaces, of slightly later construction, contain splendid 
wedge-stone arches, while the Pittsford furnace, which operated until 
the ' 1880s, has a three-tiered molding of mortared brick. The red" under-
lain with yellow brick soffit extends the entire depth of the arch 
ceiling. 

These archways also gave ironworkers access to the hearth, from 
which the molten iron and slag were periodically drawn off. The hearth 
sat at the center of the furnace base. It was massively walled and 
supported with stone and/or brick to support not only the heavy molten 
iron and slag in it but also the entire bosh, which entended to the top 
of the furnace. The bosh was the inner stone or brick-lined vertical 
cavity in which the actual melting took place. Its configuration was 
like an egg, standing on its wider end. It was at this wide point where 
the tuyeres were connected and melting temperatures were the highest. „ boshes, 

Early furnace ^ such as one of those at Tinmouth, were lined with 
a hard stone, possibly schist or gneiss. As the technology advanced, 
iron characteristics were found to be affected by the nature of the bosh 
lining, prompting the use of various refractory bricks. Bosh bricks from 
the cl840 Troy furnace appear to be ordinary red bricks; from the cl850 
Forestdale furnace they are yellow firebrick made in Troy,New York. Bosh 

- 2 -



4-

Cutaway view into a 
typical blast furnace. 
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brick is distinctive from decorative brick for its burned and/or 
glazed end, caused by the extreme heat in the hearth. (Glass foundaries, 
bloomery forges, iron foundary cupola furnaces (air furnaces), lime 
kilns, and other metal processing furnaces also employ firebrick lined 
hearths as do present-day home heating gas and oil furnaces.) Some fire-
bricks were tapered to better fit the circular bosh configuration; all 
firebricks were mortared. 

The space between the inner, circular bosh wall and the outer 
square furnace wall was filled with rough stone of all shapes and sizes. 
This fill provided an insulating jacket around the bosh and support to 
hold the bosh vertical. This fill is visible at the two Bennington 
furnaces, each of which is partially collapsed. Parts of the Forestdale 
and Pittsford furnaces are also exposed. 

The two Bennington furnaces are located on private property off 
Route 9 at Furnace Grove. They are next to a residence which once served 
as the ironworks company store; later a chair factory. A good waterwheel 
pit remains next to the eastern stack, and a depression traces the route 
of the flume from the site of the forge pond to the wheel pit. Other-
wise, all surface traces of bloomery forges, charcoal kilns, charging 
and casting sheds, coal and ore houses, and a third smaller 'pocket* 
furnace (which stood between the two stacks) are gone beneath gardens, 
lawn, roads, and underbrush. Public access is practically unrestricted 

The stack at Dorset stands on private property just west of a by-
passed stretch of Route 7 one mile north of the town line. No other 
surface remains are visible. 

The Forestdale stack stands in a heavily wooded, state-owned area 
a few minutes' hike up an old road northeast of the village. The Pittsford 
furnace is relatively hidden along Furnace Brook a mile northeast of 
Pittsford village. No surface remains except fallen arch and bosh bricks 
and much slag are visible at either site. 

The most significant blast furnace site for the quantity and quality 
of interpretive surface remains is at Troy. This site is located about 
2j miles north of Route 100 on the east shore of the Missisquoi River. 
It can be reached by a 10-minute hike through a pasture off River Road. 

The blast furnace was built in 1837 and abandoned in 1846 (Hemenway 
1877:325). It stands immediately downstream from a falls where a narrow 
gorge forms a right-angle bend in the river. An approximately 300-foot 
flume cuts diagonally across the inside of this bend, affording a good 
head at the waterwheel pit, near the stack. The flume is 15 to 20 feet 
wide and 6 to 10 feet deep, cut through the rock. The dam, which backed 
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the water into the flume, was probably located in the narrow gorge 
although inspection during a low water period in 1979 failed to reveal 
any evidence here. Another possible dam location exists upstream, where 
the flume leaves the river. 

The wheel pit is about 20 feet west of the furnace stack. A narrow 
rock cut through a low hill between the stack and the pit leads to 
speculation that (1) the blast machines were either located here, feed-
ing- air to a tuyere in a possible arch at the east wall, or (2) the 
waterwheel shaft came through this cut to power the machines closer to 
the stack. Locating the archways in the stack would help to interpret 
various features of the furnace site, but all walls except the south 

1 
are partially collapsed, burying' probable arch locations. 

Directly east of the stack are stone walls, foundations, and an 
iron hollow-ware 43 inches in diameter and 23 inches deep, possibly a 
potash kettle cast at the site. A tail race from one of the foundation 
holes may indicate a wheel pit that powered a bloomery forge or a cupola 
furnace for remelting and casting stoves, hollow-ware, and boundary 
markers, (Many of the latter, cast at this furnace, were used along the 
nearby international boundary.) Glazed firebrick are found in and around 
this hole. Heavy iron mountings, possibly to support a waterwheel, lie 
at one corner of the foundation. A small dry inlet in one side of the 
foundation could have fed water to run the wheel, but its connection to 
the flume or river cannot be found. Slag and waste iron are scattered 
throughout the immediate furnace area. 

During its active ironmaking days, the furnace stack was surrounded 
by buildings, in contrast to today's open appearance. These buildings 
protected the blast machines and casting activities around the base of 
the furnace and the charging operations at the top. The charging house 
sat directly on the furnace with a tall chimney that vented smoke and 
stack gases away from the work areas. Foundations on the charging hill 
behind the furnace indicate that the charging bridge might also have 
been enclosed. A sketch of a cl844 blast furnace at Tahawus, 
New York which is contemporary with the Troy furnace in time and wilder-
ness environment, indicates a likely configuration of the immediate 
furnace structures (Masten 1 9 2 3 : 1 3 2 ) . 

Threading through the rubble of the collapsed furnace walls are the 
twisted iron straps that held the stack walls together. Their ends are 
slotted for pins to hold iron end plates snugly against the wall. All 
pins have been removed, even from the undisturbed wall, but the only end 
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A Ä+8/FO blast furnace complex at Tahnwus, New York, a contemproary 
to the Troy furnace. (Masten 1923:132) 
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plate was found a few dozen feet downstream, in knee-deep water. The 
vicinity of the river near the furnace should not he overlooked in the 
search for artifacts. 

The ironworks supported a village that had a boarding house and 
post office (Thompson 1842:174). No trace of village cellar holes could 
be found. They may have been in the present relatively smooth 
pasture that borders the wooded furnace site. The old road that ran 
parallel t o River Road leads down through the woods to the southeast 
and uphill out of the woods east of the tail race. The road is indicated 
on Beers* Atlas, and shows structures in the ironworks vicinity (Beers 
1878:50). 

Vigilance is one response to threats to archeological and historic 
resources. But vigilance must be coupled with accurate identification 
and ongoing inventory of sites. Unlike blast furnace sites that were 
destroyed years ago by later mills in Sheldon, a hydroelectric power 
station and recently a sewage treatment facility in Vergennes, and 
industrial development in St. Johnsbury, the Troy furnace site has 
managed to escape relatively undisturbed. This is due largely to its 
remote location. The Troy furnace site does, however, fall well within 
an area of the upper Missisquoi River that is threatened with inundation 
from the projected construction of a high dam about two miles downstream. 
This would place most of the Troy ironmaking site under 25 feet of water. 

Assisted by an inventory already accomplished for DHP on a majority 
of the bloomery forge and blast furnace sites in Vermont, the UVM contract 
archeology team has already started initial identification of this 
potentially sensitive archeological site plus an earlier bloomery forge 
site two miles upstream. This effort also'includes"the identification 
of other historic and prehistoric sites at this and five threatened 
downstream dam sites. The result of this identification effort will 
allow DHP to proceed effectively with the implementation of federal and 
state historic preservation laws. 

April 2, I 9 8 O 
Pittsfield, Mass. 
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Stone Blast Furnaces of Vermont 

Bennington St. Johnsbury 
Furnace Brook 1793- 1803 Paddock Iron Co. 1828- ? 
Sage & Olin 1804- 1821 

*Hunt l822-cl840 Shaftsbury 
*Benn. Iron Co. 1822- 1853 Douglass & Bangs C I 8 2 9 - ? 
Benn. Iron Co. cl831-cl840 H. Burden & Sons I 8 6 3 - ? 

Brandon Sheldon 
C onant 1820-C1860 Keith #1 1799- 1823 *Forestdale 1823- 1855 Keith #2 1824-C1850 

Dorset • . Tinmouth 
Curtis cl84o- ? 1 Willard & Perry C1810- ? 
^Dorset Iron Co. cl846- 1875 * (unknown) C I 8 I 5 - ? 

Fair Haven 
*Rathbone & Vaughan 1815- 1837 Fair Haven 
*Rathbone & Vaughan 1837 

Lyon • 1788- ? Troy 
Pittsford 

^Boston & Troy I. Co . 1837- 1846 Pittsford 
^Boston & Troy I. Co . 1837-

Keith 1 7 9 1 - ? Vergennes 
Gibbs & Co. 1795- 1824 Monkton Iron Co. I 8 0 9 - 1816 Leach 1824- ? Rathbone 1824- 1830 Granger 1853- 1865 

1830 
^Vermont Iron Co. 1865-C1880 Woodford 

Robinson & Quimby C1820- ? 
Plymouth 

Robinson & Quimby 
Tyson I 8 3 7 - I 8 7 2 

* Standing or identifiable furnace ruin. 

-



REFERENCES CITED 

Beers, F.W. Atlas of Lamoille and Orleans Counties. Vermont. F.W. Beers 
& Co. , New York, 1878'4 

Hemenway, Abby Maria. Vermont Historical Gazetteer. Claremont Manufactur-
ing Co., Claremont, N.H., Volume III, I878. 

Lesley, James P. Bulletin of the American Iron Association;1856-1858. 
(n.p.), (1859?T: 

• The Iron Manufacturer's Guide to the Furnaoes, Forges 
andRolling Mills of the United States. John Wilev. New Yorkf 185Q. 

Masten, Arthur H. The Story of Adirondac. 1st ed 1923; rpt Syracuse 
University Press, 1968. 

Neilson, William G. Charcoal Blast Furnaces. Rolling Mills, Forges and 
Steel Works of New England in 1866. American Iron and Steel 
Association, (n.d.). 

Rolando, Victor R. "Ironmaking in Vermont:I775-I89O" unpublished MA 
thesis, College of St Rose, Albany, N.Y., 1980. 

Thompson, Zadock. History of Vermont. Chauncey Goodrich, Burlington. 
Par$ III, 1842. 



30 August 1981 
Dear Giovanna, 
If you haven't sent out the Route 7 "bypass info yet, forget it. I've found 
out that the 'bits and pieces' I thought, aren't. The whole stretch from 
Arlington to Manchester Depot is well under construction. No wondering 
where it goes; it's very obvious. But it doesn't seem to be near any iron 
mine or charcoal kiln sites that I know of. I hiked about two miles up 
the Lye Brook Wilderness Trail this past Saturday, looking for the iron 
mine there with no real luck. Where ever it is, it's well east of the new 
Route 7 workings. Up that same Lye Brook ravine are remains of railroad 
beds and trestles from the lumbering days, around the 1900's I think. The 
Lye Brook ravine itself is very impressive; a jumble of giant boulders. 
I'll have to get back up there some day I have more time to really enjoy. 
My elusive blast furnace at Manchester Center isn't. (I think.) I'm pretty 
sure the blast furnace slag I found in the stream bed in the Center last 
week comes from East Dorset. Not that it washed down, even though it's only 
three miles upstream; it's a different stream. In,188^ the wood bridge at 
Manchester Center (or Factory Point, as it was then called) was replaced by 
an iron truss bridge. I found a photo of it, and it sits on a relatively 
high abutment, much the same where today's bridge is. The iron bridge was 
in turn replaced by an arch marble bridge in 1912, and widened to today's 
width in 19^2. I speculated that slag might have been used, at least in 
part, to fill the iron bridge abutment. To check it out, I returned to the 
bridge this Saturday, and after careful inspection, managed to find a hand-
full of small chips of the same type and color blast furnace slag in and 
adjacent to a parking lot where the old abutment used to be. I never did 
believe that a blast furnace existed in Manchester Center (or Factory 
Point). A reference to the bare remains of an old stack in the 1930's, 
right next to Route 7 in Manchester Center must be with regard to the 
remains of a blacksmith forge and chimney, that existed in the parking lot 
where I found yesterday's blast furnace slag. The two have absolutely no 
connection. 

I have finallly located someone related to a former worker at the Burden 
Works in Shaftsbury. A woman's great-great grandfather worked as furnaceman 
for Burden in the l860's-70's. This woman also has some tools and other 
things from his days. She also thinks there's a piece of pig iron in the 
attic! She was suprised anyone else would be interested ito these things. 
Her son gave me a guided tour of the 'furnace grounds', and I have finally 
physically located some foundations. It's very heavily overgrown, however, 
so I'll return in a few months when the foliage situation should improve. 

And on to Furnace Brook, Bennington. After countless hours inspecting maps 
and practically crawling on my hands and knees in that brook, tracing slag 
finds upstream, I ran out of slag this afternoon. Well, not exactly. I had 
been doing this for some days now, but the going is slow. So I gave my best 
guess as to exactly where Whitelaw's ironworks symbol on his 1796 map was 
on my topo, and visited the spot. It'ialmost on top of an abandoned dump! 
This afternoon, I managed to hike down from the road, around the dump, and 
follow the stream up for about a quarter mile. The slag stopped after find-
some good 10-inch to 1-foot diameter pieces immediately downstream of the 
remains of a dam and some foundations. I don't think the foundations are 
actually the blast furnace foundations, but from something that came later. 
If it was a good hrlast furnace site in one year, it could very well be a 
good site for something else later, n'est pas? There are what I believe to 



be a wheel pit. with sufficient foundation for a structure next to it. 
It might have housed blast machinery earlier, maybe a saw mill later. 
But in addition to the slag here, the stream ran very red. In fact, on the 
bank adjacant to the foundation walls, the red was thick enough to be 
scooped with a spoon. Maybe leaching out from some iron ore that hadn't 
been worked? And also, the structure was built against the embankment of 
a small, artificial hill, much like early furnaces were; to afford bridge 
access to the stack. There were no hearth brick to be found, but that isn't 
unusual. At Tinmouth, ordinary roek was used for hearth lining. Could be 
why the furnace didn't work out well. And about the sides of the embankment, 
there were all manner of charcoal. 
It took an hour to get down from the dump and up the stream to this spot, 
but I found a short-cut out.It'll make for easy enough access to return 
again next week, and do more investigating here. If it dows turn out to 
be the blast furnace, it's a very important find. No one has ever really 
known where it was. And what's more, I've found the slag to be of a very 
good quality; highly colorful, bright, and multi-colored (green, black, 
and light blue). I hadn't expected to find such colorful slag for such an 
older furnace site. 
That's not all... folks. While studying a history of the Town of Shoreham, 
for iron ore there, I ran across the statement in the 1861 book that the 
ore in Shoreham wasn't good for wrought iron, so it was used at Mathew 
Lyon's furnace in Orwell where some good cast iron pieces were made. In 
my thesis I had concluded that this was a bloomery forge -.operation, but 
now it looks like an honest blast furnace. Funny the clue should come out 
of another town's history. I guess my next major search is in Orwell, maybe 
this Labor Day weekend. Incidently, I've been baging slag samples the past 
two years. I have bags of slag, identified as to site, and the date I baged 
it. Just so you know, in case anyone wants to do some kind of slag analysis 
with Vermont slag. 

Sorry I don't have anything more to report, but I have to end this weekend 
and go to work tomorrow (work? tomorrow?). I'm planning a Friday-Saturday 
weekend in the VHS/UVM libraries about the middle of September, workload 
at GE permitting, so maybe I'll see you then. 
Data for the ironworks article is obviously piling up, much to my satis-
faction. I'm very glad that I didn't let Bob West publish what I had last 
year. When I finish, I should also have scads of new and corrected informa-
tion for your files also. I don't plan to publish UMT coordinates and such 
in the new article, but I am keeping track for you. 
Love to all. If you run into a single woman with a bent for a fanatic dirt 
historian, point her my way. 



jpH^ ̂  2B August 1981 
Dear Giovanna, P h A 

No, no problem. Just a good weekend! I've been checking some loose 
ends from my thesis research, and this weekend's was a supposed blast 

>\ furnace in Manchester Center. I should have left well enough alone. I 
went up yesterday (Sunday), not expecting to find anything but found 
blast furnace slag in the stream that runs right throughthe village. 
Honest-to-God blast furnace slag; bright blue, black, and white/grey. 
It's in the stream bed from the Route 7 bridge to well below the dam 
just a few hundred feet downstream (east). Also, there's an old iron 

j., turbine along the shore, just waiting for someone to haul away as part 
of his/hie collection. It has an 18X9 (1869 or 1888) date on it. I'm 
going back up next weekend for another look, and better date it. I'm 
also planning some library work there. There's an iron mine a few miles 
away along Lye Brook that is supposed to hve been mined by the Clove 
Springs Iron Company in Dutchess County. I know about that company from 
previous work. To have hauled iron ore a hundred-plus miles by the 
company meant that it must have been pretty good ore. So why not a local 
blast furnace at one time? Dunno. I'll have a better story later. My 
blast furnace count for Vermont is closing in on 30! Especially if I 
eventually figure out the ellusive North Dorset 'blast' furnace. 

I should have some sort of a draft outline of the ironworks 
article in a week or so. I'm still trying to sort out where to place 
some sites (in the outline), but I'm also considering including some 
non-ironmaking, but significant ironworking sites, whsxKxth These in-
clude the Gray Foundry in Poultney (don't look it up, it don't exist 
anymore), the works at Randolph, things at Windsor and Rutland, etc. 
I'm also going to write to the VHS tonight right after this letter to 
find out what their requirements are with respect to articles. It's 
starting to feel good making weekly weekend trips to Vermont again. I 
can do quite a bit on one-day drives from Pittsfield as long as I plan 
the trip carefully, and lug along everything I may need, which if I 
don't bring, I will need. 

The way the article is being put together, is not a strict arch-
aeological survey, but one of combining that, along with historical in-
formation. I really don't know what that makes it, although I'm sure the 
VHS should be interested. At least, I don't know of anything of the 
sort ever being done in Vermont (now that's ironic!). 

Forging along... I'm also writing to Sandy to at long last take 
him up on his offer to put me up some evening. I plan to do an extensive 
amount of work at the Rutland Free Library sometime in September. The 
Proctor/Rutland area is within 25 miles of about 90% of my ironworks 
sites. I figured the other day that Addison and Rutland Counties alone 
account for 55% of the ironworks and ironmaking sites in all of Vermont. 

Gotta go... Hi to all. 



November 5, 1979 RECEIVEDNOV 71979 
Philip F. Elwert, Curator 
Vermont Historical Society 
109 State Street, Pavilion Building 
Montpelier, Vermont 05602 

Dear Phil, 

Many thanks for the prompt action on supplying the photos. They are sharp beyond my 
expectations, and are usable within the next few weeks. I most definitely will give 
VHS the proper credit line. The photos are being ured as part of my MA thesis, which 
is a survey of ironmalcing sites in Vermont. As of this writing, I have located ex-
actly 100 bloomery and blast furnace sites in the state. It's time to quit.' I have 
no plan to publish the thesis, but I do plan to use it as a basis for writing a com-
prehensive study of ironmaking in Vermont at some later time. I will still have to 
research the iron mines and bog ore beds, charcoal-making industries and kilns etc 
There's a long way to go yet. But I will, none-the-less, make a copy of the thesis 
for the VHS. The main purpose for the survey is for your SHPO office, right upstairs. 

I have found a couple of related items for your interest: 

1). The 'Tyson Furnace' painting, according to your files, was painted by an unknown 
artist. In Guy Hubbard's Industrial History of Windsor. Vt (19223 p 53, he talks of "« 
oil painting of the furnace made years ago by Mr. Myron Dimmick (a workman at the 
furnace who became a landscape painter)". 

2). There is a Tyson Stove on display in the VHS museum, dated on the card "ca 1883". 
Nothing I have turned up on operations at the works indicate its blast furnace in 
operation beyond 1872 and at that time it was not known as the Tyson Iron Works but 
the Spathic Iron Company (of Hartford, Conn.). The Tyson Iron Company ceased to'ex-
ist right after the Civil War. I can only think that the "ca 1883" date may indicate 
continued casting of the popular Tyson Stove by a later foundry while retaining the 
Tyson Stove name for advantageous sales purposes. If you can shed any light on that 
in the way of confirming the "ca 1883" date (realizing the + nature of ca), or who 
might have been casting Tyson Stoves at that time, I would appreciate it. 

Victor R. Rolando 
34 Howard Street 
Pittsfield, Massachusetts 01201 
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April 7, 1980 

Dear Giovanna, 
Here's that pest again 

S 
Enclosed are things. First, a Xerox of an article I found in 

the Nov '77 issue of the SIA Newsletter, while looking for something 
else. It appears to describe one of the bridges I reported to you last 
fall, made of railroad track, in Wallingford. Majifybe you should attach 
it to the same report on that bridge. Second item, a Xerox of what 
appears to be a review of your Stone Chambers article, This item comes 
from the ESAF News (Aug '79) which I only just this week received. I 
suspect you also get this, but just in case... Incidently, in case 
you would like, I subscribe to the NYSAA Bulletins, and would mail them 
to you, if you don't get them .Q-'pv aiso florin*) 

I checked into why UTMs in the forms I sent to you last year differ 
from the thesis. I've figured it out. When I was making out the forms, 
I hadn't ever used UTMs before and assumed that the grids ran parallel 
to the sides of the map. Of course, I've since found out they don't. 
For UTMs near the edge, they probably are accurate, but toward the 
middle they are way out. When I discovered this (I can't remember how 
I discovered it), I bought myself a 24" steel rule to reach the entire 
1 png-tb and ̂ wjrith of-: )po, and determine the accurate UTM. Sorry about 
that.(UJse the thesis . They're the correct ones. 

Your assistant, Donna, is keeping my office phone jingling. No 
problem, but I have to keep a copy of the thesis at work now. Again, 
no problem. Glad to help. I hope you understood that I didn't confirm 
all the sites in the report. This I hope to do this year, for as much' 
time as I have available to do (and gas $$$ holds out). By year's end 
there should be an addendum to the thesis with more aecurate UTMs (here 
we go again!). I also hope to be able to give a better report on what 
visible remains there are, photos, etc. Remember, Giovanna; I'm an 
amateur. With an MA yet, but still an amateur. I value that. (It's also 
my way out!) 

I received the UVM Summer Session bulletin last week and am planning 
to spend the week following July 4th at Chester's IA course. I took this 
back in the summer 6f '78, at which time we recorded the old Vermont Bobbin 
Factory in Burlington. I don't know what we'll be doing this year, but 
Chester usually comes through. I won't be needing credit this time, so 
it should be more relaxed and fun. Also, I'll have time to do some evening 
work at the Wilbur Collections Library, maybe get in some socializing 
along the way. Hmmm-m-m... 

Thursday's my last day of school. No more teachers, no more books.... 
Keep well; lots of love... 
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MontpeIter, Vt. 011602 

HISTORIC SITES A STRUCTURE SURVEY 
Blast Furnace (ironmaking) Survey Form 

¡IIRVEY DUMBER : 0 

STATE 01' VERMONT 
Djvision for Historic Preservation 
MontpeIter, Vt. 011602 

HISTORIC SITES A STRUCTURE SURVEY 
Blast Furnace (ironmaking) Survey Form 

NEGATIVE FLEE NUMBER: 

0 

STATE 01' VERMONT 
Djvision for Historic Preservation 
MontpeIter, Vt. 011602 

HISTORIC SITES A STRUCTURE SURVEY 
Blast Furnace (ironmaking) Survey Form 

U'L'M REFERENCES: 
Zone / lias L i ng/Nor th l.ng 

0 

STATE 01' VERMONT 
Djvision for Historic Preservation 
MontpeIter, Vt. 011602 

HISTORIC SITES A STRUCTURE SURVEY 
Blast Furnace (ironmaking) Survey Form 

u s e s QIJAI) MAP: 

0 

STATE 01' VERMONT 
Djvision for Historic Preservation 
MontpeIter, Vt. 011602 

HISTORIC SITES A STRUCTURE SURVEY 
Blast Furnace (ironmaking) Survey Form Accessibility to public: 

• Yes • No • Restricted 
COUNTY: Visible Lrom public road: 

• Yes • No • Seasonal TOWN: 
LOCATION: 

Visible Lrom public road: 
• Yes • No • Seasonal TOWN: 

LOCATION: Builder/Contractor : 

COMMON NAME: Date built: 
OTHER NAME(S): Date(s) rebuilt: OTHER NAME(S): 

Date abandoned: 
OWNER: 
ADDRESS: 

Level of signiiicance: 
• Local • State • National 

DESCRIPTION, CONDITION, EVIDENCE OF SITE: 
P Standing furnace P No visible evidence 
• Partially standing ruin • Historical marker 
• Collapsed ruins P Other 
P Trace ruins 

STRUCTURE : 
Externa 1: • Fine- ashlar P Uncut stone 

P Rough ashlar P Brick 

Bosh: P Refractory brick P Contoured brick 
• Nonrefractory brick • None visible 

Hearth: P Stone P Brick P None visible 

Archway: • Stone P Brick No. of tiers 

Bracing: P Iron rod P End plates P Slotted P Keys U Wood beam P Face straps P Threaded • Nuts 

Other: • Tuyeres • Bustle pipes • sight holes P Other 

APPENDAGES: Ovens : • Top • Separate • None 
Bridge : • Iron P Wood P Hone 

RELATED EVIDENCE(S): • Wheel pit • Flume • Dam 
• Roads • Slag • Coal • Dam site 
• Iron ore • Cellar holes • Walls P Sprue 
D Surface artifacts 

DIMENSIONS: Furnace: Ht. Case X 
(Meters) Dosh: Ht. Diameter, 

Main Arch: lit. Base width 

THREAT TO SITE: • Zoning • Vandalism • Development • Deterioration 
• Roads • Flooding • Private • None 

LOCAL ATTITUDE: p Positive • Negative P Mixed POther 

SURROUNDING ENVIRONMENT: • Open land p Woodland P Stream 
P Scattered bldgs p Industrial P Commercial P Moderate build-
P Agricultural P Residential p Other 



/Ii»ITITTNAL D/TA: 
Power : • Unter • Stonm 
Fuel : • Charcoal • Anthracite 
Draft: • Bo 1 lows • Tubs 
Ore: • Bog • Loca 1 • Pit/Mine • Impor ted 

Other: 

RELATED STRUCTURES: 

STATEMENT OF SIGNIFICANCE: 

REPOSITORY OF MATERIAL FROM SITE: 

REFERENCES: 

MAP: (North indicated in circle) 

RECORDED BY: 

DATE RECORDED: 

PHOTO: 

PHOTO DATE: 

VIEW: 



November 24, 1986 
Vermont Inventory of Industrial Sites 

SMNF 
Proc Recorded 

AD— Stat Addison County Bdy? I n i t. Update 
16 * Huntley Island CKM? - Leicester „ „ „ „ „. . . Yes 78 

146 Monkton Iron Co BF/BL/FDY - Verqennes ..„»„„ „ . No 76 81 
299 * Middlebury Forge BL - East Middlebury •,„„„,,„ . . Yes 80 
300 Orwel1 BF - Orwel1 . „ No 77 81 
314 Dragon Brk CKB - Ripton .................... . . Yes 83 85 
315 Widow's Trai1 CKB - Ripton „ . Yes 83 
318 Fluntley LK - Lei cester ..................... 84 
338 Billings CKB — Ri pton ...................... . . Yes 85 
339 Eagle Forge BL - East Middlebury „„„..„„„.„. . . Yes 85 
340 * Little Otter E<F — Hew Haven ................ „ No 85 
341 Kewaydi n CKM - Sali sbury 85 
348 A1der Brk CKM (east) - Ri pton .............. . . Yes 85 
351 Alder Brk CKM (west.) - F<ipton .............. 85 
355 # Green Mtn Lime Co LK - New Haven ........... . . No 85 
356 Sandusky CKB? - Granvilie .................. . . No 85 
404 Ri chvi lie Mill s ?< BL - Shoreham ............ . . No 86 
405 Widow Glynn CKM - Leicester 86 
406 Sawyer ' s Forge BL. - Sal i sbury .............. . . No 86 
407 Sali sbury Forqe BL - Sali sburv ............. 86 
409 Bedel 1 LK - E<ri stol ........................ „ . No 86 
414 Brooksville Edge Tool Co FDY - New Haven ... . „ No 86 
415 Wainwright/Davenport FDY - Middlebury ...... . . No 86 
416 Hoi 1 ev Forqe BL - Bri stol . 86 
417 Lewis Creek Farm BL - Starksboro ........... . . No 86 

49 Lk Dunmore Glass Fac - Salisbury 78 81 
50 • fc Soper & Pier; Burnham BL - Lincoln „ . Yes 81 
85 Mt Ful1er CKM - Monkton 86 
86 Bristol Village Forge BL. - Bristol . . No 86 

PPr Stat Bennington County 
9 * East Dorset E-iF - Dorset .................... 0 3 
10 * Benn Iron Co (east stack) BF - Efennington .. . „ No 80 
11 E<enn Iron Co (west stack) BF - Bennington .. . . No 80 
35 ¥r North Dorset BF - Dorset 81 83 
36 Burden BF — Shaftsbury ..................... 81 
37 F<ed Cabin CKB - Glastenbury ................ . . Yes 82 
39 Mad Tom 3 CKB - Peru 83 
40 Mad Tom 3. CKB - Peru 83 
41 Mad Tom 5 CKB - Peru ....................... 83 
42 Wi nhal1 Ri ver CKB - Wi nhalI ................ . . Yes 83 
43 Bromley Brk CKB - Wi nhal1 83 
44 Bourn Brk CKB - Winhal 1 . . Yes 83 
45 * Bickfor'd Hoi low CKB - Glastenbury .......... . . Yes 83 
46 East Fork CKB - G1astenbury ................ . . Yes 83 47 West Fork CKB - GIastenbury ................ . . Yes 83 
50 Heartwel1vi1le CKS - Readsboro ............. . . Yes 83 
51 Heartwe11vi11e CKB - Readsboro 83 
cr/-;. Heartwel1vi11e Conical CKB - Readsboro ..... . . Yes 83 
53 CotykiIns CKS - Stamford 85 
54 Dutch Hi 11 si te CKS - Readsboro ............ . . Yes 85 er KT JJ Cowen (Gulley; Kimbal) E-trook CKS - Stamford . . Yes 85 
56 Sterba CKB & CKM - Glastenbury ............. . . Yes 85 
57 Haqer Hi 11 site CKB? - Woodford . . „ . 85 
58 Bacon Hoi 1ow CKM - Sunder1 and .............. . . Yes 85 

INV-1 



November 24, 1986 
Vermont Inventory of Industrial Sites 

GMNF 
Proc Recorded 
Bdy? Jnijt Ugdate 

Eienn i ng t on Ct y ( Con t ) s 
BE-
61 East Mtn CKM -- Shaft.sbury „.„„.. ........ Yes 85 
62 East Mtn CKS (north) •-• Shaft sbury. ............ Yes 85 
63 East Mtn CKS (south) -- Glastonbury ........... Yes 85 
64 Furnace Brk EiF - Bennington . „ „.„..„„».„„„ No E!5 
105 Kennedy CKS - Stamford ....................... Yes 86 
106 * Cardinal (Nunge) Brook CKB - Stamford ....... Yes 86 
107 Crazy John Stream CKS - Stamford ............ Yes 86 
108 Thompson Farm CKM -- Stamford „ „.„„„„ „ „ „ „ „ „ „ „ Yes 86 
109 Barnumvi1le LK - Manchester ................. No 86 
110 MD&G RR -- Manchester/Dorset .................. No 86 

4 Burden I. Co iron mines ~ Bennington ......... No 79 
Unidentified Concrete Structures - Pownal..... No 85 

CA- Stat C a l e d o n i a C o u n t y 
20 Paddock Ironworks BF - St Johnsbury .......... No 81. 

CH- Stat C h i t t e n d e n C o u n t y 
17 So Burlgtn LK (prehistoric> - So Burlgtn ..... No 68 

282 Weston LK -- So Burl ington No 86 
283 Stevens FDY -- Col Chester ...................... No 86 
284 Winooski Park LK - Colchester ................ No 86 

E..-.S.-
4 Colchstr Bog Iron M line - Colchester ...... . ... No 77 
6 C1 a y F o i n t B r i c k y a r d - Colchester ........ . „ . ,. No 77 
7 * R e d R o c k Foi n t Br i c kyard - Colchester .... . . . No 77 

70 Spafford Forge BL - Wi11i stem ............ .... No 80 
ES- Stat E s s e x C o u n t y 

FR- Stat F r a n k i i n C o u n t y 
67 * Keith (west) BF' - Sheldon .................... No SO 
68 * Keith (east) BF - Sheldon ...-...............'.. No 80 
149 Rock River BF - Highgate ..................... No 81 
163 Barney Forge BL — Swanton .................... No 85 
169 Kenf i el d FDY - Fairfax ........................ No 86 

F.S.,-
12 (VT-FR--163) ................................... No 80 

Sir. Stat G r a n d I s l e C o u n t y 

LA- Stat L a m o i i l e C o u n t y 

OR- Stat O r a n g e C o u n t y 
14 Ely Copper Mine — Vershire ................... No 80 

0L- Stat O r l e a n s C o u n t y 
3 Troy BF - Troy ......... ̂  .................... „ No 80 

RU- Stat. R u t l a n d C o u n t y 
41 * Forestdal e BF - Brandon ....................... Yes 80 
57 * Granger BF - Pitts-ford No 80 85 

INV-2 



November 24, 1986 
Vermont Inventory of Industrial S:i. tee 

Rut1 and 
RU--
76 
77 
78 79 
84 
85 
86 
87 
97 
98 99 
103 
108 
109 
153 
.1.54 
155 
156 
157 
160 
161 
162 
163 
164 
165 
166 
167 
171 H 

13~ • 
17 
19 

Cty (Cont): 

Terminini BF - Tinmouth ........... 
Jaquay BF ~ Tinmouth .............. 
Old Job CKB -- Mt Tabor 
Ten Ki Ins CKB - Mt Tabor .......... 
Black Branch CKB - Mt Tabor ....... 
Four Ki I ns CKB -- Mt Tabor .......... 
Greeley Mills SM & CKM? - Mt Tabor 
Chipman Forge BF/BL? - Tinmouth 
Chippenhook BF - Clarendon ...„.„„, 
Scotch Hill stone pit - Fairhaven . 
Coburn BF' - West Haven ............ 
Iron Mine - Chittenden ............ 
Ki In #36 CKB - Mt Tabor „......„..,, 
Forestdale Iron Mines - Brandon ... 
Gibbs K Cooley FDY/BF •-- Pitts-ford . 
Maplebrook Farm L..K --- Tinmouth ..,...„, 
Kiln Brook CKB •-- Chittenden ....... 

Ch i 11 en d en 
Mt Tabor ,. 
Danby ...... 
finmouth ... 
-- Tinmouth 

WA- Stat 

L a m p m a n C K S < R e c t ) 
Vt Lime Prod Co LK 
Danby Mtn Road CKB 
Crow Hill Farm LK • 
T i n m o u t h P o n d D a m B F -• 
Pal umbo Farm Iron Mines - Tinmouth ..... 
Circular Stone-Lined Feature - Mt Holly 
S. Bromley Farm LK - Wal ling-ford ....... 
' The Cobb I e ' LKs - CI arendon .„„,.,...,.„„, 
Crow Hill Farm Iron Mine - Tinmouth 
Packard Mi 11/Forge Si te E<L - Tinmouth .. 

Worth Mtn CKM - Goshen ................ 
Davey 's Forges BL_ - Fair Haven ...»„„„„, 
Danby Sta CKB (Carvage) -- Mt Tabor .... 
Washington County 
Waterbury Last Block Co SM -- Waterbury 
Rice's Forge BF/FDY - Waits-field ........ 

GMNF 
F'roc 
Bdv? 

No 
No 
V E? 

Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
Y es 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

. . . Yes 

. . . No 

..„ Yes 

.". No 

. . No 

Recorded 
In.it Update 

80 
80 
82 
82 g 

82 
83 
83 
85 
85 
85 
85 
85 
85 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 

80 
81 
82 

86 
86 

S3 

85 
83 

WD- Stat Windham County 
37 Mt. Snow Iron Mines - Dover „. 
38 Somerset Forge BL - Dover ... 
66 Harold Field's Charcoal Kiln 
67 Janet Greene Farm LK - Dover 
68 W Thayer LK - Jamaica „..„,... 
69 PA Haven LK -- Jamaica 
70 A Howard LK - Jamaica ....... 

>t rat ton 

Yes 
No 
Y ga <:.;:, 
Y es 
No 
No 
No 

85 
84 
86 
86 
86 
86 
86 

WN- Stat Windsor County 
51 Tyson -BF - Plymouth .............. 
58 Upper Falls LK - Weathers-field ... 
59 Upper Falls Mills - Weathers-field 
104 Amsden LKs — Weathers-field ..„.„., 

No 
No 
No 
No 

81 
85 
85 
86 

INV-2 



November 24, .1986 
Vermont Inventory of Industrial Sites 

6MNF 
Proc Recorded 
Bdy? Init Update 

Windsor Cty (Cont)s 
E.-S.;: 
14 Upper Falls Forge BL? - Weather s-field ........ No 85 

* = Needs further archi vai/field work or Site Survey Form update 

Legend 
BF = Blast furnace CKM = Charcoal kiln, mound 
BK = Brick kiln FDY ~ Foundry 
BL = .Bloomery LK = Lime kiln 
CKB ~ Charcoal kiln, brick SM = Saw mill 
CKS = _Char coal __ k i 1 n , __st one 

Inventory in Progress 
A d d .i s o n C o u ri t; y r. 

Addison 
Bristol 
Bristol 
Bristol 
Ferrisburg 
Ferri sburg 
Hancock 
Lei cester-
Monk ton 
New Haven 
New Haven 
Shoreham 
Vergennes 
Weybri dge 

Potash Efay 
Barker Charcoal k iIn 
Dam upstream of Rockydale 
Iron mine (1857 map) 
Lime kiln at Plank Road (Beers) 
Bloomery at the Hollow (R. Robinson) 
Charcoal kilns (Dick DeBonis) 
Charcoal mounds and blast furnace per F'eleszak 
Iron mine (John Peters) 
Mill foundations/forge at New Haven Mills 
Lime kiln (Beers) 
Charcoal mounds (?) per UVM Remote Sensing Lab 
Tunnel complex (update) 
Blast furnace site (Bel dens) 

Bennington County: 
Bennington 
Manchester 
Manchester 

<§ Manchester 
Readsboro 
Readsboro 
Readsboro 
Readsboro 
Sunder1 and 
Winhall 

@ Winhall 

Lime kilns (silos?) at Bennington Potters 
"Mystery" foundation along upper Lye Brook 
Remains at holding pond 
Lime kiln at Dr Treat's 
Saw Mill west of Heartwel1vi11e (new logging road) 
Saw rni 1 1 north of Heartwel 1 vi 1 1 e 
"Furnace" (Hugh Jackes) 
Ruins west end of Heartwel1vi11e 
Saw mill at Bacon Hollow 
R o o t. v i 11 e s a w m i 1.1 / h o u s e r e main s 
Charcoal kilns at Snow Valley (Bob West uncie) 

C a J. e d o n i a C o u n t v ; 
Lyndon M u r k 1 a n d f o u n d r y 

Chittenden County: 
E<ur 1 i ngton 
E. S S e X n n . e 
Hinesburg 

Water power systems at Winooski Fall' 
Brick kilns at Condo <FS assigned?) 
Patrick foundry at Mechanicsvi11 e 

INV-4 



November 24, 1986 
V e r ITI o n t I n v e n t. o r y o f I n d u stri a J. S i t. e s 

I n v e n t o r y i n P r o g r e s s ( C o n t ) 

Chittenden Cty (cont) 
Shell, burne „ . . 
Westford „ 
Winooski „ ., . 

Franklin Countys 
Highgate 

Larnoi 11 e Countys 
Morristown 

0ran ge Count y s 
Thetford „.„,,. 

Rut 3. an d Coun ty r. 
Brandon .„„„„ 
Brandon „„,„„ 
Chittenden „„ 
Danby 
Pittsford „.„ 
Sudbury „ ., „ „ „ 
Wallingford 

Washing ton County : 
C a 1 a i s ««!.«..« 

<§ Wai tsfi eld „„„ 
Waterbury .„ „ 

Windham Countys 

Wi ndsor County s 
Bethel 
Rochester .„» 
Weathersfie1d 

& Woodstock „ „ „ ,. 

M ills/ b1oomer y sit es at F a11s 
Ed oomer i es 

Water power systems at the falls 

Lime kilns at Limekiln Point 

Forge at Cady's Falls 

Blast Furnace per Peter Thomas letter (Paige 1978) 
Charcoal ki1ns in "The Basin" 
Con ant. furnace 
Charcoal ki 3. n (s) per Wall 1 ing 
Quarry RR east, slope of Dorset Mtn 
Add'.I sites in Srangerville (Allan Hitchcock) 
Charcoa1 kilns on Miller Hill (Mary Kennedy) 
Works at Homer Stone Brook 

Forge at Joe's Brook 
Rice's Forge (VT-WA-25) 
Charcoal kilns at State Park (Bill Gove) 

White River Iron Co 
Coal kilns per Beers 
Lime kiln south of Amsden 
Cohb f urnace at Engli sh Mi11s 

(§ = research in hot pirsuit. 
# = ground survey accomplished; report 

Vic Rolando 
3 3 H o w a r d S t r e e t. 
P i 11 s f i e 1 d , M a s s 012 01 

and forms in process. 

