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CHAPTER ONE

INTRODUCTION

Tlus report was prepared by PAL to accompany the Historic American Engineering Record (HAER)
written, photographic and graphic documentation and the Historic Industrial Landscape Documentation
(ILILD) for the Elizabeth Mine Site in Strafford and Thetford, Vermont (I'igure 1-1). The report includes
a project history and information statement, methodology statement, and a description of the
documentation products. The report also includes a summary of archival materials pertaining to the
Elizabeth Mine located in regional repositories, and a list of repositories where the documentation
packages will be archived.

PAL completed the HAER and HILD documentation of the World War II to 1958-cra historic
architcctural, enginccring and landscape resources at the Elizabeth Mine sitc under contract to the U S.
Army Corps of Engineers, New England District (ACOE-NAE). The ACOE-NAE is under contract with
the Environmental Protection Agency (EPA) to perform a cleanup of the Elizabeth Mine, a Superfund
site. The earthmoving activities related to the cleanup will have an adverse effect on the historical mining
landscape. The historic and photlographic documentalion was performed as miligation for the adverse
effect.

Project History

Thie Elizabeth Mine has been determined to be a source of water contamination in the West Branch of the
Ompompanoosuc River, a tributary of the Connecticut River. In June 2001 the Elizabeth Mine was
designated as a National Priorities List (Superfund) site. As such, the EPA 1s responsible for coordinating
the hazardous materal cleanup of the site to protect human health and the environment.

Prior to the current HAER and HILD documentation projects, the site had been studied as part of the
EPA’s compliance with Section 106 of the National Historic Preservation Act and its implementing
regulations, 36 CIR Part 800. The initial cultural resources study, titled Starement of Limits, National
Register Eligibility, and Potfential Resources in the Proposed APE, Elizabeth Mine, South Strafford,
Vermont, was prcparcd by Hartgen Archacological Associatcs, Inc. (Hartgen 2000).  Supplemental
reports, titled Historical Context and Freliminary Resource Kvaluation, Elizabeth Mine Site, South
Strafford, Orange County, Vermont (Kierstead 2001a), and an addendum report, titled Addendum to
Historical Context and Preliminary Resource Evaluation of the Llizabeth Mine, South Strafford, Orange
County, Vermont (Kicrstead 2001b), were prepared by PAL under contract with Arthur D, Liltle, Inc. on
behalf of the EPA. Thesc studics resulted in the determination that the Elizabeth Mine Site is cligible for
listing 1n the National Register of Historic Places by the EPA, in consultation with ACOE-NAE and the
Vermont State Historic Preservation Office (VTSHPQ).

In 2002 PAL compleled Historic/Archeological Mapping und Testing, Elizabeth Mine Site under conlract
with the ACOE-NAE (Ford ct al. 2003). The goal of these investigations was to locate, identify,
photograph, map, and in some cases draw visible structural, artifactual, and landscape features associated
with the Elizabeth Mine Site. Limited subsurface testing was also conducted to locate and identify any
prehistoric period resources and a representative sample of belowground historic period resources.

The technical report is a scholarly document that not only fulfills the mandated legal requirements, but
also serves as a scientific reference for future professional studies and as a framework for possible future
interpretive programs.






Project Authority

The HAER and HILD documentations were conducted under the authority of the National Historic
Preservation Act of 1966, (P.L. 89-665; 80 Stat. 915) as amended (16 U.S.C. 470 ¢t seq.); the
Comprchensive Environmental Responsc, Compensation, and Liability Act (CERCLA-U S, Codc-Titlc
42); the Advisory Council on Historic Preservation, Protection of Historic Propertics (36 CFR 800), the
National Register of Historic Places, Nominations by States and Federal Agencies (36 CFR Part 60); and
the Cormps of [ngincers Regulation LR 1105-2-50, Planning, Environmental Resources, Chapter 3,
Historic Preservation.

All HAER and HILD documentation work was undertaken m accordance with the Secretary of the
Interior's Standards and Guidelines for Archaeology and Historic Preservation (48 FR 44716, 1983), and
the documentation standards and guidelines of the Ilistoric American DBuildings Survey/listoric
Amencan Engineering Record.