16r, Vermont „ Inv 
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February 2, 1986 
Vermont Inventory of Industrial Sites 

Rutland Cty 
R It-
'lS 6 
,137 J ? 
\ J * 

Landman CKS (Rest.) - Chittenden 
Vt. l_Wie Prod Co LK - rjt̂ Sfsbor . , 
DanbvXtn Fioad CKB * Iran by 

y 

Worth Mtn Jpp! - Goshen . 
Davev ' gfeç; BL - Fair 

CKB (Carvage 

Wa!§hi.ngtgn Count 
yinäham Cgußjf'y 
Mt. Snow J^^n Mines - Do 
Somer*«^ Forge BL — Dover 

Stat 

F'roc 
Bdy 

GMNF 
•mf prqed 

Upper Falls Forge BL? W 

* = Needs further archival/field work or Site Survey Form update 

BF = Blast furnace 
BK = Brick kiln 
BL. = Bloomer y 
CKB = Charcoal kiln, brick 
CKS ~ Çharc oal_ k i1n a _ stone. 

end 
CK M 
FD Y 
LK 
SM 

- Charcoal kiln, mound 
= Foundry 
= Lime kiln 
= Saw mi 11 

INV-3 



February 2, 1987 
Vermont Inventory of Industrial Sites 

GMNF 
Proc B§£9.Cded 

AD- Ch_Pg Addison County Efdy? I nit Update 
16 6 - 9 Huntley Island CKM? - Leicester Yes 78 

146 5-31 Monkton Iron Co BF/BL/FDY - Vergennes No 76 81 
299 5-24 Middlebury Forge BL - East Middlebury ........ Yes 80 
300 5-17 Orwell BF - Orwell No 77 81 
314 6- 9 Dragon Brk CKB - Ripton Yes 83 85 
315 6- 9 Wi dow's Trai1 CKB - Ri pton ................... Yes 83 
318 Huntley LK - Leicester Yes 84 
338 6- 9 Billings CKB - Ripton Yes 85 
339 5-24 Eagle Forge BL - East Middlebury Yes 85 
340 5-39 Little Otter BF - Hew Haven No 85 
341 6- 9 Kewaydin CKM - Salisbury Yes 85 
348 6- 9 Alder Brk CKM (east) - Ripton Yes 85 
351 6- 9 Alder Brk CKM (west) - Ripton Yes 85 
355 Green Mtn Lime Co LK - New Haven No 85 
356 6- 9 Sandusky CKB? - Granville No 85 
404 5- 4k Rich vi lie Mills S< BL - Shoreham No 86 
405 6- 9 Widow Glynn CKM - Leicester Yes 86 
406 5-23 Sawyer's Forge BL - Salisbury No 86 
407 5-23 Salisbury Forge BL - Salisbury No 86 
409 Bedel 1 LK - Bri stol No 86 
414 7-12 Brooksvilie Edge Tool Co FDY - New Haven ..... No 86 
415 5-27 Wainwright/Davenport FDY - Middlebury ........ No 86 
416 5-44 Ho 11 ey Forge BL - Bristol No 86 
417 5-73 Lewis Creek Farm BL - Starksboro No 86 

Ei S.-
49 Lk Dunmore Glass Fac - Salisbury No 78 81 
50 5-43 Soper S< Pier; Burnham BL - Lincoln Yes 81 
85 6- 8 Mt Fuller CKM - Monkton No 86 
86 5-44 Bristol Village Forge BL - Bristol No 86 
BE- Bennington County 

9 5-10 East Dorset BF - Dorset No 83 
10 5- 3 Benn Iron Co (east stack) BF - Bennington .... No 80 
11 5- 3 Benn Iron Co (west stack) BF - Bennington .... No 80 
35 5- 8 North Dorset BF - Dorset Yes 81 83 
36 5-73 Burden BF - Shaftsbury No 81 
37 6-17 Red Cabin CKB - Glastenbury Yes 82 
39 6-15 Mad Tom 3 CKB - Peru Yes 83 
40 6-15 Mad Tom 1 CKB - Peru Yes 83 
41 6-15 Mad Tom 5 CKB - Peru ... Yes 83 
42 6-15 Winhall River CKB - Winhall Yes 83 
43 6-15 Bromley Brk CKB - Winhall Yes 83 
44 6-15 Bourn Brk CKB - Winhall Yes 83 
45 6-17 Bickford Hollow CKB - Glastfenbury Yes 83 
46 6-17 East Fork CKB - Glastenbury Yes 83 
47 6-17 West Fork CKB - Glastenbury Yes 83 
50 6-19 Heartwe.llv.ille CKS - Readsboro ............... Yes 83 
51 6-19 Heartwel1vi1le CKB - Readsboro Yes 83 
52 6-19 Heartwel1vi11e Conical CKB - Readsboro Yes 83 
53 6-18 Cotykilns CKS - Stamford Yes 85 
54 6-19 Dutch Hill site CKS - Readsboro Yes 85 
55 6-18 Cowen (Gulley; Kimbal) Brook CKS - Stamford .. Yes 85 
56 6-16 Sterba CKB S< CKM - Glastenbury Yes 85 
57 6-17 Hager Hill site CKB? - Woodford Yes 85 
58 6-17 Bacon Hollow CKM - Sunderland ................ Yes 85 

INV-3 
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GMNF 
Ref Proc Recorded 

BE- Ch_Pg Bdy? Init Update 
61 6-16 East Mtn CKM - Shaftsbury 85 
62 6-16 East Mtn CKS (north) - Shaftsbury .... 85 
63 6-16 East Mtn CKS (south) - Glastenbury ....... 85 64 5- 3 Furnace Brk BF - Bennington .............. 85 
105 6-19 Kennedy CKS - Stamford 86 
106 6-18 Cardinal (Nunge) Brook CKB - Stamford .... 86 
107 6-19 Crazy John Stream CKS - Stamford ......... 86 
108 6-18 Thompson Farm CKM - Stamford 86 
109 Barnumvilie LK - Manchester .............. 86 
110 MD&G RR - Manchester/Dorset .............. 86 

EiiiZ 
4 2-11 Burden I. Co iron mines - Bennington No 79 

Unidentified Concrete Structures - Pownal No 85 
ÇA— Ca^edon^a County 
20 5-59 Paddock Ironworks BP - St Johnsbury No 81 

ÇH- Chittenden County 
17 So Burlgtn LK (prehistoric) - So Burlgtn ..... No 68 

282 Weston LK - So Burlington No 86 
283 Stevens FDY - Colchester No 86 
284 Winooski Park LK - Colchester No 86 

E& ŝ r 
4 Colchstr Bog Iron Mine - Colchester .......... No 77 
6 Clay Point Brickyard - Colchester No 77 
7 Red Rock Point Brickyard - Colchester ........ No 77 

70 5-17 Spafford Forge BL - Williston No 80 
ES- Essex County 

FR- Franklin County 
67 5-47 Keith Twest) BF - Sheldon No SO 
68 5-47 Keith (east) BF - Sheldon No 80 
149 5-47 Rock River BF - Highgate No 81 
163 5- 2 Barney Forge BL - Swanton No 85 
169 5-10 Kenfield FDY - Fairfax ... No 86 

Ei-sLvz 
12 5- 2 <VT—FR—163) ... No 80 

61z Grand Isle County 

LA- Lamoilie County 

OR- Orange County 
14 Ely Copper Mine - Vershire No 80 

OLz Orleans County 
3 5-71 Troy BF - Troy No 80 

EU~. Rutland County 
41 5-57 For est dale BF - Brandon . Yes 80 
57 5-50 Granger BF - Pittsford No 80 85 
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GMNF 
Proc Recorded 
? dY2 iDii yEdate 

Terminini BF - Tinmouth . . No 80 
Jaquay BF - Tinmouth No 80 
01d Job CKB - Mt Tabor ....................... Yes 82 83 
Ten Ki1ns CKB - Mt Tabor Yes 82 
Black Branch CKB - Mt Tabor Yes 83 85 
Four Kilns CKB - Mt Tabor Yes 82 83 
Greeley Mills SM & CKM? - Mt Tabor Yes 83 
Chipman Forge BF/BL? - Tinmouth No 83 
Chippenhook BF - Clarendon No 85 
Scotch Hill stone pit - Fairhaven ............ No 85 
Coburn BF - West Haven No 85 
Iron Mine - Chittenden No 85 
Kiln #36 CKB -- Mt Tabor Yes 85 
Forestdale Iron Mines - Brandon .............. No 85 
Bibbs & Cooley FDY/BF - Pittsford No 86 
Maplebrook Farm LK - Tinmouth No 86 
Kiln Brook. CKB - Chittenden Yes 86 
Lampman CKS (Rect) -- Chittenden .............. Yes 86 
Vt Lime Prod Co LK - Mt Tabor ................ No 86 
Danby Mtn Road CKB - Danby ................... No 86 
Crow Hill Farm LK - Tinmouth No 86 
Tinmouth Pond Dam BF - Tinmouth .............. No 86 
Palumbo Farm Iron Mines - Tinmouth No 86 
Circular Stone-Lined Feature - Mt Holly ...... No 86 
8. Bromley Farm LK - Wal ling-ford ............. No 86 
'The Cobble' LKs - Clarendon No 86 
Crow Hill Farm Iron Mine - Tinmouth No 86 
Packard Mi 11/Forge Site BL - Tinmouth ........ No 86 

Worth Mtn CKM - Goshen ....................... Yes 80 
Davey's Forges BL„ - Fair Haven No 81 
Danby Sta CKB (Carvage) - Mt Tabor ........... Yes 82 
Washington County 
Waterbury Last Block Co SM - Waterbury No 86 
Rice's Forge BF/FDY - Waitsfield ............. No 86 
Windham County 
Mt Snow Iron Mines - Dover Yes 85 
Somerset Forge BL. - Dover No 84 
Harold Field's Charcoal Kiln - Stratton ...... Yes 86 

67 Janet Greene Farm LK - Dover Yes 86 
68 W Thayer LK - Jamaica No 86 
69 PA Haven LK - Jamaica No 86 
70 A Howard LK - Jamaica No 86 

WN- Windsor County 
51 5-65 Tyson BF - Plymouth No 81 
58 Upper Falls LK - Weathersfield No 85 
59 Upper Falls Mills - Weathersfield ............ No 85 
104 Amsden LKs - Weathersfield No 86 

14 5-63 Upper Falls Forge BL? - Weathersfield ........ No 85 

INV-: 

Ref 
RU- Cb Pg 76 5-13 
77 5-13 
78 6-13 
79 6-13 
84 6-13 
85 6-13 
86 6-13 
87 5-13 
97 5-16 
98 
99 5-21 
103 
108 6-14 
109 
153 5-47 
154 
155 6-10 
156 6-10 
157 
160 6-10 
161 
162 5-13 
163 • 4 
164 
165 
166 
167 2- 4 
171 5-13 

F^B.; 
13 
17 5— 17 
19 6-•13 

WA— 
21 
25 5-64 

WD— 
37 2— •11 
38 5- 7 
66 6-16 



February 2, 1987 
Vermont Inventory of Industrial Sites 

BF = Blast furnace 
BK = Brick kiln 
BL = Bloomery 
CKB = Charcoal kiln, brick 
ÇK S_ Çh ar c oai _ k i 1 n _ stone. 

CKM = Charcoal kiln, mound 
FDY = Foundry 
LK = Lime kiln 
SM = Saw mi 11 

Ref = Chapter/Page in Rolando manuscript. 

Inventory in Progress 
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Addison County: 
Addison 
Bri stol 
Bri stol 
Br i st o J. » • 
Ferrisburg 
Ferr i sburg 
Ferrisburg 
Hancock 
Lei cester 
Monkton 
New Haven 
New Haven 
Sh or eh am 
Vergennes 
Weybri dge 

Potash Bay 
Barker Charcoal kiln 
Dam upstream of Rockydale 
Iron mine (1857 map) 
Lime kiln at Plank Road (E<eers) 
BL/BF at Monkton Road (Keller Photo) 
Bloomery at the Hollow (R. Robinson) 
Charcoal kilns (Dick DeBonis) 
Charcoal mounds and blast furnace per 
Iron mine (John Peters) 
Mill foundations/forge at New Haven Mills 
Lime kiln (Beers) 
Charcoal mounds (?) per UVM Remote Sensing Lab 
Tunnel complex (update) 
Blast furnace site (Beldens) 

Peleszak 

Benn i ngton County: 
Benn i ngton 
Manchester 
Manchester 

(§ Manchester 
Readsboro 
Readsboro 
Readsboro 
Readsboro 
SunderI and 
W i n h a 11 

(§ Wi nhal 1 

Lime kilns (silos?) at Bennington Potters 
"Mystery" foundation along upper Lye Brook 
Remains at holding pond 
Lime kiln at Dr Treat's 
Saw Mill west of Heartwel1vi11e (new logging road) 
Saw mill north of Heartwel1vi11e 
"Furnace" (Hugh Jack.es) 
Ruins west end of Heartwel1vi11e 
Saw mill at Bacon Hollow 
Rootville sawmi11/house remains 
Charcoal kilns at Snow Valley (E<ob West's uncle) 

Caledonia County! 
Lyndon Murk1 and foundry 

Chittenden County: 
Burli ngton 
Essex 
Hinesburg 
She!burne 
West, ford 
Winooski 

Water power systems at Winooski Falls 
Brick kilns at Condo (FS assigned?) 
Patrick foundry at Mechanicsvi11e 
Mills/ bloomery sites at Falls 
B1oomeri es 
Water power systems at the falls 

Franklin County: 
Hi ghgate Lime kilns at Limekiln Point 

Lamoille County: 
Morristown Forge at Cady's Falls 

Orange County: 
Thetford Blast. Furnace per Peter Thomas letter (Paige 1978) 

Rutland County: 
Brandon 
Brandon 
Chi ttenden 
Danby 
Pittsford 
Sudbury 
Wal1i ngford 

Charcoal kilns in "The Basin" 
Conant furnace 
Charcoal kiln(s) per Walling 
Quarry RR east slope of Dorset Mtn 
Add'I sites in Grangerville (Allan Hitchcock) 
Charcoal kilns on Miller Hill (Mary Kennedy) 
Works at Homer Stone Brook 

INV-3 
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Washington County: 
Calais ....... Forge at Joe's Brook 

Si tes 

<à Wai tsf i el d 
Waterbury 

Rice's Forge <VT-WA-25> 
Charcoal kilns at State Park (Bill Gove) 

Windham County: 

Windsor County: 
Bethel ....... White River Iron Co 
Rochester .... Coal kilns per Beers 
Weathersfield . Lime kiln south of Amsden 

@ Woodstock ..... Cobb furnace at English Mills 
Woodstock ..... Granger foundry (Dana; L. Granger) 

@ = research in hot pirsuit 
# = ground survey accomplished; rep 

Vic Rolando 
33 Howard Street 
F'ittsfield, Mass 01201 

t and forms in process. 

B:Vermont.Inv 
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Ref 
AD~ Ch_ F'g 
16 6-•9 

146 5-31 
299 5-•24 
300 5- 17 
314 6-• 9 
315 6- 9 
318 
338 6- 9 

5-•24 
340 5-39 
341 6-• 9 
348 6- 9 
351 6- 9 
• j , J _J 

356 6-• 9 
404 f - • 4-6 
405 6-• 9 
406 5-, 9 7 

407 5-
409 
414 7-•12 
415 5-•27 
416 5-•44 
417 5-~ •73 
430 
431 
432 

F._S. 
4 9 

50 c r _ •43 
85 6~ • 8 
86 er uJ •44 

Addison County 
Huntley Island CKM? - Leicester ...... 
Monkton Iron Co E<F/E-iL/FDY - Vergennes 
Middlebury Forge E-iL - East Middlebury 
Or we 11 E(F - Or we 11 ................... 
Dragon Brk CKB - Ripton 
Widow 's Trai 1 CKB - Flipton . 
Huntley LK - Leicester ..„....„.„„„... 
E<i 1 lings CKB - Ripton ................ 
Eagle Forge E<L - East Middlebury ..... 
Little Otter BF ~ Hew Haven .......... 
Kewaydin CKM - Salisbury ............. 
Alder Brk CKM (east) - Ripton ........ 
Alder Brk CKM (west) - Ripton ........ 
Green Mtn Lime Co LK - New Haven ..... 
Sandusky CKB? - Branvi lie ............. 
Richville Mills & BL - Shoreham ...... 
Widow Gl. ynri CKM - Leicester .......... 
Sawyer's Forge BL - Salisbury ........ 
Salisbury Forge E-iL - Salisbury ....... 
Bedell LK - Bristol 
Brooksville Edge Tool Co FDY - New Haven 
Wai nwri ght/Davenport FDY -- Middlebury 
Hoi ley Forge E-iL - E-tristol ............ 
Lewis Creek Farm BL - Starksboro ..... 
Fuller Forge BL - Ferrisburg ......... 
Doreen's Forge BL - Ferrisburg ....... 
Monk ton Iron Co Forge BL.. (BF?) - Ferrisb urg 

Lk Dunrnore Glass Fac - Salisbury 
Soper & Pier; Eiurnham BL - Lincoln 
Mt Fuller CKM - Monk ton ............ 
Bristol Village Forge E<L - Bristol 

GMNF 
F'roc Recorded 
Bdy? Ini.t Updat 
Yes 78 
No- 76 81 
Yes 80 
No 77 81 
Yes 3 :> 85 
Yes 83 
Yes 84 
Yes 85 
Yes 85 
No 85 
Yes 85 
Yes 85 
Yes 85 
No 85 
No 85 
No 86 
Yes 3<h 
No 86 
No 86 
No 86 
No 3<S 
No 86 
No 86 
No 86 
No 87 
No 87 
No 87 

No 78 81 
Yes 81 
No 86 
No 86 

Bennington County 
" 9 5- 10 East Dorset E-iF Dorset. ...................... No 83 
10 5— 7 Benn Iron Co (east stack) BF - E^ennington .... No SO 
11 5- Benn Iron Co (west stack) BF - Bennington .... No 80 
35 5- 8 North Dorset BF - Dorset ..................... Yes 81 
36 5-73 Eiurden BF - Shaftsbury ....................... No 81 
37 6-17 Red Cabin CKB - Glastenbury Yes 82 
39 6-1 w Mad Tom 3 CKB - Peru ......................... Yes 83 
40 6-15 Mad Tom 1 CKB - Peru .........„.„„.......„„..,. Yes 83 
41 6-15 Mad Tom 5 CKB - Peru ......................... Yes 83 
42 6-15 Winhall River CKB - Winhall Yes 83 
43 6-15 Eiroml ey Brk CKB - Winhal 1 .................... Yes 83 
4 4 6-15 Eiourn Brk CKB - Winhal 1 ...................... Yes 83 
45 6-17 Bickford Hoi low CKB - Glastenbury ............ Yes 83 
46 6-17 East Fork CKB - Glastenbury .................. Yes S3 
47 6- 17 West. Fork CKB - Gl astenbury .................. Yes 83 
50 6-19 Heartwel1vi11e CKS - Readsboro ............... Yes 83 
51 6-19 Heartwel1vi11e CKB - Readsboro Yes 83 s? 
UA. 6-19 Heartwel1vi11e Conical CKB - Readsboro ....... Yes 83 
53 6- 18 Cotyki1ns CKS - Stamford ..................... Yes 85 
54 6-19 Dutch Hill si te CKS - Readsboro .............. Yes 85 
55 6-18 Cowen (Bui ley; Kimbal) Brook CKS - Stamford .» Yes 85 

INV-3 
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_Ref __ 
BE" Ch_ Pg 
~ 56 6-16 
57 6-17 
58 6-17 
61 6-16 
62 6-16 
63 6-16 
64 i:r 3 
105 6-19 
106 6-18 
107 6-19 
108 6-IS 
109 
110 
1 17 
118 

F,_EL : 
4 2~ 11 

August 1, 1988 
Vermont. Inventory of Industrial Sites 

.i®DniD.Qtgn Cty (ContV 
Sterba CKB & CKM - Glastenbury ...... 
Hager Hill site CKB? - Woodford ..... 
Bacon Hollow CKM - Sunderland ....... 
East Mtn CKM - Shaftsbury ........... 
East Mtn CKS (north) - Shaftsbury ... 
East Mtn CKS (south) - Glastenbury .. 
Furnace Brk E<F - Bennington ......... 
Kennedy CKS - Stamford .............. 
Cardinal (Nunge) Brook CKB - Stamford 
Crazy John Stream CKS - Stamford .... 
Thompson Farm CKM - Stamford . 
Barnumville LK - Manchester „. 
MDS<G RR - Manchester/Dorset . . 
Manchester Depot LK — Manchestei 
No Pownal LK — Pownal ........ 
Schoolhouse CKB - Winhall .... 
Hoi brook SM - Pownal ......... 

GMNF 
F'roc 
Bdy? 
Yes 
Yes 
Yes 
Yes 

I Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
Yes 

• Yes 

Burden I. Co IM - Bennington „.., 
Unidentified Concrete Structures Pownal.. 

No 
No 

Recorded 
Init. Update 
RS 
85 
85 
85 
85 
85 
85 
86 
86 
86 
86 
86 
86 
87 
87 
88 
88 

79 
85 

G6ir 
20 

ÇH-
17 

O Q '"t 
2 G 
284 

Caledonia County 
P a d d o c k I r o n w or k s B F 

Chittenden County 
So BurIgtn LK (prehistoric) -
Weston LK - So Burlington ... 
Stevens FDY - Colchester .... 
W i n oos k i Par k LK - Co 1 c h est er-

st Johnsbury .... . 

So BurIgtn 

No 

No 
No 
No 
No 

8:L 

68 
86 
86 
86 

F b. 
4 
6 
7 

70 

EBr 
67 
68 
149 
163 
169 
177 
178 
179 

FL EL 
12~ 

GI-

LA— 

Colchester Bog IM - Colchester ............... No 
Clay Point BY - Colchester No 
Red Rock Point E<Y - Colchester ............... No 

-17 Spafford Forge E<L - Williston ................ No 

Essex County 

Franklin County 
-47 Keith (west) E-fF - Sheldon No 
-47 Keith (east) BF - Sheldon No 
-47 Rock River BF - Highgate ..................... No 
- 2 Barney Forge BL - Swanton ...............„„„„. No 
-10 Ken-field FDY - Fairfax ....................... No 

Sheridan FDY - Highgate No 
Fonda LK - Swanton No 
John 's E<ridge LK - Swanton ................... Mo 

- 2 (VT-FR-163) ................................... No 

Grand Isie County 

Lamoiiie County 

77 
77 
77 
80 

80 
80 
81 
85 
86 
87 
87 
87 

80 
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ÜR-
14 

OL-

_Ref _ 
Ch Pg 

-71 

QcaQ9.§. QoyotY 
Ely Copper Mine 

OrLeans 
Troy BF 

County 
- Troy 

Vershi re 

GMNF 
F'roc 

No 

No 

Ree ord ed 
lült 

80 

80 

RU-
41 
57 
76 
77 
78 
79 
84 
85 
86 
87 
97 
98 
9 9 

103 
108 
109 
153 
154 
155 
156 
157 
160 
161 
162 
163 
164 
165 
166 
167 
171 
179 
180 

5-50 
5-13 
5-13 
6-13 
6-13 
6-13 
6-13 
6-13 
5-13 
5-16 

6-14 

5-47 

6-10 
6 - 1 0 

6-10 

2- 4 

2- 4 
5-13 

Rutland County 
P'orestdale BF - Brandon .......... 
Granger E<F - Pit tsf ord ........... 
Terminini BF - Tinmouth .......... 
Jaquay BF - Tinmouth ............. 
Old Job CKB - Mt Tabor 
Ten KiIns CKB - Mt Tabor ......... 
Black Branch CKB - Mt Tabor ...... 
Four Kilns CKB - Mt Tabor ........ 
Greeley Mills SM & CKM? - Mt Tabor 
Chipman Forge BF/BL? - Tinmouth .. 
Chippenhook BF - Clarendon ....... 
Scotch Hill 
Coburn BF -
Iron Mine -
Kiln #36 CK 
Forestdale 

stone pit -
West Haven , 
Chittenden . 

B - Mt Tabor 
IM - Brandon 

F'ai rhaven 

Gifobs 8< Cooley FDY/BF - Pittsford . 
Maplebrook Farm LK - Tinmouth ..... 
Kiln Brook CKE-i - Chittenden ....... 
Lampman CKS (Fleet) - Chittenden ... 
Vt Lime Prod Co LK - Mt Tabor ..... 
Danby Mtn Road CKB - Danby ............. 
Crow Hi 11 Farm LK - Tinmouth ........... 
Tinmouth Pond Dam BF - Tinmouth ........ 
Pal umbo Farm IM - Tinmouth ............. 
Circular Stone-Lined Feature - Mt Holly 
S. Bromley Farm LK - Wallingford ....... 
'The Cobble' LKs - Clarendon ........... 
Crow Hi 11 Farm IM - Tinmouth ........... 
Packard Mil 1/Forge Site BL. - Tinmouth .. . 
District 8 LK - Meridon ................. 
Rounds Pinnacle LK — Shelburne ......... 
Beaudry Brook CKM - Chittenden 

Yes 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 
Yes 

80 
80 
80 
80 
82 
82 
83 
82 
83 
83 
85 
85 
85 
85 
85 
85 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
86 
87 
87 
88 

Si 

83 

85 
83 

F >_S. 
13 
17 
19 

WAz 
21 

WD~ 

38 
66 
67 
68 
69 

5-17 
6-13 

-64 

2 - 1 1 
5- 7 
6-16 

Worth Mtn CKM - Goshen . 
Davey's Forges BL - Fair 
Danby Sta CKB (Carvage) -

Haven «... 
Mt Tabor 

Yes 
No 
Yes 

Wa§hlQ9l9Q County 
Waterbury Last Block Co SM - Waterbury ....... No 
Rice's Forge BFVF"DY - Waitsfield No 

Windham County 
Mt Snow IM - Dover ........................... Yes 
Somerset Forge E<L. — Dover No 
Harold Field 's CK - Stratton ................. Yes 
Janet Greene Farm LK - Dover ................. Yes 
W Thayer LK - Jamaica ........................ No 
F'A Haven LK - Jamai ca ........................ No 

SO 
81 
82 

86 
86 

85 
84 
86 
86 
86 
86 
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WPr 
70 

_Ref _ 
Ch_Pg yiDdham Cty .(CgntV 

Howard LK - Jamaica 

GMNF 
F'roc __Bl99ilded 
Bdy? Init Update 
, No 86 

WN-
51 
58 
59 
104 
108 
109 
110 
111 
112 
1 13 
114 

Windsor Cty 
Tyson E<F - Plymouth No 
Upper Falls LK - Weathersfield ............... No 
Upper Falls Mills - Weathersfield ............ No 
Amsden LKs ~ Weathersfield No 
Burnt Mtn LK - PIymouth ..«...........„.„„..„. No 
Campground LK - Plymouth ..................... No 
Anna Rice LK - PIymouth No 
Black Pond LK - Plymouth . 
Knapp LK - Plymouth ...... 
E<rookwood LK - Plymouth .. 
Money Brook LK - Plymouth 

No 
No 
No 
No 

81 
85 
85 
86 
87 
87 
87 
87 
87 
87 
87 

E-.S, 
14 5-63 Upper Falls Forge BLr Weathersfield ........ No Qi: 

CK 

Legend 

BF = Ei 1 ast furnace 
BL - BI cornery 
BY = Brickyard (brick kiln) 
CKB = Charcoal kiln (brick) 
CKM ~ Charcoal kiln (mound) 
CKS = Charcoal kiln (stone) 
FDY = Foundry (iron) 
IM = Iron Mine 
LK = Lime kiln 
SM = Saw mill 

Ref = Chapter/Page in Rolando manuscript. 
Ch = Chapter 
Pg = Page " " " 
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Inventory in Progress 

Addison County: 
Addi son ...... 
Bri stol ...... 
Bri. stol ...... 
Bri stol ...... 
Ferrisburg ... 
Ferri sburg ... 
Hancock ...... 
Leicester 
Monkton ...... 
New Haven .. . « 
New Haven .... 
Shoreham .. . . . 
Vergennes .. . . 
Weybr i dge . . . . 

Bennington County: 
Benni ngton .. . 
Manchester .., 
Manchester ... 
Readsboro 
Readsboro „„„ „ 
Readsboro 
Readsboro ..„. 
Sunder1 and . „ „ 
Wi nhal1 ...... 
Wi nhal1 ...... 

Caledonia County: 
Lyndon ....... 

Chittenden County: 
Burlington ... 
Essex ........ 
Hinesburg .... 
Shelburne 
West ford „.... 
Wi nooski 

Franklin County: 
Hi ghgate ...... 

Lamoille County: 
Morristown 

Orange County: 
Ihet ford ..... 

Rut I an d Coun t. y : 
Brandon ...... 
Brandon ...... 
Chittenden ... 
Danby ........ 
Pi ttsf i eld . . . . 
Pittsford »... 
Sudbury ...... 
Wal 1i ngford 

Potash Bay 
Barker Charcoal kiln 
Dam upstream of Roekydale 
Iron mine (1857 map) 
Lime kiln at Plank Road (Beers) 
Bloomery at the Hollow (R. Robinson) 
Charcoal kilns (Dick DeBonis) 
Charcoal mounds and blast furnace per Peleszak 
Iron mine (John Peters) 
Mill foundations/forge at New Haven Mills 
Lime kiln (Beers) 
Charcoal mounds (?) per UVM Remote Sensing Lab 
Tunnel complex (update) 
Blast furnace site (E<eldens) 

Lime kilns (silos?) at Bennington Potters 
"Mystery" foundation along upper Lye Brook 
Remains at holding pond 
Saw Mill west, of Heart we 11 vi 11 e (new logging road) 
Saw mi 11 north of Heartwel1vi11e 
"Furnace" (Hugh Jackes) 
Ruins west end of Heartwel1vi11e 
Saw mill at E-iacon Hollow 
Rootville sawmi11/house remains 
Charcoal kilns at Snow Valley (Bob West's uncle) 

Mur k1 and foundry 

Water power systems at Winooski Falls 
Brick kilns at Condo (FS assigned?) 
Patrick foundry at Mechanicsvi11e 
Mi 11 s./ bl comer y si tes at Fal 1 s 
B1oomer i es 
Water power systems at the falls 

Li me k i 1 ns at Li mek i 1 n Poi nt 

Forge at Cady's Falls 

Blast Furnace per Peter Thomas letter (Paige 1978) 

Charcoal kilns in "The Basin" 
Conant furnace 
Charcoal ki1n(s) per Wal1i ng 
Quarry RR east, slope of Dorset Mtn 
Furnace Road 
Add'1 sites in Brangervilie (Allan Hitchcock) 
Charcoal kilns on Miller Hill (Mary Kennedy) 
Works at Homer Stone Brook 
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Washington County: 
Calais u «i 
Wai tsf i eld 
Waterbury 

Windham County: 

August 1, 1988 
Vermont Inventory of Industrial Sites 

Inventory in Progress (Cont) 

Forge at Joe's Brook 
Rice's Forge (VT-WA-25) 
Charcoal kilns at State Park (Bill Gove) 

W i n d s o r C o u n t y:: 
Bethel . . „ „ „ 
Reading 
Rochester 
Weathersfi eld 
Woodstock ... 
Woodstock 

White River Iron Co 
Stone Tower (postcard) 
Coal kilns per Beers 
Lime kiln south of Amsden 
Cobb furnace at English Mills 
Granger foundry (Dana; L. Granger) 

Vic Rolando 
41 Lebanon Avenue 
Pittsfield, Mass 01201 

(413) 442-5895 - home 
(413) 494-3894 - work 

B:Vermont.Inv 
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Dec ember 31, 1988 
Vermont Inventory of Industrial Archeology Sites 

_Ref _ 
Code Ch F'g 

AD-
6 6~ • 9 

146 5-•31 
299 5-•24 
300 5- 17 
314 6-• 9 
315 6- 9 
318 
338 6~ 9 
339 5-•24 
340 5--39 
341 6-• 9 
348 6- 9 
351 6~ • 9 
JJJ 356 6~ • 9 
404 
405 6-• 9 
406 5-
407 5-
409 
414 7-•12 
415 5-27 
416 5~ •44 
417 5-73 
430 
431 
432 

F.S.-
49 
50 5-43 
85 6-• 8 
86 5-44 

BE-
9 5~-10 

10 5- 3 
11 5- Z 
35 5- 8 
36 5-73 
37 6-17 
39 6-15 
40 6-15 
41 6-15 
42 6-15 
43 6-15 
44 6-15 
45 6-17 
46 6-17 
47 6-17 
50 6-19 
51 6-19 
52 6-19 
53 6-18 

Cpurj t y / Si t e _Na me / Jo wn 

GMNF 
F'roc 
Bdy? Ini t Update 

Addison County 
Huntley Island CKM? -- Leicester ............. . Yes 78 
Monkton Iron Co BF/E(L/FDY - Vergennes ....... . No 76 81 
Middlebury Forge BL. - East Middlebury ....... . Yes SO 
Urwel 1 E<F - Urwel 1 . No 77 81 
Dragon Brk CKB - Ripton ..................... 83 85 
Widow's Trail CKB - Ripton . Yes 83 
Huntley LK - Leicester ...................... 84 
E<i 11 i ngs CKB - Ri pton . Yes 85 
Eagle Forge BL -- East Middlebury ............ . Yes 85 
Little Utter E<F" - Hew Haven ................. . No 85 
Kewaydi n CKM - Sali sbury .................... . Yes 85 
Alder Brk CKM (east) - Ripton .„......„.„„„„. . Yes 85 
Alder Brk CKM (west) - Ripton ............... . Yes 85 
Green Mtn Lime Co LK - New Haven ............ . No 85 
Sandusky CKB? - Granvilie ................... 85 
Richville Mills 8< BL -- Shoreham ..»......„„,. . No 86 
Widow Glynn CKM - Leicester .„...„..„......„„, Yes 86 
Sawyer's Forge BL - Sali sbury ............... . No 86 
Sali sbury Forge BL - Sali sbury .............. . No 86 
Bedel 1 LK - Bri stol ......................... . No 86 
Brooksville Edge Tool Co FDY - New Haven .... . No 86 
Wainwright/Davenport FDY - Middlebury ....... . No 86 
Hoi ley Forge BL. - E<ristol ................... 86 
Lewis Creek. Farm BL - Starksboro ............ 86 
Fuller Forge BL - Ferrisburg ................ 87 
Doreen's Forge BL - Ferrisburq .............. 87 
Monkton Iron Co Forge BL (BF?) - Ferrisburg . . No 87 

Lk Dunmore Glass Fac - Salisbury ............. No 
Soper & Pier; Burnham BL_ - Lincoln ........... Yes 
Mt Ful1er CKM - Monkton ...................... No 
Bristol Village Forge BL - Bristol ........... No 

Bennington County 
East Dorset BP - Dorset ...................... No 
Benn Iron Co (east, stack) BF -- Bennington .... No 
Benn Iron Co (west stack) BF - Bennington .... No 
North Dorset E-(F - Dorset ..................... Yes 
Burden BF - Shaftsbury ....................... No 
Red Cabin CKB - Glastenbury .................. Yes 
Mad Tom 3 CKB - Peru Yes 
Mad Tom 1 CKB - Peru Yes 
Mad Tom 5 CKB - Peru ......................... Yes 
Winhall River CKB - Winhall .................. Yes 
Bromley Brk CKB - Winhall .................... Yes 
Bourn Brk CKB - Winhal1 Yes 
Bickford Hollow CKB - Glastenbury ............ Yes 
East Fork CKB - G1astenbury .................. Yes 
West Fork CKB - G1astenbury .................. Yes 
Heartwel1vi11e CKS - Readsboro ............... Yes 
Heartwel1vi11e CKB - Readsboro Yes 
Heartwel1vi11e Conical CKB - Readsboro ....... Yes 
Cotykilns CKS - Stamford ..................... Yes 

78 
81 
86 
86 

83 
80 
80 
81 
81 
82 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
85 

81 

83 
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Dec ember 31, 1988 
Vermont Inventory of Industrial Archeology Sites 

_Ref _ 
Code Çh Pg Çgunt y/Sit e„Name/Town 

GMNF 
Pr oc 
Bdy? 

5'9EECd:§d 
Init Update 

BE-
54 6-19 
55 6-18 
56 6-16 
57 6-17 
58 6-17 
61 6-16 
62 6-16 
63 6-16 
64 5- 3 

105 6~ 19 
106 6-18 
107 6-19 
108 6-18 
109 
110 
117 
118 
134 
135 
in process 

Bennington County (Cont) 
Dutch Hill si te CKS - Readsboro .............. Yes 85 
Cowen (Gulley; Kimbal) Brook CKS - Stamford .. Yes 85 
Sterba CKB & CKM - Glastenbury ............... Yes 85 
Hager Hill site CKB? - Woodford .............. Yes 85 
Bacon Hollow CKM - Sunderland ................ Yes 85 
East Mtn CKM - Shaftsbury .................... Yes 85 
East Mtn CKS (north) - Shaftsbury ............ Yes 85 
Elast Mtn CKS (south) - Glastenbury ........... Yes 85 
Furnace Brk BF - Bennington .................. No 85 
Kennedy CKS - Stamford ...................... Yes 86 
Cardinal (Nunge) Brook CKB - Stamford ....... Yes 86 
Crazy John Stream CKS - Stamford ............ Yes 86 
Thompson Farm CKM - Stamford Yes 86 
Barnumvilie LK - Manchester No 86 
MD&G RR - Manchester/Dorset .................. No 86 
Manchester Depot LK - Manchester ............. No 87 
No Pownal LK - Pownal ........................ No 87 
School house CKB - Winhall Yes 88 
Hoi brook SM - Pownal ......................... Yes 88 
Amaden Lime Kilns - Readsboro ................ Yes 

, S. — 
4 •11 Burden I. Co IM - Bennington ... 

Unidentified Conerete St.ructures Pownal 
No 
No 

79 
85 

CA-
20 

CH-
17 

282 
283 
284 
34S-
F.S.-

4 
6 
7 

70 

ES-

59 
Caledonia County 
Paddock Ironworks 

•17 

BF - St Johnsbury No 

Chittenden County 
So Burlgtn LK (prehistoric) - So Burlgtn ..... No 
Weston LK — So Burlington .................... No 
Stevens FDY - Col Chester ..................... No 
Winooski Park LK - Colchester ................ No 
Lime Kiln Rd LK - Charlotte .................. No 

Colchester Bog IM - Colchester ............... No 
Clay Point BY - Colchester ................... No 
Red Rock Point BY - Colchester ............... No 
Spafford Forge BL - Williston ................ No 

Essex County 

81 

68 
86 
86 
86 
88 

77 
77 
77 
80 

FR- Franklin County 
67 5--47 Keith (west) BF - Sheldon No 80 
68 5~ •47 Keith (east) BF - Sheldon „ No 80 
149 5--47 Rock River BF - Highgate ..................... No 81 
163 5- O Barney Forge BL - Swanton No 85 
169 5-•10 Kenfield FDY - Fairfax No 86 
177 Sheridan FDY - Highgate ...................... No 87 
178 Fonda LK - Swanton No 87 
179 John's Bridge LK - Swanton ................... No 87 
\<&> Rixford Foundry - East Highgate .............. No 88 
i n pr ocess Missisquoi Lime Co LK - Hughgate ............. No 

J.NV-3 



Dec ember 31, 1988 
Vermont Inventory of Industrial Archeology Sites 

__Ref _ 
Code Ch Pg 

F.S.-

12 

61-

LA-
0R-
14 

0L-

RU-
41 
57 
76 
77 
78 
79 
84 
85 
86 
87 
97 
98 
99 
103 
108 
109 
153 
154 
155 
156 
157 
160 
161 
162 
163 
164 
165 
166 
167 
171 
179 
180 
188 

in pr 
in pr 
i n pr 
i n pr 
in pr 

-71 

5-50 
5-13 
5-13 
6-13 
6-13 
6-13 
6-13 
6-13 
5-13 
5-16 

6-14 

5-47 

6-10 
6-10 

6-10 

5-13 
2- 4 

2- 4 
5-13 

ocess 
ocess 
ocess 
ocess 
ocess 

County/Sit e _Name/Town 

Franklin County (Cont) 

<VT-FR-163) .......... 

GMNF 
Proc 
M y ? 

No 

Grand Isle County 

LaMoille County 

Orange County 
Ely Copper Mine -

Orleans County 
Troy BF - Troy ... 

Vershi re No 

No 

Rutland County 
For est dale BF' - Brandon ...................... Yes 

Seager Hill LK -
Howard Hill LK — Benson 
Steam Mill Brook Mills -
Devil's Den LK - Mt Tabor .. 
Mi tchel 1/Harri. son Iron Mines 

Brandon ..................... No 
No 

Chittenden .......... Yes 
................ Yes 
Chittenden .... Yes 

Recorded 
iDii Update 

80 

80 

80 

80 
Granger BF - Pittsford ....................... No 80 
Terminini BF - Tinmouth ...................... No 80 
Jaquay BF - Tinmouth ......................... No 80 
01d Job CKB - Mt Tabor ....................... Yes 82 
Ten KiIns CKB - Mt Tabor Yes 82 
Black Branch CKB - Mt Tabor Yes 83 
Four Ki .1 ns CKB - Mt Tabor .................... Yes 82 
Greeley Mills SM 8< CKM? - Mt Tabor ........... Yes 83 
Chipman Forge BF/BL? - Tinmouth .............. No 83 
Chippenhook BF - Clarendon No 85 
Scotch Hill stone pit - Fairhaven ............ No 85 
Coburn BF - West Haven ....................... No 85 
Iron Mine - Chittenden ....................... No 85 
Ki1n #36 CKB - Mt Tabor ...................... Yes 85 
Forestdale IM - Brandon ...................... No 85 
Bibbs & Cooley FDY/BF - Pitts-ford ............ No 86 
Maplebrook Farm LK - Tinmouth ................ No 86 
KiIn Brook CKB - Chittenden .................. Yes 86 
Lampman CKS (Rect.) - Chittenden .............. Yes 86 
Vt Li me Prod Co LK - Mt Tabor ................ No 86 
Danby Mtn Road CKB - Danby No 86 
Crow Hill Farm LK - Tinmouth ................. No 86 
Tinmouth Pond Dam BF - Tinmouth .............. No 86 
Pal umbo Farm IM - Tinmouth ................... No 86 
Circular Stone-Lined Feature - Mt Holly ...... No 86 
S. Bromley Farm LK - Wal ling-ford ............. No 86 
'The Cobble' LKs - Clarendon ................. No 86 
Crow Hill Farm IM - Tinmouth .......»....„„».. No 86 
Packard Mill/Forge Site BL. - Tinmouth ........ No 86 
Di strict 8 LK - Mendon ....»...„„».„.»...„.... Yes 87 
Rounds Pinnacle LK - Shelburne ............... No 87 
Beaudry Brook CKM - Chittenden ............... Yes 88 
Pitts-field Iron Co Mine - Chittenden ......... Yes 88 
Furnace Brook CKB - Chittenden ............... Yes 88 

Ql 

83 

85 
83 
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Dec ember 31, 1988 
Vermont Inventory of Industrial Archeology Sites 

__Ref __ 
Code Ch Pg 

F.S. 