Project Personnel

The narrative and photographic documentation for the Elizabeth Mine Site were completed from March to
August 2003, PAL slaff involved 1n the project includes Deborah C. Cox (project manager) and Suzanng
G. Cherau (principal investigator), who administered and coordinated the project with the ACOE-NAE
archacologist. Suzanne Cherau also assisted m the technical report structure and production. Matthew A.
Kierstead (industrial historian) conducted the background research, measured and described the buildings,
wrote the HAER narrative, conducted the Historic Industrial Landscape documentation terrestrial 35mm
photography, assisted with the Historic Industrial Landscape documentation 35mm acrial and HAER
large-format terrestrial photography, and assisted with the design of the HAER drawings. PAL
subconsultants include Charles Feil of Views From Above, Scarborough, Maime, who conducted the
acral Historic Industral Landscape documentation photography; Robert Brewster of Warren Jagger
Photography, Providencc Rhodc Island, who conductcd the large-format black-and-whitc HAER
photography; and Dennis O'Brien of Mystic, Connecticut, who designed and executed the HAER mk-on-
mylar drawings.
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CHAPTER TWO

SITE DESCRIPTION

The Elizabeth Mine was established in the carly nineteenth century and operated until the mid-twentieth
century. It lies approximately one mile south of the West Branch of the Ompompanoosuc River, in the
rugged uplands of cast-central Vermont. This section of Orange County hosted mining activity in the
approximately 20-mile-long Copper Belt, and by the late nineteenth century was the location of several
othcr mining operations, including the Fly Minc in Vershire (VT-OR-14) and Pike Hill Mincs (Eurcka
and Union) (VT-OR-27) in the town of Corinth. Teday, Elizabeth Mine contains major mining landscape
features, numerous standing structures, and the aboveground and buried remains of structures and features
related to several periods of mining operations at the site. There are also a number of non-mining historic
peried farmstead sites within the approximately 800-acre mine site.

The majority of the Elizabeth Mine Site 1s located 1n Orange County, Vermont, approximately 12 miles
north of White River Junction and approximately 10 miles west of the Connecticut River. The roughly
800-acre site is located southeast of the village of South Strafford in the southeastern comer of the town
of Strafford, with an ¢astern portion in Thelford and small portions al ils southemn extremily in Sharon
and Norwich, which are located in Windsor County. The site 1s located within the drainages of Copperas
Brook and Lord Brook, which flow north and east to the West Branch of the Ompompancosuc River, a
major tributary of the Connecticut River located approximately 1 mile north of the site.

The Elizabeth Mine Site 1s roughly diamond-shaped, stretching from the Air Shalt and Electrical
Substation on the Notth Bank of the Ompompanoosuc River in the Rte 132-Furnace Flat vicinity in
Strafford, approximately 2 miles south to the waste rock and prospect pits south of the Old South Mine 11
the extreme northeast corner of the town of Sharon; and from the Sargent Brook smelter site at the west
foot of Coppceras Hill in Strafford approximately 1 milc cast to the cast tip of Tailings Pilc 1 at the west
foot of Gove Hill in Thetford. The core of the mune site that includes the mid-twenticth-century resources
in this documentation 1s located in the east-central patt of the diamond-shaped area in the Copperas Brook
valley on the ecast flank of Copperas Hill, west of Gove Hill, approximately 134-miles southeast of the
intersection of Vermont Route 132 and Mine Road in the village of South Strafford.

The HAER documentation focuses on the 1942—1958 resources including the clusters of buildings on
Mine Road, and the surrounding shafts and adits where the orebody was accessed, open cuts where ore
was mincd, waste piles where rock and mill tailings were deposited, and connecting transportation and
utility toutes. The nerve cenler of period operations was the complex of World War Il-cra buildings
approximatcly 1%-milcs southcast of the village of South Strafford on Minc Road. The corc of this
complex consists of two clusters of wood frame buildings and a vanety of structures arranged on a series
of man-made terraces on the eastward-sloping east toe of Copperas Hill, east of Mine Road. The north-
south surface trend of the linear orebody is located approximately % mile to the west of the mine
buildings, wilth the orebody plunging ¢asl and under them. Underground access o the orebody was via
the 1898 Adit and 1948 Adit (horizontal tunncls), which bcgan at the south and north cnds of the building
complex, respectively, and extended underground west to intersect the orebody at the 300 ft level.

The 1948 Shaft was located above the buildings on the hillside approximately 375 ft west of the 1948
Adil, and intersected the laller working al the 300 fl level and descended (o the 975 fl level. The ming
also worked surface exposures of the orebody in a pair of north-south oriented linear open cuts located
uphill to the southwest. The North Open Cut, a previously mined rock trench approximately 1,000 ft
long, is located approximately 2,000 ft southwest of the core mine buildings, west of the Copperas Works
Sitc, the remains of a nincteenth-century iron sulfate manufactory. A pile of 1880s minc wastc rock north



of this cut was removed for milling [or its copper content in 1949-1950, The South Open Cut, located
approximately 500 ft south of the North Open Cut, is an approximately 1,600 ft long rock trench that was
excavated m 1950-1953. A network of roads connects these ore sources with the mine buildings. Ore
milling left Tailings Pile 1 and Tailings Pile 2, large piles of sandy waste, ¢ast and down slope of the
minc buildings in the Copperas Brook valley. Thesc tailings piles occupy a wedge-shaped, north-south
oriented area approxunately 2,000 [t long that begins approximately 300 [t east ol the mine buildings.
Tailings Pile 1 is the larger, lower of the two and has a 150 ft high, 1,400 fi long north slope. Tailings
Pile 2 is smaller and located at the south end of Tailings Pile 1. This core arca of buildings, mine
workings, and waste piles is surrounded by additional historic mining buildings, structures, and landscape
featurces.

Out of approximately 30 buildings and structures built in the World War Il building campaign, only 14
remain intact and standing. The surviving buildings include ore processing structures and support/service
facilities. These buildings were constlrucled o warlime emergency standards and of funclional design,
Most were constructed of 2-x-6-inch studs placed on 18-inch centers with horizontal stops every 2 fect
These stops formed sealed air compartments for msulation. The frame corners are stabilized with
diagonal bracing. The inside and outside of exterior walls were sheathed with panels of “Gyplap,” a U S.
Gypsum Company gypsum construction board. The exteriors were sheathed in textured, buff-colored
asphall panels with 4 common bond brick paltem. Roofs have overhanging caves with exposed rafler
tails and are typically sheathed with black asphalt shingles. Windows are typically six over six, double-
hung, wood sash units. Roof trusses are commonly spaced at 2-foot intervals. Remforced concrete
foundations are typically 8 inches thick and were cast in forms using 6-inch wide planks. Many of these
buildings share these construction materials and details.



CHAPTER THREE

METHODOLOGY

This chapter outlines the tasks undertaken to complete the HAER-level documentation of the World War
[I-era buildings and associated landscape elements, and the HILD documentation of major mining
landscape ¢lements at the Elizabeth Mine Site. These tasks included two separate documentation
packages: a standard HAER documentation including a historical narrative, ink-on-mylar drawings, and
larpc-format black-and-whitc photographs of the 1942-1958 buildings and landscapcs; and a 35mm color
transparency Historic Industrial Landscape documentation of all major landscapes from all periods of
operation.

HAER Documentation
Historical Narrative

The historical narrative concentrates on the 1942 — 1958 period of mine operations. The narrative
incorporales additional background resecarch and field investigations thal complement exisling
information gathered and presented in previous reports. Background research for the narrative focused on
collecting additional information about general activities during the 1942-1958 period, as well as
information on underground mining practice, progress, and equipment; materials handling; and ore
processing metheds, equipment, layout, and changes. This additional research included examination of
archival materials belonging to the Strafford Histonical Society, period technical and mdustry literature,
consultation with mining engineers and historians, and oral interviews with former Elizabeth Mine
emplovees. The narrative explains how the period’s buildings and landscape (North and South Open
Cuts, Tailings Piles | and 2) reflect industrial processes at the Elizabeth Mine. The narrative includes
descriptions of thc World War [l-cra buildings and additional historic vicws of minc opcrations and
landscape during the World War 11 to 1958 period. The narrative also includes brief synopses of activities
at the Ely and Pike Hill mines that also operated in Orange County.

Photographic Documentation

The standard HAER-level photograpliuc documentation consists of 66 traditional large format (4" X 5" |4
X 5]) black-and-white photographs of the standing World War Il-era structures, including the upper tier
of administrative, maintenance and opcrations buildings; the 1898 Adit and mine car rail line and
trestle/bridge; the lower ter of ore processing buildings; and the Ompompanocosuc River pump house,
This documcntation also includes representative views of the landscapes associatcd with World War I1-
cra ore extraction and waste deposition, including the North and South Open Cuts, Tailings Piles 1, 2 and
3, and the 1948 shaft site. The documentation does not include photographic copies of historic images
depicting mining processes.