17 
19 

WA-
21 

5-17 
6-13 

-64 

Count x / Si t e ...Name / Town 

Rutland County (Cont) 

Worth Mtn CKM - Goshen ................ 
Davey's F-orges BL - F'air Haven ........ 
Danby Sta CKB (Carvage) - Mt Tabor 

Washington County 
Waterbury Last Block Co SM - Waterbury 
Rice's Forge BF/FDY - Waitsfield ...... 

GMNF 
FTDC 
Idy? 

Yes 
No 
Yes 

No 
No 

__.Becorded_ 
Init Updat 

80 
81 

86 
86 

WD- Windham County 
37 2-11 Mt Snow IM - Dover ...... Yes 85 
38 5- 7 Somerset Forge BL. - Dover No 84 
66 6-16 Harold Field's CK - Stratton ................. Yes 86 
67 Janet Greene Farm LK - Dover . Yes 86 
68 W Thayer LK - Jamaica No 86 
69 PA Haven LK - Jamaica No 86 
70 Howard LK - Jamai ca No 86 

WN-
51 
58 
59 

104 
108 
109 
110 
111 
112 
113 
114 
118 

|9U 
tJLO 
HI 

Windsor County 
Tyson BF - Plymouth No 
Upper Falls LK - Weathersfield .. 
Upper Falls Mills - Weathersfield 
Amsden LKs - Weathersfield .... 
Burnt Mtn LK - Plymouth 
Campground LK - Plymouth ..... 
Anna Rice LK - Plymouth ...... 
Black Pond LK - Plymouth ..... 
Knapp LK - Plymouth .......... 
Brookwood LK - Plymouth ...... 
Money Brook LK - Plymouth .... 
Taylor LK - Cavendish ........ 
Ward Lime Works LK - Plymouth 
Frog City LK - Plymouth ...... 
Grass Pond LK - Plymouth ..... 
Branch Brook Rd LK - Weathersfield 

No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

81 
85 
85 
86 
87 
87 
87 
87 
87 
87 
87 
88 
88 
88 
88 
88 

F.S. 
14 5-63 Upper Falls Forge BL.': Weat h er sf i eId No 8f 

Legend 

BF = Blast furnace Fief = Chapter/Page in Rolando manuscript 
BL = E-Qoomery Ch = Chapter " " " 
BY = Brickyard (brick kiln) F'g = Page " " " 
CKB = Charcoal kiln (brick) 
CKM = Charcoal kiln (mound) 
CKS = Charcoal kiln (stone) 
F'DY = Foundry (iron) 
IM = Iron Mine 
LK = Lime kiln 
SM = Saw mill 
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December 31, 1988 
Vermont Inventory of Industrial Archeology Sites 

• 
Inventory in Progress 

Addison County: 
Addi son .. „ Potash Bay 
E-ir i stol Barker Charcoal kiln 
Bri stol Dam upstream of Rockydale 
E-fr i stol Iron mine (1857 map) 
Ferr isburg . . . Lime kiln at Plank Road (Beers) 
Hancock Charcoal kilns (Dick DeBonis) 
Leicester . . . Charcoal mounds and blast furnace per Peleszak 
Monkton . u It Iron mine (John Peters) 
New Haven » » » Mill foundations/forge at New Haven Mills 
New Haven . . . Lime kiln (Beers) 
Shoreham »an Charcoal mounds (?) per UVM Remote Sensing Lab 
Vergennes Tunnel complex (update) 
Weybridge Blast furnace site (Bel dens) 

Bennington County: 
Benni ngton . . . Lime kilns (silos?) at Bennington Potters 
Manchester » . » "Mystery" foundation along upper Lye Brook 
Manchester . . . Remains at holding pond 
Readsboro . . . Saw Mill west of Heartwel1vi11e (new logging road) 
Readsboro , , . Saw mill north of Heartwel1vi11e 
Readsboro . . . "Furnace" (Hugh Jackes) 
Readsboro n w w Ruins west end of Heartwel1vi11e 
Sunder1 and an. Saw mill at Bacon Hollow 
Wi nhal1 » » » Rootvi11e sawmi11/house remai ns 
Wi nhal1 Charcoal kilns at Snow Valley (E<ob West's uncle) 

Caledonia County: 
Lyndon Murkland foundry 

Chittenden County: 
Burli ngton • . . Water power systems at Winooski Falls 
ESSS/'i anna« Brick kilns at Condo (FS assigned?) 
Hinesburg Patrick foundry at Mechanicsvi11e 
Shelburne . . . Mills/ bloomery sites at Falls 
Westford . . . B1oomer i es 
Winooski Water power systems at the falls 

Franklin County: 

Lamoille County: 
Morri stown Forge at Cady's Falls 

Orange County: 
Thetford Blast Furnace per Peter Thomas letter (Paige 1978) 

Rutland County: 
E<randon . . . Charcoal kilns in "The Basin" 
Eirandon . . . Conant furnace 
Chi ttenden . . . Charcoa1 ki1n(s) per Wal1i ng 
Danby Quarry RR east slope of Dorset Mtn 
Pittsford . . . Add'l sites in Orangerville (Allan Hitchcock) 
Sudbury .MM Charcoal kilns on Miller Hill (Mary Kennedy) 
Wal1i ngford Works at Homer Stone Brook 

Washington County: 
Calai s Forge at Joe's Brook 
Waterbury u n a Charcoal kilns at State Park (Bill Gove) 
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December 31, 1988 
Vermont Inventory of Industrial Archeology Sites-

Inventory in Progress (Cont) 

Wi ndham Countys 

Wi ndsor Countys 
Bethel .„„.„»„ White River Iron Co 
Reading ....... Stone Tower (postcard) 
Rochester .... Coal kilns per Beers 
Woodstock ..... Cobb furnace at English Mills 
Woodstock ..... Granger foundry (Dana; L... Granger) 
Woodstock ..... LK near 'Kendron' 
Woodstock ..... Taftsvilie 

Vic Rolando 
41 Lebanon Avenue 
P i 1.1 sf i e 1 d , Mass 01201 

(413) 442-5895 - home 
(413) 494-3894 - work 

Eis Vermont. Inv 
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August 11, 1989 
Vermont Inventory of Industrial Archeology Sites 

_Ref_ 
Code Ch Pg 

AD-
16 
146 
299 
300 
314 
315 
318 
338 
339 
340 
341 
348 
351 
355 
356 
404 
405 
406 
407 
409 
414 
415 
416 
417 
430 
431 
432 
466 
XXX 

F.S, 
49 
50 
85 
86 

BE-
9 

10 
11 
35 
36 
37 
39 
40 
41 
42 
43 
44 
45 
46 
47 
50 

County/Site Name/Town 

Addison County 
Huntley Is. CKM & prehistoric - Leicester . 
Monkton Iron Co BF/BL/FDY - Vergennes 
Middlebury Forge BL - East Middlebury 
Orwell BF - Orwell 
Dragon Brk CKB - Ripton 
Widow's Trail CKB - Ripton 
Huntley LK - Leicester 
Billings CKB - Ripton 
Eagle Forge BL - East Middlebury 
Little Otter BF - New Haven 
Kewaydin CKM - Salisbury 
Alder Brk CKM (east) - Ripton 
Alder Brk CKM (west) - Ripton 
Green Mtn Lime Co LK - New Haven 
Sandusky CKB? - Granville 
Richville Mills & BL - Shoreham 
Widow Glynn CKM - Leicester 
Sawyer's Forge BL - Salisbury 
Salisbury Forge BL - Salisbury 
Bedell LK - Bristol 
Brooksville Edge Tool Co FDY - New Haven .., 
Wainwright/Davenport FDY - Middlebury 
Holley Forge BL - Bristol 
Lewis Creek Farm BL - Starksboro 
Fuller Forge BL - Ferrisburg 
Doreen's Forge BL - Ferrisburg 
Monkton Iron Co Forge BL (BF?) - Ferrisburg 
Worth Mtn CKM - Goshen 
Barker CK - Bristol 
Brickyard - Bristol 

Lk Dunmore Glass Fac - Salisbury 
Soper & Pier; Burnham BL - Lincoln 
Mt Fuller CKM - Monkton 
Bristol Village Forge BL - Bristol 

Bennington County 
East Dorset BF - Dorset 
Benn Iron Co (east stack) BF - Bennington 
Benn Iron Co (west stack) BF - Bennington 
North Dorset BF - Dorset 
Burden BF - Shaftsbury 
Red Cabin CKB - Glastenbury 
Mad Tom 3 CKB - Peru 
Mad Tom 1 CKB - Peru 
Mad Tom 5 CKB - Peru 
Winhall River CKB - Winhall 
Bromley Brk CKB - Winhall 
Bourn Brk CKB - Winhall 
Bickford Hollow CKB - Glastenbury 
East Fork CKB - Glastenbury 
West Fork CKB - Glastenbury 
Heartwellville CKS - Readsboro 

GMNF 
Proc 
Bdy? 

Recorded 
Init Update 

Yes 78 
No 76 81 
Yes 80 
No 77 81 
Yes 83 85 
Yes 83 
Yes 84 
Yes 85 
Yes 85 
No 85 
Yes 85 
Yes 85 
Yes 85 
No 85 
No 85 
No 86 
Yes 86 
No 86 
No 86 
No 86 
No 86 
NO 86 
No 86 
No 86 
NO 87 
No 87 
No 87 
Yes 80 
Yes 89 
No 89 

No 78 81 
Yes 81 
No 86 
No 86 

No 83 
NO 80 
No 80 
Yes 81 83 
No 81 
Yes 82 
Yes 83 
Yes 83 
Yes 83 
Yes 83 
Yes 83 
Yes 83 
Yes 83 
Yes 83 
Yes 83 
Yes 83 
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August 11, 1989 
Vermont Inventory of Industrial Archeology Sites 

GMNF 
_Ref_ Proc Recorded 

Code Ch Pg Countv/Site Name/Town Bdy? Init Update 

BE- Bennington County (Cont) 
51 Heartwellville CKB - Readsboro Yes 83 
52 Heartwellville Conical CKB - Readsboro Yes 83 
53 Cotykilns CKS - Stamford Yes 85 
54 Dutch Hill site CKS - Readsboro Yes 85 
55 Cowen (Gulley; Kimbal) Brook CKS - Stamford .. Yes 85 
56 Sterba CKB & CKM - Glastenbury Yes 85 
57 Hager Hill site CKB? - Woodford Yes 85 
58 Bacon Hollow CKM - Sunderland Yes 85 
61 East Mtn CKM - Shaftsbury Yes 85 
62 East Mtn CKS (north) - Shaftsbury Yes 85 
63 East Mtn CKS (south) - Glastenbury Yes 85 
64 Furnace Brk BF - Bennington No 85 

105 Kennedy CKS - Stamford Yes 86 
106 Cardinal (Nunge) Brook CKB - Stamford Yes 86 
107 Crazy John Stream CKS - Stamford Yes 86 
10 8 Thompson Farm CKM - Stamford Yes 86 
109 Barnumville LK - Manchester No 86 
110 MD&G RR - Manchester/Dorset No 86 
117 Manchester Depot LK - Manchester No 87 
118 No Pownal LK - Pownal No 87 
134 Schoolhouse CKB - Winhall Yes 88 
135 Holbrook SM - Pownal Yes 88 
XXX Sylvan Ridge CKS Yes 89 
XXX Fisher Road LK - Arlington No 89 
XXX Judson Quarry LK - Arlington No 89 
XXX No. Dorset LK - Dorset No 89 

Amaden LK - Readsboro Yes 

F.S.-
? Burden I. Co IM - Bennington No 79 
4 Unidentified Concrete Structures - Pownal No 85 

CA- Caledonia County 
20 Paddock Ironworks BF - St Johnsbury No 81 

CH- Chittenden County 
1 Pine Island (CK & prehistoric) No 78 

17 So Burlgtn LK (prehistoric) - So Burlgtn No 68 
282 Weston LK - So Burlington No 86 
283 Stevens FDY - Colchester No 86 
284 Winooski Park LK - Colchester No 86 
365 Lime Kiln Rd LK - Charlotte No 88 

F.S.-
4 Colchester Bog IM - Colchester No 77 
6 Clay Point BY - Colchester No 77 
7 Red Rock Point BY - Colchester No 77 

70 Spafford Forge BL - Williston No 80 

ES- Essex County 

FR- Franklin County 
67 Keith (west) BF - Sheldon No 80 
68 Keith (east) BF - Sheldon No 80 
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August 11, 1989 
Vermont Inventory of Industrial Archeology Sites 

GMNF 
- R e f - Proc Recorded 

Code £h Eg. C o u n t y / S i t e Name/Town Bdy? Init Update 
FR- Franklin County (Cont) 
149 Rock River BF - Highgate No 81 
163 Barney Forge BL - Swanton No 85 
169 Kenfield FDY - Fairfax No 86 
177 Sheridan FDY - Highgate . . No 87 
178 Fonda LK - Swanton No 87 
179 John's Bridge LK - Swanton No 87 
186 Rixford FDY - East Highgate No 88 

Missisquoi Lime Co LK - Highgate No 

F.S.-
12 (VT-FR-163) No 80 

GI- Grand Isle County 

LA- LaMoille County 

OR- Orange County 
14 Ely Copper Mine CW - Vershire No 80 

OL- Orleans County 
3 Troy BF - Troy No 80 

RU- Rutland County 
41 Forest Dale BF - Brandon Yes 80 
57 Granger BF - Pittsford No 80 85 
76 Terminini BF - Tinmouth No 80 
77 Jaquay BF - Tinmouth No 80 
78 Old Job CKB - Mt Tabor Yes 82 83 
79 Ten Kilns CKB - Mt Tabor Yes 82 
84 Black Branch CKB - Mt Tabor Yes 83 85 
85 Four Kilns CKB - Mt Tabor Yes 82 83 
86 Greeley Mills SM & CKM? - Mt Tabor Yes 83 
87 Chipman Forge BL - Tinmouth No 83 
97 Chippenhook BF - Clarendon No 85 
98 Scotch Hill LK - Fair Haven No 85 89 
99 Coburn BF - West Haven No 85 

103 Iron Mine IM - Chittenden No 85 
108 Kiln #36 CKB - Mt Tabor Yes 85 
109 Forest Dale IM - Brandon No 85 
153 Gibbs & Cooley FDY/BF - Pittsford No 86 
154 Maplebrook Farm LK - Tinmouth No 86 
155 Kiln Brook CKB - Chittenden Yes 86 
156 Lampman CKS (Rect) - Chittenden Yes 86 
157 Vt Lime Prod Co LK - Mt Tabor No 86 
160 Danby Mtn Road CKB - Danby No 86 
161 Crow Hill Farm LK - Tinmouth No 86 
162 Tinmouth Pond Dam BF - Tinmouth No 86 
163 Palumbo Farm IM - Tinmouth No 86 
164 Circular Stone-Lined Feature - Mt Holly No 86 
165 S. Bromley Farm LK - Wallingford No 86 
166 'The Cobble' LKs - Clarendon No 86 
167 Crow Hill Farm IM - Tinmouth No 86 
171 Packard Mill/Forge Site BL - Tinmouth No 86 
179 District 8 LK - Mendon Yes 87 

INV-1 



August 11, 1989 
Vermont Inventory of Industrial Archeology Sites 

GMNF 
_Ref_ Proc Recorded 

Code £h Pg. Countv/Site Name/Town Bdy? Init Update 

RU- Rutland County (Cont) 
180 Rounds Pinnacle LK - Shelburne No 87 
188 Beaudry Brook CKM & IM - Chittenden Yes 88 
189 Pittsfield Iron Co IM - Chittenden Yes 88 
190 Furnace Brook CKB - Chittenden Yes 88 
XXX Seager Hill LK - Brandon No 89 
195 Gamaliel Leonard BL - Fair Haven No 89 
XXX Howard Hill LK - Benson No 
XXX Devil's Den LK - Mt Tabor Yes 
XXX Briggs LK - Fair Haven No 89 

Steam Mill Brook Mills - Chittenden Yes 
Mitchell/Harrison IM - Chittenden Yes 

F.S.-
17 Davey's Forges BL - Fair Haven No 81 
19 Danby Sta CKB (Carvage) - Mt Tabor Yes 82 

WA- Washington County 
21 Waterbury Last Block Co SM - Waterbury No 86 
25 Rice's Forge BF/FDY - Waitsfield No 86 

WD- Windham County 
37 Mt Snow IM - Dover Yes 85 
38 Somerset Forge BL - Dover No 84 
66 Harold Field's CK - Stratton Yes 86 
67 Janet Greene Farm LK - Dover Yes 86 
68 W Thayer LK - Jamaica No 86 
69 PA Haven LK - Jamaica No 86 
70 Howard LK - Jamaica No 86 

WN- Windsor County 
51 Tyson BF - Plymouth No 81 
58 Upper Falls LK - Weathersfield No 85 
59 Upper Falls Mills - Weathersfield No 85 

104 Amsden LKs - Weathersf ield No 86 
108 Burnt Mtn LK - Plymouth No 87 
109 Campground LK - Plymouth No 87 
110 Anna Rice LK - Plymouth No 87 
111 Black Pond LK - Plymouth No 87 
112 Knapp LK - Plymouth No 87 
113 Brookwood LK - Plymouth No 87 
114 Money Brook LK - Plymouth No 87 
118 Taylor LK - Cavendish No 88 
119 Grass Pond LK - Plymouth No 88 
120 Frog City LK - Plymouth No 88 
121 Ward Lime Works LK - Plymouth No 88 
123 Branch Brook Rd LK - Weathersf ield No 88 
XXX Emerson LK - Rochester Yes 89 

F.S.-
14 Upper Falls Forge BL? - Weathersf ield No 85 

INV-1 



August 11, 1989 
Vermont Inventory of Industrial Archeology Sites 

Legend 

BF = Blast furnace Ref = Chapter/Page in Rolando manuscr 
BL = Bloomery Ch = Chapter " " " 
BY = Brickyard (brick kiln) Pg = Page " " " 
CKB = Charcoal kiln (brick) 
CKM = Charcoal kiln (mound) LK = Lime kiln 
CKS = Charcoal kiln (stone) SM = Saw mill 
FDY = Foundry (iron) IM = Iron Mine 
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A June 30, 1990 
Vermont Inventory of Industrial Archeology Sites 

Ref 
GMNF 
Proc Recorded 

Code Ch Pq County/Site Name/Town Bdy? Init Update 

AD- ADDISON COUNTY 
16 Huntley Is. CKM & prehistoric - Leicester .. Yes 78 
146 Monkton Iron Co BF/BL/FDY - Vergennes No 76 81 
299 Middlebury Forge BL - East Middlebury Yes 80 
300 Orwell BF - Orwell No 77 81 
314 Dragon Brk CKB - Ripton Yes 83 85 
315 Widow's Trail CKB - Ripton Yes 83 
318 Huntley LK - Leicester Yes 84 
338 Billings CKB - Ripton Yes 85 
339 Eagle Forge BL - East Middlebury Yes 85 
340 Little Otter BF - New Haven No 85 
341 Kewaydin CKM - Salisbury Yes 85 
348 Alder Brk CKM (east) - Ripton Yes 85 
351 Alder Brk CKM (west) - Ripton Yes 85 
355 Green Mtn Lime Co LK - New Haven No 85 
356 Sandusky CKB? - Granville No 85 
395 Worth Mtn CKM - Goshen Yes 80 
404 Richville Mills & BL - Shoreham No 86 
405 Widow Glynn CKM - Leicester Yes 86 
406 Sawyer's Forge BL - Salisbury No 86 
407 Salisbury Forge BL - Salisbury No 86 
409 Bedell LK - Bristol No 86 
414 Brooksville Edge Tool Co FDY - New Haven ... No 86 
415 Wainwright/Davenport FDY - Middlebury No 86 
416 Holley Forge BL - Bristol No 86 
417 Lewis Creek Farm BL - Starksboro No 86 
430 Fuller Forge BL - Ferrisburg No 87 
431 Doreen's Forge BL - Ferrisburg No 87 
432 Monkton Iron Co Forge BL (BF?) - Ferrisburg. No 87 
467 Barker CK - Bristol Yes 89 
XXX Martel LK - New Haven No 90 
F.S.-
49 Lk Dunmore Glass Fac - Salisbury No 78 81 
50 Soper & Pier; Burnham BL - Lincoln Yes 81 
85 Mt Fuller CKM - Monkton No 86 
86 Bristol Village Forge BL - Bristol No 86 

BE- BENNINGTON COUNTY 
9 East Dorset BF - Dorset No 83 
10 Benn Iron Co (east stack) BF - Bennington . . N o 80 
11 Benn Iron Co (west stack) BF - Bennington ..No 80 
35 North Dorset BF - Dorset Yes 81 83 
36 Burden BF - Shaftsbury No 81 
37 Red Cabin CKB - Glastenbury Yes 82 
40 Mad Tom 1 CKB - Peru Yes 83 



A June 30, 1990 
Vermont Inventory of Industrial Archeology Sites 

_Ref_ 
Code Ch Pq County/Site Name/Town 

BE-
41 
42 
43 
44 
45 
46 
47 
50 
51 
52 
53 
54 
55 
56 
57 
58 
60 
61 
62 
63 
64 
105 
106 
107 
108 
109 
110 
117 
118 
134 
135 
141 
142 
143 
144 
XXX 
XXX 

GMNF 
Proc Recorded 
Bdy? Init Update 

83 
83 
83 
83 
83 
83 
83 
83 
83 
83 
85 
85 
85 
85 
85 
85 ? 
85 
85 
85 
85 
86 
86 
86 
86 
86 
86 
87 

88 
88 
89 
89 
89 
89 

Bennington County (Cont) 
Mad Tom 5 CKB - Peru Yes 
Winhall River CKB - Winhall Yes 
Bromley Brk CKB - Winhall Yes 
Bourn Brk CKB - Winhall Yes 
Bickford Hollow CKB - Glastenbury Yes 
East Fork CKB - Glastenbury . . . . Yes 
West Fork CKB - Glastenbury Yes 
Heartwellville CKS - Readsboro Yes 
Heartwellville CKB - Readsboro Yes 
Heartwellville Conical CKB - Readsboro Yes 
Cotykilns CKS - Stamford Yes 
Dutch Hill site CKS - Readsboro Yes 
Cowen (Gulley; Kimbal) Brook CKS - Stamford. Yes 
Sterba CKB & CKM - Glastenbury Yes 
Hager Hill site CKB? - Woodford Yes 
aeon Hollow CKM - Sunderland Yes 
(Tannery - Searsburg) ? 
East Mtn CKM - Shaftsbury Yes 
East Mtn CKS (north) - Shaftsbury Yes 
East Mtn CKS (south) - Glastenbury Yes 
Furnace Brk BF - Bennington No 
Kennedy CKS - Stamford Yes 
Cardinal (Nunge) Brook CKB - Stamford Yes 
Crazy John Stream CKS - Stamford Yes 
Thompson Farm CKM - Stamford Yes 
Barnumville LK - Manchester No 
MD&G RR - Manchester/Dorset No 
Manchester Depot LK - Manchester No 
No Pownal LK - Pownal . . . . * No 
Schoolhouse CKB - Winhall Yes 
Holbrook SM - Pownal Yes 
No. Dorset LK - Dorset No 
Sylvan Ridge CKS Yes 
Fisher Road LK - Arlington No 
Judson Quarry LK - Arlington No 
Amaden LK - Readsboro Yes 
Manchester Ctr Reservoir LK - Manchester ... 

F.S.-
? Burden I. Co IM - Bennington No 79 
4 Unidentified Concrete Structures - Pownal... No 85 

CA-
20 

CALEDONIA COUNTY 
Paddock Ironworks BF - St Johnsbury No 81 



r 

A June 30, 1990 
Vermont Inventory of Industrial Archeology Sites 

GMNF 
Ref Proc Recorded 

Code Ch Pq Countv/Site Name/Town Bdy? Init Update 

CH- CHITTENDEN COUNTY 
1 Pine Island (CK & prehistoric) No 78 
17 So Burlgtn LK (prehistoric) - So Burlgtn ... No 68 
282 Weston LK - So Burlington No 86 
283 Stevens FDY - Colchester No 86 
284 Winooski Park LK - Colchester No 86 
365 Lime Kiln Rd LK - Charlotte No 88 

F.S.-
4 Colchester Bog IM - Colchester No 77 
5 Clay Point BY - Colchester No 77 
7 Red Rock Point BY - Colchester No 77 
70 Spafford Forge BL - Williston No 80 

ES- ESSEX COUNTY 

FR- FRANKLIN COUNTY 
67 Keith (west) BF - Sheldon No 80 
68 Keith (east) BF - Sheldon No 80 
149 Rock River BF - Highgate No 81 
163 Barney Forge BL - Swanton No 85 
169 Kenfield FDY - Fairfax No 86 
177 Sheridan FDY - Highgate No 87 
178 Fonda LK - Swanton No 87 
179 John's Bridge LK - Swanton No 87 
186 Rixford FDY - East Highgate No 88 
XXX Missisquoi Lime Co LK - Highgate No 

F. S. -
12 * ( VT-FR-163 ) No 80 

GI- GRAND ISLE COUNTY 

LA- LAMOILLE COUNTY 

OR- ORANGE COUNTY 
14 Ely Copper Mine CW - Vershire No 80 
OL- ORLEANS COUNTY 
3 Troy BF - Troy No 80 

RU- RUTLAND COUNTY 
41 Forest Dale BF - Brandon Yes 80 
57 Granger BF - Pittsford No 80 85 
76 Terminini BF - Tinmouth No 80 
77 Jaquay BF - Tinmouth No 80 



A June 30, 1990 
Vermont Inventory of Industrial Archeology Sites 

GMNF 
Ref Proc Recorded 

Code Ch Pq Countv/Site Name/Town Bdv? Init Update 

RU- Rutland County (Cont) 
78 Old Job CKB - Mt Tabor Yes 82 83 
79 Ten Kilns CKB - Mt Tabor Yes 82 
84 Black Branch CKB - Mt Tabor Yes 83 85 
85 Four Kilns CKB - Mt Tabor Yes 82 83 
86 Greeley Mills SM & CKM? - Mt Tabor Yes 83 
87 Chipman Forge BL - Tinmouth No 83 
97 Chippenhook BF - Clarendon No 85 
98 Scotch Hill LK - Fair Haven No 85 89 
99 Coburn BF - West Haven No 85 
103 Iron Mine IM - Chittenden No 85 
108 Kiln #36 CKB - Mt Tabor Yes 85 
109 Forest Dale IM - Brandon No 85 
153 Gibbs & Cooley FDY/BF - Pittsford No 86 
154 Maplebrook Farm LK - Tinmouth No 86 
155 Kiln Brook CKB - Chittenden Yes 86 
156 Lampman CKS (Rect) - Chittenden Yes 86 
157 Vt Lime Prod Co LK - Mt Tabor No 86 
160 Danby Mtn Road CKB - Danby No 86 
161 Crow Hill Farm LK - Tinmouth No 86 
162 Tinmouth Pond Dam BF - Tinmouth No 86 
163 Palumbo Farm IM - Tinmouth No 86 
164 Circular Stone-Lined Feature - Mt Holly .... No 86 
165 S. Bromley Farm LK - Wallingford No 86 
166 'The Cobble' LKs - Clarendon No 86 
167 Crow Hill Farm IM - Tinmouth No 86 
171 Packard Mill/Forge Site BL - Tinmouth No 86 
179 District 8 LK - Mendon Yes 87 
180 Rounds Pinnacle LK - Shelburne No 87 
188 Beaudry Brook CKM & IM - Chittenden Yes 88 
189 Pittsfield Iron Co IM - Chittenden Yes 88 
190 Furnace Brook CKB - Chittenden Yes 88 
194 Seager Hill LK - Brandon No 89 
195 Gamaliel Leonard BL - Fair Haven No 89 
196 Briggs LK - Fair Haven No 89 
197 Devil's Den LK - Mt Tabor Yes 89 
198 Howard Hill LK - Benson No 89 
XXX Steam Mill Brook Mills - Chittenden Yes 
XXX Mitchell/Harrison IM - Chittenden Yes 
XXX Conant Furnace BF - Brandon No 90 

F.S.-
17 
19 

Davey's Forges BL - Fair Haven ... 
Danby Sta CKB (Carvage) - Mt Tabor 

No 
Yes 

81 
82 



A June 30, 1990 
Vermont Inventory of Industrial Archeology Sites 

GMNF 
Ref Proc Recorded 

Code Ch Pq County/Site Name/Town Bdy? Init Update 

WA- WASHINGTON COUNTY 
21 Waterbury Last Block Co SM - Waterbury No 86 
25 Rice's Forge BF/FDY - Waitsfield No 86 

WD- WINDHAM COUNTY 
37 Mt Snow IM - Dover Yes 85 
38 Somerset Forge BL - Dover No 84 
66 Harold Field's CK - Stratton Yes 86 
67 Janet Greene Farm LK - Dover Yes 86 
68 W Thayer LK - Jamaica No 86 
69 PA Haven LK - Jamaica No 86 
70 Howard LK - Jamaica No 86 

WN- WINDSOR COUNTY 
51 Tyson BF - Plymouth No 81 
58 Upper Falls LK - Weathersfield No 85 
59 Upper Falls Mills - Weathersfield No 85 
104 Amsden LKs - Weathersf ield No 86 
108 Burnt Mtn LK - Plymouth No 87 
109 Campground LK - Plymouth No 87 
110 Anna Rice LK - Plymouth No 87 
111 Black Pond LK - Plymouth No 87 
112 Knapp LK - Plymouth No 87 
113 Brookwood LK - Plymouth No 87 
114 Money Brook LK - Plymouth No 87 
118 Taylor LK - Cavendish No 88 
119 Grass Pond LK - Plymouth No 88 
120 Frog City LK - Plymouth No 88 
121 Ward Lime Works LK - Plymouth No 88 
123 Branch Brook Rd LK - Weathersf ield No 88 
124 Emerson LK - Rochester Yes 89 
XXX Messer Hill Road LK - Plymouth No 90 
XXX Grand View Lodge Road Lower LK - Plymouth .. No 90 
XXX Grand View Lodge Road Upper LKs - Plymouth . No 90 
XXX Branch Brook Upper LK - Weathersfield No 90 
XXX Cavendish Station LK - Cavendish No 90 
XXX Stearns Farm LK - Cavendish No 90 

F.S.-
14 Upper Falls Forge BL? - Weathersfield No 85 

Legend 
BF = Blast furnace CKM = Charcoal Kiln (mound) IM = Iron Mine 
BL = Bloomery CKS = Charcoal Kiln (stone) LK = Lime Kiln 
BY = Brickyard (brick kiln) FDY = Foundry SM = Saw Mill 
CKB = Charcoal kiln (brick) 
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NOTICE 
With the one exception noted below, the author gives permission to holders of original or 
copies of this report to duplicate and/or use the information contained at will, with the 
understanding tha t proper credit is always given to this report, to those who provided the 
data in this report, mid to the Northern New England Chapter—Society for Industrial 
Archeology. (NOTE: Appendix E is the sole property of its author. See notice on page 103 
for permission-to-use information.) The author assumes responsibility for any errors in 
this report. This report shall in no way be construed as providing an invitation to, or 
permission for, unauthorized exploration of the Franconia furnace stack or trespass on 
any grounds or property mentioned herein. 
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Foreword 

On July 27, 1993, Jewell A. Friedman of the Franconia Area Heritage Council wrote to 
the late Dr. William Taylor of the Department of Social Studies, Plymouth State College, 
about the possibility of help from the Northern New England Chapter of the Society for 
Industrial Archeology (NNEC-SIA) in saving the blast furnace ruin presently standing at 
the village (see letter in Appendix G). Dr. Taylor read the letter at the fall annual meeting 
of the chapter on October 16, 1993 at Middlebury, Vermont, at which time attendees 
agreed that the chapter should actively respond in some supportive manner. 

Since I knew something about the blast furnace and had last visited the site in 1984, I 
volunteered to contact Jewell Friedman and organize the recording session at Franconia 
for sometime in 1994. These plans eventually culminated in a 3-day archeology and 
recording session the weekend of September 9-11, 1994, and a follow-up 2-day weekend 
of May 27-28, 1995. A final 1-day visit to double-check some measurements and further 
investigate some questionable features was planned and cancelled in April (snow) and 
May (heavy rain), and finally made on August 24, 1996. 

Over 500 volunteer-hours of effort were expended in surveying, photographing, 
measuring, surface exploring, shallow excavating, interpreting, and recording the blast 
furnace ruin and associated surface features on both sides of the Gale River, followed by 
archival research, writing, and drafting, all at everyone's personal expenses. 

This report would not have been possible without the assistance of all the participants. 
Many of our better field sketches are presented in the report "as is" except for slight 
photo-reduction for fit. All photos, sketches, and drawings not otherwise credited are by 
the author. 

Victor R. Rolando 
Bennington, Vermont 
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VOLUME Ì8 NO: 3 1995 

U.S. DEPARTMENT O F T H E INTERIOR 
National Park Service 
Cultural Resources 

Most of us made the front cover of CRM in 1995. Standing left to right in the east arch of the 
Franconia blast furnace are Walt Ryan, Dennis Howe, Maijorie Robbins, Victor Rolando, Carol 
Weatherwax, Megan Battey (who took the time-delay photo), Karl Danneil, and David Engman. In 
front are Matt Kierstead, Woody Openo, Krista Butterfield, and Gloria Miller. Conspicuously absent 
is the late Dr. William Taylor, who was our most loyal supporter from the very beginning and 
would have been one of our most active recording session participants (CRM, Vol. 18, No. 3, 1995, 
by permission). 
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Goals of the Recording Sessions 

Although written history appears to provide everything we should know about early 
industries, many times when one studies these histories closely, questions arise that are 
neither addressed nor answered. Research into primary documentation answers some 
questions but even primary documentation is often fraught with missing, or worse, 
misleading information. Sometimes the only way around documentation dead-ends is to 
inspect the site, document what remains, and compare what is found to what is 
documented. Yet, as happens many times, for every question answered whether through 
archival research or field inspection, two more questions immediately pop into mind. And 
the Franconia recording project proved to be no exception. 

We knew there was a standing furnace ruin at Franconia, but we didn't know what 
lay hidden in the brush or just under the surface of the ground. From previous visits and 
inspection of photographs, it was obvious that we were going to encounter many stone 
walls, a possible dam site somewhere upstream of the furnace, and hopefully some surface 
evidence that might connect the dam and furnace sites. 

We don't know exactly when the stack was built. Many historical accounts date the 
stack to 1805, but was what today stands on the west side of the Gale River actually built 
in 1805? What could we learn by studying the remains that might support or disprove 
this? Why was the stack built with eight sides instead of the usual four sides? Would we 
find a substantial quantity of potential archeological remains that would provide us with 
more detail about the day-to-day technology of operations? 

The primary goal of the project was to gather the data that resulted in this report, 
written for the Franconia Area Heritage Council. Included in this primary goal is a list of 
recommendations to the Council plus a formal request to the New Hampshire Division of 
Historical Resources to aid the Council in their preservation endeavors regarding the 
furnace stack and associated properties with whatever support the Division may be able 
to muster. 

The initial task, therefore, was to record the site in terms of: (a) the furnace ruin and 
its immediate features, (b) stone walls and foundation remains in the direct vicinity of the 
stack, (c) the grounds uphill to the northwest, west, and southwest of the stack, (d) the 
dam site, (e) the waterpower system, and (f) anything else that showed up either in the 
stream or on the east side of the river. An ancillary goal, beyond physically documenting 
what was there, was to draw public attention to the site in hopes of prompting some 
historic preservation response by present or future property owners. It is also hoped that 
this report, and the efforts of the volunteers, will underscore the value of this true New 
Hampshire treasure. 

Our strategy was to measure the furnace stack and nearby related features and also to 
map them through data provided by compass and/or theodolite survey and field sketching. 
Black-and-white and color photos and slides would be taken to support field notes and 
sketches. These plus all the measurements would be plotted at a later time into 
comprehensive drawings. This approach would presumably result in a hoard of data to 
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work with and analyze. And the resulting sheets of data, field sketches, and photos did 
produce much good data to study. But as expected from personal experience, the data also 
left many original questions unanswered and, most important, raised many new 
unanticipated questions. Thus, some of us returned the following spring to try to answer 
some of these questions and also to fill in some gaps in the accumulating data. In the end, 
I returned again the spring of 1996 for more measurements and answers to more 
questions. 

We also performed limited archeological work, where deemed necessary, but only dug 
through collapsed overburden to locate ends or bottoms of walls or reveal otherwise 
hidden features. No primary features were disturbed. 

Finally, we want to acknowledge existing buildings in the area that were owned by or 
were related to the ironworks, plus the identity and/or location of iron mines and charcoal 
kilns that were also either owned by or were related to the operation of the ironworks. 
These do not directly impact on the furnace grounds, but they do have an important 
connection, and so need mentioning for the record. 

It was never the intent of the recording sessions to produce a comprehensive history of 
the iron industry in Franconia or to provide high-quality measured drawings such as 
those made at archeology field schools or by professional architects. We feel that J im 
Garvin's "Chronology" more than satisfies the present need for historical information and 
that our field-sketch quality drawings are sufficient for the purposes of the sessions. And 
in 1996, while this report was being written, Roger Aldrich of nearby Sugar Hill published 
his history of the ironworks (see Bibliography). We had neither time nor funds to provide 
anything more than what appears in this report. 

The included Field sketches may by redrawn or used as guides for specialized follow-
up field sessions at the site, possibly sponsored by a field school by a state college or the 
New Hampshire Division of Historic Resources. Additional sketches not in this report are 
held by the project leader and are available for inspection and/or copying (see page ii). 

Recommendations 

The results of research carried out at Franconia might well have long-term national 
significance. As we returned to re-check various measurements we also discovered certain 
details of the stack and site we hadn't noticed during the earlier visits. The first visit 
awed everyone by the immensity of the undertaking. During the second visit, no longer 
intimidated by the stack, we started taking stock of details not noticed earlier. During the 
third visit in 1996, Matt Kierstead and I were crawling about the inside of the stack, 
speculating on the reasons for a number of the stack's features. We were also getting 
more and more intrigued with the quantity and character of slag that is eroding out of the 
bank on the east shore of the river. The fact is that as time passes and study continues at 
the site, more and more significant information will accumulate that will affect 
perceptions on the "how's and why's" of blast furnace technology elsewhere in the country. 
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The furnace ruin at Franconia is this state's only such industrial monument (figure 1). 
Of the well over 100 furnaces known to have operated in New England, it is one of only 
11 surviving original stacks that stand in the same relatively good condition. Connecticut 
has at least five: East Canaan (a state park), Lime Rock (being restored as of this 
writing), Kent, Mt. Riga, and Roxbury. Vermont has four: Forestdale (a s tate historic site 
which was restored in 1995), Pittsford, and Bennington (two). Maine has one: Katahdin 
furnace in Brownville (a state park). Massachusetts has one: Richmond (another, at Lynn 
- the Saugus Iron Works National Historic Site - is a reconstruction). 

One thing that sets the Franconia furnace apart from the other ten is its eight-sided 
configuration. Since a totally exhaustive study has not been made, it cannot be stated that 
the 8-s ided Franconia stack is unique, but there is no other in New England and none is 
known anywhere else. Roger Aldrich of Sugar Hill believes an octagonal furnace exists at 
Hopewell, Pa. (Aldrich to Rolando, August 24, 1996). A phone conversation to the curator 
at Hopewell on August 26, 1996, failed to confirm this. 

Left unat tended and abandoned to the elements, the stack will lose a stone here and 
there until one spring, it will suddenly collapse. Maybe not the entire stack all at once but 
a large section of wall, most likely the largest arch. Just like that! 

Water is the greatest enemy of furnace ruins. Rain water and snow melt seep into 
small spaces and is held like a sponge. During winter the water freezes and the expansion 
moves the stones a tiny bit. One spring, after the ice melts, the stones lose grip on each 
other and give way. It is much cheaper and simpler to protect what there is now against 

Figure 1. View of the furnace and grounds from the east side of the Gale River in 1994 
(Megan Battey photo). 
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water absorption and freezing than to repair the damage later. In practice, collapsed 
furnace ruins are rarely, if ever, restored. The following are therefore recommended: 

1. The immediate shor t - term goal is the primary recommendation of this report, 
which is for the Franconia Area Heritage Council to continue in its efforts to acquire the 
furnace property through combination of private and public fund-rais ing. Preservation 
and interpretation of the property follow naturally, but cannot be carried out without 
accomplishing the primary goal. This cannot be overstated. 

2. A professional engineer/architect should be contracted to inspect and evaluate the 
stack with a goal toward recommending immediate stabilizing actions and a long-term 
preservation program. An immediate action must be to build a roof atop the stack to 
protect it from fur ther water damage (this has been done in Vermont at Forestdale and 
Pittsford with good success). A long-term preservation program could include fabrication 
of missing binder plates, keys, and straps (if found to have been used in the first place), 
reinforcement of the lower courses of furnace lining to prevent fur ther loosening and loss 
of firebrick in this area, and pointing up of all loose stones following the removal of 
vegetation from the walls and top of the stack. Stones lying in and around the stack 
should not be moved until it is determined where they came from. 

3. Give serious consideration toward the creation of an interpretive park associated 
with the ruins and grounds, as presently envisioned by the current overseers of the 
acquisition project. Access to the furnace property might even be enhanced by a small, 
seasonal footbridge over the river, connecting the interpretive park alongside Main Street 
to the furnace grounds, thus alleviating the trip over the Route 117 bridge. An 
interpretive park would provide a tourist dividend to the local economy since the park is 
only minutes drive from 1-93 Exit 38, and most of downtown Franconia is driven through 
between the Exit and the park. The existing Casey/O'Brien house would make an 
excellent visitor's center/museum/research center. Additional use of the building for 
community functions could provide income to offset costs for upkeep of the building. 
Selective clearing of trees between the building and furnace would enhance the site. 