All photographs wcre taken using a Sinar F 4 X 5 large format ficld camcra. The final product consists of
two sets of archivally washed black-and-white negatives and five sets of archivally washed black-and-
white fiber base contact prints. An Index to Photographs and a Key to Photographs accompanies the
prints.

Documentary Drawings

This series of four standard HAER format drawings records the locations and relationships of the historic
World War TlI-cra mining buildings. minc opcnings, and associated proximatc resources including tailings



piles, roadways, and ufilitics, and shows the ore processing systemr and steps. The drawings show the
Elizabeth Mine site in increasing detail and scale. The first drawing (cover sheet) shows the overall
Elizabeth Mine landscape in the valleys of Copperas, Lord and Sargent brooks and the West Branch of
the Ompompanocosuc River, and a section showing underground mining progress. It includes sidebars
containing a bricf minc history and projcct information. The sccond drawing shows the corc World War
lI-era mine builldings and explains their [unctions. The third drawing is an isometric translucent block
diagram showing the flow of ore from the underground workings and through the ore concentrating
process buildings, including information about underground mining methods. The fourth drawing
documents the ore beneficiation process using a flow chart incorporating graphic representations of the
types of machincry used

The project historian provided the artist with historic maps, photographs, images, and text relevant to each
drawing as well as sketches of proposed drawing layouts. The drawings were further developed and
finalized through a senes of scheduled charelies and reviews, The drawings were crealed digitally, The
final original drawings arc hand-drawn in ink-on-mylar sheets. The drawings were completed to HAER
standards for size, content, materials, line weights, typeface, and other formal details.

The final product consists of one set of four ink-on-mylar original drawings from which multiple copies
in blackling ¢n bond were made.

HILD Documentation

This documentation was divided between aerial and terrestrial (ground) photography of the major, large-
scale historic industrial landscape [eatures ncluding the North and South Open Cuts, and Tailings Piles 1,
2,and 3. The terrestrial documentation also included the Old South Mine area.

Aerial Photographs
Acrial Historie Industrial Landscape photography was conducted from a light plane. All aenal color
photographs were taken with a 35mm camera. The final product consists of 25 aerial 35mm color
transparencics (slides). Views include the overall mine site as well as details of specific landscape
features,

Terrestrial Photographs
Terrestrial Llistoric Industrial Landscape photography was taken with a 35mm camera. The final product
consists of 539, 35mm color transparencies (slides). The views include overviews and delail views of all

major industrial landscape fcatures

The aerial and terrestrial photographic landscape documentation includes a Project Information Sheet, an
Index to Photographs, and a Key to Photographs based on existing project site mapping.

Final Product Disposition

The Vermont History Center Library, Barre, Vermont;, and the University of Vermont Bailey-Howe
Library Special Collections, Burlington, Vermont, each reccived:

+ one individually sleeved set of 66 large-format 4 X 5 black-and-white HAER documentation
negatives;



ong sct ol 66 large-format 4 X 5 black-and-white HAER documentation contact prints with photo
index and key maps;
one set of four blackline-on-bond HAER documentation drawings;

onc unbonnd HAER documcntation narrative history;

one set of 84, 35mm Historic Industrial Landscape documentation color slides with photo index
and kev maps;

onc sct of compact disks containing all of thc imagcry described in the bullcted itcms above, plus
the text and images from the PAL Elizabeth Mine reports including PAL 2000 (Historical
Context), 2001 (Addendum), 2003 (Historic and Archaeological Investigations), and 2003
(ITACR/ Iistoric Industrial Landscape) documentations and Technical Report in Adobe Acrobat
reader formal.

The Vermont Division for Historie Preservation (VT State Historic Preservation Office), Montpelier,
Vermont received:

ong se¢l of 66 larze-formal 4 X 5 black-and-white HAER documenlaiion contact prinis with pholo
index and key maps;

one set of four blackline-on-bond HAER documentation drawings;
ong unbound HAER documentation narrative history;

one set of 84, 35mm Historic Industrial Landscape documentation color slides with photo index
and key maps;

ong set of compact disks containing all of the bulleted 1tems above, plus the text and 1mages [rom
the PAL Elizabeth Mine reports including PAL 2000 (Historical Context), 2001 (Addendum),
2003 (Ilistoric and Archacological Investigations), and 2003 (IIALCR/Ilistoric Industrial
Landscape) documentations and Technical Report in Adobe Acrobat reader format.

The Stratford Historical Society, Strafford, Vermont, received:

ong sct of 66 large-format 4 X 5 black-and-white IIACR documentation contact prints with photo
index and key maps;

one sct of tour blackline-on-bond HAER documentation drawings;
ong unbound HAER documentation narrative history;

onc sct of compact disks containing scamncd imagcs of thc 84, 35mm Historic Industrial
Landscape documentation color slide images with photo mdex and key maps, plus all of the
bulleted items listed above, and also digital format text and images from all PAL Elizabeth Mine
reports including: PAL 2000 (Historical Context), 2001 (Addendum), 2003 (Historic and
Archaeological Investigations), and 2003 (HAER/Hisloric Industnal Landscape) documentations
and Technical Report in Adobe Acrobat reader format.

ACOE-NAE received, for their records:



* one set ol photocopies of all large-format 4 X 5 black-and-white HAER documentation contact
prints;

* ong set of four blackling-on-bond HAER documentation drawings;

» [ilteen bound copies and one unbound camera-ready onginal ol the HAER documentation
narrative history;

» fificen bound copics and on¢ unbound camera-ready original of the (HAER/Historic Industrial
ILandscapc documentations Tcchnical Report;

+ one set of CDs containing digital scans of all large-format 4 X 5 black-and-white HAER
documentation contact prints; digital scans of the 84, 35mm Ilistoric Industrial Landscape
documentalion color slides; digilal scans of the four HAER documentation drawings; and digilal
format tcxt and images from all PAIL Elizabcth Minc rcports including: PAIL 2000 (Historical
Context), 2001 (Addendum), 2003 (Historic and Archacological Investigations), and 2003
(HAER/Historic Industrial Landscape) documentations and Technical Report in Adobe Acrobat
reader format. The ACOE-NAL report disks will also include the 2003 (HAIR/Historic Industrial
Landscape) documentalions and Technical Report in Word jormal.

PAL retamed the four original HAER ink-on-mylar drawings, one non-archival set of large-format HAER
black-and-white contact prints, and one set of the 35mm Historic Industrial Landscape documentation
color slides (acrial views only).
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TECHNICAL REPORT ADDENDUM

ORANGE COUNTY, VERMONT, COPPER MINE HISTORIC ARCHIVES SUMMARY

Universily of Vermaonl

The University of Vermont Bailev—Ilowe Library Special Collections Department contains several record
aroups pertaining to the Elizabeth Mine at South Strafford, the Ely Min¢ at Vershire, and the Pike Hill
mincs at Corinth. Thc most important collections arc the Collamer Abbott Papers, the Records of the
Vermont Copper Company, and the Westinghouse Papers. Several other collections mclude material
associated with the mines, including the Governor Roswell Famham, Governor Stanley C. Wilson, and
Nash papers. Those materials were not examined for this report, although Collamer Abbott’s transcribed
notes from the Nash papers include revealing information about the operations of the copperas and copper
works at the Elizabcth Minc in the mid-ninctcenth century .