4. The "collecting" of slag for souvenirs by tourists on the furnace grounds, in the 
river, or along the shores should be discouraged. Appearing limitless, the range of slag at 
the site has not yet been fully analyzed and documented, and therefore not yet thoroughly 
understood. Slag analysis might tell us much about the types of Franconia iron making 
operations and is an important artifact not to be overlooked in the overall study of the 
site. Mixed in with slag are also various iron artifacts that might appear to be just so 
much "rusted junk" but could provide important technical information about the site. 

5. Continue to investigate and research the immediate grounds, do appropriate 
archeology work, do an architectural survey of the town, locate the sources of iron ore and 
charcoal, research deeds for former land owners, locate the company's tenements, stores, 
sales offices, etc. Create an environmentally safe and secure storage area and research 
center for papers, photographs, books, ledgers, etc., pertaining to the site. 

See also J im Garvin's recommendations in Appendix A, pages 77-78. 
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Site Locat ion and Descr ip t ion 

Franconia is a New Hampshire town in Grafton County, about 80 miles north of 
Concord. The ma in community, Franconia village, lies mostly between 1 - 9 3 on the east 
and the Gale River on the west, although a significant par t of the southwest corner of the 
village lies on t h e west side of the river. 

The ironworks site is an approximately Vi-acre piece of ground on the west shore of 
the Gale River, opposite the village of Franconia. The most visible a t t r ibute of the furnace 
grounds is the tall stone stack, very visible from the visitor's center at the Sta te Historic 
Marker on the east side of the river. Less obvious are high stone walls t ha t surround the 
stack on three sides (north, west, and south), and nearly hidden in underbrush are barely 
noticeable r e m n a n t s of stone walls that were foundations of other buildings and remains 
of the head race. 

The UTM coordinates of the furnace stack are 19/4901083/279894 per USGS Sugar 
Hill, N.H. 7.5' Quadrangle dated 1967, photorevised 1988 from aerial photographs taken 
in 1983 (figure 2). The UTM coordinates were determined after plotting the position of the 
stack based on da ta provided by the theodolite survey. The topo does not show the furnace 
stack but does show the O'Brien/Casey house between the 940- and 960-foot contour 
lines; the lower furnace grounds lie between the river and the 920-foot contour lines (see 
"The Theodolite Survey" on page 12 and Appendix C for complete information). 

Figure 2. Franconia village vicinity with locations of the furnace stack, dam site, and other 
features (USGS Sugar Hill topo). 
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The furnace grounds are 550 feet south of the Route 117 bridge over the Gale River 
although the archeologically sensitive area of the site includes the entire west side of the 
river south of the bridge to the dam site, which is about 800 feet upstream, and extends 
at least 500 feet inland on both sides of the river, covering an area of about 20 acres. 

The Gale River rises on the northern slopes of 5,249-foot high Mount Lafayette where 
a number of branches join to form the Gale River in the town of Bethlehem, a short 
distance east of the Franconia town line. From here the river flows a generally sou th-
western direction and turns sharply northwest just south of Franconia village. About Y* 
mile short of the Route 117 bridge the river picks up another main tr ibutary, the Ham 
Branch, and tu rns due north, passes by the furnace site, and continues on to its juncture 
with the Ammonoosuc River, about 5 miles southwest of Littleton village. Early histories 
refer to the river as the "south branch of the Amonoosack River." (Garvin 1994:3 [1810]), 
and "south branch of the Ammonoosuc" (Garvin 1994:10 [1855]). Remains of the dam that 
provided waterpower to the ironworks are about 248 feet upstream of the furnace ruin. 

The village of Franconia is on relatively flat ground, whereas the ground on the west 
side of the river rises abruptly within a few dozen feet of the river. Since blast furnaces 
are "top-loading" devices, the proximity of (a) the hill, for access to the top of the furnace, 
(b) the river, for a source of waterpower, (c) iron mines on the slopes of Ore Hill, about 3V2 
miles to the southwest, and (d) the village, for labor force and roads to the outside world, 
all provided an ideal location to construct the ironworks complex. 

Figure 3. The Casey O'Briens house, uphill behind the furnace stack in 1996. The furnace 
stack is just downhill to the left (east). 
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The visible remains, in addition to the furnace stack, are stone walls north, west, and 
east of the stack, possible foundation remains uphill and across a private driveway north 
of the O'Brien residence, and a power race along the west bank of the river from about the 
dam site north to a possible waterwheel pit adjacent the south side of the stack. 

Soon after World War II the furnace stack was threatened with demolition. Local 
businessman Frank E. Casey, Sr. and wife Sylvia purchased the furnace grounds in 1950 
and saved the stack from damage. To draw public attention to its historical significance 
he named his res taurant "The Stone Stack Restaurant" (this was the second of his two 
restaurants; see "Associated Village Structures and Landmarks" on page 70). He cleared 
away the high brush and trees that had hidden the stack from the view across the river 
since the tu rn of the century and focused more public attention toward the plight of the 
stack by publishing a brochure, Old Stone Stack, which contained a thumbnail history of 
the ironworks (see Bibliography). He invited the public to visit the grounds and inspect 
the stack, which he called "the landmark of a forgotten industry." Mr. Casey died in 1967; 
wife Sylvia lives in the house where the Stone Stack Restaurant was (southwest side of 
Route 117 bridge). 

In 1978, Mr. Casey's son, Charles, built a house on a small, level, cleared area about 
200 feet west and uphill from the furnace stack (figure 3). The forest makes the house 
invisible from Main Street in summer. The house and furnace property is presently owned 
by Mr. and Mrs. Kevin O'Brien. As of this writing (August 1996) the property is on the 
market and a prospective buyer is negotiating. 

I first learned of the site in 1973. My parents were driving through New Hampshire 
when they noticed the stack and state marker. Aware of my interest in such things they 
took a few photos, made some local inquiries, and got me in contact with Olive Stannard. 
She in turn provided me with the first information I was to have about the site. On April 
15, 1984, the day after a combined New Hampshire and Vermont archaeological society 
meeting at Dartmouth College, I drove to Franconia to see the furnace. The stack and site 
had been blanketed by overnight snow, but I managed to take photos of the intriguing 8 -
sided stack, walk the passageways between the arches, but found no one at home above 
the stack. I learned from a June 8, 1985 phone call to Sylvia Casey that the furnace and 
grounds were then owned by Adelaide and Frank E. Casey, J r . 

The site was inspected on July 6, 1989 by James L. Garvin, NH DHR Architectural 
Historian, to check the furnace structure for amount and cause of deterioration and to 
make recommendations for stabilization and protection of the structure in future years. 
J im recognized that water penetration and frost action posed the greatest threat to the 
furnace and recommended the stack be topped with a cap and roof. His full site report is 
presented in Appendix A. 

The first serious attempt at documenting the site was done in 1991 by Duncan Wilkie, 
then with Plymouth State College, for a National Register Nomination, which was neither 
completed nor submitted. Wilkie's walk-over survey identified the power canal, a possible 
bellows area, casting bed, and other features in the vicinity of the stack (figure 4). His 
paperwork is on file at the NH DHR office. 
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Historical Overview 

A history of the ironworks by James L. Garvin is presented in Appendix B. It provides 
an excellent, detailed history of the ironworks operations and sources of primary 
information about the site. Only a synopsis of that report is therefore included in the 
following overview. 

The New Hampshire Iron Factory Company was incorporated in 1805 by the state 
legislature and is referred to in some historical literature as the "Lower Works," to 
differentiate it from another ironworks about a mile upstream called the "Upper Works." 
In 1808, the "Upper Works" was incorporated as the Haverhill and Franconia Iron Works. 

The 1805 map of Franconia (figure 5) identifies "N.H. Iron Factory" on the east side of 
a river just north of the juncture of the Gale River and Ammonoosuck [sic] South Branch, 
although buildings are shown on both sides of the river. A canal, also on the east side of ' 
the river just upstream of the fork, lead Duncan Wilkie and me to agree that the main 
works were on the east side of the river at the time. Among buildings on the west side of 
the river is the word "Iron." Upstream on the South Branch are "Haverhill & Franconia 

Figure 4. Map of the site drawn in 1991 by Duncan Wilkie. The "27GR31" at the top is the 
site number; that is, 27 = New Hampshire, GR = Grafton County, and 31 = the 31st site 
registered in Grafton County (courtesy Duncan Wilkie). 
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Figure 5. The 1805 map of Franconia, showing the "N.H. Iron Factory" at the upper left and the "Haverhill & 
Franconia Iron Factory" just upstream (courtesy Frank Meyers, Director, State Archives). 



Franconia Furnace Recording Project 

Two stock certificates were studied at the NHHS Library on February 9, 1996. The 
stocks are for " . . . one share . . . of the property of the New Hampshire Iron Factory 
Company . . . ." At the top of the certificates is an engraving identified "New Hampshire 
Iron Factory." One certificate is dated August 1, 1806; the other is dated May 29, 1810 
(figure 6). 

The engraving shows factory buildings standing on the sides of two small s treams tha t 
are about to join outside the immediate foreground (figure 6). The building to the right of 
the stream might house a blast furnace, as indicated by the top of a stack extending out 
through the roof and also by many other tall chimneys that were usually associated with 
furnace operations. The stream, rising from background hills, might be today's Gale River, 
and passes directly next to the furnace building. To the left of the other stream, which 
also rises in the background hills, are three buildings. The building nearest the stream 
has maybe three chimneys in a row, very close to each other, and might be indicating 
three bloomery or refining forges inside. An adjacent building, somewhat smaller, has no 
chimney and might have served as a storage shed. What appears to be a residence stands 
up a road to the far left in the illustration. 

The two s t reams shown in the illustration raise some questions. Is one of them today's 
Gale River and the other the Ham Branch? They join about 500 feet upstream of today's 
furnace site. Or might the left stream shown in the illustration be the small unnamed 
intermittent brook shown on the current USGS topographical map about opposite the 
furnace site tha t rises on Scrag Hill to the east of 1-93? 

The engraving might not be a view of this site at all, but maybe copjectural, done by 
an engraver who had never seen this site, but drew on information from another 
ironworks to create this symbolic representation as an ornament for the stock certificate. 
But if this is a t rue illustration of the site, then the 1806 date of one of the certificates 
might be a new early date for the furnace to have been in operation. 

The furnace was rebuilt in 1816 resulting in the top of the 24-foot high furnace being 
raised to 28 feet. That same year, a modern system of blowing cylinders replaced the 
bellows. The works were described in 1817 as containing a blast furnace, an air furnace 
and steel furnace, a pounding ore-separating machine, and a forge and t r ip -hammer 
shop, each of which contained four fires and two hammers. In 1832 the works were valued 
at $50,000 and the manufacture of 300 tons of castings and 130 tons of bar iron cost 
$27,200 against sales of $34,000. The works were, however, described as not being 
successful and the articles manufactured of an inferior quality. 

The company was reported in 1841 to have been in blast 16 to 26 weeks at a time, 
consuming 200,000 to 300,000 bushels of charcoal each year. Each furnace charge 
consisted of 15 bushels of charcoal, 280 pounds of iron, and a box of limestone; 160 
bushels of charcoal was required to smelt a ton of ore that yielded 55.12% iron. In 1844 
the furnace was described as being 34 feet high. Six feet above the hearth, the boshes 
were 8 feet 3 inches in diameter, or 12 feet in diameter before the lining was put in. The 
work (casting) arch was described as being 11 feet wide while the tuyere (air blast) arches 
were 8 feet 8 inches wide. This compares with an 1858 report that the ca. 1823 furnace at 
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Forestdale, Vt., and the ca. 1791 furnace at Pittsford, Vt., rebuilt in 1827 and enlarged in 
1853, both had a 9-foot diameter bosh (Lesley 1858:75). The casting arch at Forestdale, 
rebuilt in 1995, is 8 feet wide, whereas the casting arch at Pittsford is 13 feet wide. 

The 1850 US Census described the property as including a shingle mill, a blast 
furnace, a cupola furnace, a forge shop of five fires and two hammers, a machine shop of 
nine fires and three lathes, a wheelwright's shop, and saw and grist mills, all powered by 
water. The mine was horse-powered. Seven years later the entire property was sold. 

The 1860 map of Grafton County identifies the village as "Franconia Iron Works," with 
iron works buildings shown on the west side of the river along with a bedstead factory. 
Among the few buildings on the east side of the river are seven buildings identified as 
"N.H. I. Co's Tenant Houses." 

Exactly when the furnace breathed its last is uncertain. According to Garvin, an 1881 
periodical stated tha t work at the furnace and mine was suspended about 1865. A 
national ironworks report published in 1858 barely acknowledged the existence of the 
works, saying only "not doing much for several years" (Lesley 1858:76). The next year it 
reported the works "had not been in active operation for some years" (Lesley 1859:25). Yet 
another report said that the furnace continued in blast until 1870 (Garvin 1994:11 [1878]). 

Two dates were found that identified when the works were destroyed. One, which 
appeared in the April 13, 1883 Littleton Journal, indicates that the works had long been 
out of operation. The other has the fire on July 4, 1884. 

The old iron ore furnace, built many years ago, burned last Thursday night about 11 
o'clock. It was thought to be the work of an incendiary. Such a dilapidated building did 
not add to the attractiveness of our pleasant town and we could not but rejoice at the 
destruction of it (Welch 1972:131). 

...the buildings fell into decay and in 1884 were demolished by fire. All but the stone 
stack. Men now living attest that the fire was a deliberate prank. It was ignited with 
kerosene stolen from the rear of Eleazer Parker's general store close by. The fire 
occurred on the eve of the 4th of July (Serafmi 1952:17). 

A photo "made about 1875" shows the New Hampshire Iron Works complex, river, and 
dam (see figure 45), taken downstream of the works. It clearly shows the furnace building 
with its heating oven chimneys rising out the roof, the casting building on the north side 
of the stack with its characteristic roof-top monitors, and other buildings associated with 
the charging bridge and storage sheds on the hill west of the stack. 

A 10- to 15-foot-high dam can be seen upstream in the photo, with another large 
building at the left (east) end of the dam. Water appears to be flowing over the dam. 
Between the dam and the furnace complex on the west side of the river is an unidentified 
structure that might be associated with waterpower systems since remains of the head 
race were found in that area. Unfortunately, no one queried at Franconia knew the 
whereabouts of the original of this very informative photograph. 
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A tu rn -o f - the century postcard with a post office cancellation date of 1908 shows the 
stack standing in relatively good condition (figure 7). There are no bindings around the 
upper section of the stack but close inspection with a magnifier appears to show small 
face plates on the binder rod of the northeast pillar wall. Trees to the left hide the dam 
site from view, but the river in the far background appears low, as if the dam was either 
open or breached. Another post card of the same approximate period shows the stack 
taken from above and to the west, with the village in the far background (figure 7). The 
two post cards show the stack in remarkable good condition. The top of the stack in the 
second card is perfectly flat and no stones out of place. 

State Historical Markers 

Two state historical markers were found that relate to the iron works; one directly and 
the other indirectly. The first was erected at Franconia in 1962 on the east side of Main 
Street (now stands on the west side), calling the public's attention to the historic site 
across the river. The marker was the ninth of what by 1995 had totalled 169 markers 
state-wide. It reads: 

STONE IRON FURNACE 

Due west stands New Hampshire's sole-surviving example of a post-Revolutionary 
furnace for smelting local iron ore. The industry flourished during the first half of 19th 
century. It produced pig and bar iron for farm tools and cast iron ware, including 
famous "Franconia Stoves". 

The other marker was erected in 1970 on the east side of Route 302 in the town of 
Lisbon, about five miles west of Littleton village. The marker identifies a stone-made 
charcoal kiln ruin atop a small rise, just across the highway (see figure 50, page 73): 

OLD COAL KILN 

A reminder of bygone days, this stone structure was used to make wood into charcoal 
for the nearby iron smelters. Pine knots, a waste material from the adjacent lumber 
mill, were a prime source for charcoal. Charcoal production through this kiln, built in 
the 1860's, was necessary to the iron mining industry. 

The Theodolite Survey 

The survey team consisted of Bill Edwards and Karl Danneil, assisted by Jonathan 
Edwards and Eleanor Danneil. They used a Pentax model Geotec T-24B theodolite and a 
stadia identified as UNH #13A. The instruments were generously loaned to us by the New 
Hampshire Division of Historic Resources. The team's main assignment was to establish a 
datum point at the furnace grounds that we could use for accurately locating the stack on 
the USGS topo map. In the process, we also surveyed the dam site, a point alongside the 
interpretive park, and other significant features in and around the overall ironworks area. 
See Appendix C for the full survey report and printouts of input and calculated data. 
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Figure 7. A postcard cancelled August 31, 1908 on reverse, showing the furnace stack in 
relatively good condition. 

Figure 8. Another early 1900s postcard, taken from uphill of the stack, with the village i, 
the background. 
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The initial starting point for the survey on September 9 was the Route 117 bridge, but 
it was found to cause too much magnetic deviation. The next day the starting point was 
moved to the east side of Route 18, across from the bridge. (All survey data for September 
9 on page 1 of Table C3 should therefore be ignored.) From that starting point, datums 
were established at the Visitor's Center, the furnace grounds, and the dam site. These are 
the three primary furnace grounds datum points (figure 9). The furnace datum was made 
the main site datum point (i.e., X=0.0, Y=0.0, Z=0.0). Location of this datum point was 
chosen to allow as unobstructed visibility as possible in all directions. The elevation of the 
furnace datum is 920.436 feet (920 feet, 5Vi inches). 

The survey data allowed us to accurately locate the stack on the USGS topo map, and 
measurement its UTM coordinates at 19/4901083/279894. The height of the stack (from 
the bottom to the top of the downer pipe) was sighted and calculated to be 33.953 feet (33 
feet, 11-7/16 inches). The slope of the bottom 13 vertical feet of the stack at the south 
corner of the southeast pillar (Sta 110) was found to be 5.085 degrees. The ends of the 
binder rods in the northeast and southeast pillars were also found to be level with the 
cross beam assemblies in each arch, an important piece of information that was to add to 
our knowledge of what the internal hardware was all about. 

During the survey we found a highway survey marker in the northeast wingwall of the 
Route 117 bridge, which the survey team initially used as its primary reference point. The 
marker is identified "State of New Hampshire DPW&H 161 0090". A query to William 
Hauser of the New Hampshire Department of Transportation about the benchmark 
resulted in the following from Charles H. Hood, Chief, Project Development Section: 

Approximate latitude 44000N. Approximate longitude 0713000W. Approximate 
elevation 920.13 feet. The benchmark is 2.5 feet above Route 18, 50.0 feet west from 
the center of Route 18, and 24.0 feet north from the center of Route 117 (Hood to 
Rolando, J a n 10, 1996). 

Unfortunately, the latitude and longitude provided above serve only to identify the 
lower r ight-hand corner of the USGS 15' quadrangle in which the benchmark is located; 
only elevation was provided. None-the-less, we located the position of the benchmark by 
sighting back from the new starting point. 

Origins of the Furnace Stack 

When was the present stack built? Although the New Hampshire Iron Factory 
Company was incorporated in 1805, there is no mention of a furnace. The earliest mention 
of a "furnace" was in Joseph Bray's report on the condition of the company in 1810. In 
that report he stated that "the first fire-stone used in the [first] furnace was imported 
from Connecticut" (Garvin 1994:2 [1810]). Writing in 1841 and again in 1844, geologist 
Charles T. Jackson said that the furnace then in operation was "erected in 1811" (Garvin 
1994:3 [1811]). 
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H t 

Figure 9. Primary points of the theodolite survey (Danneil CAD / CAM drawing). 
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In 1816, William P. Page wrote that Isaac Williams recommended "rebuilding of the 
furnace lining and lower parts, but evidently proposed to keep the major walls of the 
existing furnace intact" and "we...went to work, removed the old lining and hearth, had 
stones for the new Furnace got out and repaired." Page also wrote that the furnace was 
raised from 24 to 28 feet in height, which means that at least the top of the outside walls 
was new (Garvin 1994:3 [1816]). In 1844 the furnace was described by geologist Charles 
T. Jackson as being "by my measurements" 34 feet high (Garvin 1994:9 [1844]). Was the 
extra 6 feet in height of the stack the result of a recently installed hot-blast system that 
was also mentioned by Jackson? 

Garvin wrote that the present furnace was constructed in 1859, under supervision of 
S. Pettee, J r . (Garvin 1994:11 [1859]). Unfortunately, there are no mention of heights, 
bosh diameters, lining or hearth types, etc., that could be used to accurately field-verify 
this data. The stack was described in 1866 as being erected in 1845, 38 feet high, with 
boshes 9/2 feet in diameter (Neilson 1866:217). This furnace height and bosh diameter 
does not match Jackson's 1844 measurements, so maybe the stack was in fact rebuilt 
between then and 1866. But was the stack totally rebuilt or was some additional height 
added for modified ovens and bosh? (See more discussion on page 51.) 

Since Jackson wrote in 1844 that the inside diameter was 12 feet before the lining was 
installed, there was easily enough room for a new 9V2-foot diameter bosh. Does the 
present stack, except for its internal modifications and added height, date to 1805/1810, 
1811, 1816, 1845, or 1859? When measured on August 24, 1996, the inside diameter 
without at its widest measured exactly 9/2 feet (see Bosh Lining on page 50). 

Based on my observations of other furnace ruins, my original 'best guess' of when the 
Franconia stack was built was ca. 1810-1820. Jim Garvin pointed out that the tool marks 
on furnace stones (half-round drilled holes) indicate post-1830 stone working. According 
to Jim, "Pre-1830 splitting was done with flat wedges in flat slots. Post-1830 splitting 
was done with plugs and feathers in round holes" (Garvin to Rolando, Feb. 19, 1996). 

Seneca Pettee, Jr. 

Chiseled into the bottom voussoir stone in the west wall of the north arch is 
S. PETTEE JR. 1859 in 4V2-inch-high letters on a recessed flat section of the stone. 
The recessed section measures 6V2 inches high by 5 feet 4V2 inches wide. The stone is 7 
feet 5V2 inches long by 9 inches high at the inside end and 1 foot 10 inches high at the 
outside end (figure 10). It is the largest stone in the arch and is just inside the arch 
opening. 

Who is this person and why did his name come to be on the side wall of the casting 
arch? We assume "S. Pettee, Jr." to be Seneca Pettee, who was connected with many 
ironworks operations in New England in the mid-1800s. Whether Pettee chiseled his 
name in the arch wall or he contracted someone to do it for him is unknown. 
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Seneca Pet tee was born in 1785 at Foxborough, Mass. Of his four brothers, Joseph ran 
the Mount Riga blast furnace at Salisbury, Conn., Hiram ran blast furnaces at Lenox and 
Lanesboro, Mass., and Simon was an inventor. The following is par t of a manuscr ipt on 
Seneca Pettee received from Richard S. Allen in 1995 (Allen ms., J a n 1992): 

Seneca Pettee, whose capabilities seem to have run to the building of blast furnaces and the 
setting up of iron works, reportedly came to Mount Riga with Joseph in 1804-06, where they 
finished erecting the King/Kelsey furnace in 1810 along with Willaby Dexter. Joseph was 
associated with the iron works at Mt. Riga for the remainder of his life. 

Seneca and his wife Lucy lived on the mountain during the next two decades. At least four of 
their children, who died in infancy, are buried at the Mt Riga cemetery, which was established 
in 1816 "near the mountain furnace." His first wife, Polly, is also buried there. 

It is probable that Seneca Pettee left the mountain furnace shortly after the Holley, Coffing & 
Pettee partnership was set up in 1829. Holley & Coffing were expanding beyond the limits of 
the town of Salisbury. They built the blast furnace at Richmond, Mass. in 1830. This almost 
certainly involved Seneca Pettee, since soon after its completion the furnaces was reported to 
have been run "for some years," by "Gates, Pettee & Co." 

Next, in 1846, Nelson H. Stevens of Richmond, Mass., and Seneca Pettee built a cold-blast 
furnace, 37 feet high, beside the Hoosic River north of the Main Street Bridge in North Adams, 
Mass. Incorporated in 1847, the North Adams Iron Company included Nelson H. Stevens, 
Seneca Pettee, Rodman H. Wells, J. H. Chapin, and Charles K. Bingham. This company, after 
difficulties with the use of various ores from the North Adams area, went bankrupt and was 
sold in 1858. 

Thomas N. Richmond, a lawyer and later proprietor of the Berkshire Glass and Sand Company 
(1850 to 1857, and 1862 to 1865), together with Seneca Pettee, bought land for an iron works at 
Cheshire, Mass. in 1848. This furnace was not finished and in blast until Februaiy 11, 1851. 
The Cheshire Furnace was "managed for a time by Messrs. Pettee & Richmond." 

In Lenox, another Berkshire County town, the Lenox Iron Works was incorporated in 1848. 
Hiram, a third Pettee brother, lived at Lenox Furnace (today's Lenoxdale) in 1858. The iron 
company also had a glass works, of which Hiram Pettee was the first manager. According to 
local history, Seneca Pettee took over management of the glass manufactory when his brother 
Hiram went to manage the Briggs Iron Company's blast furnace in Lanesboro, Mass. (originally 
built in 1847). Hiram Pettee's house in Lenox Furnace appears on an 1858 wall map of 
Berkshire County. 

Seneca Pettee had a hand in building or operating four different blast furnaces in Berkshire 
County, Mass., and his brother Hiram ran at least one. Seneca disappeared from western New 
England in the 1850s. He may have gone "west" to Michigan or Ohio where there were new iron 
deposits discovered and/or being developed, with need of men of his expertise. Or he may have 
died... 

In addition to Rick Allen's findings, Duncan Wilkie (via J o n a t h a n R. Sanborn) 
identified Pettee as having been an agent of the Katahdin Iron Works in Maine in 1856 
(Garvin 1994:11 [1859]; Sanborn to Rolando, Jan. 16, 1966). Sanborn found tha t an "S. 
Pettee" (no first name given) wrote to the owner of the Katahdin Iron Works on J a n u a r y 

18 



Franconia Furnace Recording Project 

4, 1856 (Eastman 1965:92). Wilkie also believes that the two ironworks might have been 
owned by the same company at the time. That's an interesting possibility. 

How long did Pettee remain at Franconia? He was postmaster in Franconia in 1861 
(Welch 1972:71), and his name appears on the 1860 Grafton County map as "S. Pettee Jr" 
with "Store & PO" immediately next door to the south, directly across the river from the 
iron works in the village at the time identified "Franconia Iron Works," but his name does 
not appear in the Child's 1885 Gazetteer of Grafton County. Jewell Friedman checked into 
local records but found no indication of Pettee buried in any Franconia cemeteries, stating 
that death records for that period are incomplete. The spring of 1996, however, Bill 
Edwards said that he believed he found Pettee's grave at a cemetery behind the old 
Methodist Church on Route 7A in Ashley Falls, Mass. This is being checked into further. 

Seneca Pettee would have been about 25 years old when he and his brother finished 
building the Mt Riga furnace in 1810. One has to wonder whether he learned the trade at 
a school of engineering or did he apprentice at a furnace somewhere at an early age. We 
know next to nothing about his formative years. It is also interesting that although the 
roof of the archway is engraved "Jr.," no mention of a "Jr" can be found in any of the 
provided data or other sources except the Welch references. "Junior" is usually someone 
with the same given name as his father, but Seneca's father is Simon (1749-1823) in a 
genealogy chart provided by Karl Danneil, and no other Seneca can be found in the chart. 
Unfortunately, only names with descendants are listed by name. But it does beg the 
question: Was there a Seneca Pettee, Jr . in addition to a Seneca Pettee? 

Figure 10. Inside the west wall of the north arch showing the "Pettee" engraving. 
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The Outside Walls 

The outside walls of the furnace are build of rough-lain granite with no sign of mortar 
(see figure 1). Source of the granite is unknown. The rough nature of the stone hints at 
early 19th-century construction when compared to similar constructions built elsewhere 
in New England (e.g., Forestdale, Vt., ca 1823; East Dorset, Vt., ca. 1846; and Bennington, 
Vt., ca. 1822). 

At first thought, the furnace appeared to have been built 8-sided to conserve 
construction stone that would have gone into extending the walls out to 90-degree 
corners. Each truncated wall not built out to a corner saved about 1,500 cubic feet of 
material and associated labor. The corners are among the most fragile parts of the 
structure because the walls there are the thinnest. Damage from weathering and falling 
trees takes a significant toll on loosening corner stones. Eliminating the sharp corner 
therefore reduced corner damage. Except, of course, there would be no corner damage to a 
wall that was inside a furnace building in the first place. So, why the flattened corners? 

A possible answer to why the flattened corners was arrived when the binding and 
binding support system was discovered inside the stack. This binders and cross beam ring 
arrangement connects internal hardware that supports part of the bosh lining above it, 
yet also provides an anchor for wall binders that extended outward at the corners, thus 
requiring flattened corners (see "Binders," page 35 for details). 

Another distinctive feature of the stack is the change in character of the stone wall 
that can be seen near the top. At a point starting about 36 feet above the ground, the 
stonework changes from a pattern of large stones below to one of slightly smaller stones 
above (see figure 1). If this approximately 36-foot interface level of the stack relates to 
one of the original pre-1844 heights of the stack, then everything above this level might 
relate to changes in the stack's main wall affected by installation and modification(s) of 
the heating ovens. It would have been very informative to see what exactly was inside the 
top of the stack, but due to the fragile nature of stones leaning out the top of the stack, 
we didn't dare run a ladder up the side and inspect the top. Close inspection and photos 
in and around the top should be done before it is roofed. 

Although the walls appear relatively smooth and stable from across the river, close 
inspection reveals many pieces of stones missing and others cracked. Hairline cracks seen 
throughout the surface of the outside walls (figure 11) betray destructive weathering 
forces at work. Two large holes in the upper third section of the southwest wall show 
where stones have fallen out (figure 12). In the bottom course of the wall, in the southeast 
corner of the south arch, a piece of stone is broken off. A piece laying on the ground 
alongside appeared to fit but wouldn't stay in place unassisted. Other stones lying about 
at the base of the stack might be those missing from above. They should not be tossed 
away or even moved from where they lie, but be left as is to provide clues as to where 
they came from. 

Since the surface of the ground varies in height around the base of the stack, a string 
was wrapped around the stack, level with the highest point on the ground at the base. 
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This was a spot between the west and south arches (the southwest pillar). Thin pieces of 
wood were placed vertically at corners of the stack to prevent the t aun t s t r ing from 
creeping up or down into spaces between the stones and skewing the level of the string. 
The s tr ing was d rawn tight and adjusted several times before it was measured level all 
around the stack. Vertical measurements between the str ing and the ground were taken 
to coincide with various feature points of the stack. 

Table 1 presents the distance to ground below the level string, s ta r t ing at the middle 
of the north arch and proceeding counterclockwise (as viewed looking down) around the 
stack. Note tha t "ground level" varied around the stack by as much as 23 inches although 
the average of all measurements was about 15l/2 inches. Heights of the binder ends in 
each of the four walls measured from 45V2 to 51l/2 inches above the s t r ing as shown in 
table 2. Left, middle, and right in the table pertain to the left corner, middle, and right 
corner of the arch as viewed facing the arch from the outside. Figure 13 identifies arch 
and wall orientations used throughout this report. 

The circumference of the stack was measured at 1-foot above the s t r ing and found to 
be 98 feet 7V2 inches. This compares favorably with the sum of the dimensions (figure 14), 
which add up to 99 feet 7 inches, or less than 1% difference. Although from a distance, 
the sides of the stack appear symmetrical, measurements disclosed small differences in 
width among the individual wall sections. At near ground level, the widths of the wall 
measurements ranged from 12 feet 9L/2 inches to 11 feet 11 inches wide. Running another 
s t r ing from the southeast pillar, level with the circular sting at t ha t point, and out to the 
surveyed furnace da tum point, 31 feet away, measured 52 inches above the da tum point. 

Table 1. Distance to Ground Below Level String Around the Base of the Stack. 

Vertical Measuring Points 
Left Middle Right Wall 

Table 2. Heights of Ends of the Binder Rods Above Str ing Level. 

Wall Binder Height 
NW 
s w 
SE 
NE 

433/4" 
5IV2" 
45 V2" 

493/4" 
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Figure 13. Furnace stack orientation and nomenclature (Rolando drawing). 
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Figure 14. Ground-level measurements of arch openings, hearth, and corner pillars (Megan Battey field sketch). 
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If built with the usual four corners, the stack would have measured about 30 feet 
square near present ground level. Considering that there is a level of overburden on the 
ground around the furnace walls from brick and stones that have fallen out and off the 
furnace plus decayed material from structures that once stood around the stack, we 
figured that measurement at the original ground level a few inches farther down might 
have resulted in an exactly 30- by 30-foot square dimension, or a 900-square-foot 
footprint. Cutting across the four corners at the edge of each of the four archways reduced 
the footprint by about 150 square feet to 750 square feet. 

To determine what the dimensions of the "square" footprint might be, a recording crew 
established where the four corner points of the stack walls would have been by laying out 
straight level strings parallel to the four arch entrances. Measurements between these 
fictitious corners where the strings crossed show that the furnace footprint is not "square" 
after all. The south, west, and east walls respectively measured 30 feet 9 inches eas t -
west, 29 feet 8 inches north-south, and 29 feet 6 inches north-south, between their 
imaginary corners. Only the north wall measured exactly 30 feet wide out to its imaginary 
east-west corners. It would have been interesting to have dropped a plumb line down the 
inside of the stack to see if the stack is standing straight or is leaning to one side. 

The Serafmi article states that the stack has the figure 1853 chiseled on its north face 
(Serafini 1952:17). We found 1859 chiseled into one of the north arch ceiling stones but no 
1853 anywhere. The large flat stone immediately above the top of the north arch would 
have been a likely spot for this, but it appears dateless from all appearances. I suspect 
Serafini's information crossed wires. 

The Arches and Corner Pillars 

Whether one considers the arches to be "built into" the furnace walls, or are merely 
designed spaces remaining after construction of the four corner pillars (as called by 
Overman 1850:154), depends on one's point of view. When a blast furnace is constructed, 
the corner pillars are first built up, leaving room between the corners for arches. As the 
pillars rise, the arches are formed by curving over their ceilings until the tops of the 
arches meet. At that point the four distinct corner pillars converge as the stack continues 
to rise as a single structure. 

The arches afford access to the interior workings of the furnace. The north arch was 
the casting arch and the other three, the east, south, and west arches, were the tuyere 
arches. The casting arch, also known as the work arch or the fire arch, was where the 
furnace was tapped to draw out the slag and molten iron. The tuyere arches afforded 
access to the tuyeres (air blast nozzles) and also to the side and rear walls of the hearth. 
Not all furnaces had four arches, however. In Vermont, the ca. 1822 (east) stack at 
Bennington has two arches while its neighboring 1823 (west) furnace has three arches, as 
did both the ca. 1846 East Dorset and 1837 Troy stacks. In most cases, the largest arch 
was the casting arch while the remaining smaller ones were tuyere arches. Only 
antebellum furnaces were found with less than four arches, which might give a clue as to 
when the present Franconia stack was built. 
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Deep inside all four arches are massive iron cross beams, and behind and below these 
is the hearth. These cross beams and the hearth are discussed later in this report. 

The casting arch of the furnace is the main workplace, where the iron is tapped from 
the hear th and run out into molds. Everything that is fed into the top of the stack 
eventually comes out through the casting arch. Even slag, as it accumulates in the hearth, 
is periodically bled from the hear th to make room for more molten iron, and this slag is 
also run out through the casting arch. And it is in the casting arch tha t the ironmaster 
frequently tests the iron by drawing out small samples of iron from the hear th . Once the 
furnace is fired and until it is cooled, sometimes for as long as a year, there is always 
activity in the casting arch. When the hearth is tapped and the molten iron runs out, 
many people are needed in the casting arch, and it is for that reason tha t the casting arch 
is the largest arch of the furnace - so as to give the workers room to work without 
crowding and causing accidents that could cause both loss of product and loss of life. 

The side of a furnace containing the casting arch can usually be identified in photos by 
looking for the building that extends outward from the side of the stack and also contains 
roof-top ventilators, called monitors. Other buildings sometimes crowd about the other 
side of the furnace. In la te-19th-century furnaces, one of these might be the engine 
house, where electric- or diesel-driven pumps created the furnace blast. Other buildings 
might merely be storage sheds or provide protection to the bottom of the stack from 
weather. But only the casting shed usually contained the roof-top monitors, so that the 
heat given off by tapped molten iron below could rise and escape. 

Figure 15. The north arch, largest of the four. 
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Some furnace operations are built such that the casting shed is in a straight-l ine with 
the charging bridge above, on the opposite side of the stack. At others, especially where 
there is insufficient ground room, as at Franconia, the casting shed, and thereby the 
casting arch, were built at right-angle to the charging bridge. This is a very common 
design that makes maximum use of limited ground area. The casting shed at Franconia, 
therefore, paralleled the Gale River, and since it extended from the north wall of the 
stack, the casting arch can also be correctly identified as the north arch. 

The North Arch: Floor-level measurements found that the casting arch is 12 feet 4 
inches wide at the mouth and 11 feet 4 inches deep (outside edge to face of hearth). The 
side walls of the arch closed inward with depth into the furnace and is 7 feet 7 inches 
wide at the hearth (figure 15). The west wall of the arch measured 11 feet 10 inches deep 
while the east wall is 12 feet 1 inch deep. Diagonal measurements also show the floor 
dimensions slightly askew. From the northwest to southeast arch corners is 15 feet 7 
inches; from the northeast to southwest arch corners is 15 feet 1 inch. Floor area (between 
hearth and outside end of arch, and side walls) works out to 116.71 square feet. 

The side walls of the arch rise vertically to about head-height, then curve to form a 
lancet-type roof at the opening. The measured heights of the vertical sections of the arch's 
side walls varied due to differences in ground levels within the arch. At the arch entrance 
the vertical section of the west wall measured 5 feet 7 inches; the east wall at 6 feet. 
From a level line across the arch opening at the top of the vertical sections of wall, the top 
of the arch measured 6 feet 4Vi inches, for total arch height at this middle point of 11 feet 
2V'2 inches. This height reduces to 7 feet IOV2 inches at the inside end of the arch, where 
the roof appears more like a horseshoe type arch than a lancet-type. 

The vertical side walls are made of stone similar to, and laid up in the same pattern 
as, the outside walls of the stack. Above the vertical sections of side walls, however, as the 
roof pitches over to form an arch, long wedges of granite are employed. These wedges 
were set in place with their larger dimensions facing upward and outward, effecting the 
lowered height and narrowed width with depth into the furnace interior that created a 
cone-shaped recess. A prominent keystone locks the arched ceiling in place. We do not 
know where (or when) the pieces of granite for the ceiling were quarried. Chiseled on the 
bottom stone (voussoir) of the arch's west wall, just inside the arch is "S. PETTEE JR. 
1859" (discussed earlier in this report). 

At the inside end of the north arch are the hearth and a large iron lintel (see figure 
25). The sides of the hearth do not connect with the inside ends of the arch walls, but 
approximately 1-foot wide openings exist on both sides through which the east and 
west arches are visible. At the floor level, at least, the hearth is a stand-alone fixture of 
the stack. When in operation, the top of the hearth met with the arch roof behind a wall 
of large stones that lay atop the horizontal iron beam. All the cross beams extend the 
width of the arches, atop the inside ends of the vertical sections of the side walls. They 
also act as a headers to support stonework (and in some place, brickwork) at the inside 
ends of the arches. Since the lower layer of the bosh lining has collapsed, one can today 
look up behind all the cross beams and see into the stack. 
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Toward the end of the first weekend session, Krista Butterfield and Woody Openo 
were asked to dig into some of the breakdown on the floor of the north arch, immediately 
in front of the hearth. We hoped that maybe we could locate the bottom of the hear th and 
record the details of the openings. They dug slowly so as not to miss anything significant 
found in the breakdown, but going was slow through brick and slag. About a foot down, 
what might be the top of the notch started to appear between two side stones (figure 16), 
at which time digging ceased for the end of the day. The bottom of the hear th appears to 
be at least another 1 to IV2 feet down, buried under more breakdown. 

Several pieces of thin metal plates and cut nails were uncovered while excavating the 
front of the hearth, which do not appear to have any connection with the hearth 's 
operation (figure 17). They were photographed and turned over to the Visitor's Center. 

The East Arch: The east arch opens toward the Gale River, and is one of the three 
tuyere arches (figure 18). The main purpose of this arch, therefore, is to provide access for 
the installation and maintenance of the tuyere nozzle near the floor of the inside end of 
the arch. The arch also provided access to the east side of the hearth in the event repair 
was needed here. The tuyere is not obvious. 

The arch measures 9 feet 7 inches across the front at ground level and narrows to 4 
feet 4 inches at the hearth. The north and south side walls of the arch are 10 feet 10 
inches deep. Diagonals at floor level are 12 feet 9 inches, a symmetrical arch. Distance 
from the opening of the arch to the hearth is 12 feet 2 inches. These measurements agree 

Figure 16. The extent of digging through breakdown in front of the hearth. 
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closely with some of those for the south arch, but not as close with the west arch. Floor 
area calculates to 72.19 square feet, about two-thirds (62%) the casting arch area (see 
figure 14). 

The side walls rise vertically to just below head height before curving to form a 
lancet-type roof, similar as the casting arch. The measured heights of the vertical sections 
of the side walls varied due to differences in ground levels within the arch. At the arch 
entrance the vertical section of the north wall measured 4 feet 8V2 inches; the south wall 
at 4 feet IIV2 inches. From a level line across the arch opening at the top of the vertical 
sections of wall, the top of the arch measured 4 feet 7 inches, for a total height at this 
point of 9 feet 7 inches. This height reduces to about 6V2 feet at the inside end of the arch, 
where the roof is more rounded than at the outside end. The vertical walls and roof 
appear to be made of the same type stones as in the casting arch. 

An 11-inch outside diameter vertical iron pipe is in the north wall of the arch. The 
pipe is most likely the main blast pipe, called the downer, which came down from heating 
ovens that once sat atop the stack (see figure 18). From across the river and with the aid 
of binoculars, one can see the top end of the pipe barely sticking above stones directly 
above its position in the arch wall below. The underground end of the pipe probably 
circles the stack under the floor of the three tuyere arches (a bustle pipe). In the middle of 
each of the three arches a smaller-diameter vertical pipe (riser) provided blast to each of 
the three tuyere nozzles. Nothing is visible of the bustle pipe or riser connections; 
however, they might still be under the floor of the three tuyere arches unless they were 
dug up for scrap value (as was also the custom). 