Collamer M. Abbott Papers

Collamer Abbolt (1919-) was born in Wilder, VT, just a few miles from the Vermonl copper mines. The
history of the mines was a major subject of interest for Abbott, who spent considerable time and personal
resources investigating their landscapes and researching their history. Durning the mid-1960s, Abbott
synthesized much of his work in two manuscripts that remain unpublished and are now part of the UVM
materials.  “Appalachian Copper: Red Metal Mining in the Eastem United States,” (1962, 397pp)
provides an overview of the subject, including sections on the colomal era, the carly formation of the
industry, the nineteenth century in the North and South, the early twentieth century, the financiers,
geologists, engineers, technology, the influence of Comish miners, and life at the mines. The manuscript
includes a 48-page bibliography. “Green Mountain Copper” (1964, 475pp) focuses on copper mining in
Orange County, Vermont, and includes scctions on the Elizabeth, Ely and Pike Hill mines. An
abbreviated (36pp) version of this manuscnpt, “Green Mountain Copper: Vermont’s Red Metal” was
published in 1973. A shorter manuscript, “The Ely Mine: A Case Study,” focuses on the nmmeteenth-
century “boom” years at the Ely Mine. Abbott also published numerous shorter articles about various
Eastern U.S. copper mining subjects in a variety of ¢conomic and historical joumals. The Collamer
Abbott Papers include numecrous typewritten versions of these manuscripts and articles.  Abbott’s
research notebooks and cross-referenced mdex card files are included in the collection. The collection
also includes roughly 4,000 photographs of the Orange County mines and surrounding communities.
Most of these are still in negative format, however, many of the best ones have been printed and are
included in the colleclion. The photograph colleclion is also notable for its coverage of the Ely Mine
workings and village, including an extensive photograph collcction.

The Collamer Abbott Collection consists of eight cartons of papers, one carton of card files, one carton of
notebooks, one box of oversize maps, two boxes of printed photographs, five boxes of glass plate
negalives and one box of plastic negatives. The variety of matenal in this collection is too greal Lo
describe here. A finding aid was prepared for the papers in Dececmber 1980 by Mary Gelinas and is
available online at the Umiversity of Vermont’s website (http://bailey.uvm.edu:6336/dynaweb
ffindingaids/abbott),


http://bailey.uvm.edu:6336/dynaweb

Vermont Copper Company Collection

The Records of the Vermont Copper Company consist of four cartons and one box of papers, 10 bound
volumes, and 16 oversize maps. The collection includes material about the unrelated nineteenth-century
company of thc samc namc that owned and opcrated the Ely Minc in Vershire.  Mary Gelinas preparced a
[inding aid for the papers in November 1980,

The papers consist mainly of business records of the Vermont Copper Company’s 1942-1938 period of
formation, growth, and demise at the Elizabeth Mine. The papers are divided into serics by
corrcspondence, financial, legal, and stockholder information.  There arc also folders for gencral
information and pnnted matter. ‘The maps are mostly of the Ely Mine, mcluding 1943 maps of the
underground workings and maps from 1900 of a proposed railroad route from Ely Station on the
Connecticut River to the mine.

Westinghouse Papers

The Westinghouse Papers consist of records pertaining to the ca. 1900 1905 George Westinghouse
operations at the Ely Mine. Although they were not closely examined for this report, they complement
the Westinghouse maltenals recently acquired by the Vermounl Historical Socicly (sce below) and shed
light on carly-twenticth-century Ely smclting activitics.

Additional Repositories
YVermont State Archives, Montpelier

The Vermont State Archives contain records pertaining to state government involvement in the Orange
County copper mings, including articles of incorporation, nineteenth- and twentieth-century state
gcological survey reports, and World War I and World War 1l stratcgic production matcerials. The papers
of Governor William H. Wills (1941-1945) include sorted matenals on copper mines and his role as state
defense mines coordinator.

Vermont State Library, Montpelier, Vermont

The Vermont State Library contains mformation pertaining to the Orange County mines and host
communities including microfilmed census data for population, agriculture, and industry for the late
cighteenth, nincteenth and twentieth centurics. It also contains local, county and state histories and
sazelleers, and bound copies of stale agricultural and geological surveys and reports,

Vermont Historical Society Library, Barre, Vermont

The Vemmont Historical Society Library includes a variety of scattered information about the Orange
Counly copper mines. Although there 1s nol a greal volume of malerial, nolable ilems such as Isaac
Tyson, Ir ’s 1833 Elizabcth Minc joumal indicatc the potential valuc of individual items at this repository
The recently acquired Copperfield Mine Company Collection, which contains mformation associated with
George Westinghouse’s ca. 1900-1905 activities at the Elv Mine, contains information important to
understanding Ely smelting activitics at that time. The Ely Mine photograph collection includes a variety
of views of (he mining landscape and village, as well as photos of (he smelting furnaces.



Strafford Historical Socicty, Strafford, Vermont

The Strafford Historical Society has compiled an extensive bibliography and collection of printed matter
associated with the Elizabeth Mine. Their holdings include a large collection of photographs and slides of
the late-nincteenth-century and twentieth-century Elizabeth Mine landscape and buildings.