Figure 17. Artifacts recovered by Butterfield and Openo in front of the hearth. 
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The center of the downer pipe is 5 feet 3 inches from the outside wall of the stack 
which places it almost midway between the outer and inner ends of the arch wall. The 
pipe is recessed into the north wall of the arch in such a way that the pipe is flush with 
the vertical section of the arch wall. The cavity into which the pipe is set is 2 feet 2 inches 
wide by 1 foot 6 inches deep. The recess appears to have been chiseled into the wall to 
make the pipe fit, rather than the wall having been built around the pipe, so that the 
preheated air blast system might be a later adaption to the stack. 

On the opposite side wall, 1 foot 5V2 inches from the cross beam and 5 feet 4 inches 
above the floor is an iron hook. The hook extends 5 inches out from the wall and curves 
up and toward the wall, forming about a 3-inch diameter bend. The function of the hook 
is unknown. A guess is that it might have held a reamer, to clear out tuyere blockages. 

The three tuyere arches are connected by internal passageways, so that one can walk 
(stooped over) from the east arch to the south arch, and then to the west arch without 
going outside the stack. Only at the Greenwood No. 2 furnace (the steam furnace) have I 
seen this. Greenwood No. 2 is the restored stack that can see when driving south on the 
NYS Thruway a few miles south of the Harriman Exit. The furnace, however, is much 
larger stack than the Franconia stack, so this is a distinctive feature. The passageways 
would appear at first to most likely be a convenience for workers to maintain the tuyeres, 
but the passageways might have been a later modification to the stack for laying the air 
blast and water cooling pipes around and under the furnace walls. 

Figure 18. The east arch, showing the downer pipe (right), the cross beam with one knob 
(center), and the passageway to the south arch (left). 
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The passageway to the south arch is about 3 feet 3 inches from the outside wall. It is 
generally 24 inches wide by 5 feet high (see figure 18. The longer, outside (southeast) wall 
of the passageway is 11 feet 3 inches long and the shorter, inside (northwest) wall is 8 
feet 8 inches long, for a floor area of 19.9 square feet. The opening diagonals are 5 feet 3 
inches (lower east to upper west corners) and 5 feet 9 inches (lower west to upper east 
corners). The roof of the passageway is capped with a heavy lintel stone through its length 
and set immediately under the first level of granite voussoirs on that side. 

At the inside end of the arch is a section of cross beam ring and the hearth (both 
discussed later). There is up to 16 inches of space between the inside edge of the cross 
beam ring and the breakdown material above the hearth, enough to see up into the upper 
stack area. Some structural material is obviously missing here (see explanation, page 50). 

The South Arch: The south arch looks much like the east arch, except it doesn't have 
the downer pipe, but it has passageways on both sides (figure 19). Like the east arch, its 
main purpose was access to the tuyere and for hearth maintenance. It measures 10 feet 
across the front at ground level and narrows to 4 feet 2 inches at the hearth. The east and 
west side walls of the arch are 10 feet 9 inches and 11 feet deep, respectively. Diagonals 
at floor level are 12 feet 7 inches (southeast to northwest) and 12 feet 9 inches (southwest 
to northeast). The floor area calculates to 75.55 square feet, about two-thirds (64.7%) the 
casting arch area (see figure 14). 

Figure 19. The south arch, showing passageways to the east (right) and west (left) arches. 
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The side walls rise vertically to just below head-height before curving to form a 
lancet-type roof, similar in style and material as the casting arch. The vertical section of 
the east wall at the arch entrance measured 4 feet 8 inches; the west wall 4 feet 2 inches 
(differences due to varying ground levels). Vertical height of the outside end of the arch 
from ground level to the ceiling measured 9 feet 8 inches, 1 inch less than the east arch 
height. This height reduces to 8 feet at the inside end of the arch, where, like the east 
arch, the ceiling is more rounded than at the outside end. Diagonals taken across the 
outside face of the arch from the level line at the base to the top edge of the vertical side 
walls are 10 feet 3 inches (lower west side wall to top east side wall) and 10 feet 2 inches 
(lower east side wall to top west side wall), or an almost exactly square opening. 

Sticking up from the ground under the east side wall is the end of a 4l/2-inch (inside) 
diameter iron pipe, about halfway between the inside end of the east wall of the arch and 
the east passageway, possibly part of the tuyere's air-blast or water-cooling systems. 

Passageways connect through both side walls of the arch to the east and west arches. 
Both passageways are capped with flat lintel stones throughout their lengths with the 
outside lintels set immediately under the first granite voussoirs. The lintel atop the 
entrance to the west passageway is cracked over the center of the passageway. Both 
passageways are 3 feet 3 inches in from the outside ends of the arch. 

The passageway from the east arch is about 3 feet 10 inches from the outside end of 
the arch and is generally 22 inches wide by 5 feet 8 inches high at the center (compared 
to 24 inches wide by 5 feet high at the other end - uneven wall and ground levels). 

The passageway to the west arch is 3 feet 6 inches from the outside end of the arch 
and is generally 24 inches wide by 5 feet 6 inches high at the center. The longer, outside 
(southwest) wall is 10 feet 11 inches long and the shorter, inside (northeast) wall is 8 feet 
8 inches long, for a floor area of 19.6 square feet. The opening diagonals are both 5 feet 11 
inches (lower south to upper north corners and upper south to lower north corners). 

At the inside end of the arch is a section of cross beam ring assembly and the hearth. 
There is up to about 18 inches of space between the inside edge of the binder and the 
mass of breakdown above the hearth (discussed on page 50). 

The West Arch: The west arch looks much like the east arch and it has only the one 
connecting passageway, to the south arch (figure 20). Like the south and east arches, its 
main purpose was access to tuyere and for hearth maintenance. This arch is difficult to 
photograph since it faces on a high stone foundation wall, 5 feet away. The close proximity 
to the wall further reduces air circulation in the arch resulting in perpetual dampness in 
the dark/dank arch. 

The arch measures 10 feet across the front at ground level and narrows to 4 feet 4 
inches across at the hearth. Distance between the outside end of the arch to the hearth is 
12 feet 7 inches. The north and south side walls of the arch are both and 11 feet 2 inches 
deep; floor-level diagonals are both 13 feet. The floor area calculates to 75.08 square feet, 
about two-thirds (64.3%) the casting arch area (see figure 14). 
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The side arch walls rise vertically to just below head-height before curving to form a 
lancet-type roof, similar in style and material as the casting arch. The vertical section of 
the south wall at the arch entrance measured 4 feet 4 inches; the north wall 4 feet 9 
inches (differences due to varying ground levels). Vertical height of the outside end of the 
arch from ground level to the top of the arch measured 9 feet 2l/2 inches, within an inch of 
the same measurements for the east and south arches. This height reduces to 6 feet Th 
inches at the inside end of the arch, where, like the east arch, the ceiling is more rounded 
than at the outside end. Diagonals taken across the outside face of the arch from ground 
level to the top edge of the vertical side walls are 11 by 11 feet. 

The passageway from the south arch is about 3 feet 3 inches from the outside wall, is 
generally 24 inches wide by 5 feet 4 inches high at the middle (compared to 5 feet 6 
inches high at the other end), and is capped with a flat lintel stone. 

At the inside end of the arch is a section of the cross beam ring assembly and hearth, 
and a visible end of the tuyere nozzle at the bottom of the hearth (Figure 21). The tuyere 
measured 6lA inches inside diameter and 9 inches outside diameter. Two 1-inch inside 
diameter pipe holes bracket opposite sides of the tuyere nearly horizontally. These small 
pipes provided cooling water to keep the inside end of the tuyere from melting due to the 
high smelting temperature. Depth of the tuyere is IOV2 inches (compared to tuyere 
measurements taken Forestdale, Vt: 7-inch inside diameter narrowing to 4 inches, 12 
inches deep; water-cooling pipes 1-inch inside diameter). 

Figure 20. The west arch, photo taken from atop the foundation wall. 
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Between the cross beam ring and the mass of breakdown, there is a large enough 
opening to stand up in it and see inside the stack. Through this opening it was noticed 
that the furnace lining ends at the start of the bosh, most of which has fallen out and 
created the space all around the bottom of the stack between the inside edge of the binder 
and support beam and a mass of breakdown (discussed on page 50). With little effort, one 
could crawl upward into the stack through this opening and make internal measurements. 

The Corner Pillars: As mentioned earlier, pillars are either the corner areas that 
surround the arches or vice-versa. The fact is, the sole means of support for most of the 
furnace stack are the corner pillars. As the furnace is constructed, the pillars are first laid 
and are built up very carefully. Special attention is paid to the design and construction of 
the arch walls since the arches are always the furnace's weakest parts. Almost all 
collapsed furnace ruins have caved into their arches. 

But the four corner pillars of the Franconia stack are not fully built out to 90-degree 
corners. Rather, because of other design considerations, the corner pillars had an 
additional requirement placed on them: they had to do the same job as regular pillars, but 
had to do it with less mass. 

Except for the passageways that connect the east, south, and west arches, the pillars 
are built solid. They were built with stone that did not crush easily; therefore, granite and 
slate answered well but limestone did not. Overman mentions "good mortar" being used in 
building the pillars but it is not known how many furnace stacks employed mortar in 
their construction (Overman 1850:154). 

Figure 21. A tuyere peeking out of the floor in the west arch. 
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In constructing the pillars, account must be taken for placement of binder rods and the 
base for the in-wall. In the case of the Franconia stack, this meant that space had to be 
designed into the pillar for the cross beam ring, its associated connecting and binding 
hardware, and interface with the bosh lining. When the pillars met at the tops of the 
arches, the wall thickness above the arches thinned to account for the fattest inside cross-
section all the while the structure itself continued its inward-sloping shape. All this was 
held in place by the corner pillars. 

Just as the physical condition of the pillars was an important design consideration 
when the stack was built, the physical condition of the pillars remains today a measure of 
how well preserved the stack is and how the structure may survive the future. The pillars 
therefore play an important part of any preservation strategy. 

Binders, The Cross Beam Ring Assembly, and Connecting Hardware 

Binders seen at other furnace remains run from front to back, side to side, and 
diagonally through the stack. They are placed so they do not interfere with bosh linings 
and hearth stones (see Rolando 1992:26-27). "Iron hoops" or "reinforcing bands" were also 
supposed to have been employed at the furnace (Serafini, 1952:17; Aldrich 1996:9). The 
purpose of the binders and hoops was to support the outside walls and keep them from 
shifting and falling apart. Heating and cooling the stack had to take its toll on the 
stability of the loose masonry walls and various types of binding systems have been seen 
that attempted to solve this problem. Furnaces that were built in the earlier 1800s had 
few binders since the stacks were neither very tall nor very wide. Looking at some 
Vermont furnaces, for example, the ca. 1822 furnace at Bennington is 40 feet high and 31 
feet square, the 1837 furnace at Troy is 30 feet high by 26 feet square, and the ca. 1823 
furnace at Forestdale was 42 feet high (before enlarged in 1854) by 31V2 feet square. But 
as stacks grew in height in order to draw better and produce a greater heat, the 
implementation of binding schemes became an important design consideration. 

Binder Rods: As is normal for early- to mid-19th century blast furnaces, little binding 
hardware is visible at the Franconia furnace stack. The only binders visible from the 
outside are the ends of four flat iron bars, 1 inch thick by 3Vs inches wide, extending 5 to 
6 inches out the center of opposite sides of the four pillars (figure 22). Near the outside 
end of each binder is a %-inch wide by 23/4-inch long hole that allowed for insertion of a 
beveled key, which in turn held an iron plate, probably 4 to 6 inches wide by 6 to 8 inches 
high by V2 inch thick, against the furnace wall. The bar bulges to 3% inches wide at the 
key-hole. Each binder protrudes through the wall about mid-way between pillar corners, 
from 4 to 5 feet above the local ground level (see table 2, page 22). 

All four flat iron end plates and their beveled keys are missing, as is also usual for 
furnace ruins. The end plates are probably long gone but the smaller beveled iron keys 
might yet be buried somewhere below the binder ends. Inspection of a ca. 1908 postcard 
with a magnifying glass appears to show small face plates, maybe 4 inches high by 
6 inches wide, on the northeast pillar wall (see figure 7). It is highly recommended that 
new iron plates and keys be fabricated and reinstalled to tighten the walls. 
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Stack Straps: Three "iron hoops" were reported to have girdled the outside walls of 
the stack's upper sections at one time and long since removed and sold for scrap (Serafini 
1952:17). No instances of iron hoops, or straps, have ever been seen or known associated 
with blast furnaces, but that doesn't rule out their use. They have been used to bind the 
walls of some of the larger 19th-century lime kilns ruins (figure 23). Whether they were 
ever used at Franconia, they would have provided additional support to the upper sections 
of the stack. Aldrich wrote that he was told the bands were removed during World War I 
(Aldrich 1996:9), although a postcard cancelled in 1908 show no straps (see figure 7). 

Cross Beam Ring Assemblies: Circling inside the stack, about level with the binders 
and the top of the hearth, is a massive piece of hardware. The sections that are visible 
inside the arches are flat and perpendicular to the long axis of the arches, while the 
inside edges of this hardware curves around the bosh. For the sake of discussion, names 
have been adopted for these various pieces of this hardware that are obviously not the 
original nomenclature, but they do serve the purpose of this report. 

The horizontal pieces that span the width of the insides of the arches are called cross 
beams. Because the inside faces of the cross beam (sides that face the bosh) circle around 
the hearth, they are called the cross beam rings. Together they are referred to as cross 
beam ring assemblies. The hardware where the ends of the rings connect inside the corner 
pillars is called corner connecting hardware. The connecting hardware is visible only by 
bending up into the small spaces between the inside corners of the arches (figure 24). 
Here we also discovered the inside ends of the binder rods, which extend diagonally 
outward through the four corner pillar walls of the stack. 

Figure 22. The end of a hinder rod sticking out through the southwest pillar wall. 
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Figure 24. View looking upward at the 
cross beam and ring in the north arch. 
The front of the hearth is at the lower left. 
The far end of the ring connects with the 
west arch ring in the northwest pillar. 

Figure 23. A mid-19th-century 
lime kiln ruin at Greenwich, N.Y. 
that employed horizontal binder 
straps around the upper walls of 
the stack. 
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The cross beam ring assemblies in the three tuyere arches are different than that in 
the casting arch. They were obviously made for a very specific purpose and we feel that 
we know very little about the reason behind another of the stack's interesting features. It 
proved to be one of the most difficult to record, and as of this writing, much still remains 
to be measured and recorded regarding it. A fuller study of it could provide us with a 
better understanding of how it was manufactured and built into the stack and what 
function(s) it serves. 

We spent many hours inspecting, measuring, sketching, photographing, and guessing 
the function(s) the cross beams and rings. Matt Kierstead did the best job of sketching 
their details and most of his sketches are included in this report just as they were drawn. 
Each of these cross beam sections is then broken down into their sub-assembly parts. 
First we will look at each of the ring assemblies as they are observed in each arch (north, 
east, south, and west) and then how they connect inside the corner pillars, and maybe this 
will put it all together into a comprehensive and understandable presentation. 

The North Arch Cross Beam and Ring: In addition to the large size of the north arch 
and the "S. Pettee, Jr." engraving on the wall, another obvious feature is the massive iron 
cross beam that spans the width of the inside of the arch along with the pair of round 
knobs that protrude from the front of the beam (figure 25). The cross beams in the other 
three arches are smaller and have only one knob each. 

Figure 25. The cross beam in the north arch, distinctive by its larger size than those in the 
other three arches. 
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The cross beam is made up of separate sections that appear to have been welded to 
form a single piece. Facing the arch area is a flat, vertical surface. The inside edge is a 
flat plate that curves around the bosh, leaving the center the narrowest section of the 
assembly (figure 26). It is more than 9 feet 4 inches long (only one end is obvious; the 
other end is hidden inside the west wall of the arch). It is 9V& inches high and 3 inches 
deep at the center, tapering to 83/4 inches high by 1V4 inches deep at the right (west) end 
and 1% inches at the left (east) end. At the center, it is 1% inches from the back of the 
beam to the front of the iron ring behind it, and 9% inches overall from the front of the 
beam to the inside (back) of the iron ring. 

The two round iron knobs that stick out of the front face of the cross beam are 2% 
inches in diameter and 4l/z inches long, and are 24 inches apart on center. Everything 
from sprues to tool hooks to tap supports have been conjectured for the knobs, but no 
viable explanation for the purpose(s) of these two knobs (or the knobs in the other three 
arches) has been accepted. 

In cross-section, that is, viewing the assembly from the left (east) end, the cross beam 
looks like a letter "n" with the knobs sticking out the right leg of the letter (figure 27). 
The distance between the legs increases from about 4% inches at the center to about 1 
foot 10 inches wide at the east end, and to 1 foot 8 inches wide at the west end. The 
curved inside face of the assembly appears to be made up of two curved pieces, one L-
shaped (the flat bottom facing toward the arch) and another smaller n-shaped, which is 
attached to the inside face of the L-shaped piece. 

The horizontal thickness of the main beam section that straddles the width of the arch 
varies from 3 inches thick at the middle (between the two 23/4-diameter knobs) to IVi 
inches thick at the right (west) end and l3/s inches thick at the left (east) end. Holding up 
the wall of heavy stones that isolate the bosh from the arch area obviously requires more 
strength thus the increased thickness in the middle. Lying atop the cross beam is a flat 
iron plate 1% inches wide at the center, just atop the thickest part of the cross beam, 
about 1 foot 10 inches wide at the east end and 1 foot 8 inches wide at the west end,'as 
described previously as the distance between the legs of the n-shaped assembly. 

Behind (inside) the curved section of the ring are the bosh walls. Between the inside 
curve of the ring and the top of the hearth are the remnants of the bosh lining (see page 
50). The distance between the inside, center edge of the ring and the lining (the widest 
space) is 16 inches. This space would not exist during operation otherwise semi-molten 
iron and burning charge would have spewed into the casting arch workplace. With the 
decay of the lower areas inside the stack, accelerated by the accumulation of moisture 
from rain and snow falling down through the open top of the stack, the mortar rotted and 
bosh and inwall bricks fell out. This opening behind and above the cross beam may 
therefore account for most of the firebricks found in the floor of the arch adjacent to the 
bottom of the hearth. 
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Figure 26. The cross beam assembly in the north arch as viewed from the bottom. The two knobs face north, the 
right end of the beam points west, and left end points east (Matt Kierstead field sketch). 
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Figure 27. The individual pieces of the cross beam and ring (Matt Kierstead field sketch). 
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The East Arch Cross Beam and Ring: The single iron knob is the most visible 
difference between the beam in the three tuyere arches and that in the casting arch, 
which has two iron knobs. The knob is 3 inches in diameter and is about centered (left-
right, up-down) in the beam (figure 28). It extends 4V2 inches out from the face of the 
beam, which is 6V2 inches high. 

The cross beam, which rests on the arch side walls, is 4 feet inches long, 6V2 inches 
high, and 9 inches deep (horizontal) behind the knob. Atop the beam rests a wall of stone, 
which on the inside, served as the backing for the bosh lining (now missing). As in the 
north arch, space behind the cross beam provides visibility into the interior of the stack. 
The inside edge of the beam ring continues the same relative curve around the bosh as 
the ring in the north and south arches. 

The South Arch Cross Beam and Ring: The single knob in the center of the cross 
beam is 3 inches in diameter, is horizontally and vertically centered in the beam (figure 
29), and extends 4V2 inches out from the face of the beam. The cross beam, which rests on 
the arch side walls, is 4 feet 9 inches long, 6 inches high, and 9 inches deep (horizontal) 
behind the knob. Atop the beam rests a wall of stone, which on the inside, served as the 
backing for the now-missing bosh lining. As in the north and east arch, space behind the 
cross beam provides visibility into the interior of the stack and the inside edge of the 
beam ring continues the same relative curve around the bosh as the rings on each side. 

The West Arch Cross Beam and Ring: The single knob in the center of the west arch 
cross beam is also 3 inches in diameter and also horizontally and vertically centered in 
the cross beam (figure 30). The know also extends 4V2 inches out from the face of the 
beam. The cross beam, which rests on the arch side walls, is 4 feet 9 inches long, 6V2 
inches high, and 9 inches deep (horizontal) behind the knob. Atop the beam rests a wall of 
stone, the inside of which formerly served as the backing for the bosh lining. As in the 
other arches, one can look straight up behind the ring and see into the interior of the 
stack and the inside edge of the ring continues the same relative curve around the bosh as 
in the other three arches. 

Inspection of the inside of the stack through a hole in the inside end of the arch, which 
is wide enough to stand up in, reveals that the firebrick lining inside the stack seems to 
be in place as far down as the start of the boshes, which is where the lining walls start to 
curve inward. Few firebricks can be seen covering the walls downward from that point. 
The walls here are stone-faced only (see figures 33 and 34). The curved inside edge of the 
cross-beam cannot be seen from this vantage point since it is too low, hidden behind the 
mass of breakdown and remnants of the bosh lining. Given the seemingly precarious 
nature of the stone walls and the number of firebricks and debris seen atop the 
breakdown, it seemed inadvisable to crawl up onto it and explore around its extremities. 
Instead, many photos were taken, some blindly, that is, held arm's length inside small 
holes and spaces, and pointed without sighting. 

Corner Connecting Hardware: One of the most intricate pieces of hardware found 
inside the stack was also one of the least accessible. This is where the ends of the support 
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Figure 28. Cross beam inside the east arch. 

Figure 29. Cross beam inside the south arch. 
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rings connected inside the corner pillars of the stack. All were visible to some degree but 
none in a position that made it easy to inspect, measure, photograph, and sketch. 

Each connecting assembly essentially consists of either one or two pairs of bolts that 
straddle a center device that looks like a flat plate (referred to hereafter as a "binder 
plate"). These binder plates appear to be related to attaching the inside ends of the four 
binder rods that extend outward through the corner pillars to the outside faces of the 
corner walls. A physical connection was confirmed by measuring electrical continuity 
between the outside end of one of the binders and the cross beam ring with a battery-
powered ohmmeter and long test wires. The theodolite survey also confirmed that the 
binder end rods in the northeast and southeast pillars are level with their inside cross 
beam ring hardware. 

What we don't know is specifically how the attachment is mechanically accomplished. 
For example, there might be some kind of overlapping pieces of fiat iron that extend 
beyond the ends of the rings, and these overlapping pieces have holes in them to allow 
bolts to be pushed through. Are the bolts threaded so nuts were screwed on them, or were 
these more of rivet-type connectors, attached when hot and allowed to contract tight 
when cool? The binder plate might be the internal end of the binder rod that was heated, 
pushed through a hole in the overlapping pieces, and hammered flat against the 
overlapping pieces while still hot, thus both securing the binder to the cross beam ring 
and providing another connection between the pieces. 

Figure 30. Cross beam inside the west arch. 
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The connecting hardware inside the southeast corner pillar measured 25 inches long 
between the ends of the cross beam rings (figure 31). The 3-inch wide by 4-inch high 
binder plate appeared centered between the ends of the rings, 11 inches on each side. Two 
1-inch-diameter holes touching each side of the binder plate might contain the rusted 
remains of iron bolts. Another pair of 1-inch diameter rust-filled holes are about 4 inches 
farther to the left and right of the binder plate. Looking at the connection hardware from 
the inside of the stack, the face of this overlap section is 3l/4 inches high at the left-most 
bolt hole, and 3V2 high at the inner-left and inner-right bolt holes. Reason for the 
variance is unknown. 

In the southwest corner pillar, the distance between the sides of the binder plate and 
the ends of the rings is 12 inches while between the other side of the binder plate and the 
ring end is IOV2 inches. This binder plate is also 3 inches wide by 4 inches high. Two l3/s -
inch square bolt heads are on each side of and touching the clip. The next pair of bolt 
heads, also 1% inches square, are 7Vi inches to the left and 6 inches to the right of the 
clip (as faced from the inside). This piece of hardware was difficult to measure but the 
face of the overlap sections appeared the same dimensions as those in the southeast 
corner pillar. 

The binder plate inside the northwest corner pillar measured 3 inches wide by 4L/2 
inches high and is straddled by only one pair of bolt holes. Horizontal distance between 
the north and west arch cross beam rings here is only 7 inches. The connecting hardware 
abuts the lower 4 inches of the north arch cross beam ring and the top 4 inches of the 
west arch ring (the two rings are offset). This connector assembly is so rusty and corroded 
that some hardware might be hidden by scale. Where the ends of the ring in the north 
arch curve into their corner pillars to connect with the rings on either side, the difference 
in their heights and their resulting connection offsets can be seen. In the northwest pillar 
where the 9V2-inch-high north ring and 6-inch-high west ring join, the west ring is 2 
inches lower at the bottom and IV2 inches lower at the top than the north ring. The top 
flat portion of the ring behind the cross beam was found to be 4 inches lower than that of 
the north arch cross beam. The bottom edges are only an inch apart, accounting for the 3 -
inch difference in inside height between the two cross beams. 

The offset is more dramatic in the northeast pillar, where the north end of the east 
arch ring is 4 inches lower than its north arch counterpart (figure 32), so that the overlap 
is only IV2 inches. The bottom edges are only an inch apart, in accordance with the 3-inch 
difference in height between the two cross beams. 

All ring sections in the three tuyere arches are lower than the counterpart ring section 
in the north arch. These offsets are not seen as anything ominous; rather, due to design 
differences between the north arch cross beam assembly and those in the tuyere arches 
there are bound to be differences where they interface. Nothing abnormal is*read into 
this. 
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Figure 31. Corner clip and connection hardware in the southwest pillar (Rolando 
drawing). 

Figure 32. Area between the northeast pillar and bosh, showing how the east arch cross 
beam ring (right) misaligns with its counterpart in the north arch. 
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The Furnace and Bosh Linings, Hearth, and Firebricks 

The inside of the furnace is what most directly affected the production of the iron: the 
firebrick lining, the character of the bosh, the type of firebrick employed, and the furnace 
charge. 

The furnace lining is the layer of refractory material that lines the inside surface of 
the furnace. The lining is the primary interface between the furnace and the ingredients 
that make up the smelting process. The lining also insulates the inside area of the 
furnace from the outside walls. In days when blast furnaces used ordinary sandstone or 
slate for lining, the insulating value was poor and much of the heat of smelting was lost 
through conduction. In effect, the whole stack acted like one giant heat sink, and to 
compensate for that, more charcoal than necessary was burned to maintain the high 
smelting temperature inside the stack. Another problem with sandstone and slate was 
that their chemical properties were little understood at best, most likely not known at all. 
With the development and use of firebrick, with its known refractory properties, the 
smelting actions and certain characteristics of cast iron could be predicted. But with 
firebrick, the insides of furnaces also had to be built differently. 

To keep the working surface of the firebrick lining smooth, the interface between the 
back side of the firebrick and the furnace proper had to somewhat smooth also. In most 
cases, that meant that an "in-wall" had to be built around the inside of the stack before 
the firebricks could be mortared into place. The in-wall was made of a strong, hea t -
resistant type common brick, although some in-walls have been seen that were made of 
firebrick. A correctly built in-wall also made it easier to replace the firebricks as needed, 
without having to affect the furnace proper. Inspection of the few existing 19th-century 
blast furnaces and lime kilns that still have their firebrick linings intact bear witness to 
the skill of masons that were able to build such intricately accurate structures. The 
linings not only had to rise perfectly round but also be symmetrically balanced. 

The 1995 restoration work at Forestdale, Vt., revealed that in some places the in-wall 
was up to 2 feet thick. Common red bricks were mortared into crevices between layers of 
stone that comprised the internal "filler" between the outside walls and the in-wall. As 
the in-wall took shape, its interior took on a more smooth appearance, setting the surface 
for applying the firebrick layer. The firebricks were, of course, laid up starting from the 
bottom and working to the top. Starting at the bottom meant lining the bosh first. 

The best way to visualize the bosh is to consider the inside of the furnace as 
resembling an egg standing on its fatter end. At the lower part of the egg where the sides 
curve inward is where, in the furnace, the bosh is. The bosh is considered to be that part 
of the stack that starts to narrow. Whether the bosh sloped inward sharply or slowly was 
a technicality of much debate among ironmasters during the 19th century. Generally, a 
gently sloping bosh was used in a furnace that burned charcoal, whereas a steeply sloping 
bosh was used when anthracite coal was the fuel. 

The firebrick lining continues down to the bosh area, but because here the walls slope 
inward, more pressure in the form of weight and friction is put upon this lining. The 
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refractory lining of the bosh is therefore sometimes of a different grade and/or quality 
than that of the upper lining, being thicker and heavier than ordinary Firebrick. 

Unlike the egg, which closes and meets at the bottom, in the furnace the lower end of 
the bosh ends in a 4-sided hole with vertical walls, through which everything drops. This 
hole is the hearth, and by the time the contents of the stack have gotten this far, they are 
in a near-molten state. The tuyeres (air blast nozzles) are about two-thirds the way down 
the hearth, making for this area the hottest part of the operation. 

The firebrick lining might or might not continue down into the hearth to the bottom. 
Even after the advent of firebrick, some early 19th-century furnaces continued the 
practice of depending on high-quality refractory stones to line the hearth such that the 
stones served both construction and refractory purposes. 

The Furnace Charge: The amount of iron ore, charcoal, and limestone flux fed into the 
furnace at a time was known as the furnace charge. Each charge had a strict ratio of 
these three ingredients, which were carefully weighed before feeding them into the 
furnace. The ratio of ingredients in the furnace charge depended on such things as the 
amount of impurities in the iron ore, the quality of the flux, whether the charcoal was 
made from hard or soft wood, etc. 

A typical charge at the 19th-century Tyson, Vermont, furnace consisted of 12 bushels 
of charcoal (about 18 pounds each), 8 to 14 boxes of iron ore (about 100 pounds each), and 
two boxes of limestone flux (about 100 pounds each) for an average ratio of 14% charcoal, 
73% ore, and 13% flux. The charge at Franconia in 1841 was "15 bushels of charcoal, 280 
pounds of iron ore, and one box of limestone for flux. ...and the average yield of the ore 
that year was 55.12% of iron." (Garvin 1994:8 [1841]). That worked out to about 42% 
charcoal, 43% ore, and 15% flux. Franconia was burning more charcoal per ton of iron 
than Tyson for the nearly the same period of the technology. 

By the mid-19th century, iron smelting was recognized as a chemical reaction rather 
than a burning and melting process, and chemical analyses of the iron ore, charcoal, and 
limestone came into play in determining their proper ratios per charge. The recommended 
charge by then was 15 bushels of charcoal to 700 pounds of iron ore (Overman 1850:167). 
To this was added about 50 to 60 pounds of limestone flux. This ratio worked out to 26% 
charcoal, 68% ore, and 5% flux, a much more efficient consumption of charcoal. 

The Furnace Lining: Fortunately, most of the furnace lining still exists inside the 
Franconia stack. Considering that the furnace hasn't been fired or maintained for over 
130 years, this is nothing short of a miracle. Someone designed well (Mr. Pettee?). 
Inspection of the lining from the hole inside the west arch roof shows no appreciable 
bricks missing from about head-height upwards. We had no bright lights to completely 
illuminate the inside so the photos we took of the inside were used for inspection (figures 
33 and 34). 

The lining appears to generally stop at the beginning of the bosh. This might not be 
true all around the interior because no one has yet to venture into the furnace proper for 
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Figure 33. The interior of the stack from the access hole inside the west arch, looking 
eastward across the top of the mass of breakdown atop the hearth. 

Figure 34. The inwall, below the bottom edge of the furnace lining, just above the north 
arch. Large inwall stones have fallen from the holes at left, encouraging lining bricks above 
to drop down. 
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a close look, being satisfied with inspection from the access hole in the west arch. Whole 
sections of the bottom courses of lining are open to the bottom of the stack, with nothing 
below providing support for that bottom course. This is not a good situation. Firebrick will 
fall out either brick by brick, or whole sections of the lining could fall out at once. The 
reinforcement of this bottom course of lining is a primary preservation recommendation. 

Because we didn't crawl into the furnace we don't know what type firebrick lines the 
furnace. That could be a project for the future, when the lining is reinforced and appears 
more stable. 

The Bosh and Bosh Lining: Sitting atop the hearth and looking much like a giant 
mushroom is a mass of coarse, reddish material. The mass is separated from the interior 
edges of the stack by up to about 16 inches in some places. Viewing the mass from the 
archways one can see bits of stone and brick embedded in it. About a 1-inch wide vertical 
crack that runs through the mass can be seen from the east arch. The crack runs from the 
top down through the hearth stones below. 

The top of this mass can best be seen inside the furnace by carefully standing in the 
opening inside the west arch. At this point the mass is about chest high, or about 2 feet 
above the visible top of the hearth. The mass is not flat; rather, it rises across the 
diameter, west to east. There is a slight dimple near the middle and higher rise at the 
eastern side. 

When this mass was first inspected in 1994 it was thought to be the remains of a 
frozen charge , or salamander, which had resulted from the premature cooling of a charge 
in the stack, a classical case of a "catastrophe failure." Re-inspection of this feature with 
Matt Kierstead in 1996 changed that thinking. 

It is Matt's opinion that the mass is the remains of material, possibly clay, that 
existed between the bosh lining and the in-wall. In fact, close inspection of the mass 
revealed no evidence of iron in any form present. To further this thought, Matt brushed 
away some surface debris at the top of the mass near the access hole in the west arch and 
uncovered a course of firebrick about a foot in from the outside edge of the mass. The 
course of brick appeared to circle all around inside of the furnace, just below the surface. 
He speculated that between the firebrick and the outside edge was originally a clayish 
composition that formed the configuration of the bosh. It is the inside edge of that clayish 
composition that we can see through the arches. Roger Aldrich noted in his book that "the 
company found a good bed of clay for lining the bosh about a mile below the works and 
near that they found sandstone for the hearth" (Aldrich 1996:29). 

Between the clayish composition and the stoneworks of the furnace might have been a 
layer of sand, which functioned both to form the clay and provide more high-temperature 
insulation. The wall of brick and/or stone that held the layer of sand collapsed some time 
ago allowing the sand to drop out. (See Robert B. Gordon's "Industrial Archeology of 
American Iron and Steel," IA, 1992, figure 14, page 17, for an example of this.) 
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The material inside the circle of brick was therefore thought to be an accumulation of 
breakdown - broken and rotten brick lining, stones, and vegetation that has fallen down 
and piled up through the years. If this could be excavated we might expose the inside of 
the bosh down to the hearth. We might then be able to measure the angle of the bosh and 
learn more about the technology of iron making in Franconia. 

Charles Jackson reported in his 1844 report that the bosh was "8 feet 3 inches in 
diameter at the boshes, or 12 feet before the lining was put in" (Garvin 1994:79 [1844]). 
While inspecting the interior of the stack from the access hole in the west arch in 1996, a 
steel tape was worked across the top of the very uneven surface of the breakdown to the 
opposite side. The diameter, between internal stone wall areas, below the bottom edge of 
firebrick lining, and at a point generally 2 feet above the bottom of the cross beam ring 
measured 8 feet 10 inches. This indicates a major configuration difference between 1844 
and existing dimensions, further supporting a post-1844, or a possible 1859 date of 
construction for the present, standing stack as Garvin apparently correctly claims (Garvin 
1989:3) (see Appendix A, page 76). 

The Hearth: For the large size of these early furnaces, their hearths always appear too 
small; out of proportion to the overall dimensions of the stack. The base of the hearth 
measures 313/4 square feet and the base of the stack measures about 755 square feet, 
resulting in a hearth that is less than 5% of the furnace's footprint (see figure 14). At 
Forestdale, Vt., the hearth measures 193/4 square feet, which is only 2% of the stack's 
992V4 square-foot footprint, half that as Franconia. The floor inside the Forestdale hearth 
is a scant 6 square feet. 

Viewing the Franconia hearth from all of the arches, one can see around the sides of 
the hearth into all of the adjoining arches due to the collapse of the bosh lining. Inside the 
north arch the corners of the hearth are 14 and 16 inches from the inside center of the 
northwest and northeast corner pillars, respectively; inside the south arch the corners of 
the hearth are 15 and 14 inches from the inside center of the southwest and southeast 
corner pillars, respectively. 

Appearing square in shape, the hearth is actually 5 feet 6 inches wide in the north 
and south arches, 5 feet 4 inches wide in the east arch, and 6 feet 3 inches wide in the 
west arch. It was made of large rough-cut quartzite. Due to the amount of surface 
accumulation of breakdown, the exact bottom dimensions of the hearth are unknown. 
Likewise, internal collapse of brick lining confuses the determination of where the top of 
the hearth joins the bottom of the bosh, which also frustrated any internal measurements. 

The north face of the hearth is a solid stone wall with two vertical wall sections 
extending outward about 16 inches on each side (see figure 14). Stones in the east wall of 
the hearth are cracked, and one of the lower, center stones missing. A vertical crack in 
the center stone of the hearth continues upward to the top and into the breakdown mass 
above (see figure 28). The south wall of the hearth shows brickwork (hearth lining?) 
where maybe a stone should be. Maybe the large stone lying on the floor of the arch a few 
feet in front of the hearth is the missing stone? Although the west wall is also cracked, it 
seems only slightly so. At the bottom of the hearth's west wall is a tuyere (see figure 21). 
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Matt Kierstead spent some time during our 1996 visit and explained the differences 
between so-called "catastrophic accidents," which resulted in the abandonment of 
furnaces, and "routine events," which occurred as part of normal operation. Simply put, a 
catastrophic accident was a cases in which a full charge cooled and "froze" in the stack 
before it could be removed. This might have been caused by a malfunctioning waterpower 
system that halted the blast or a blockage within the stack that prevented fuel from 
descending into the bosh. Evidence of these are huge, crusty globs of iron and slag seen 
near furnace ruins, referred to in the general literature as "bears" (due to their large dark 
appearance). But all "bears" or "salamanders" are not caused by accidents. In fact, most 
were probably caused by such routine events as the iron slowly working its way into the 
bosh and/or hearth lining, or cooling and creeping up the bottom walls of the hearth until 
it started to envelope a tuyere. As Matt explained it, the ironmasters knew that the bosh 
and hearth were good for only a limited time before the creeping fingers of iron were 
about to block a tuyere or break through a wall. This was all normal operation and the 
shutdown and removal of these large sections of iron-bearing salamanders along with 
solidly attached pieces of tuyere, hearthstone, or whatever the iron it had attacked was a 
normal, however troublesome and costly, expense. 

Re-inspection in 1996 of the section of hearth in the north arch that was excavated 
and exposed in 1994 show what appear to be lines of iron that had just starting working 
through fissures in the stone face of the hearth. When the ironmaster saw iron start to 
appear in these fissures he recognized it as the end of the hearth's useful life. It was time 
for him to shut down the furnace and look at the books. Not a "catastrophic accident" as 
we might believe, but a normal event in the life of the operation. And when the books told 
the ironmaster that it was no longer worth the investment to re-line the bosh and rebuild 
the hearth, then it was time to close the works for good, which is probably closer to the 
real reason why the Franconia stack closed when it did. 

Firebricks: Early 19th-century blast furnaces were lined with whatever heat resistant 
stone was locally and/or economically available. Such stone as sandstone and schist 
satisfied this requirement for most applications. Jackson's 1841 report described the 
furnace interior lined with mica slate and its hearth stones made of quartz rock (Garvin 
1994:8 [1841]). And although his 1844 report made no mention of lining material, an 
illustration of a lime kiln at Lisbon elsewhere in Jackson's report shows a brick lining, 
thus providing an possible early date for availability of firebrick for use at the Franconia 
furnace. Conversion to brick lining might have accompanied the installation of hot blast 
apparatus and associated increase of stack height in, or shortly before, 1844. 

Bricks are sometimes ignored as an archeological resource, probably because at some 
industrial sites bricks and are everywhere in overwhelming abundance and usually in 
broken pieces. Yet, many bricks have markings on them, identifying their manufacturer. 
Since many companies changed names down through time, interpreting brick marks can 
provide valuable dating information, and therefore, a window of time for which the use of 
the brick at an archeological site could be determined. Brick marks can also provide 
information as to where construction materials came from. The discovery of firebrick at 
the Franconia furnace site made at Perth Amboy, N.J., therefore tells us something about 
the economics of heavy industry in this otherwise remote corner of the state. 
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Firebricks from as far away as New Jersey would have probably not have been 
purchased until there was a railroad connection close to Franconia. The tracks of the 
Boston, Concord & Montreal Railroad reached Woodsville in 1853, then extended through 
Lisbon to Littleton later in the same year (Garvin to Rolando, Feb. 19, 1996). 

All bricks found at the site, whether of the common or firebrick variety, were 
inspected, measured, and their markings recorded. Photos were taken of some. Only 
commercial markings are considered important dating mechanisms. Dimensions also 
indicated a variety in shapes, however, which might provide information on their possible 
uses. Dimensions might also be used for comparison with bricks of identical or similar 
dimensions that are mortared in place but whose markings either cannot be totally 
deciphered or whose uses are undetermined. 

The only bricks found at the furnace site were inside or at the mouth of the arches. 
Shallow excavating at the base of the hearth in the north arch uncovered some of the 
best-preserved bricks. As no brick was seen as part of any outer construction of the stack, 
these were probably those that had fallen from the lower courses of the internal furnace 
lining. Inspection of the inside through a hole in the upper-left corner of the west 
archway verified internal brick lining and possibly an additional brick inwall. Lining 
bricks were laid in rowlock fashion (side-by-side). Since the hearth is choked with the 
frozen remains of the final charge, internal inspection of lining material is impossible. 
Table 3 presents data on bricks found in the north and west archways. 

Table 3. Firebrick Data. 

Type 

firebrick 

firebrick 

firebrick 

red brick 

Dimensions* 

9 by 43/s by 2Vi 

9 by 4V2 by 23/s 

8% by 4l/4 by 23/s 

7Va by 33/4 by 1% 

Marking** 

A HALL & SONS*** 
No 2 

Amboy, NJ 

A HALL & SONS 
_?YIRA 

AMBOY. NJ 

LK 

(reverse side textured) 

none 
* in inches 

** underscore = questionable character 
*** Alfred Hall, brick maker, appears in Kirkbride's Business Directory for 

1850 and 1851 (Weiss 1966:42). 