United States Geological Survey, Reston, Virginia
The United States Geological Survey is temporarily holding a large colleetion of original Vermont
Copper Company and Dartmouth College geological maps of the underground workings at the Elizabeth
Mine for use n their studies of Appalachian sulfide ore deposits. These studies included reorganization
and documentation of surviving drill cores now stored in the Washhouse at the Elizabeth Mine.,

FElizabeth Mine Study Group, Thetford, Vermont

The Elizabeth Mine Study Group, a local organization, has acquired additional materials from sources
including Dartmouth College and from former mine workers.
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HISTORIC INDUSTRIAL LANDSCAPE DOCUMENTATION

INDEX TO PHOTOGRAPHS

Elizabeth Mine

Mine Road,

(1.75 miles southeast

of the intersection of
Vermont Route 132

and Mine Road n the
village of South Strafford)
Orange County

Vermonl

Aerial Photographs (Photographs 1-25)

Photographers: Charles Feil, Views from Above, Scarborough, ME; Matthew A Kierstead, PAL,

Pawtucket, RL April 2003

l. Overview looking west with Copperas Works Area at center and Tailings Piles | and 2 at right

2. Overview looking west with Copperas Works Arca at upper right and Tailings Piles 1 and 2 at
lower right

3. Overview looking southwest with North Open Cut/Copperas Works Area at top and Tailings
Pilcs 1 and 2 at bottom

4 Overview looking south with Tailings Piles | and 2 at bottom and North Open Cut/Copperas
Works Area at upper right

5 Ovcrview looking northeast with South Open Cut in foreground, Copperas Works Arca at upper

lett, and Tailings Piles | and 2 at upper right

6. Overview looking northeast with Copperas Works Arca at bottom and Tailings Piles 1 and 2 in
background above

7. Overview looking northwest with Tailings Pile 2 at lett and Tailings Pile 1 at center
8. View looking northwest with South Open Cut at lower left and North Open Cut at upper right
9 Vicw looking northwest with South Open Cut in foreground and North Open Cut/Coppceras

Works Area m background above

10, View looking north with South Open Cut in foreground and North Open Cut/Copperas Works
Arga in background above

I1. View looking south with North Open Cut/Copperas Works Area in foreground and South Open
Cut in background above
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24,
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Copperas Works Arca looking west with Minc Road in forcground at bottom and North Open Cut
at top of open area

Copperas Works Area looking northwest

North Open Cut and Copperas Works Area looking southwest

North Open Cut and Copperas Works Area looking west

North Open Cut and Copperas Works Arca looking northwest

Tailings Pile 1 looking south with Tailings Pile 2 at upper right and Mine Road at right edge

Tailings Pilc 1 looking southcast with Minc Road in forcground at bottom and Tailings Pilc 2 at
right edge

Tailings Pile 1 looking northeast with Tailings Pile 2 at center
Tailings Pilc 1 looking west with Tailings Pile 2 at left cdge

Tailings Pile 1 looking southwest with Tailings Pile 2 at center and Copperas Works Area/North
Open Cut in background at top left

Tailings Pilc 2 looking southwest with World War Il minc buildings at right

Tailings Pile 2 looking south with World War II mine buildings at right

World War IT mine buildings, upper tier, looking southwesl showing from lefl (o nght; Change
House, 1898 Adit, collapsed Compressor Building, Machine Shop/Workshop, Office/Warehouse
Building, and “Copper Castle” at upper right

World War II mine buildings, lower tier, looking southwest showing from left to dght: Garage,
Heating Plant, Concentrating Mill, and Thickeuer/Filter Building, with Mine Car Bridge at top

Terrestrial Photographs (Photographs 26-84)

Photographer: Matthew A. Kierstead, PAL, Pawtucket, R1. April-June 2003
26. Tailings Pile 1 looking west from east end of north toe

27. Tailings Pilc 1 looking west from north lip

28. Tailings Pile 1 looking east from starter dam at middle of north toe

29, Tailings Pil¢ 1 looking south from northwest corner

34. Tailings Pile 1 looking northeast at northwest cotner
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Tailings Pilc 1 looking cast from northwest comer
Tailings Pilel looking northeast at west slope

World War II ore processing buildings and west slope of Tailings Pile 1 looking north from
Tailings Pile 2