What the "No 2" refers to on one of the firebricks is not known. Nothing can be found 
that documents brick numbers. Of the over 100 bricks this author has recorded the past 
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few years, five "No 1" and two "No 2" firebricks have been encountered. Two of the "No 1" 
firebricks are wedge shaped, two others are of unrecorded shape (not measured), and one 
is a nearly standard firebrick size. One of these "No 2" firebricks measured close to the 
standard firebrick size while the other is wedge shaped and measured 13V2 by 4%/6 by 2l/2 
inches (Rolando brick files). Since size and shape do not appear to be related to number, 
the number might indicate brick hardness or temperature resistance. 

Although the three recorded firebricks were close in size, it is unknown what brick-
making standards were in force in the 1850s. Brick size was regulated by the English 
government as early as 1571, while standardization of American bricks didn't occur until 
the late 19th century, with different brick manufacturing associations announcing 
different standards. The standard size for firebrick appears to have been 9 by 4V2 by 2lA 
inches (Gurcke 1987:117). Since these standards were based mainly upon what were 
generally accepted sizes already being used by the brickmaking industry at the time, the 
similarity between that standard and the dimensions of the recorded Franconia bricks 
should, therefore, come as no surprise. It also makes the point that at least the firebrick 
used in lining the Franconia stack was a s tate-of- the-art material. 

One brick recorded at Franconia displays an unintelligible mark where the other 
indicates "No 2". The mark appears to be a 4- or 5-letter word ending in "..IRA", or 
possibly "..YIRA". What this means is unknown. No other brick was found that 
approached this mysterious marking. Likewise unknown is the meaning of "LK" on 
another brick (Lehigh Kiln?). 

Furnace linings didn't last forever. As the smelting progressed, the face of the firebrick 
lining burned. When a significant amount of brick burned away, the furnace was shut 
down, the lining torn out, and new lining installed. It was not unusual for furnaces to be 
relined about once a year, for a heavily used furnace in constant operation. 

Finding where brick, slag, and damaged hardware were dumped can prove a valuable 
find. We found some material from the furnace north of the stack, forming the base of the 
road that used to lead south from Route 117 to the works. It would be expected, therefore, 
that much old firebrick would be found eroding out the sides of this low embankment. 
Close inspection of the length of the embankment, however, revealed no significant pieces 
of firebrick, either on the surface or after shallow excavating at various places along the 
embankment. Waste firebrick either was dumped elsewhere, it remains deeper under the 
old roadway, or maybe the original firebrick lining is still in the furnace. 

Further work is suggested in investigating and recording what bricks remain inside 
the stack, documenting dimensions, markings, type, and functions, and pin-pointing 
exactly where in the stack the recorded bricks came from. No bricks that are mortared or 
otherwise set in place in or on the stack should be disturbed or removed from their place 
in the process of any recording activity. Controlled excavation into surface breakdown 
debris inside the archways should reveal more bricks that have fallen out from the lining 
and inwall. Former dump areas outside the immediate ironworks vicinity should also be 
located and investigated for the presence of waste furnace material. 
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East Arch Excavation 

One of the recorders, Jonathan Edwards, brought along his metal detector which we 
put to use finding what could be detected around the base of the stack. A 4-foot-long area 
in front of the east arch gave a strong signal, appearing to indicate a large metal artifact 
just below the surface. Since the surface area around the stack is mostly breakdown from 
the stack, we decided that excavating until we found undisturbed ground was not in 
violation of archeological ethics. Megan Battey, whose archeological experience includes 
working with David Starbuck at Rogers Island the past number of summers, volunteered 
to do the small excavation. 

The area chosen for excavation was about 5l/2 feet out from the end of the east arch. 
Megan carefully dug an approximately 2- by 3-foot pit to the depth of about a foot, 
uncovering bits of wood, fragments of glass, a number of cut nails, and piece of flat, thin 
metal (figures 35 and 36). The large, hoped-for ingot of pig iron was not found. The 
artifacts were photographed, bagged, and turned over to the project leader for storage. A 
piece of plastic sheet was laid out at the bottom of the pit before it was backfilled. See 
Appendix D for Megan's full excavation report, site sketch, and identification of artifacts. 

Furnace and Other Slag 

Slag is that ubiquitous waste material that is usually the first surface clue one looks 
for when searching for blast furnace remains in the field as a by-product of iron smelting. 
Early 19th-century blast furnaces produced varying amounts of slag, and deposits have 
been found both upstream and downstream at some of the sites. And the Franconia 
furnace site was no exception, where slag was found almost everywhere at the site, 
including on the opposite side of the river (see Robert B. Gordon "Material Evidence 
of Ironmaking Techniques" IA, Vol. 21, No. 2, 1995, pp. 69-80 for recent slag analysis). 

Although the Franconia blast furnace operated from about 1811 to maybe the 1860s, 
there is no large mass of slag in evidence to reflect this. As was the practice, blast 
furnaces operated only when certain factors were favorable. One such factor was the 
market price of iron, which was in turn affected by market demand (or lack of), foreign 
competition, wars, and general state of the economy. During periods of western 
settlement, the demand for iron made it profitable for a remote furnace in the northern 
mountains of New Hampshire to fire up and produce cast iron. Otherwise, the furnace 
remained cold during periods of economic depression. As we learned in Garvin's report, 
the furnace operated on and off, and one wonders if maybe it was off more than it was on, 
which could account for so little slag compared to the purported years of operation. 

Pieces of slag were found eroding out of an embankment about 50 feet northeast of the 
stack, out of the shore line due east of the stack, and out of the hillside and shoreline at 
various places downstream and upstream of the stack. Furnace slag was also found on the 
east bank of the river, directly opposite and upstream from the stack. These deposits were 
not, however, in great quantities. The most significant deposit of furnace slag was found 
just southeast of the stack among low stone foundation walls. It is suspected that the 
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Figure 35. The extent of digging into overburden in front of the east arch. 

Figure 36. Artifacts recovered from the east arch excavation (Megan Battey photo). 
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immediate furnace area experienced mechanized earthmoving, so that former piles of slag 
might have been spread about. Slag could also have been used for fill or mixed with 
bitumen for road surfacing miles from the site. 

Furnace slag was also found in the backyards of apartments east of the dam site, some 
250 feet upstream of the stack. After seeing some tiny pieces on the surface, scraping with 
the heel of a shoe uncovered slag in many places in the yard. One wonders in how much 
slag might be found in many village front and back yards, and what that might tell us of 
potential bloomery and air furnace sites. 

Colors of slag were light to dark blue and black. Crusty, dull black slag was also 
encountered, usually indicative of a poor heat (figure 37). Few pieces of slag larger than a 
baseball were found. Nothing significant could be learned from inspection of the slag 
found in the immediate vicinity of the stack. 

Slag found across the river raised some interesting questions. Much of the slag here 
was black and heavy, appearing more like bloomery-type slag (figure 38). Since there is 
some hint of a bloomery and/or steel works having operated on this side of the river at an 
early time, this slag might be the only currently visible surface remains of these 
operations. Some dark slag was found eroding out of the shore only inches below the 
surface, but shallow testing a few feet inland surprisingly uncovered no slag of any sort. 
Samples of this slag were analyzed by Matt Kierstead and his report is reproduced in full 
in Appendix E. 

It is recommended that "collecting" of slag by tourists as souvenirs be discouraged. 
Appearing limitless, the range of slag at the site has not yet been fully analyzed and 
documented, and therefore not yet thoroughly understood. Future slag analysis might tell 
us much about the types and efficiency of Franconia iron making operations, and is an 
important artifact not to be overlooked in the overall study of the site. 

The Waterpower System 

Some surface indications exist to provide information regarding the waterpower 
system. We know of the dam, and from surface findings there and some old illustrations, 
have a handle on what existed there. And we also know that a flume conveyed water 
down the west side of the river into the furnace grounds. The water probably powered a 
waterwheel at an earlier time and the works might have converted to turbine drive by the 
1860s (although at Forestdale, Vt., the waterwheel was employed to its final blast in 
1864). Nothing can be found that indicated the Franconia operations ever used turbines to 
drive anything connected with the furnace operations. 

The Dam Site: The photo of the works shown in the White Mountain Echoes and 
identified as being taken "about 1875," shows the dam upstream of the stack but exhibits 
few details about the dam's physical characteristics. It appears about one story high 
compared to the building standing at its east end, and water seems to be flowing over it 
(see figure 45). The building that stood at the left end of the dam is identified as Steven 
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Figure 37. Typical pieces of blast furnace slag found at the site. 

Figure 38. Slag found on the east side of the river, probably not of blast furnace origin. 
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Eaton's sawmill, run by waterpower (Welch 1972:55). Another structure, at the right end 
was the head gate, which controlled the flow of water into the head race. A post-1884 
photo no longer shows the gate house (Aldrich ltr., Jan. 17. 1996). Physical location of the 
remains of the dam and recording what remains existed was one of the project's priorities. 

We were led to the remains of the dam by Duncan Wilkie, who had done previous 
recording work here in the early 1990s (see figure 4). The east end of the dam was found 
along the shore of the river 280 feet west of the stone foundation of the apartment 
building on the west side of Main Street. The east end of beam A (figure 39) was surveyed 
at 248.232 feet 165.245 degrees from the furnace datum point. Visible surface remains of 
the dam consisted mainly of two sections of log cribbing and four stub ends of sheathing 
sticking out of the ground just upstream from the cribbing. Duncan Wilkie and Megan 
Battey recorded the dam site (figures 40 and 41). 

The two pieces of cribbing lay parallel to each other at right angles to the river. The 
upstream of the two beams, beam A, measured 14V2 inches wide by 5 feet long. This beam 
contained four holes, a few inches deep, about a foot apart along the center of its length, 
as if vertical iron rods might have rested in them. The other beam, beam B, measured 
about 10 inches wide by 5V'2 feet long. Beam B also had a series of holes roughly along its 
center line. No attempt was made to excavate to determine the depth of the beams into 
the ground or if more beams lay below. Both top surface of beams were at the time of 
measurement above the waterline; beam A, a foot from the water's edge and beam B at 
the water's edge. Both were probably 50% below the water table. 

The ends of four sheathing boards stuck up through the ground, in pairs of two each. 
They were in line with each other, parallel to and just upstream of the cribbing beams. 
They measured about 1 inch thick by about 15 inches wide and protruded upward toward 
the cribbing beams at about a 45-degree angle. The first pair, pair C, were 3V2 feet 
upstream of beam A. Pair D were about 41/2 feet southwest of the west end of beam A. 
Pair C were 3 to 4 feet from the water's edge while pair D were in the water, less than an 
inch deep at that point. No further surface evidence of dam features could be found on 
this side of the river or in the river bottom as best it could be inspected by wading out 
into the river. The center of the river was about 2 feet deep in this vicinity (although in 
August 1996, evidence was found to show that the river had risen up to an additional 6 
feet during the spring thaw). 

Inspection of the opposite (west) side of the river in 1996 revealed two iron rods well-
driven into river-bottom ledge. One rod was IV2 inches square a was holding horizontal 
beams running parallel to the river in the embankment; another rod, 15 inches due east 
in the river, measured l5/s inches in diameter. Immediately adjacent in the upstream 
direction were the ends of more beams, appearing to be perpendicular to the river (jutting 
out from under the embankment). This area is exactly opposite the dam site on the east 
shore and appears to be at the start of the head race feature. 

Insufficient physical remains are evident to allow an accurate description of the type 
of dam that stood here. From what there is, it could have been a plank crib type dam, 
that is, one made of heavy wood beams laid at right angles and built up in "boxes" that 
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^ H ^ W. Batte^ 
Figure 39. Surface remains of cribbing at the dam site (Megan Battey field sketch). 
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Figure 40. The dam site from in front of the furnace stack. The dam site is in the center of 
the photo, diagonally across the river. 

Figure 41. Wood remains of dam cribbing at the dam site (Megan Battey photo). 
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were filled with rock for heavy anchoring. Plank boards were then laid up at a slowly 
rising slope on the upstream side to the top of the boxed cribs, nailed flat across the top of 
the rock-filled cribs, and vertically against the downstream face of the cribs. The sloping 
upstream boards broke the force of rushing water, allowing it to flow up and over the tops 
of the closely-boarded cribs. Many other mill dams have been observed of similar type 
construction. They were relatively simple in design, easy and inexpensive to build, and 
withstood spring run-off. Variations of this dam, such as a "crib dam with plank covering" 
and "pile and frame dam" are other possibilities (see Leffel 1874:71-77). 

It is unknown when the dam was destroyed although most likely one spring by a 
freshet. Two early 20th-century vintage postcards that show the furnace stack also show, 
in one, the dam standing with the mill building beside it; the other shows neither dam 
nor mill. If the dates of these postcards could be determined, then a bracket of time for 
the destruction of the dam could be determined. 

The Head and Tail Races: A ditch-like feature that parallels the river south of the 
stack for about 50 feet is most likely part of the head race. The race is most visible at its 
northern end. Followed south (upstream) toward the dam, it becomes better defined for a 
few feet, then seems to get lost in embankment debris and brush (figure 42). It is not 
known whether the water flowed directly inside this feature or through pipes laid in it. 

Nothing can be found that sheds any light on the waterpower system at the furnace, 
The US Census of 1850 describes the works as containing, among other things, "a water-
powered blast furnace" without indicating whether powered by waterwheel or turbine 

Figure 42. View north down the head race looking toward the stack. 
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(Garvin 1994:9 [1850]). A deep depression immediately southeast of the stack might have 
been a wheel or turbine pit; excavation here might reveal which. Clearing some 
overburden in the depression uncovered sections of an old pipe, a casting that appears to 
be a part of a horse buggy, and maybe a base for a cast iron stove. Jewell Friedman said 
that some earth had been moved about around the stack many years ago so material 
found here might have come from anywhere. 

About 30 feet southeast of the stack is a small hole that didn't seem important until a 
6-foot-long stick was poked horizontally into it without hitting an end (figure 43). The 
hole seemed to head back toward the stack. Having no flashlights, we were unable to 
inspect the tunnel further. A flash photo taken by holding a camera in the hole resulting 
in discovering a stone-lined wall, two courses high, in relatively good condition (figure 
44). Since the tunnel is part way between the above described depression and the river, 
might it have been used to drain hot water after having circulated through the tuyeres? 

Lower Level Buildings and Foundation Walls 

Inspection of the ca. 1875 photograph of the works in the Serafini article provides a 
wealth of information about the disposition of buildings at the site. It shows the ironworks 
complex, river, and dam (figure 45). The view is from the downstream side and clearly 
shows the furnace building, the tall building facing the river, and the long casting 
building that parallels the river. The design and layout of the buildings is conventional for 
the period and is similar to layouts of contemporary blast furnace operations inspected in 
other states. 

Except for the top chimneys, no parts of the furnace stack were visible since the 
building insulated the stack from the cooler outside environment. All the buildings 
standing on and around the stack were made of wood, and what was not destroyed by the 
fire was probably dismantled and sold for salvage value, as also was the custom. 

The Top House: The tall building that faces the river houses the furnace stack. If 
counting the rows of windows is an accurate measure, then the furnace building is three 
stories tall. The top floor is level with the charging bridge, and therefore nearly at ground 
level with the sheds seen at the upper level. 

The appropriately named top house sits atop the furnace. This structure was an 
integral part of the building that completely surrounded the stack. It protected the stack 
from the elements and acted to insulate it and keep the heat of smelting from being 
"drained" off. The top house gave workers a protected area in which to attend to the needs 
of the process, which was to open the charging door to feed into the furnace its charge of 
ore, fuel, and flux, and then close the door. It also housed the heating ovens, in which 
otherwise wasted exhaust gases were recycled through radiator tubes to preheat cold 
incoming draft before it was applied to the tuyeres near the bottom of the stack. The top 
end of the air blast pipe (the downer) which descends down into the east arch can be seen 
at the top of the stack from across the river with the aid of binoculars. 
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Figure 43. The open end of the tunnel (right). The stack's east arch in background. 

Figure 44. Inside the tunnel, taken by holding a flash camera just inside the small 
opening. Note the stone wall in good condition. 
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A pair of chimneys and a roof-top monitor can be seen at the very top of the building. 
Why one chimney is shorter than the other is unknown. Both were probably related to 
exhausted spent hot gases that heated the radiators. When the furnace received a charge, 
the top had to be opened and much smoke and gas rose up out of the stack. These rose to 
the top of the building and escaped through the small roof-top monitor also seen in the 
photo (see figure 49 for another view of the chimneys and monitor). 

The Casting Shed Area: The long, lVz-story building that parallels the river is the 
casting shed. The casting area of the shed is betrayed by its characteristic roof-top 
monitors, which run the length of the building. The monitors allowed the heat given off 
from casting to rise upward from the casting floor and out the roof. The chimney rising 
from the top of the casting building along the north wall of the furnace building vented 
heat from the casting arch directly below, another characteristic design seen in many 
drawings and photos of 19th-century blast furnace operations. 

The physical outline of where the casting shed stood is seen by the foundation walls 
that partially surround the stack on three sides. Consisting in most part of massive 
stones, this wall is all that remains to provide a visible sense of the casting building's 
dimensions and proportion (figure 46). Assuming the casting building set upon these 
foundation walls, the building was 50 feet long by up to 40 feet wide. 

Blast Machinery Area: Level with the top of the casting shed foundation wall south-
west of the stack is a relatively level 35-foot wide area. A 6-foot 7-inch long section of 

Figure 45. Photo of the works taken "about 1875" (Serafini 1952:15). 
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Figure 46. Disposition of the foundation walls with respect to the furnace stack (Dennis 
Howe field sketch). 
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cast iron pipe lays atop the wall here, its 11-inch diameter open end facing the river 
(figure 47). The 11-inch pipe diameter closely matches the dimension of the downer pipe 
in the east arch. The wall is 10 feet high above the local ground level at this point. The 
pipe might indicate this as being where the air-blast machinery operated. Detail 
inspection of the surface in this area for such things as machine mounts or heavy iron 
rods might reveal clues to the arrangement of blast machinery. 

The main north-south wall makes a right-angle turn about 55 feet south of the stack 
and gets involved in two levels of stone walls. This uphill area immediately west of the 
flume might have been connected with the waterpower system, but this is just conjecture. 
These walls might be related to sheds that stood about here. 

Upper Level Buildings and Foundation Walls 

The ca. 1875 photo shows the charging bridge, some upper level sheds, and another 
high stone wall (see figure 45). In these upper sheds the ingredients that were to be fed 
into the stack were stored. Although large amounts of iron ore and limestone could be 
accumulated, charcoal was kept only in small amounts so it wouldn't absorb moisture and 
burn poorly. For that reason, charcoal was usually made close to the time it was needed. 
Close inspection of the 1875 photo shows two buildings standing at the upper level. A 
third building might be partially hidden by the charging bridge although what appears to 
be the peak of its roof shows just above the roof of the bridge. 

The Charging Bridge: Only two illustrations show the charging bridge with any clarity 
(see figures 45 and 48). The charging bridge connected the top of the furnace stack to the 
hill behind (west of) the stack, perpendicular to the flow of the river. The purpose of the 
bridge was to provide a convenient access to the top of the stack so the iron ore, charcoal, 
and limestone flux could be fed into the top of the furnace. The floor of the bridge was 
usually on the same level with the top of the stack so that no steps or inclines were 
involved. It was also level with a platform of area on hill-side end of the bridge. 

The charging bridge at Franconia was supported by a pair of side-by-side vertical 
beams, mid-way between the top-house and the hillside. As was the usual practice, the 
bridge also appears from the photos to have been made completely of wood. It had a peak 
roof that ran its length which gave the appearance of a typical New England wooden 
covered bridge (and may have incorporated typical covered bridge truss designs). 

We don't know the dimensions of the top house or the structure that surrounded the 
stack, so we don't know exactly how long the charging bridge was. A good estimate based 
on ground measurements, however, indicate a length of 50 feet. Close inspection of figures 
44 and 48 with particular attention to comparing heights of known stone walls in 
comparison to structural features closely confirms the 50-foot estimated length of the 
bridge, which also appears to have been about 8 feet high from floor to peak. The floor of 
the bridge appears flat and without tracks for rail-type vehicles. Carts containing furnace 
ingredients were therefore manually pushed across the bridge to the top of the furnace. 
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Figure 47. Details of the cast iron pipe, probably part of the air blast system, found atop the 
just southwest of the stack (Dennis Howe field sketch). 
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Upper Sheds and Stone Walls: At least three sheds stood on the hillside immediately 
west of the stack. Photos loaned to me by Roger Aldrich (via Jewell Friedman) show one 
shed (25 feet wide by 50 feet long?) at the uphill end of the charging bridge, and two more 
of about the same size standing side-by side about 100 feet south of the first shed. Where 
the charging bridge shed stood is now mostly the driveway/parking area for the Casey/ 
O'Brien house. The site of the other two sheds to the south is an area of disturbed ground, 
although there might be some surface material there. The area was overgrown and the 
surface of the ground was difficult to see the day we inspected it. 

The shed closest to the bridge was where the furnace ingredients were weighed prior 
to being fed into the stack. The other two sheds were probably the storage sheds. Which 
stored what we do not know, but we did find pieces of iron ore and charcoal throughout 
the upper level areas of the sheds. We also found curious depressions that might have 
been platforms for other buildings about 200 feet southeast of the house. 

About 50 feet north of the O'Brien house is a pile of what appears to be pieces of iron 
ore. Whether this was always there or collected over time by the owners is not known. 
Farther uphill we were told is the foundation remains of "the dynamite shed." A search 
for it proved fruitless, although we don't doubt it is there, somewhere. 

Walt Ryan and Krista Butterfield made an extensive survey of this upper area by 
means of a hand-held compass. Their survey followed various stone walls that parallel 
lower walls. The survey crew also shot some lines into the upper area and the results of 

Figure 48. An undated photo of the works taken uphill and northwest of the stack. Village 
buildings can barely be seen in the distance (courtesy Richard S. Allen and Robert M 
Vogel). 
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both these surveys, along with important identifying points, were sketched out. A 
tabulation of this survey is included in Appendix F. Possibly at some future time we could 
scan all the old photos of the site into a PC and create a floor plan of the buildings with 
some CAD/CAM software. 

Although I can understand why, it is too bad that Charles Casey built the house 
where he did, in the midst of the sites of the upper sheds. Much valuable information is 
probably lost forever due to the earth moving to build the house and garage foundations. 

Associated Village Structures, Landmarks, and Artifacts 

A number of buildings in and around the village once related directly or indirectly, to 
the ironworks. For example, the first store in the village was run by the "iron Foundry 
Company." It became Sanborn's Store, and later, owned by Frank E. Casey, Sr. (Welch 
1972:45). Casey had the first of his two restaurants, Casey's Grill (1938-1948), on the 
first floor while upstairs was used for town and Grange meetings, movies, dances, Odd 
Fellows, and other functions. Casey sold the building in 1948 and it burned later that 
year. This building stood immediately south of the present gas station that is on the east 
side of Route 18 at the Route 117 bridge. In 1950, the Caseys opened their second 
restaurant, "The Stone Stack Restaurant," in their home across the bridge (the large 
white house where we parked our cars during the recording sessions), and operated it for 
a few years, probably to 1953 (Friedman to Rolando, Feb. 10, 1996). 

There is also mention of the "Old Iron Mine Tavern" (1972:46 and photo 1972:44), a 
map showing the "Old Iron Store" (1972:10), and the "New Hampshire Foundry Company 
blacksmith shop" (1972:52). The town's first library was in a building also owned by the 
ironworks (1972:123). Not being familiar with village buildings, we do not know if any of 
these exist today. It would be beneficial to locate and document all buildings that had 
former connections to the ironworks. 

In 1952, the foundation for the Upper Works boarding house were still visible "nearly 
opposite the entrance to the Sugar Hill swimming pool" (Serafini 1952:15). And the 
boarding house for miners, located on the slope of Ore Hill above the present Sunset Hill 
House garages, was taken down years later and reassembled at the lower end of Sugar 
Hill village, and was the home of Edward Jesseman (1952:16). 

The present Route 117 bridge was built in 1972. It replaced an earlier bridge that 
crossed the river here and appears to have been a parker truss with steel girders. It was 
hit by a truck carrying steel reinforcing rod for 1-93 construction, perhaps in 1972, and 
was eventually replaced by the present concrete bridge. From information provided by 
Jewell Friedman (from Roger Aldrich and Don Eastman of Franconia), at least two steel 
bridges crossed the river in this area. One early photo shows a wood bridge of possible 
pony truss design, which might explain the stone abutments we found about 100 feet 
upstream of the bridge while doing our initial walkover survey of the grounds. 
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No railroad station exists in the village; the only known station in town was built well 
after the iron company era for tourists at the notch. Railroad connection for the ironworks 
was probably at Littleton, 5 miles north, although a connection with the line at North 
Lisbon Station (identified "Barrett" on the USGS topo map) via Streeter Pond Road was a 
half-mile shorter. It would be interesting to find how the company shipped out its 
products; maybe there's a yet-undiscovered piece of pig iron or other significant artifact 
laying about the tracks? 

Pictures in Welch show stoves and kettles attributed to Iron Factory Company, both 
being common products of 19th-century ironworks (1952:48-52). The kettles today are at 
Cannon Mountain House on Easton Road and are of various sizes. Jewell Friedman 
measured one for me: 39-inch inside diameter at the lip by 16 inches deep, %-inch thick 
walls, two 3V2- by l/2-inch handles, and three Vi-inch holes in the lip, equidistant apart, 
as if for hanging (Friedman to Rolando, Feb. 10, 1996). The largest of the kettles was used 
for scalding hogs, after butchered, to loosen the bristles (Aldrich to Friedman). In 1996, 
two more kettles were inspected in front of Polly's Pancake Parlor up Route 117 in Sugar 
Hill, which Roger Aldrich attributed to the Franconia ironworks. 

During the course of writing this report and doing background research, a number of 
19th-century photographs of the furnace grounds, before and after the fire, were brought 
to my attention. Many also show glimpses of the village on the other side of the river. 
Some of these photographs were seen at the NHHS library; others were shown to me by 
Jewell Friedman (most came from Roger Aldrich of Sugar Hill, who wrote a book on the 
subject; another came from Don Eastman). 

Iron Mines and Charcoal Kilns 

A number of iron mines and charcoal kilns are known to have operated in the vicinity 
of the ironworks and the purpose of this section is merely to document those that have 
been noted from various sources. During the 1994 recording session, Duncan Wilkie led a 
lunch hour expedition to one of the ore pits on Ore Hill. 

Iron Mines and Ore Pits: The following are references to iron mining that are 
mentioned in Garvin's chronology (Appendix B): 

The earliest mention of mining iron ore 1810, when "the company was taking all its 
ore from the Coleby lot on Ore Hill. This ore was described as superior to that from the 
Howland lot, which the company previously mined." Ore Hill is a 2,025-foot mountain 
about 2V2 miles southwest of the works in the town of Sugar Hill (USGS Sugar Hill topo). 
Location of the Howland lot is not known. 

In 1816, ore was taken from "the Ditch, which had for some years been abandoned." In 
1823 it is noted that "ore is obtained from a mountain in the east part of (Lisbon), three 
miles from the furnace...yielding 56 to 63%." In 1849 "a rich vein of granular magnetic 
iron ore" is described in the southeastern corner of Lisbon. The vein is 3l/2 to 4 feet wide 
and was opened 40 rods long and 144 feet deep. The south-eastern corner of Lisbon is 
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about 2Vz miles west of Ore Hill. The last mention is in 1859, when it is reported that the 
iron mining in Lisbon employed 22 hands with a 25-horsepower steam engine. 

Serafini wrote that iron ore was discovered in the 1790s on Iron Mountain, now Ore 
Hill (1952:15). After the Civil War, a Mr. Best of Montreal took several tons of ore from 
the mines in Sugar Hill. The mining rights were purchased by Brown and Wales 
Company, and the mining rights remains with descendants of the Wales family although 
the property was owned by Warren R. Swift (Serafmi 1952:17). 

The History of Franconia mentions that iron ore was found in town in the 1790s and 
the vein crossed Stinson Hill (which cannot be located on any USGS maps) toward Sugar 
Hill (Welch 1972:37). Mining Lore from New Hampshire by Lillian A. Burns (1980) 
describes various folklore connected with iron mining at and around Franconia. 

Over the River contributes two pages describing iron mines at Ore Hill (and modern 
photo of entrance) and an old mine in Landaff, probably the Chandler Mine. It is "near 
where the old road from Mill Brook to Dearth Brook crosses a branch of Mill Brook, a 
little north of Moody's Ledge and Cobble Hill. There is said to be a large shaft of another 
iron mine southeast of Green Mountain, near an old trail going south from the Ireland 
School" (Blasidell 1982:44-45). The town of Landaff borders Sugar Hill on the southwest. 
Cobble Hill is in the southwest corner of the USGS Sugar Hill topo. The best job is done 
by Roger Aldrich in his recently published book, which devotes many pages to describing 
the mines (Aldrich 1996:28-33). 

Duncan Wilkie led a lunch hour trip to a mine up Route 116 for 1.8 miles, right on 
Lafayette Road for 0.7 miles, left on Toad Hill Road (Forbes Road on USGS topo) for 1.2 
miles, then right at a fork (Sugar Hill/Franconia town line) for 0.4 mile to large stones on 
left and woods road to the right. They parked and hiked up the road, taking the left fork 
at 100 feet (snowmobile trail). About 5 minutes walk uphill revealed deep pits on the left 
and right (Battey to Rolando, Sept. 11, 1994). Inspection of the USGS Sugar Hill topo 
shows this to be the southeast slope of Ore Hill, coinciding with the location of the 
"Franconia Iron Mine" per another source, which describes the mine as "Two large shafts 
and large cut (Dangerous). Several other shafts reported in woods...walk north uphill on 
old mine road...2nd mine go 100 feet north of 1st mine and take right fork of road to 
summit of next hill north and mine dump" (Morrill 1960:22). 

Charcoal Kilns: A state historic marker identifies a charcoal kiln ruin beside Route 
302 in the town of Lisbon, 1.65 miles east of the Route 117 (see page 13). The historic 
marker is on the south (river) side of the highway and the kiln ruin atop a low bluff on 
the opposite side. A steep but negotiable path leads up the side of the hill to the ruin, 
which, if you know exactly v. r • to look, can be seen from the highway (figure 49). 

The kiln was built of stone a much of its lower half is intact. It is overgrown with 
thick brush and it is difficult to see mside or measure accurately. From the outside, the 
ruin appears to have vertical walls but inside inspection revealed a definite beehive 
(conical) configuration. A section of inside wall was found to slope inward 27 inches at a 
point 54 inches high (60-degree inward slope). The inside diameter measured as near to 
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the floor of the kiln as was possible, taking the breakdown into consideration, came out to 
about 17 feet, somewhat smaller than the usual 28- to 32-foot diameters found in 
Vermont. The uneven walls measured 2 to 3 feet thick with a southwest section of wall 
measuring about IVi feet tall (outside measurement). Vent holes at various locations in 
the walls are coated with pitch. The kiln's main door, evidenced by a small amount of 
surface breakdown, faces the open field to the northeast. A search in the area failed to 
disclose anything further relating to the kiln or charcoal making. No hardware was found. 
Modern work on the highway immediately adjacent have obviously impacted on the site. 

Charcoal was also made on Ridge Road and up Coal Hill Road (Welch 1972:53). Ridge 
Road is off Route 116, a mile south of Franconia village, and runs somewhat parallel to 
Route 116 about a half mile and 100 feet uphill to the northwest. The 1860 Grafton 
County map shows two "Coal Kiln" sites in Sugar Hill, one about a half-mile and another 
about a mile up Blake Road from Route 117. 

Coal Hill Road is the east fork off Route 18 south of Franconia village just across the 
Gale River bridge. The road ducks under 1-93, intersects with other roads, then steadily 
climbs the northwest slope of a hill, somewhat paralleling the Gale River on its left. 
Welch wrote that much charcoal is churned up when the road is plowed and that "the 
sites of the pits where charcoal was made are still visible on the farm, which is now a 
summer home known as Foxwood, owned by Mr. and Mrs. Willard S. Robbins" (Welch 
1972:53). The inside back cover of the Welch book is a map identified "copy of plan of 
1853" which shows tracts in the northeast part of the town identified "NHIFC" that might 
be the woodlots for making charcoal. 

Figure 49. Stone-built charcoal ruin alongside Route 202, about 5 miles west of Littleton 
village and identified by a state historical marker. The ruin is in typically good condition 
for this type building material. 
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Appendix A 

Memorandum of a Site Visit to the Franconia Iron Works Blast Furnace on July 6, 1989 

by James L. Garvin, Architectural Historian 
New Hampshire Division of Historical Resources 

July 17 and August 24, 1989 
(Typeset for this report from copy provided by Garvin) 

The purpose of this visit was to inspect the structure of the blast furnace, to gauge the 
amount and cause of deterioration, and to make recommendations for stabilization and 
protection of the structure in future years. 

The blast furnace may be assumed to date from 1859, the date inscribed in a large 
voussoir in its northern arch in company with the name of "S. Pettee, Jr," evidently the 
stone mason who rebuilt the furnace for the last time. Nothing about the technology of 
stone splitting visible on the exterior surfaces of the octagonal furnace suggests a date 
earlier than about 1830; everything about the work would be typical of 1859. 

The furnace is composed of an inner and an outer shell of dry-laid stone masonry, a 
large part of this being split granite rubble. The outer shell, well recorded in historic and 
recent photographs, is very skillfully laid, particularly in the area of the four splayed 
arches on the principal faces of the furnace. 

The presence of the inner shell of the furnace can only be deduced from a study of the 
top, where the stones of the inside structure are visible around a furnace lining of 
firebrick manufactured in Perth Amboy, New Jersey. The function of the inner shell is 
evidently a structural one, providing support and rigidity for the renewable lining of 
refractory bricks. Without further investigation, it is difficult to judge whether this inner, 
shell is laid dry or in some kind of mortar, but for the moment it appears that its stones 
may be bedded in fire clay. There is a generalized fill between the inner and outer shells 
of the furnace; again, without further study it is impossible to judge whether this is 
composed of rubble, clay, or both. The inner and outer shells of the furnace are bound 
together on the four solid faces of the structure by horizontal iron bars which are bent 
over inner iron bands and then extend through the walls of the furnace to the outside, 
where they are pierced for large vertical iron keys or wedges (now lost). By this means, 
the bottom of the furnace, subject to the greatest pressure of molten iron and to the 
greatest degree of thermal expansion, was locked into a single unit. 

As mentioned above, the furnace is lined with refractory bricks bearing the impression 
of a New Jersey manufacturer. This firebrick is quite intact and undamaged except in a 
zone extending down a few feet from the charging hole or tunnel head. Several apertures 
in the brickwork may be observed below the top of the furnace, seemingly placed rather 
regularly at intervals near the tunnel head. These may represent accidental losses of 
brick, or may be remnants of a system for forcing the draft or otherwise regulating the 
firing. The apertures appear to be topped with flat arches built from bricks; if so, they are 
certainly deliberate openings constructed for a purpose. The firebrick lining of the lower 
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arts of the furnace is generally in good though slightly spalled condition. Below a certain 
line, perhaps 8 feet or so above the top of the crucible, the walls are coated with hardened 
slag and appear in a condition generally better than the walls above. 

The bottom of the furnace is composed of a saucer-shaped crucible built of a ganister 
or mastic evidently composed of brickbats and clay or mortar. This crucible curves upward 
and outward to meet curtain walls of granite, which rest on cast iron beams at the rear of 
each arch. It may be assumed that these curtain walls are the bottoms of the inner shell 
of granite which extends to the top of the furnace. There is a slight gap between the iron 
beams at each curtain wall and the top of the crucible, probably representing the point 
where a tuyere entered the hearth. The crucible is supported on a square foundation 
which appears to be constructed of granite which has been discolored and partly 
decomposed by heat. This foundation is set well within the inner walls of the furnace, so 
that there is an aperture between its corners and the inner walls of the furnace. 

The crucible and the boshes of the furnace are largely filled with debris; this is 
considerably deeper at the south wall than at the north, where the dam and casting floor 
were located. This debris may be part of a charge of ore, flux and charcoal which was 
never fired, or may even be the remains of a partly-fired charge which was simply left to 
cool in the furnace at the time of abandonment. It was coon in mid-nineteenth century 
iron manufacture to bank a furnace which was to be stopped for any length of time, as 
might have happened during the uncertain final days of operation. Thus, the debris left in 
the furnace may be the remains of a banking charge, in which it might be assumed that 
most or all of the fuel would eventually have been consumed while the mineral parts 
would have become reduced to a friable state as they slumped to the bottom over a period 
of a few days. 

The abutments beneath the southeast and southwest faces of the furnace are pierced 
by low tunnels for a belly-pipe which supplied air to the tuyeres on the east and west 
faces of the structure. 

Deterioration of the furnace may be ascribed to two causes: water and frost action and 
displacement of stones by tree roots. Of these, the more destructive agent is undoubtedly 
water and frost action. If water could be excluded from the furnace altogether, tree growth 
in and on the structure would cease. 

The furnace was undoubtedly built in 1859 with the intention that its flanks, at least, 
would be sheltered beneath the roof of a large building which surrounded the structure. 
The single photograph of the iron works buildings that has been reproduced is not very 
clear, but seems to show that most of the furnace top was also roofed. Thus, it may be 
assumed that the furnace was designed more for its ability to contain heat and molten 
iron and to undergo expansion and contraction than for its ability to withstand water and 
weather. 

It is, therefore, remarkable that the furnace has survived more than a century of 
exposure to the weather since its buildings burned in 1884. The fact that the stack has 
remained essentially intact suggests that no extreme measures will be required for its 
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future protection. It will probably be advisable to undertake a minimal treatment at 
present and then simply to observe the results for some years before considering anything 
more drastic. 

The main visible results of exposure over the years may be summed up as: 1) 
deterioration of the firebrick lining to a point a few feet below the tunnel head; 2) loss of 
some stones from the outer edges of the furnace top, probably from frost jacking; 3) loss of 
a few stones from the battered outer walls of the furnace, most notably one large stone 
halfway up the angle between the south and southwest faces of the stack; and 4) 
deterioration of some parts of the crucible from water and frost action. 

In addition, the furnace is partly covered with a growth of small trees. These are 
mostly poplars, but also include balsam firs, tamaracks, and a few other species. Some of 
these trees have established themselves in fissures in the walls of the furnace; most of 
them are growing on the flat, earth-filled top. Photographs from the turn of the century 
show trees growing on the furnace at that time, as well. Since none of the present trees is 
large, it appears that trees have either been removed periodically, or (more likely) that 
they eventually die or are broken off by wind. The fact that the top of the furnace is 
covered by an incrustation of hard, brittle lichen suggests that the soil or clay infilling has 
low nutritive value; this, in turn, may prevent most trees from attaining much age or size. 

It appears, therefore, that the greatest danger to the furnace is water penetration and 
frost action rather than plant growth, although the latter should certainly by kept to a 
minimum. It seems that it would be highly beneficial to exclude as much water as 
possible from the top of the furnace, where it can easily penetrate the clay infill. This 
should stop frost jacking of the perimeter stones of the outer wall, and should also reduce 
frost damage to the upper zone of the brick lining. 

At the same time, it appears that the flue of the furnace should be kept open to provide 
ventilation of the interior. There is a strong tendency toward condensation within a 
massive masonry structure such as this, as well as the likelihood of rising damp from the 
ground below. It is important that air be permitted to circulate through the furnace base 
openings and up the flue in order to carry off this moisture and prevent frost damage in 
the winter. The amount of rainwater that would enter the furnace through the open 
tunnel head is probably of little consequence in comparison with the danger of stagnant 
moisture trapped within the body of the structure. If rainwater could be kept out of the 
tunnel head by means of an open cupola of some kind, that would be still better. 

In order to reduce further damage to the furnace, both through the action of tree roots 
and (more important) through frost action, I would recommend the following procedure: 

1. Cut off all trees growing on the walls and top of the furnace. 

2. Treat all tree stubs with full-strength herbicide (ammate or equivalent) to prevent 
regrowth. 

3. Cover the top of the furnace with a cap of fiberglass cloth and resin, using 
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pressure-treated 2 - by 6-inch lumber, if needed, to produce an even slope to the outside 
and to add weight for stability in the wind. There appears to have been a brick-lined 
gutter constructed from the mouth of the furnace to the southeast face; this retains a 
crude spout of cantilevered stone slabs, apparently intended to carry water or other 
material away from the lower walls of the stack. This cantilevered low point would be the 
natural point of discharge for the water which would accumulate on a fiberglass cover. 

4. Build a simple cupola of wood framing, with a fiberglass cover, to protect the tunnel 
head from rain, keeping the cover low enough to be inconspicuous or invisible from the 
public observation point east of the Gale River, yet high enough to encourage a good 
updraft through the flue. 

This procedure has the advantage of being fairly simple, of being completely reversible, 
and of making no structural change to the furnace as it survives. It should be considered 
an experiment, to be monitored periodically. The fiberglass blanket would weather slowly 
and probably be somewhat affected by sunlight, and would probably have to be retreated 
with resin at fairly extended intervals. Construction of such a cap would entail some 
expense and cooperation from the owners and from local authorities. Given the amount of 
local interest in the furnace, however, the cost of such treatment should be reasonable 
and the procedure relatively easy to carry out. 
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Appendix B 

CHRONOLOGY OF THE DEVELOPMENT OF 
THE NEW HAMPSHIRE IRON FACTORY COMPANY 

FROM 1805 TO 1884 

James L. Garvin 
New Hampshire Division of Historical Resources 

May 1994; revised August 1994 
(Typeset for this report from copy provided by Garvin) 

1764 Town of Franconia incorporated. 

1794 Jeremy Belknap, writing volume III of his The History of New-Hampshire, 
mentions bog iron ore and refers to a report of a portion of Mount Washington 
"where the magnetic needle refuses to traverse; this is probably caused by a body 
of iron ore," but makes no mention of a discovery of such ore near Franconia. 

1801 According to research by Duncan C. Wilkie, based on Grafton County court records 
(63-323, 63-324, 63-325) of 1814, the first forge and dam built on the two-acre 
blast furnace lot were erected in the summer of 1801 or 1802 by Simon Oakes, 
Thomas Spooner, and David Applebee. Their dam was located forty feet from their 
forge. On April 16, 1805, the three sold their property to Daniel Bartlett, a 
Massachusetts blacksmith. In two sales the same year, Bartlett sold three-
quarters and then the remaining one-quarter of the forge, land, water privileges, 
and a coal house to Asa Towne. Towne was an incorporator of the New-Hampshire 
Iron Factory Company (see below). 

1805 The New-Hampshire Iron Factory Company was incorporated by the New 
Hampshire legislature. Named incorporators were: Asa Towne, Amos Towne, 
Solomon Towne, Moses Lewis, Stephen P. Webster, Samuel Hutchings, William 
Simpson, Joshua Goodale, and Stephen Couch. The operation of the New-
Hampshire Iron Factory Company began to be referred to as the "Lower Works" 
after the incorporation of the following. 

1808 The Haverhill and Franconia Iron Works was incorporated by the New Hampshire 
legislature. According to Eliphalet Merrill, writing in 1817, these "Upper Works" 
were "built on the same plan as the former, but their operations are not yet so 
extensive." Duncan Wilkie states that the "Upper Works" were located on the Ham 
Branch of the Gale River, about a mile from the "Lower Works." We know much 
less about the "Upper Works" than the "Lower Works." 

1809 Elias Hasket Derby of Salem, Massachusetts, compiled a lengthy study entitled 
"Interesting Facts Relating to Iron Works compiled by Elias Hasket Derby for the 
use of the Franconia Iron Company." This hand-written compilation, accompanied 
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by meticulously-drawn diagrams and figures, included copies of forty articles and 
patents, largely transcribed from encyclopedias and philosophical magazines. 
Derby's compilation suggests the low level of practical experience possessed by the 
founders of the company. 

1810 A report on the condition of the New-Hampshire Iron Factory Company was 
written by Joseph Bray of Boston, and published in Salem, Massachusetts. Bray 
noted that "when the Company commenced its establishment upon the banks of the 
south branch of the Amonoosack, it there owned but two acres of land, on which 
stood a small forge." This forge, built at a cost of $2,200 by a Mr. Sarjent under 
the direction of incorporator Amos Towne, had proven insufficient and had been 
replaced by a new forge shop with four fires and two large trip hammers. The 
company initially had great difficulty in obtaining lumber, common bricks, and 
limestone for flux; and "the first fire-stone used in the [first] furnace was imported 
from Connecticut, and the transport along cost upwards of 20 dollars per ton." 

By 1810, according to Bray's detailed inventories, the company owned 5,456 acres 
(a tract sufficient to supply its entire need for charcoal), a farm, a tavern, a saw-
and gristmill, a blacksmith shop, a store at Franconia, and a store at Bath for the 
sale of its iron products. By this time, the company was taking all its ore from the 
Coleby lot on Ore Hill. This ore was described as superior to that from the 
Howland lot, which the company had previously mined. The Howland lot was made 
still less advantageous by the fact that the competing Franconia and Haverhill Iron 
Works owned 15% ("the right of one and a half tenth") of the ore from the 
Howland lot and used the same road for their ore wagons, to the detriment of the 
condition of the road. 

The company then employed David Smith as its agent. Smith recommended both 
technological and administrative changes in the running of the company, including 
the building of a second furnace, so that one could be used strictly for the 
production of pig iron and the other, presumably, for the casting of hollow ware. If 
the corporate directors chose not to build a second furnace, Smith requested 
permission to redesign the lining of the present furnace, enlarging the inner 
diameter by 18 inches and thereby increasing the daily capacity of the furnace by 
50%. Smith also urged the employment of a trained bookkeeper, accustomed to 
double-entry bookkeeping, so as to improve the directors' capacity to analyze their 
true financial condition. 

Smith was also critical of the staffing of the furnace. He urged the employment of a 
good founder who understood the casting of pig iron; the employment of good 
forgers or refiners who could turn cast iron into wrought iron without the waste of 
time and fuel caused by current workmen, who were slow and inefficient; the 
employment of a practiced steel baker to use the new but idle experimental steel 
furnace or a larger one to be built; and the building of a new trip hammer shop 
attached to the company's blacksmith shop. By introducing the manufacture of 
steel, Smith assured the company's directors that they would have a product that 
would enjoy an almost unlimited demand and would repay the expense of 
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freighting it all the way to coastal ports, whereas the current products of cast and 
wrought bar iron and hardware would never command a market outside the 
surrounding countryside. 

1811 According to Charles T. Jackson, writing in 1841 and again in 1844, the furnace 
then in operation was "erected in 1811, has been in operation since that time, and 
produces from 250 to 500 tons of excellent cast iron per annum." As reported 
below, however, extensive alterations to the furnace were carried out in 1816, so it 
is difficult to know whether the furnace standing in 1841 was really built in 1811, 
or whether this was misinformation. 

1816 A report written by William P. Page discusses the recommendations made by 
consultant Isaac Williams, who had been employed at Livingston's Furnace and 
was called "one of the most experienced Iron Masters in the country" by Page. 
Williams recommended the rebuilding of the furnace lining and lower parts, but 
evidently proposed to keep the major walls of the existing furnace intact. Page says 
that "we. . . went to work, removed the old lining and hearth, had stones for the 
new Furnace got out and repaired, and in short of three weeks from the time she 
blew out, had fire into her again." Page's report makes it clear that the furnace he 
rebuilt had an ovoid inner section, and this agrees with a diagram copied by Elias 
Hasket Derby about 1809. "Mr. Williams was not satisfied with any part of the old 
Furnace. It was too low, the shape of the cavity was bad, the boshes were too 
steep" and "together with the hearth, were badly worn by the fire." The steep 
boshes precipitated the charge too quickly into the lower portion of the furnace, 
while the enlarged upper section encouraged combustion too high up in the stack. 
The result, according to Page, was that the old furnace burned "in [an] irregular 
state, and from what I could learn, it had been more or less the difficulty of all 
former blasts." In addition to giving the rebuilt furnace a conical interior above the 
boshes (the shape illustrated in a cross-section published in 1844 by Jackson), 
Page and Williams raised the top of the furnace from twenty-four to twenty-eight 
feet in height, narrowing its dimensions from the old. They made a number of 
changes in the hearth area, and increased the diameter of the blowing piston. 

The fact that the furnace had a blowing engine with a piston in 1816 is significant. 
In his diagram of a blast furnace, copied from Volume 5 of Tilloch's Philosophical 
Magazine, Elias Hasket Derby illustrated such a machine and described its 
pumping cylinder as six feet in diameter. According to Victor Rolando's history of 
iron, lime, and charcoal manufacture in Vermont, 200 Years of Soot and Sweat 
(1992), the builders of the Monkton Iron Company blast furnace at Vergennes, 
Vermont, considered such an engine in 1808, but "wooden cylinders were so new 
that no one was found who knew how to make them," and so this furnace was 
blown by bellows. Rolando further states that "the accepted year for the 
appearance of blowing tubs in the Northeast is 1835." Yet we seem to see that the 
furnace at Franconia had such an engine before 1816, one that possibly survived 
from the time of construction of the first furnace before 1810 or from the rebuilding 
that may have taken place in 1811 following David Smith's recommendations. 
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In addition to the changes he describes carrying out to the furnace and blowing 
engine in 1816, Page repeated the recommendation made by David Smith in 1810 
that the company erect a second furnace for castings. The older furnace would 
thereby be managed in a way that would increase the production of pig iron, while 
the second furnace, an Air Furnace, would further refine the cast iron during 
remelting, permitting thinner and finer patterns to be used and producing a more 
refined cast product. An air furnace is defined by Victor Rolando as a horizontal 
reverberatory furnace, not a vertical blast furnace. 

At Page's suggestion, ore was then taken from "the Ditch, which had for some 
years been abandoned, [rather) than at the opening last made near the head of the 
hill." The miners were instructed to use a smaller diameter stone drill with a less 
delicate point, this avoiding breakage of drill points while nevertheless making 
smaller holes that required less powder in blasting. They also returned to a type of 
"lean" ore that had previously been thrown aside as worthless, finding that it made 
good iron when mixed with the purer ore in the rebuilt furnace. 

1817 When Eliphalet Merrill published his Gazetteer of the State of New-Hampshire in 
this year, he could state that 

The works consist of a blast furnace with a reservoir of water near 
the top as a precaution against fire, and air furnace, a steel furnace a 
pounding machine to separate the iron from the cinders, a forge with 
four fires and two hammers, a turning lathe, and a tr ip-hammer 
shop with four fires and two hammers. 

If this is an accurate description, it appears that the recommendations of iron 
masters David Smith and Isaac Williams had been followed scrupulously by the 
company's board of directors, providing the company not only with a rebuilt blast 
furnace but also with a reverberatory furnace for remelting iron for casting and a 
third furnace for making steel. 

1823 The Digest of Accounts of Manufacturing Establishments in the United States and 
Of Their Manufactures (1823) describes the productions of the Upper and Lower 
Works under one entry, not differentiating their individual products. According to 
this document, the iron factories of Grafton County produced "stoves, cooking and 
parlor; hollow ware, potash kettles, machinery, bar iron, &c." with a market value 
of "$24,500 and part uncertain." The establishments annually consumed 1,000 tons 
of ore and 300,00 bushels of charcoal with a value of $17,000, They employed 90 
men and paid $8,000 in annual wages. Their facilities included "2 blast furnaces; 8 
forges; 2 trip hammers, &c " and were "partly in operation." The amount of capital 
invested was given as $200,000, The report goes on to note that 

this statement includes two establishments: with respect to one of 
which it is represented that there is abundance of the raw material 
in the neighborhood; yet from the low price of imported iron, the high 
price of labor, and [thel dull market, the establishment is but partly 
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in operation. And with respect to the other, [establishment], it 
is said that, previously to, and during the late war, sales were 
readily effected: but that owing to the general gradual 
depression of business since that time, the sales have rather 
diminished, and that the company have a large amount of 
manufactures on hand unsold. 

John Farmer's and Jacob B. Moore's A Gazetteer of the State of New-Hampshire 
(1823) notes that 

The ore is obtained from a mountain in the east part of Concord 
[changed to Lisbon in 1824), three miles from the furnace, and is 
considered the richest in the United States, yielding from 56 to 63 
per cent, and the mine is said to be inexhaustible. About twelve or 
fifteen tons of iron are made in a week, and sixty men on average are 
employed annually. 

1824 The Report of the Secretary of State, Of Such Articles Manufactured in the United 
States as Would Be Liable to Duties If Imported From Foreign Countries (1824) 
tells us that in that year, both the Haverhill and Franconia Iron Factory and the 
New Hampshire Iron Factory Company were authorized to issue stock to the 
amount of $200,000. While the New Hampshire Iron Factory Company was listed 
as producing bar, iron, ironmongery, hardware, etc.," the Haverhill and Franconia 
Iron Factory was described as producing "iron & other things which may be 
wrought from ore." This implies that the "(Upper Works" may have produced only 
wrought iron, possibly by the direct process, rather than both cast and wrought 
products, yet a newspaper advertisement of the following year (see below under 
1825) lists a furnace among the assets of this company. 

1825 The New-Hampshire Patriot of July 18, 1825 advertised the sale of the Haverhill 
and Franconia Iron Manufactory (the "Upper Works"), giving the most detailed 
description of that operation that has yet come to light: 

NOTICE. 

The Proprietors of the HAVERHILL and FRANCONIA IRON 
MANUFACTORY, having concluded to dispose of their 
establishment, offer the whole for sale, consisting of the Mill 
privilege with 240 acres of land adjoining, with the Furnace, Forge, 
Blacksmith shop,, Grist and Saw Mills, 2 Warehouses, 1 Store, 3 
large barns, 6 dwelling houses, one which is calculated for a Tavern, 
and another for the Agent there, and the ore hill, with an 
inexhaustible vein of Iron Ore. 

The Mill Seat at Bath and every other portion of their land will he 
sold on the most reasonable terms, and at very reduced prices, for 
cash or approved notes with interest. 

The manufactured stock consists of Bar Iron, Plough moulds, 
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Sleigh Shoes, Tire Iron, Crow bars, Ox Chains, Shovels, 
Scythes, and a great variety of tools and wrought iron. Iron 
Castings, viz, Pot Ash and Cauldron Kettles, Pots and Kettles 
or various kinds, articles for family use, a variety of Plate, 
Cooking, and Close Stoves, Grudgeons, wheels, Forge 
hammers and a variety of machinery. Grain, Salt Pork, 
Cloths, Hats, and a great variety of articles too numerous to 
mention. 

Persons disposed to make great bargains will be pleased to call on 
the Agent without delay, as the whole will be closed by the 1st of 
Oct. next. G. REYNOLDS, Agent. 

Franconia, N.H. July 18. 1825 

It should he noted that a George Reynolds was active in Manchester, N.H., from 
1856 to 1860 as superintendent of Blodgett Edge Tool Manufacturing Company, 
and patented a machine for making axe polls in 1858; perhaps he was the former 
agent of the Haverhill and Franconia Iron Manufactory. 

This description suggests strong parallels between the physical plants and the 
holdings of the New-Hampshire Iron Factory Company and the Haverhill and 
Franconia Iron Manufactory, with the major difference apparently being that the 
latter owned much less acreage (240 acres) than the former (which had 5,456 acres 
by 1810, 4,500 acres in 1857). To judge by the Joseph Bray report of 1810 on the 
New-Hampshire Iron Factory Company and by this newspaper advertisement for 
the Haverhill and Franconia Iron Manufactory, both companies had a blast 
furnace, a forge or forge shop, a blacksmith shop, dwelling houses, a tavern, saw 
and grist mills, and property at Bath, N.H. 

1827 According to various modern secondary accounts, perhaps beginning with the WPA 
book Hands That Built New Hampshire (1940) and repeated in Enzio Serafmi's 
"Franconia's Forgotten Iron Industry," White Mountain Echoes (Winter 1952), "in 
1827 the Upper Works was destroyed by fire and never rebuilt." The following 
source, however, suggests that the Upper Works was re-established; this re -
establishment is not listed in the Index to the Laws of New Hampshire (1886). 

1827 A government publication, Documents Relative to the Manufactures in the United 
States (1832), tells us that "The Upper Works of Franconia, in Grafton County, was 
established in 1829" (see below under 1832). This apparently refers to a second 
company that was constituted after a fire in 1827 (see above under 1827). The 
report further lists this company's products as bar iron only, implying that the 
blast furnace mentioned in the newspaper advertisement of 1825 may have been 
inoperative or that the company converted the total product of the blast furnace to 
wrought iron. 

1832 Documents Relative to the Manufactures in the United States (1832) gives the 
following information about the Upper Works: 
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The New Hampshire Iron Factory. This factory is located in 
Franconia, in the county of Grafton. It was established in 1805. The 
value of real estate, water power, buildings, and machinery, is 
$50,000, the original cost of which was $200,000. The expense of 
manufacturing 300 tons of castings and 130 tons of bar iron, is 
$27,200, the sales of which amount to $34,000. 

The Upper Works of Franconia, in Grafton County, was established 
in 1829. The value of real estate, water power, buildings and 
machinery, is $10,000. The expense of manufacturing 50 tons (gross) 
of bar iron, is $3,250, the sales of which amount to $5,500. 

The New Hampshire Iron Factory Company have not, until lately, 
been successful. The articles formerly manufactured were of an 
inferior quality, but at presently they are preferred, and the 
blacksmiths in the neighborhood of the works, set a high value upon 
the bar iron for many purpose. 

It is impossible to ascertain the number of persons employed in these 
establishments, as the ore is dug and transported to the works by 
contract, and the labor is mostly done by the job. When by the 
month, the lowest rate is $10, and boarded; and the highest rate by 
the month, is $14, and boarded. When employed by the day, the rate 
is $1 per day, and boarded. The article of bar iron is sold in Boston 
at 90 to 100 dollars per ton. The present rate of profit on the New 
Hampshire Iron Factory Company is 15-1/2 per cent, per annum, 
and that of the Upper Works is 22-1/2 per cent. The hollow ware is 
sold in New Hampshire at 6 cents per pound. 

The manufactures of these establishments at Franconia are so 
remote from the points of importation, that they are entirely out of 
foreign competition, within a circle of 50 miles. 

1833 E. T. Coke, in his A Subaltern's Furlough, Vol. 11 (New York, 1833), seems to 
confirm the continued existence of the Upper Works when he states 

I rode out early the following morning to the iron-works at 
Franconia, about six miles distant. They are the property of a 
company, and produce a metal of soft, tough quality, considered 
superior to any in the States. The ore is found in considerable 
quantities in the hills, three miles distant, and supplies another 
foundry in the immediate vicinity; both establishments, however, are 
upon a small scale.. 

1841 Charles T. Jackson, M.D., issued his First Annual Report on the Geology of the 
State of New Hampshire in this year, repeating many of his comments concerning 
the New Hampshire Iron Manufacturing Company three years earlier in his Final 

85 



Franconia Furnace Recording Project 

Report on the Geology and. Mineralogy of the State of New Hampshire (Concord, 
N.H., 1844). Jackson notes that the "granular magnetic iron ore" the used 
exclusively by the company contains 69.04% iron, of which 60% was recovered 
during refining and 9% wasted. The company's agent was then Captain Putnam, 
who stated that the blast furnace was erected in 1811 and then produced from 250 
to 500 tons of "excellent cast iron" per annum, which was partly sold in the form of 
castings and partly converted to bar iron—100 to 140 tons per year—at the forges. 

Capt. Putnam reported that in 1841 "the stack of the furnace was built of granite 
and is lined with mice slate, which is found in the vicinity" with the hearth stones 
being made of Landaff quartz rock. The furnace was kept in blast from 16 to 26 
weeks at a time, consuming from 200,000 to 300,000 bushels of charcoal each year. 
Each single charge of the furnace consisted of 15 bushels of charcoal, 280 pounds of 
iron ore, and one box of limestone for flux. Jackson reproduced the yearly 
production summary for the year 1838, which revealed that the blast continued 24 
weeks that year, 160 bushels of charcoal were required to smelt a ton of ore, and 
the average yield of the ore that year was 55.12% iron. 

In the same report, Jackson describes the source of limestone used as flux at the 
New Hampshire Iron Manufacturing Company. He states, 

Limestone likewise abounds in the town of Lisbon, near the S.W. 
extremity of Mink Pond, and is quarried and burnt for lime in 
several places. The principal quarries which are wrought belong to 
Messrs. Orren Bronson, Thomas Priest, David Priest, and Uriah 
Oakes. . . . Mr. Oakes' quarry is situated 2 miles west from 
Franconia furnace, and is wrought to some extent for lime. This kiln 
is built like the one before described, but is of larger dimensions, 
containing 100 tierces of lime. It is built of the common rocks found 
in the vicinity, and is lined with mica slate. The walls are from two 
to three feet in thickness, and the lining is 1 foot thick. The cost of 
the kiln was $100. He sells his lime for $1.50 per tierce, without the 
cask, and for $2 when packed in casks. . . . This limestone is situated 
favorably for supplying the Franconia furnace with a flux, to be used 
in smelting their iron ore, and I believe they obtain it for that 
purpose. 

1844 In his final report of 1844, Jackson reproduced a cross-section of a blast furnace 
from M. Dumas' Chime applique aux Arts, stating that this diagram "represents so 
nearly the structure and proportions of the Franconia furnace, that I have not 
thought it necessary to print my sketch, which was made from measurements 
taken then cold blast was used at the furnace." Jackson goes on to say that "the 
stack of Franconia furnace, by my measurements, is 34 feet high, 8 feet 3 inches in 
diameter at the boshes, or 12 feet before the lining was put in." and that the 
casting arch is 11 feet wide. 
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This description (and the Dumas cross-section diagram) indicates that the furnace was 
then a cold blast furnace with only one blast arch rather than the three now present. 

Jackson also describes Tyson's Furnace in Plymouth, Vermont, a hot-blast furnace, 
stating that "since a much larger daily product of iron is obtained by less 
consumption of fuel, the hot blast is applicable to many of our New England 
furnaces. I understand that the hot blast has recently been introduced at my 
suggestion, in the Franconia furnace, but I have not yet witnessed the result, the 
change having [only] recently been made." 

1849 In A Gazetteer of New Hampshire (1849), John Hayward states: 

The town [of Franconia] owes its rise and prosperity to the discovery 
and working of a rich vein of granular magnetic iron ore, which 
exists within the present limits of the town of Lisbon, at its south-
eastern corner. The iron ore is a vein from three and a half to four 
feet wide, included in granite rocks. The course of this vein is north 
thirty degrees east, south thirty degrees west, and its dip is to the 
south-east seventy or eighty degrees. It has been opened and 
wrought forty rods in length, and one hundred and forty-four feet in 
depth. The ore is blasted out by workmen employed by a contractor 
who supplies the Franconia furnaces. The mine is wrought open to 
day-light, and is but partially covered to keep out the rain. On 
measuring the direction of this vein, it was evident that it extended 
into the valley below, and on searching the hill-side, it was readily 
discovered in that direction. 

1850 The United States Census of 1850 describes the property as including a water-
powered shingle mill, a water-powered blast furnace, a water-powered cupola 
furnace, a water-powered forge shop with five fires and two hammers, a water-
powered machine shop with nine fires and three lathes, a water-powered 
wheelwright's shop, a water-powered saw- and grist mill, and a horse-powered 
mine. 

A cupula furnace is a vertical furnace, akin to a blast furnace in design, for re -
melting pig iron. Assuming that the term "air furnace" was accurately used in 
1817, this earlier reverberatory re-melting furnace seems to have been 
supplemented by a vertically oriented re-melting furnace, probably with greater 
capacity, over the following decades of operation. 

1855 Edwin A. Charlton, in New Hampshire As It Is (12855), states that 

In December, 1805, a company was incorporated under the name of 
the New Hampshire Iron Manufactory. The buildings necessary for 
the prosecution of the enterprise were erected on the south branch of 
the Lower Ammonoosuc, and consist of a large blast furnace, a 
cupola furnace, a forge, trip hammer shop, blacksmith shop, and 
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pattern shop. From 20 to 30 men are constantly employed. 
250 tons of pig iron and from 200 to 300 tons of bar iron are 
produced annually. The ore is said to he the richest yet 
discovered. It yields from 56 to 90 per cent. 

1857 According to an advertisement of April 20, 1857, in the New-Hampshire Patriot, 
the entire property was to he sold at auction on May 6, 1857 at the tavern in 
Franconia, without reserve. The property was described as 

The entire property of the New Hampshire Iron Factory Company, (a 
large portion of which is only 5 miles distant from the White 
Mountains Railroad), consisting of about 4500 acres of unimproved 
land, situated in Franconia and the neighboring towns, mostly 
covered with a heavy growth of pine, spruce, hemlock, tamarack, and 
hard wood timber. 

Also, the Blast Furnace, (Pocket Furnace,) Forge, Machine Shop, 
stone Blacksmith Shop, Wood and Paint Shop, all situated in and 
near the Mill Pond, which affords ample water power for an 
extensive manufacturing business. 

Also, nine Dwelling Houses, Store and other buildings. 

The supply of iron ore belonging to the company is inexhaustible, and 
it is universally conceded to be in no respect inferior in quality and 
richness of yield to any in this country or Europe, and the 
manufacture can be profitably conducted, as in the immediate 
vicinity of the works there is a constant demand for vast quantities 
of pig and wrought iron. 

It is hard to guess why the term "(Pocket Furnace)" is enclosed in parentheses in 
this advertisement. Does this term modify the words "Blast Furnace," indicating 
that the then-existing blast furnace was a pocket furnace, or does it merely refer 
to a secondary furnace? According to Victor Rolando, a pocket furnace was a 
diminutive blast furnace, often only five feet high, used either for preliminary 
testing of ore or for small-scale cast iron production for local markets. Possibly the 
cupola mentioned in 1855 took the form of such a furnace and the two terms, used 
two years apart, refer to the same device. 

1859 The present furnace was constructed under the supervision of "S. Pettee, Jr.," 
whose name, accompanied by the date "1859," appears on one of the voussoirs of 
the northern or casting arch of the four-arch furnace. Duncan Wilkie has identified 
S. Pettee as having been an agent of the Katahdin Iron Works in Maine in 1856. 
According to the United States Census of 1860, the new owners, who incorporated 
themselves under the name of the New Hampshire Iron Company, "...Commenced 
operations July 1, 1859," The same census indicated that the mining operation in 
Lisbon employed 22 hands, with a 25-horsepower steam engine, to produce 1,110 
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tons of iron ore valued at $5,000 each year. This is a marked advance over the 
census returns of 1850, which described the mining operation as horse-powered, as 
employing 8 hands, and as producing 500 tons of ore valued at $2,500 in that year. 

1865 An article in the "Franconia Iron Mine" in The Granite Monthly 4 (1881), p. 466, 
state that "for various causes the work at the furnace and mine was suspended 
about 1865 and had not been resumed." 

1870 The United States Census indicates no activity at the site: it was "Inoperative at 
Present." The same census states that $200,000 had been invested in the business 
and that it was powered by six water wheels generating 60 horsepower. 

1878 C. H. Hitchcock in Part V of his The Geology of New Hampshire *1886), notes that 
furnaces here "continued in blast till 1870," quoting from Jackson for other 
statistics of the former operation. 

1881 According to the Index to the Laws of New Hampshire (1886) the "New Hampshire 
Iron Factory Company" was reincorporated as the "New Hampshire Iron Company" 
in 1860 and again reincorporated as the "Franconia Iron Company" in 1881. 

1883 The Franconia Iron Company was listed in the Concord Directory of 1883 as 
"Incorporated 1812" [sic], with offices at 72 North Main Street. The officers of the 
corporation were Sylvester Marsh, president; Lyman D. Stevens, treasurer; Henry 
W. Stevens, secretary; S. Marsh, C. M. Ransom, T. H. Ford, Dr. Spaulding 
(Nashua), B. J. Cole (Lake Village), E. B. Parker (Lisbon), and Charles H. 
Greenleaf, directors. 

1884 Fire destroyed all portions of the iron works except for the main blast furnace. 
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Franconia Furnace Recording Project 

Appendix C 

The Theodolite Survey Report 
and 

Printout of Survey Data 

by Karl Danneil 
A couple of data problems occurred: too much magnetic deviation when set up near the 

highway bridge, and improper setup of magnetic north for the straight line and Ryan's 
datum measurements. The first problem was solved by re-surveying and using another 
setup location. The second problem wasn't noticed until the data was plotted after 
returning home. The line to Ryan's datum goes through the furnace instead of a little 
north of it. Since I neglected to measure any previous reference point, I can only guess at 
the compass error magnitude. The data listing in table Cl (page 93) present both the 
unaltered results and the result using a 10-degree guess correction. 

Explanation of the Data Printout Organization: Explanation of information included in 
the printouts of survey data collected at the furnace site. The survey was conducted to 
document the remains of the stone stack of the furnace, the several stone walls, and other 
structures that remain. 

The locations of the structures were measured using a theodolite supplied by the New 
Hampshire Division of Historic Resources. All of the data collected uses magnetic north as 
the common reference. 

The printouts present both the calculated data on the left side, and the original data 
with location comment on the right side. A few data points were corrected for obvious 
errors in which case a note has been attached to the comment about the correction. 
Measurement station numbers have been altered to keep the numbers from repeating 
within the set of data. 

The primary calculated result is the X Y Z coordinate of the measurement end point 
(the "to" end). It was expected that these values would be helpful in drawing details and 
as a guide to insure that all the needed data has been collected. The computer programs 
that do the location calculations produce the included printouts and also output data files 
that can be loaded into CAD/CAM drafting programs so that an overall site depiction can 
be generated and printed out. The data can be supplied on floppy disk along with the 
generic Basic language programs. 

The zero point for all the X Y Z locations was the furnace site datum selected by Vic 
Rolando east of the furnace. The positive directions are: X = northward, Y = eastward, Z = 
up. Datum points are manually entered into the computer data file based on point 
calculations and the program prints a message indicating the location of the new datum 
point. Forward and reverse readings are taken whenever the theodolite is moved so that 
magnetic deviation can be detected and corrected. 
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Franconia Furnace Recording Project 

Details of the Theodolite Printout: The theodolite was setup to magnetic north, and all 
calculation were kept in magnetic north reference as noted above. 

Data Item Description 
X,Y,Z Calculated location of end point of measurement in feet. 
Sta# Station number assigned to measured point. 
Az Azimuth angle to measured point, always eastward 0 to 360 

degrees. 
El Elevation angle: Up = positive degrees (above horizontal). 
Distance Calculated horizontal distance to measured point in feet. 
A1,A2,A3 Theodolite azimuth angle readings in degrees, minutes, seconds 

of arc. 
E1,E2,E3 Theodolite elevation angle reading in degrees, minutes, seconds 

with horizontal = 0, and straight up = +90. 
S1,S2,S3 Survey stick readings at theodolite markings: high, middle, low 

marker. These readings are in meters. 

Details of the Pentax Theodolite: The Pentax theodolite was borrowed from the New 
Hampshire Division of Historic Resources, Concord, NH, through the kind efforts of James 
L. Garvin, Architectural Historian (and NNEC-SIA member) and Gary Hume, State 
Archeologist. The theodolite was a Pentax model Geotec T-24B. This theodolite is 
calibrated such that a difference of 1 meter from the high reading to the low reading 
calculates the distance to the stick to be 100 meters. A calibration check was performed 
by taping 50 meters, then taking readings with the telescope in its normal and 180-
degree flipped positions. This check isn't rigorous, but indicates the theodolite was in 
proper calibration. 

Data Item Description 
Sta# Station number assigned to the theodolite position. 
H Calculated height of the theodolite in feet. 
X,Y,Z Calculated location of the theodolite position in feet. 
C Theodolite compass correction angle in degrees. 

Object Measurements: To measure the location of objects, the survey stick was 
generally placed against the object and the stick middle reading corresponds to the object 
location. The computer program was altered so that the stick middle reading is the 
calculated position, instead of the base of the stick as in the normal theodolite 
measurement. 

Other special measurements were also made such as to the top of the large pipe in the 
furnace. The measurement has to be carefully inspected to verify which calculations are 
valid versus forced for computational convince purposes. 
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Table CI. Survey Data Without and With 10-Degree Azimuth Correction 

Data with the azimuth error as measured - September 1994 
Date: 10-04-1994 Computed Results 

X Z Sta# Az 

Input Measured Data 

El Distance A1 A2 A3 El E2 E3 Shi Smid Slow Comments 

Page 1 of 1 

9007 Theo position—H,X,Y,Z,C= 4.583, 0.000, 0.000, 0.000, 2.039 
206.700 -109.033 5.298 401 332.189 1.783 233.808 330 9 

Theo on Furnace Site Main Datum, straight line, llSept94 

175.681 
146.690 
117.990 
88.420 
60.590 

-92.670 
-77.378 
-62.239 
-46.641 
-31.960 

3.943 
2.825 
2.221 
1.928 
1.067 

402 
403 
404 
405 
406 

332.189 
332.189 
332.189 
332.189 
332.189 

1.783 
1.783 
1.783 
1.783 
1.783 

198.720 
165.928 
133.464 
100.016 
68.535 

330 
330 
330 
330 
330 

9 
9 
9 
9 
9 

0 

0 
0 
0 
0 
0 

47 0 7.736 6.562 5.397 

47 
47 
47 
47 
47 

0 
0 
0 
0 
0 

7.825 
7.743 
7.185 
6.266 
5.994 

6.824 
6.922 
6.516 
5.768 
5.650 

5.837 
6.083 
5.850 
5.266 
5.308 

CD 00 

-9.083 -116.560 24.738 407 265.545 11.833 119.452 263 30 20 11 50 0 4.957 4.340 3.737 

Data with an additional 10-degree azimuth angle guess - September 1994 
Date: 09-30-1994 Computed Results Input Measured Data 

Straight line to near owners 
driveway, south of small pine tree 
Straight line, about 30 feet south 
Straight line, about 30 feet south 
Straight line, about 30 feet south 
Straight line, about 30 feet south 
Straight line, in line with north 
wall, edge of furnace area 
To bush on top of stone wall, near 
driveway to owner's house, bottom 
of wall, a Walt Ryan datum. 

X Sta# Az El Distance Al A2 A3 El E2 E3 Shi Smid Slow Comments 

9007 Theo position— H,X,Y,Z,C 
222.493 -71.483 5.298 401 

= 4.583, 0.000, 0.000, 0.000, 12^39 Theo on Furnace Site Main Datum, sraight lne, llSept94, +10-degrees guess 

189.104 
157.898 
127.005 
95.176 
65.219 

-60.756 
-50.730 
-40.804 
-30.578 
-20.954 

3.943 
2.825 
2.221 
1.928 
1.067 

402 
403 
404 
405 
406 

11.296 -116.367 24.738 407 

342.189 1.783 233.808 330 9 0 1 47 0 

342.189 1.783 198.720 330 9 0 1 47 0 
342.189 1.783 165.928 330 9 0 1 47 0 
342.189 1.783 133.464 330 9 0 1 47 0 
342.189 1.783 100.016 330 9 0 1 47 0 
342.189 1.783 68.535 330 9 0 1 47 0 

275.545 11.833 119.452 263 30 20 11 50 0 

7.736 6.562 5.397 

7.825 
7.743 
7.185 
6.266 
5.994 

6.824 
6.922 
6.516 
5.768 
5.650 

5.837 
6.083 
5.850 
5.266 
5.308 

4.957 4.340 3.737 

Straight line to near owners driveway^ 
south of small pine tree 
Straight line, about 30 feet south 
Straight line, about 30 feet south 
Straight line, about 30 feet south 
Straight line, about 30 feet south ® 
Straight line, in line with north wall, j? 
edge of furnace area ° 

To bush on top of stone wall, near ^ 
driveway to owner's house, a Walt 
Ryan datum 

3 
TO 
TI 
«2. cd 



Table C2. Input/Measured Survey Data (continued) Page 1 of 3 

Sta# Al A2 A3 El 
9000 Theo position - H,X,Y,Z,C = 
1 278 36 0 -1 
2 3 2 0 -1 
2 183 2 40 -1 
3 167 56 0 0 
Hi-Med,Med-Low,Delta(>.02 ft) = 
4 166 18 0 0 
Hi-Med,Med-Low,Delta(>.02 ft) = 

co iL 

5 166 18 40 0 

9001 Theo position - H,X,Y,Z,C = 
6 339 40 20 0 

7 242 2 0 0 

9002 Theo position - H,X,Y,Z,C = 

101 234 38 40 1 
102 229 13 0 1 
103 174 42 40 0 
104 168 8 40 0 
105 166 36 0 0 

9003 Theo position - H,X,Y,Z,C = 
106 347 8 40 0 
107 241 50 20 0 

9004 Theo position - H,X,Y,Z,C = 
108 59 15 20 0 
109 163 12 20 -1 

Hi-Med,Med-Low,Delta(>.02 ft) = 
no 231 46 20 2 
111 237 59 0 2 
112 241 15 40 3 
113 258 30 0 3 
114 262 18 20 2 

E2 
4.917, 
-33 
-45 
-49 
36 

1.820844, 
-5 

2.185013, 
-4 

E3 
511.328, 
0 
0 
0 
0 

Shi Smid Slow Comments 
56.763, -5.185, -6.639 9Sep94 
3.369 
4.931 
4.924 
5.016 

3.281 
4.108 
4.104 
3.937 

3.195 
3.284 
3.281 
2.867 

1.870056, 4.921198E-02 
0 6.414 4.593 2.723 
2.102993, 8.202004E-02 

To benchmark of bridge abutment, north of furnace area 
Calibration - taped 50 meters North 
Cal. - telescope flipped 

1st telephone pole south of bridge, along highway 

2nd telephone pole south 
0 5.466 3.281 1.178 To datum in furnace Visitors Center drive 

¡a 3 n 
o 3 5' a 
P 

¡a o n> $ 
n o 
a S' era a •-i 
,Q 

4.667, 109.234, 
-17 0 

205.726, -4.048, 0.000 
5.387 3.281 1.181 

22 0 3.281 2.110 0.951 

Theo on datum in furnace Visitors Center drive 
Back sight to the bridge sidewalk datum -
TOO M U C H VARIATION 
To datum at furnace site, about 15 feet from river & 30 feet east of stack 

5.063, 546.388, 101.769, -4.624, 

50 
13 
2 

12 
13 

4.708, 
-36 
-4 

4.875, 
-29 
-49 

0 
0 
0 
0 
0 

112.353, 
0 
0 

0.000 Theo on east side of highway, north of furnace, to solve a magnetic 
variation problem on 9Sept94 - 10Sept94 

To benchmark on bridge abutment. 10Sept94 
To bridge datum,nail in sidewalk 
1st telephone pole south 
2nd telephone pole south 

3.678 3.281 2.884 
3.599 3.281 2.963 
4.501 3.281 2.060 
5.912 3.937 1.972 
5.518 3.281 1.056 To datum in furnace visitors center drive 

205.172, -1.155, -0.544 Theo on Visitors Center lot datum 
5.515 3.281 1.050 Back sight to #0 (db9002), east side of highway near bridge 
4.449 3.281 2.110 Across river to furnace site datum, nail & ribbon. Force to ZERO 

Theo on furnace site datum 
0 4.961 3.799 2.625 Back sight to Visitor Center datum 
0 4.524 3.281 2.041 To dam, south in river, east side of stream near water, to center wood 

beam 

0.000, 0.000, 0.000, 2.039 

5.577374E-02, 0.3772922, 0.3215184 
37 0 4.813 4.757 4.380 Southeast corner of base of furnace stack. Slow = 1.335 error 
41 0 3.438 3.281 3.123 South corner, east face, base of stack 
8 0 3.435 3.281 3.123 South edge of east arch 

18 0 3.428 3.281 3.136 North edge of east arch 
57 0 3.428 3.281 3.136 North corner of east face, base of stack 



Table C2. Input/Measured Survey Data (cont inued) Page 2 of 3 

Sta# Al A2 A3 El E2 E3 Shi Smid Slow 
9004 (continued) 
115 274 37 0 2 43 0 4.131 3.937 3.747 
116 111 28 20 -12 -6 0 7.677 7.539 7.388 
Hi-Med,Med-Low,Delta(>.02 ft) = 0.2526217, 8.530092E-02, 0.1673207 
117 166 3 0 -6 -12 0 4.846 4.593 4.508 

118 220 11 20 0 -40 0 6.814 6.562 6.316 
119 205 9 40 0 -32 0 6.863 6.562 6.266 
120 183 16 40 -3 -35 0 3.317 3.035 2.753 
121 201 35 20 -1 -15 0 4.924 4.596 4.268 
122 192 40 20 -1 -2 0 4.108 3.609 3.117 
123 212 16 40 -1 -2 0 4.961 4.659 4.360 
124 225 11 0 3 41 0 6.309 5.915 5.518 
125 302 27 20 4 3 0 7.641 7.218 6.801 
126 322 8 40 4 4 0 7.651 7.336 7.018 
127 322 3 0 4 4 0 3.907 3.586 3.274 
128 302 49 20 7 47 0 4.373 3.937 3.510 
129 224 52 20 7 17 0 2.385 1.968 1.565 
130 215 25 40 4 19 0 4.646 4.311 3.986 
131 224 25 0 9 55 0 4.455 3.937 3.432 
132 231 22 40 11 5 0 3.770 3.281 2.795 
133 221 13 40 9 41 0 5.056 4.593 4.127 
134 305 18 20 2 7 0 5.899 5.577 5.256 
135 53 25 0 -14 -59 0 7.684 7.546 7.424 
136 140 22 0 -17 -25 0 7.037 6.890 6.742 
9005 Theo position - H,X,Y,Z,C = 4.875, 0.000, 0.000, 1 0.000, 2.039 
Hi-Med,Med--Low,Delta(>.02 ft) = 9.842396E-03, 0.3313608, 0.3215184 
205 256 57 0 5 24 0 4.760 4.751 4.419 

9006 Theo position - H,X,Y,Z,C = 4.625, 38.954, -51.052, 1.671, 0.273 
Hi-Med,Med-Low,Delta(>.02 ft) = 0.3510461, 0.2821488, 6.889725E-02 
301 127 4 20 0 0 0 6.634 6.283 6.001 
303 160 12 20 3 17 0 5.597 5.417 5.236 
304 180 13 0 3 18 0 5.673 5.495 5.318 
306 190 5 0 2 39 0 5.223 4.990 4.760 

Comments 

Northeast corner of octagon base. Slow = 1.042 error 
Water edge, west side of Gale River, near furnace 

Stone tunnel, 307 deg. (NW) at least 13 feet long, 28 inches wide 
opening, at north edge of a canal 

Northwest corner of canal junction/bend, bottom, south of furnace 
Bottom of canal (tail race) from south, in line with stone wall going west 
Stone corner of wall along 'tail race', south of furnace, near river 
Tail race, west end, in center bottom of southward canal 
South along canal, in center bottom 
East corner of wall south of stack, north face of wall 
West corner of wall, corner of south & west stone walls 
Northwest junction of stone walls, near cavein of west wall 
East end of north stone wall, 4 feet wide 
East end of north stone wall, top, south (outside) corner 
West end of north wall, corner junction with west wall, top, inside 
South end of west stone wall, junction with south wall, top, inside 
East end of south stone wall, top, inside 
Upper wall, south west corner, wall jogs east, runs north 
Upper wall, north of last point 
South on upper wall, south going part, 3 foot wide 
Casting shed area, pig yard datum 
Retaining wall, river edge, dressed face of bridge abutment, north end 
Retaining wall, river edge, dressed face of bridge abutment, south end 

Theo on furnace site datum. OBJECTS 10Sept94 

Large pipe in east arch, south edge, standard measure to bottom of pipe 

Theo north of furnace, near north wall, pig yard datum. llSept94 

Back sight to primary furnace site datum. Slow = 0.829 error 
North arch & east edge of north face, corner of stack 
North arch & west edge of north face of stack 
Corner of west face of stack, north corner, bottom 



Table C2. Input/Measured Survey Data (continued) Page 3 of 3 

Sta# Al A2 A3 El E2 E3 Shi Smid Slow 
9007 Theo position - H,X,Y,Z,C = 4.583, 0.000, 0.000, 0.000, 14.922 401 330 9 0 1 47 0 7.736 6.562 5.397 402 330 9 0 1 47 0 7.825 6.824 5.837 
403 330 9 0 1 47 0 7.743 6.922 6.083 
404 330 9 0 1 47 0 7.185 6.516 5.850 
405 330 9 0 1 47 0 6.266 5.768 5.266 406 330 9 0 1 47 0 5.994 5.650 5.308 
407 263 30 20 11 50 0 4.957 4.340 3.737 

9008 Theo position - H,X,Y,Z,C = 5.021, -239.925 , 63.192, -6.275, 0.573 
408 344 40 20 0 59 0 4.199 2.953 1.716 409 265 55 0 0 35 0 4.649 4.265 3.881 

9905 Theo position - H,X,Y,Z,C = 4.875, 0.000, 0.000, 0.000, 2.039 
201 249 2 0 4 25 0 4.833 4.639 4.445 202 255 37 40 4 36 0 5.013 4.823 4.632 203 268 16 0 6 40 0 5.919 5.755 5.587 204 234 25 0 5 23 0 5.617 5.433 5.243 

Hi-Med,Med-Low,Delta(>.02 ft) = 9.842396E-03, 0.3313608, 0.3215184 
206 257 14 0 5 24 0 4.760 4.751 4.419 
207 249 54 20 13 58 0 9.790 9.632 9.468 
208 257 17 0 44 18 0 0.000 0.000 0.000 209 232 5 0 13 38 0 13.12 13.123 13.123 210 233 44 20 13 38 0 13.12 13.123 13.123 
9906 Theo position - H,X,Y,Z,C = 4.625, 38.954, -51.052, 1.671, 0.273 302 155 10 20 3 18 0 5.932 5.718 5.508 305 186 58 40 2 39 0 4.915 4.705 4.498 307 176 13 20 2 28 0 3.783 3.560 3.340 
308 165 0 0 2 27 0 3.783 3.560 3.340 
309 170 11 0 12 10 0 11.151 10.958 10.771 

Comments 
Theo on furnace site main datum. STRAIGHT LINE llSept94 
Straight line, to near owner's driveway, south of small pine tree 
Straight line, about 30 feet south 
Straight line, about 30 feet south 
Straight line, about 30 feet south 
Straight line, about 30 feet south 
Straight line, in line with north wall, edge of furnace area 
To bush on top of stone wall, near driveway to owner's house, bottom of 
wall, a Walt Ryan datum 

Theo on dam datum, east side of Gale River, 66 inches from west end of 
timber 

Back-sight to furnace site main datum 
To iron pin in rock on west of river, 16 inches on centers to another pin 
under bank 

Theo on furnace site datum. OBJECTS 10Sept94 
East arch, cast iron header, south, bottom, at stone wall - 10Sept94 
East arch, cast iron header, north, bottom, at stone wall 
Binder rod end, N W face of stack, center, outer corner of rod, south corner 
Binder rod end, southeast face of stack, center, outer corner of rod, bottom, 
north corner 

Traverse to pipe at #5 (#205) altitude 
Top of east arch, bottom corner of stone to south of center point 
Top of large pipe at top of stack, south edge, top point 
Southeast corner of base of stack 
Traverse to stack at altitude 

Theo north of furnace, near north wall, pig yard datum. llSept94 
Smid = object, binder rod, northeast face, north corner, bottom 
Smid = object, binder rod, northwest face of stack, north corner, bottom 
Smid = object, north arch header west side, bottom, at stone face 
Smid = object, north arch header, east side, bottom, at stone face - stick 
readings missing, use numbers from #207 

Smid = object, north arch, arch top, bottom of key stone 



Table C3. Computed Survey Results 

X Y Z Sta# Az E Distance 
9000 Theo position: H,X,Y,Z,C. = 4.917, 511.328, 56.763, -5.185, -6.639 
511.923 39.398 -4.019 1 271.961 -1.550 17.382 
675.543 46.391 -9.403 2 -3.614 -1.750 164.619 
347.448 67.058 -9.581 2 176.405 -1.817 164.285 
307.809 125.673 -1.955 3 161.294 0.600 214.881 
Hi-Med,Med-Low,Delta(>.02 ft) = 1.820844, 1.870056, 4.921198E-02 
165.251 185.050 -5.398 4 159.661 -0.083 369.090 
Hi-Med,Med-Low,Delta(>.02 ft) = 2.185013, 2.102993, 8.202004E-02 
109.234 205.726 -4.048 5 159.672 -0.067 428.800 

9001 Theo position: H,X,Y,Z,C = 4.667, 109.234, 205.726, -4.048, 0.000 
503.628 59.616 -4.742 6 339.672 -0.283 420.593 

TOO M U C H VARIATION 
0.000 0.000 -0.000 7 242.033 0.367 232.932 

9002 Theo position: H,X,Y,Z,C = 5.063, 546.388, 101.769, -4.624, 0.000 

500.493 37.082 -0.304 101 234.644 1.833 79.355 
504.832 53.598 -1.491 102 229.217 1.217 63.633 
303.336 124.269 -2.700 103 174.711 0.033 244.091 
160.774 182.719 -2.123 104 168.144 0.200 394.022 
112.353 205.172 -1.155 105 166.600 0.217 446.186 

9003 Theo position: H,X,Y,Z,C = 4.708, 112.353, 205.172, -1.155, -0.544 
546.667 101.705 -4.403 106 346.600 -0.600 446.492 
-0.000 -0.000 0.000 107 241.295 -0.067 233.921 

9004 Theo position: H,X,Y,Z,C = 4.875, 0.000, 0.000, 0.000, 2.039 
112.188 204.870 -0.895 108 61.295 -0.483 233.585 

-239.925 63.192 -6.275 109 165.245 -1.817 248.232 
Hi-Med,Med-Low,Delta(>.02 ft) = 5.577374E-02, 0.3772922, 0.3215184 
-25.517 -34.879 2.093 110 233.811 2.617 43.261 
-15.703 -27.222 3.067 111 240.022 2.683 31.461 
-13.962 -27.761 3.295 112 243.300 3.133 31.121 
-4.784 -28.706 3.272 113 260.539 3.300 29.151 
-2.870 -28.980 3.095 114 264.345 2.950 29.160 

Page 1 of 3 

Comments 
Sept. 9, 1994 
To bench mark of bridge abutment north of furnace 
Calibration, taped 50 meters north 
Calibration, telescope flipped 
1st telephone pole south of bridge, along highway 

2nd telephone pole south 

To datum in visitors center drive 

Theo on datum in visitors center drive 
Back sight to the bridge sidewalk datum 

To datum at furnace site, about 15 ft from river and 30 ft east of 
furnace 

Sept. 10, 1994. Theo on east side of highway, north of furnace, to solve a 
magnetic variation problem on Sept. 9, 1994 

To bench mark on bridge abutment 
To bridge datum, nail in sidewalk 
1st telephone pole south 
2nd telephone pole south 
To datum in visitors center drive 

Theo on visitors center lot dsatum 
Backsight to #0 (db9002), east side of highway near bridge 
Across river to furnace site datum, nail & ribbon, force to ZERO 

Theo on furnace site datum 
Back sight to visitor center datum 
To dam, south, east side of stream, near water, to center wood beam 

SE corner of furnace base. Slow = 1.335 error 
South corner, east face, of furnace base 
South edge of east arch 
North edge of east arch 
North corner of east face, furnace base 



Table C3. Computed Survey Results (continued) Page 2 of 3 

CO 
C O 

X Y Z Sta# Az E Distance Comments 
9004 (continued) 

4.439 -38.041 2.755 115 276.656 2.717 38.342 NE corner of furnace base. Slow = 1.042 error 
-11.011 25.311 -8.582 116 113.511 -12.100 28.230 Water's edge, west side of river, near furnace 
Hi-Med,Med-Low,Delta(>.02 ft) = 0.2526217, 8.530092E--02, 0.1673207 
-32.679 6.893 -3.346 117 168.089 -6.200 33.595 Stone tunnel, 307 deg. (NW) at least 13 ft long, 28 in. wide opening, 

at north edge of a canal 
-36.921 -33.511 -2.267 118 222.228 -0.667 49.865 N W corner of canal jet/bend, bottom, south of furnace 
-53.103 -27.291 -2.242 119 207.200 -0.533 59.708 Canal from south, in line with stone wall going west, bottom of canal 
-55.968 -5.208 -1.680 120 185.317 -3.583 56.319 Stone corner of wall along tail race south of furnace, near river 
-60.087 -26.286 -1.152 121 203.628 -1.250 65.600 Tail race, west end, in center bottom of southward canal 
-95.801 -25.153 -0.520 122 194.711 -1.033 99.064 South along canal, in center bottom 
-49.572 -33.837 -0.866 123 214.317 -1.033 60.029 East corner of wall south of furnace, north face of wall 
-53.478 -57.795 4.029 124 227.222 3.683 78.904 West corner of wall, corner of ssuth & west stone walls 
47.328 -68.877 3.574 125 304.495 4.050 83.779 N W junction of stone walls, near cave-in of west wall 
51.087 -36.868 2.018 126 324.183 4.067 63.160 East end of north stone wall, 4 ft wide 
51.026 -36.952 5.768 127 324.089 4.067 63.160 East end of north stone wall, top, south (outside) corner 
48.415 -69.502 12.516 128 304.861 7.783 85.490 West end of north wall, corner junction with west wall, top, inside 

-55.130 -58.936 13.221 129 226.911 7.283 81.358 South end of west stone wall, junction with south wall, top, inside 
-52.044 -39.886 5.513 130 217.467 4.317 65.757 East end of south stone wall, top, inside 
-6S.427 -71.995 18.303 131 226.456 9.917 100.832 Upper wall, S W corner, wall jogs east, runs north 
-55.927 -75.352 19.976 132 233.417 11.083 95.622 Upper wall, north of last point 
-65.696 -61.836 15.676 133 223.267 9.683 91.524 South on upper wall, south-going part, 3 ft wide 
38.954 -51.052 1.671 134 307.345 2.117 64.260 Casting shed area, pig yard datum 
13.714 19.922 -9.144 135 55.456 -14.983 25.037 Retaining wall, river edge, dressed face of bridge abutment, no. end 

-21.300 16.400 10.448 136 142.406 -17.417 28.173 Retaining wall, river edge, dressed face of bridge abutment., so. end 
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9005 Theo position: H,X,Y,Z,C 
Hi-Med,Med-Low,Delta! >.02 ft) 
-6.459 -33.196 3.321 

9006 Theo position: H,X,Y,Z,C 
Hi-Med,Med-Low,Delta! >.02 ft) 

4.875, 0.000, 0.000, 0.000, 2.039 
9.842396E-03, 0.3313608, 0.3215184 
205 258.989 5.400 33.969 

4.625, 38.954, -51.052, 1.671, 0.273 
0.3510461, 0.2821488, 6.889725E-02 

0.543 -0.713 0.013 301 127.345 0.000 63.319 
5.051 -39.032 2.943 303 160.479 3.283 36.030 
3.640 -51.354 2.837 304 180.490 3.300 35.374 
6.454 -59.350 3.442 306 190.356 2.650 46.210 

Theo on furnace site datum. OBJECTS 

Large pipe, east arch, south edge, standard measure to pipe bottom 

Theo north of furnace, near no. wall, pig yard datum. Sept 11, 1994 

Back sight to primary furnace site datum. Slow = 0.829 error 
North arch & east edge of north face furnace corner 
North arch & west edge of north face of furnace 
Corner of west face of furnace, north corner, bottom 



Table C3. Computed S u r v e y Results (cont inued) Page 3 of 3 
X Y Z Sta# Az E Distance 9007 Theo position: H,X,Y,Z,C = 4.583, 0.000, 0.000, 0.000, 2.039 

206.700 -109.033 5.298 401 332.189 1.783 233.808 175.681 -92.670 3.943 402 332.189 1.783 198.720 
146.690 -77.378 2.825 403 332.189 1.783 165.928 
117.990 -62.239 2.221 404 332.189 1.783 133.464 88.420 -46.641 1.928 405 332.189 1.783 100.016 60.590 -31.960 1.067 406 332.189 1.783 68.535 -9.083 -116.560 24.738 407 265.545 11.833 119.452 

9008 Theo position: H,X,Y,Z,C = 5.021, -239.925, 63.192, -6.275, 0.573 

0.171 
-244.625 

-0.043 
13.427 

0.055 
-4.738 

408 
409 

345.245 
266.490 

0.983 248.320 
0.583 76.767 

9905 Theo position: H,X,Y,Z,C = 4.875, 0.000, 0.000, 0.000, 2.039 -12.483 -36.403 7.847 201 251.072 4.417 38.598 -8.077 -36.940 7.917 202 257.667 4.600 37.935 0.174 -32.689 8.696 203 270.306 6.667 32.912 -20.485 -30.898 8.368 204 236.456 5.383 37.236 
Hi-Med,Med-Low,Delta! >.02 ft) = 9.842396E-03, 0.3313608, 0.3215184 
-6.295 -33.227 8.072 206 259.272 5.400 33.969 -9.385 -28.788 12.406 207 251.945 13.967 31.201 0.000 0.000 4.875 208 259.322 44.300 0.000 0.000 0.000 4.875 209 234.122 13.633 0.000 0.000 0.000 -8.248 210 235.778 13.633 0.000 
9906 Theo position: H,X,Y,Z,C = 4.625, 38.954, -51.052, 1.671. 0.2' 
0.587 -33.523 8.728 302 155.445 3.300 42.252 -2.291 -56.299 8.220 305 187.251 2.650 41.622 -5.172 -48.349 8.200 307 176.495 2.467 44.250 -3.803 -39.813 8.188 308 165.273 2.450 44.250 

3.090 -45.022 14.137 309 170.456 12.167 37.203 

Comments 
Theo on furnace site main datum. STRAIGHT LINE 
Straight line, to near owner's driveway, south of small pine tree 
Straight line, about 30 ft south 
Straight line, about 30 ft south 
Straight line, about 30 ft south 
Straight line, about 30 ft south 
Straight line, in line with north wall, edge of furnace area 
To bush on top of stone wall, near driveway to owner's house, 

bottom of wall, a Walt Ryan datum 

Theo on river dam datum, dam site east side of river, 66 inches from 
west end of timber 

Back sight to furnace site main datum 
To iron pin in rock on west of river, 16 inches on centers to another 

pin under bank 

Theo on furnace site datum. OBJECTS 10Sept94 
East arch, cast iron header, south, bottom, at stone wall 
East arch, cast iron header, north, bottom, at stone wall 
Outer corner of binder, NE face of furnace, center, south corner 
Outer corner of binder, SE furnace face, center, bottom, north corner 

Taverse to pipe at #5 (#205) altitude 
Top of east arch, bottom corner of stone to south of center point 
Top of large pipe at top of furnace, south edge, top point 
SE corner of furnace base 
Traverse to stack at altitude 

Theo north of furnace, near north wall, pig yard datum. HSept94 
Smid = object, iron tie rod, NE face, north corner, bottom 
Smid = object, iron tie rod, N W face of furnace, north corner, bottom 
Smid = object, north arch header west side, bottom, at stone face 
Smid = object, north arch header, east side, bottom, at stone face, 

stick readings missing, use numbers from #207 
Smid = object, north arch, bottom of key stone 
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Appendix D 

Excavation Report 
by Megan Battey 

September 12, 1994 

On September 10, 1994, exploration with a metal detector showed a linear feature 
approximately 14 feet long, feet from the east face of the furnace and running parallel 
to it. The following day a shallow pit was excavated at the south end of the (alleged) 
feature. (Loose stones leaning out from the furnace above the north end of the feature 
made that end an undesirable location for an excavation.) 

The pit measured approximately 2 by 3 feet and was excavated to a depth of 1 foot. 
The first 6-inch layer (removed with a shovel) was rich, dark topsoil containing pieces of 
wood, brick, and stone. The second 6-inch layer (excavated with a trowel) was sandy soil 
ranging from a light color to a reddish brick color and contained brick fragments and 
schist stones. At the bottom of layer 2 was a dark stain of rotted or burned wood (figure 
Dl). Seven glass fragments, 29 cut nails, and a flat, thin metal fragment were found in 
the stain. 

The pit was photographed and rough sketches drawn. The artifacts were identified, 
photographed, bagged, and given to Victor Rolando (see figures 34 and 35, page 56). A 
sheet of plastic was placed at the bottom of the pit and it was backfilled. 
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Figure Dl . Location, plan, and isometric view of excavated pit in front of the east arch 
(Megan Battey field sketch). 
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Appendix E 

lronmaking Processes at Francoraa Furnace: 
Visual Slag Analysis and The Historical Record 

by Matthew A. Kierstead 
September 1996 

Notice: Appendix E is part of on-going research by Matthew Kierstead and 
is solely his property. Please contact Mr. Kierstead (address at end of paper) 
for permission to copy, duplicate, quote, or use in any manner. 

In September 1994, I joined the Northern New England Chapter of the Society for 
Industrial Archeology at a recording project at the former site of the New Hampshire Iron 
Factory Company "Lower Works" on the banks of the Gale River at Franconia, New 
Hampshire. I found several distinct types of ferrous metallurgical slag at this site. The 
characteristics of these slags appeared consistent with descriptions and samples of slags 
associated with the types of iron smelting and refining processes noted in the Lower 
Works historical record as outlined by James L. Garvin.1 Between 1805 and 1870, the 
Lower Works included a blast furnace for smelting iron ore with charcoal fuel and 
limestone flux to produce molten pig iron; bloomery furnaces for the production of solid 
wrought iron directly from iron ore; and additional refining and converting processes, 
some of which did or did not generate slag. (As is the case with many early ironmaking 
sites, indiscriminate and unqualified use of the metallurgical terms "forge" and "furnace" 
in the historical literature make initial identification of some processes at the Franconia 
site difficult.) 

The variety of slags I found at the Franconia Lower Works and the numerous processes 
suggested in the chronology prompted me to try to organize this information in order to 
make some connections which might confirm and/or eliminate some ironmaking processes 
and suggest directions for further research. In this essay I have briefly reviewed some 
relevant technological aspects of the ironmaking processes noted in or suggested by the 
Lower Works chronology, and I have attempted to establish some relationships between 
these processes and some of the raw materials and waste products consumed and 
discarded at the site. Future archaeology at the Franconia Lower Works may benefit from 
closer examination of the composition, extent, and location of these materials. 

The SIA concentrated most of its Franconia recording activities on the standing 
octagonal stone blast furnace structure and the immediate area around it on the steep 
west river bank. Vitreous slag commonly associated with the primary blast furnace 
smelting of iron ore is abundant here; however, investigators found no evidence of a 
secondary iron refinery shop. The land on the east bank, across the river from the 
furnace, is flat and natural springs percolate from it in several places; for a short distance 
upstream, this bank and nearby brackish water are stained with bright orange rust. For 
some distance along and back from the east riverbank, I encountered widespread rusty 

103 



Franconia Furnace Recording Project 

and metallic slags, whose presence (as well as buried granite walls) suggest a location for 
the secondary metallurgical refining operations noted in the New Hampshire Iron Factory 
Company chronology. 

The most common and easily identifiable type of slag found in the immediate area of 
the Franconia blast furnace stack is primary smelting slag, which was run from the blast 
furnace after the tapping of the molten pig iron, and disposed of nearby. This slag, typical 
of that from charcoal-fired blast furnaces, has a vitreous luster and conchoidal fracture, 
and sometimes exhibits flow and swirl patterns. Some of this slag is lighter in color, with 
a duller, more pumice-like, frothy texture. These two different types of blast furnace slags 
are thought to indicate the use of cold-blast and hot-blast furnaces respectively. The 
Franconia furnace operated with both cold and warm (heated, but not as hot as a true hot 
blast) air blasts; however, these slag characteristics should only be used as a rough 
indicator for blast type.2 As at other blast furnace sites, much of the slag of the glassy 
variety at Franconia ranges from a dark, translucent bottle-green to an opaque turquoise 
blue. Slag coloration was sometimes used by iron masters to gauge blast furnace 
efficiency.3 Through modern laboratory analysis, such as the archaeometallurgical work 
carried out by John H. White at the Eaton Furnace near Youngstown, Ohio, variations in 
slag coloration have been found to be the result of many factors, such as trace amounts of 
metal such as manganese and nickel in the iron ore, and therefore cannot be effectively 
used to judge historic blast furnace efficiency.4 

The Franconia furnace was likely to have been a fairly efficient smelting operation 
because of the type of iron ore mined—a particularly rich deposit of magnetite. Of all the 
iron ores, magnetite possesses the highest possible stoichiometric ratio of iron to 
nonferrous constituents (72.4% iron to 27.6% oxygen, although this ideal molecular ratio 
is in reality never attained due to the presence of silica and other mineral impurities in 
the magnetite ore).5 According to Charles T. Jackson's 1844 Final Report on the Geology 
and Mineralogy of the State of New Hampshire, samples of magnetite from the Franconia 
mines assayed as high as 69.04% iron, with only 9% wasted in the smelting process.6 In 
the smelting of magnetite iron ore (which is now little-used in domestic iron- or steel-
making) oxygen is released and iron is separated from the silica in the ore, forming a 
glassy slag. The efficiency of smelting furnaces of this type was also dependent on such 
factors other than ore quality as the composition of the flux (which, at Franconia, was a 
low-quality, siliceous limestone), and the bosh and stack (furnace interior) configuration, 
which influenced the shape of the oxidation-reduction zones within the furnace.7 

The bulk of the glassy blast furnace slag was deposited on the furnace (west) side of 
the Gale River, but scattered slag of a similar nature appears on both banks, upstream 
and downstream of the furnace. Although the physical origin of any blast furnace slag 
found below the high-water level of the river is difficult to pinpoint, some slag possibly 
washed downriver from an upstream blast furnace associated with the iron-making 
operations of the Haverhill and Franconia Iron Company "Upper Works."8 

The slag deposited on the east riverbank, opposite the furnace, can be divided into two 
varieties according to their distinctly different physical characteristics, although, in situ, 
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these slags are mixed together, suggesting simultaneous deposition. One type of slag 
consists of heavy, rusty, metallic spongy masses with inclusions: silvery flakes of iron, 
glassy blobs, pebbles and small bits of charcoal are apparent on freshly broken surfaces. 
This slag could be interpreted as a type of blast furnace slag. According to John H. White, 
"Slags tapped from cold-blast charcoal furnaces may be texturally homogenous 
throughout, or they may be bisque-like, containing small fragments ...of charcoal... prills 
of iron, and under certain conditions (slow cooling) crystallized minerals."9; but the 
location, concentration, and extent of this slag and its dissimilarity to the other, vitreous 
blast furnace slag on site suggest an alternative origin. 

Historical accounts of equipment and processes at the New Hampshire Iron Factory 
Company works indicate the presence of secondary iron refining operations which would 
have generated a ferrous slag waste product. Mention of an unspecified "forge" at this site 
appears as early as 1801.10 In 1810, the New Hampshire Iron Factory Company's plant 
included "...a new forge shop with four fires and two large trip-hammers."11 This 
arrangement resembles the layout of a bloomery forge. Early American iron-making 
equipment and procedures followed English precedent, and "Generally, the English forge 
had two hearths (called fires in the 1780s and 1790s) to each trip-hammer."12 An 1817 
description of the Franconia works includes "...a pounding machine to separate the iron 
from the cinders...," [indicative of the blooming process], and two shops with "...four fires 
and two hammers...."13 

In the bloomery process, which is no longer practiced commercially in the United 
States, raw iron ore was converted into wrought iron. The iron ore was heated in a 
specialized charcoal hearth called a bloomery forge. Air was blown through the mass, 
reducing it to a pasty "bloom" of near-molten iron, silica slag and other solid impurities. 
A refined iron bloom remained a highly malleable solid, and never became a fluid, molten 
mass. Once a bloom reached a weight of roughly 200 pounds, it was removed with tongs 
and placed under a large trip hammer, which pounded out most of the slag and other 
impurities. The resulting product was wrought iron. (Wrought iron contains minute linear 
inclusions of silicious slag in physical association with the metal, rather than in solid 
solution as in cast iron, imparting to it a much higher degree of workability.) 

The local presence of magnetite iron ore is another factor that suggests that the 
Franconia Works included a bloomery forge. By 1810, "...the company was taking all of its 
ore from the Coleby lot on [nearby] Ore Hill. This was described as superior to that from 
the Howland lot...."14 The Ore Hill deposit is indeed magnetic iron ore. Wrought iron could 
be produced in a bloomery from other iron ores such as bog iron ore (limonite), but 
magnetite was a preferred charge.15 This is evident in the historical concentration of the 
American bloomery industry in the Adirondacks, where the Precambrian bedrock contains 
numerous massive, rich magnetite deposits. Indeed, "The Lake Champlain region, both 
the Vermont and New York sides, was regarded industry-wide as containing the best-
known [magnetite] deposits of the time."16 Utilization of the rich Franconia magnetite ore 
body would have been highly desirable from the standpoint of bloomery forge 
compatibility, and as noted, blast furnace efficiency. 
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The slag squeezed out of a bloom was described as a viscous mass of inclusions. Victor 
Rolando describes the weight, appearance, and content of bloomery slag as follows: "Slag 
from early- to mid-19th century Vermont bloomery sites is likewise dark and heavy, 
loaded with wasted iron. Not shiny and light in weight like slag from blast furnaces, 
bloomery slag is dull-looking...."17 Additionally, "The process of hammering blooms was 
known in some sectors of the industry as shingling. It was usually used more in terms of 
hammering to remove (or squeeze out) solid bits of impurities such as slag, small stones, 
or unburned charcoal."18 The Franconia slag in question resembles bloomery slag 
described in these passages, and the New Hampshire Iron Factory Company chronology 
certainly supports the existence of a bloomery forge. The location and distribution of this 
slag suggest that it was generated at a nearby iron refining operation and regularly 
disposed of along the river's east bank. 

In August 1996, further investigation at the slag dump on the east bank of the Gale 
River resulted in the discovery of numerous bloomery hearth "bottoms" and "skulls", 
masses of iron, charcoal, and slag that remained after creation of an iron "bloom", or 
"loup" (figure El). Metallurgical laboratory analysis of examples of this distinctive 
bloomery waste from ironmaking sites in Connecticut indicates that information about 
efficiency and operations can be determined from these ironmaking waste products.19 

A second type of refining slag, with distinctly different physical characteristics, occurs 
in abundance on the east river bank at Franconia. This slag is dense, heavy and 
submetallic, and is a dark, ruddy, bluish-purple-to-black color, with a smooth, satiny 
luster (figure E2). When it is broken open, the fracture sometimes exhibits a shiny, 
golden-to-steely metallic luster, tinged with a "peacock" sheen. There are also small gas 
bubbles and differential crystallization patterns in the slag as one might see in a broken 
iron casting. The slag sometimes contains inclusions of sand or small pebbles, and some 
pieces have perfectly flat bottoms and layered pour marks. This slag appears to have been 
collected in a molten state, and allowed to cool and congeal as clusters of molten drips and 
blobs, or ladled into a container. The "ropy" appearance of this slag, and its structure, 
indicate that it is a second kind of bloomery waste product, tap slag, a variety of slag that 
was run off the bloomery hearth in a fluid state.20 

The general appearance of this second east bank Franconia slag also suggests that it 
could be a high-iron content silicate slag derived from an iron refining process in which 
pig iron was converted to wrought iron, such as the finery or puddling process; indeed, 
slags from this type of refining operation were historically described as "...always black or 
bluish-black, vitreous, or semi-metallic in lustre."21 In 1810, according to Garvin's 
chronology, company agent David Smith "urged...the employment of forgers or refiners 
who could turn cast iron into wrought iron without the waste of time and fuel of current 
workmen, who were slow and inefficient...."22 This statement can be interpreted two 
different ways. The term "forgers" connotes use of a bloomery forge—the word "forges" 
being commonly associated with, and technologically appropriate for, that process. The 
word "refiners" connotes the use of a finery or puddling furnace, a process that could "turn 
cast iron into wrought iron," as Smith stated. In these latter processes, raw pig iron was 
brought to a molten state in the hearth of a special furnace, carbon and all other 
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Figure El . Bloomeiy hearth "bottom" (Matt Kierstead photo). 

Figure E2. Possible bloomery "tap slag" or puddling slag (Matt Kierstead photo ). 
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impurities in the molten pig iron were burned off, and silica in the slag combined with the 
pure molten iron and congealed as wrought iron.23 The result was a high-silica iron, with 
the constituents in an intimate chemical solution, rather than in the discrete physical 
relationship found in wrought iron made in a bloomery forge. 

The finery and puddling processes differed in several important respects. The finery 
used charcoal for fuel, and the puddling furnace used mineral coal. The finery hearth was 
simpler than the puddling furnace, which was of the reverberatory type. Reverberatory 
furnaces, varieties of which are used in modern nonferrous smelting operations, 
incorporate arch-topped refractory brick hearths in which the heat of combustion is 
reflected onto the molten metal, keeping it from direct contact with the undesirable 
chemistry of the burning coal fuel. 

The finery and puddling process incorporated slagging procedures to facilitate removal 
of carbon and the addition of silica. Puddling furnace bottoms were lined with materials 
that interacted with the molten pig iron, which was manipulated in a bath of "liquid 
cinder" slag, causing the desired chemical changes, including removal of manganese, 
phosphorous, and sulfur.24 (This is a good example of the importance of slag as an agent of 
purification and transformation in metallurgical chemistry—it is not just a useless scum 
floating on top of a bath of good metal.) 

Puddling was a wasteful process, and the slag generated contained a high percentage of 
iron. In puddling, "The loss of metal was very large... This would mean the formation of a 
considerable amount of cinder...." The cinder, which runs from the hearth with the metal, 
is tapped from the surface...."25 "Cinder," in this case, is synonymous with slag. Puddling 
furnace "bottoms" were usually lined with sand as a source of silica. This "dry puddling" 
process wasted as much as 30% of the iron in the charge. The later "wet puddling" 
process used iron oxide mill scale "bottoms," cutting iron losses down to 10% of the 
charge. The wet puddling process was more efficient, but it still generated a considerable 
quantity of slag.26 

Slag generated by the puddling refinery process was a "clean," high-iron ferrous 
silicate slag collected as a molten liquid and cooled in vessels, or solidified in pools on 
shop floors, and then discarded in slag dumps. The fluidity and homogeneity of this type 
of slag, and the circumstances of its deposition and cooling suggest similarities to 
bloomery tap slag. The references to the two processes in the chronology and the expected 
similarities of the two slags suggest that at some time a finery hearth or puddling-type 
refinery may have operated at the Franconia Lower Works in addition to a bloomery. 
Further review of relevant technical literature, New Hampshire Iron Factory Company 
archives, and examination of known bloomery, finery, and puddling archaeological sites 
and slags will be necessary to reconcile the historical record with the evidence on site, and 
to confirm or rule out which metallurgical processes were used at Franconia.27 

In addition to the references to bloomery, finery, and/or puddling operations at the New 
Hampshire Iron Factory Company, other iron refining technologies are indicated in the 
Franconia chronology. In 1816, in a New Hampshire Iron Factory Company report, 
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William P. Page recommended that the company install an "Air Furnace," which according 
to Garvin's chronology, would "further refine the cast iron during remelting, permitting 
thinner and finer patterns to be used and producing a more refined cast product."28 (Iron 
from an air furnace was also particularly desirable for use in the manufacture of 
malleable castings.) In 1817, the Lower Works were described as containing an "air 
furnace," which Garvin states was used "...for remelting iron for casting...."29 The term "air 
furnace" is a common technical term for a type of reverberatory melting and refining 
furnace with some physical and operational similarities to a puddling furnace. An air 
furnace is charged with pig iron from a blast furnace, which is remelted and refined. 
According to Rolando, "The air furnace was a variation of the puddling furnace...used 
where melting [iron for castings which] required [metal of] great purity and strength...the 
greatest casting strength could be obtained with the air furnace because the iron could 
gain the highest percentage carbon with the lowest percentage sulfur [from the coal 
fuel]."30 Since elimination of sulfur was a primary goal, a chemically basic, calcium 
carbonate flux such as powdered lime was used, which typically yields a rocky, chalky, 
light-colored slag. 

The New Hampshire Iron Factory Company chronology indicates that by 1850, the 
company replaced their "air furnace" horizontal refining reverberatory furnace at the 
Lower Works with a vertical cupola-type pig iron melting furnace.31 A cupola furnace is a 
tall, hollow, cylindrical iron column lined with refractory brick, constructed and operated 
much like a blast furnace. A cupola furnace is fueled with coke, a pure fixed carbon fuel 
obtained by driving off the sulfur and volátiles in a retort-type oven. A cupola is loaded 
with coke, pig and/or scrap iron and flux from an opening high on the side, and an air 
blast is blown through tuyeres into the bottom of the cupola, where molten pig iron 
collects and is tapped. The degree of refinement attainable in a cupola is comparable to 
that of an air furnace. The cupola makes a more free-flowing iron ideal for "thinner and 
finer patterns," as recommended by Page.32 The characteristics of the iron can be 
manipulated in the cupola by the addition of silica; manganese, and other alloying agents. 
With the cupola, "...little difficulty lis) experienced in obtaining a mixture which 
...should...give a very close approximation of the required composition."33 The cupola 
furnace also uses a calcium carbonate flux. Why the New Hampshire Iron Factory 
Company changed from an air furnace to a cupola for melting pig iron is unknown; 
however, in many foundry applications, "The cupola furnace was more convenient, 
economical, and most generally used."34 The air furnace did possess some disadvantages 
over the cupola; it took longer to melt a given quantity of iron, and under some 
circumstances the air furnace actually added sulfur to the iron, especially if less common, 
low-sulfur, "smokeless" semi-anthracite-type bituminous coal was not used for fuel. Coal 
was expensive to ship to Franconia, and the coke fuel used in the cupola was both lighter 
and lower in sulfur. The quality of the iron suffered if it was held in an furnace too long 
before it was tapped.35 Cupolas are still commonly used in iron foundries today. 

In 1810, the New Hampshire Iron Factory Company sought "...the employment of a 
practiced steel baker to use the new but idle experimental steel furnace...."38 Blister steel 
was being manufactured at the Upper Works at this time.37 By 1817, a steel furnace was 
listed among the equipment at the Lower Works.38 "Blister" and "baker" indicate the 
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cementation process, which does not generate slag.39 In this process, iron bars are packed 
with carbonaceous material in a ceramic or graphite crucible or a cast iron vessel and held 
at a red heat for a specific length of time. This process imparts a carbon steel "rind" to 
objects, or "case hardens" them. If baked for a long enough time, the carbon penetrates 
the iron objects completely and a crude, "blister" steel is made, so called for its blistered 
surface appearance. This process is not to be confused with the crucible steel process, in 
which small batches of molten, liquid steel are made in crucibles. 

The variety of cast iron, wrought iron and steel manufacturing processes which appear 
in the New Hampshire Iron Factory Company chronology indicates the utilization of a 
bloomery forge, an air furnace, a refining cupola, and a blister steel furnace (which does 
not generate slag) during the course of operations. The chronology certainly suggests the 
use of a finery hearth or puddling furnace. The two ferrous slags observed on the east 
bank suggest that at least some of these processes were performed in the area across from 
the blast furnace on the west side of the Gale River. The markedly different physical 
characteristics of the slags suggest that they are products of separate phases of the 
bloomery process, or possibly derive from the bloomery and/or pudding process. The air 
furnace and cupola used coal and coke for fuel respectively, which was brought in by 
wagon teams from the nearest railroad, nearly a dozen miles away. The availability of 
these raw materials played a large part in determining the chronology of ironmaking 
processes used at Franconia. 

The specific ironmaking technologies used at Franconia may be revealed through 
archaeological excavation on the east bank of the Gale River. Further research on iron-
making technology in mid-nineteenth century America, and the affairs of the New 
Hampshire Iron Factory Company are necessary in determining the changing 
metallurgical requirements and capabilities of this operation. Comparison of physical and 
laboratory analysis of slags from Franconia and other ironmaking sites might provide 
context and augment the findings of an excavation in identifying historic processes, 
materials, and efficiencies of operations at the New Hampshire Iron Factory Company. 

Matthew A. Kierstead 
6 Paine Street 
Wellesley, MA 02181 
(817)237-5952 
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Appendix F 

Compass Survey of Grounds Uphill of the Stack 
by Walt Ryan and Rrista Butterfield 

September 11, 1994 

A hand-held compass and steel-tape survey was made uphill behind the furnace stack 
to document locations of certain surface features. Compass accuracy was estimated at ±5 
degrees. 

Starting point (Station 1) of the compass survey was the southwest corner of a stone 
wall and is identified on Dennis Howe's field sketch of foundation walls with respect to 
the furnace stack (see "starting point for 9/11/94 survey" lower-left of figure 46, page 66). 
This starting point is also Sta 407 in the Theodolite Survey (see Appendix C, table C2, 
page 96). 

Station Feature Distance Bearing 

1 Start at SW corner upper stone wall - -

2 Tree 41 ft 10 in. 250 deg. 
3 Wall 8 ft 9 in. 272 deg. 
4 Stump (edge of collapsed wall) 25 ft 176 deg. 
5 Wall 34 ft 9 in. 173 deg. 
6 (from 5) Jog in wall 9 ft 72 deg. 
7 Sight back to Station 4 24 ft 2 in. 340 deg. 
8 Table rock 23 ft 5 in. 22 deg. 
9 Edge of wall (white birch) 19 ft 11 in. 326 deg. 

10 Break in wall 18 ft 4 in. 0 deg. 
11 Tree branch 45 ft 11 in. 354 deg. 
12 End of wall 26 ft 11 in. 354 deg. 
13 E. edge of driveway 15 ft 7 in. 284 deg. 
14 W. edge of driveway 10 ft 6 in. 280 deg. 
15 Mound 33 ft 5 in. 254 deg. 
16 Corner of house foundation 42 ft 10 in. 254 deg. 
17 Down driveway 50 ft. 4 deg. 
18 n it 50 ft 10 deg. 
19 It it 50 ft 18 deg. 
20 it it 50 ft 19 deg. 
21 Close loop to Station 1 34 ft 2 in. 104 deg. 

Notes: 

1. Stations 5 and 6 measured from Station 4. Station 8 continues from Station 5. 
2. Distances for Stations 17 thru 20 corrected on field sheet from "50 inches" to "50 feet". 
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A p p e n d i x G 

FRANCONIA AREA HERITAGE COUNCIL 
Post Office Box 169 Franconia N H 03580 

July 27, 1993 

Dr. William Taylor, Department of Social Studies 
Plymouth state College 
Plymouth, NH 03264 

Dear Dr. Taylor, 

.J draw y°ur attention to the only surviving iron 
tflfU = / U r n i t c e N HVLocated in Franconia, it was built in 
i ® ° L a n d 1 3 d e e m e d to be worth preserving and, if possible, 
purchasing. We have a 6-foot bellows that is said to have 
been used at the furnace or the forge, and a cart used for 
dumping ore and charcoal into the furAace. 

T JM ^ V 3 t h a t t h e NH Chapter of the Society for 

H i s t o r i c a l ^ s o c i e t y . i , 

You may be aware that Dr. Duncan c. Wilkie, while 
associate professor at Plymouth state and a staff 
w " S a n r N H ' i n 3 p e c t e d t h i s furnace in 1989, along 
Hilki! 2 Garvin, state architectural historian. Dr. 
Reqister of n cfn a p p l i c a t l 0 n nomination to the National 
fn?i« ® Historic Places. Dr. Garvin is considering 
following up on the application process now. 

this n f f ? ^ n t l 6 t t e r t % m e ' . D r - Garvin said, "All of us in 
t h e s^nificance of the furnace and 

J " : , . " 5 * ; , w c r * w i t h « " J " its recognition and 
future safety and accessibility." However, there appear to 
this°s?te ° r f 6 d e r a l f U n d S f° r p r e s e r v a t i ° n or pu?cha5e of 

The owners, Mr. and Mrs. Kevin O'Brien, want to sell t-h«ir 
house, which sits on the hill behind ¿he'fSUe? S£Jg ¡Eh 
aSres "srnan 1^! 3 3 0 0 6 P 3 C k a g e ' t 0 t a l i n ^ ^ acres. small trees grow on top of the stack. 

therfurnaoon £nf0?i!end!d p r o c e d u r e s to keep moisture out of the furnace, but they have not been undertaken. Brush has 
been cut from in front of the furnace so that it is Visible 
f u r ^ l e T d l F ™ P 3 r k a C r ° S S t h e G a l e ¿ut the 1 6 
turnace itself remains unprotected from moisture, which allows growth of roots and frost heaving. 

tT To preserve tnul make available the historic heritage, of the region |r 

- 1 -
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Our goals are to protect the furnace from further 
deterioration due to moisture, and to acquire the site—at 
least 1/2 acre, preferably nearly two acres. 

Dr. Wilkie wrote that the furnace played a major role in 
the development of commerce and industry in northern NH. He 
noted its unusual octagonal shape and its potential for 
significant research. The partial remains of the hot blast 
technology is preserved in the furnace today, he said. 

Other excerpts from Dr. Wilkie's draft application, as it 
relates to industrial archeology, follow: 

Excavation would supply a number of important research 
questions about the state of technology in iron 
production then. Also it would reveal what kinds of 
technology were used in Northern New England as opposed 
to the great iron centers of the Mid-Atlantic. The 
furnace is a focal point for industrial development in 
the region north of the White Mountains. From the 
knowledge gained at the site, historical research could 
be developed for charcoal and limestone kilns, 
sandstone quarries, brick and fire-brick kilns, iron 
ore mining and much more....Examination of the ground 
surface around the furnace clearly shows the buried 
archaeological potential. Remains of the canal, 
foundations, casting bed, and piles of ore, slag and 
charcoal existed all over the two acre site. Falling 
debris from the standing furnace and dense bushes are 
actively preserving the buried archaeological remains. 

Records of the firm, the New Hampshire Iron Factory 
Company, are available and provide great detail on the 
facilities and the operation. 

Is it possible that the NH Chapter of the Society for 
Industrial Archaeology would be interested in helping to 
save this furnace? We think it likely that, were we to have 
the means to make an offer, the owner might sell the site 
separately. 

At least, we would appreciate some guidance in determining 
the dollar value of the site, and in justifying it. 

Sincerely, 

¿7. * 

(Jfis) Jewell A. Friedman, Researcher 
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