Top of Tailings Pile | looking northeast from Tailings Pile 2

Top of Tailings Pile | locking north [rom east edge

Top of Tailings Pilc 1 locking north across Copperas Brook

Top of Tailings Pilc 1 locking north across pond

World War II ore processing buildings looking southwest from west lip of Tailings Pile 1
showing from left to right: Garage, Lleating Plant, Concentrating Mill, and Thickener/I'ilter
Building

World War Il ore processing buildings looking notthwest from west Lip of Tailings Pile 1
showing from left to right: Garage, Concentrating Mill, Heating Plant, and Thickener/Filter
Building

Tailings Pilc 2 looking southcast from north tip

Northeast face of Tailings Pile 2 looking west from top of Tailings Pile 1

Northeasl face of Tailings Pile 2 looking wesl across Copperas Brook from (op of Tailings Pile 1
Tailings Pile 2 looking west from cast edge of Tailings Pile 1

Washout gully in Tailings Pile 2 looking northwest from east edge of Tailings Pile 2

Washout gully in Tailings Pile 2 looking north across top of Tailings Pile 1

Washout gully in Tailings Pilc 2 looking northwest

Tailings Pile 2 looking northwest across lip

Washout gully in Tailings Pile 2 looking southwest showing collapsed concrete pipe culvert for
Copperas Brook and tailings water decant system

North Open Cut locking north from midpomt with 1880s Tyson mining area 1n background
North Open Cut looking north from midpoint with Copperas Works Area at right

North Open cut looking north showing north wall opcnings and 180s Tysen mining arca in
background
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North Open Cut looking north showing north wall openings

North Open Cut looking south

Copperas Works Area looking soulhwest from Copperas Road

Copperas Works Area looking north from heap leaching beds at middle of hill
Copperas Works Arca looking cast from heap lcaching beds at middle of hill

Copperas Works Area looking northwest from heap leaching beds showing remains of timber
leach pad cribbing

Copperas Works Arca looking west from south cdge below Copperas Road
Copperas Works Area looking northwest from south edge below Copperas Road
Copperas Works Area looking north from south edge below Copperas Road

Copperas Wotks Area looking northwest from south edge below Copperas Road showing
oxidized mining waste rock and roasted and leached ore piles

Copperas Works Area looking north from south edge below Copperas Road showing oxidized
mining wastc rock and roasted and lcached ore piles

Copperas Works Area looking northeast in area below Copperas Road showing oxidized mining
waste rock at left and roasted and leached ore piles at center and right

Copperas Works Area looking north in area below Copperas Road showing roasted and leached
ore piles at left and center and oxidized mining waste rock at right

Copperas Works Area looking north in area below Copperas Road showing roasted and leached
ore piles n loreground and oxidized mining waste rock n right background

Copperas Works Area looking west m area below Copperas Road showing roasted and leached
ore piles at center and brick debris at lower right

Copperas Works Arca looking west 1n arca below Copperas Road showing roasted and leached
ore piles at center with remains of timber support cribbing

Copperas Works Area looking southwest in arca below Copperas Road showing roasted and
lcached orc piles in left background and oxidized mining waste rock at center and right

South Open Cut looking south from north end showing rough footwall at right
South Open Cul looking south from north end showing recently collapsed area al cenler

South Open Cut looking south from north end showing smooth hanging wall at left
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South Open Cut looking northeast from west side ncar north cnd showing high part of hanging
wall

South Open Cut looking northeast from west side south of north end looking along hanging wall
South Open Cut looking south from west side south of collapsed area near north end

South Open Cut looking north from west side at approximate midpoint

South Open Cut looking north from west side juts north of crosscut

South Open Cut looking east through crosscut from west side

South Open Cut looking southcast from west side showing crosscut at loft and south continuation
of cut at right

South Open Cut looking north from west side south of crosscut

South Opcen Cut looking north from cast side ncar socuth end

South Open Cut looking north from south end

0ld South Ming locking e¢ast showing room-and-pillar mining remaing
0ld South Mine looking north

Old South Mine looking north to flooded trench
























HISTORIC AMERICAN ENGINEERING RECORD
ELTZABETH MINE
HAER No. VT-35
Location: Mine Road, 1.75 miles southeast of the intersection of
Vermont Route 132 and Mine Road in the willage of South Strafford
Orange County, Vermont
UsSGs South 3trafford Quadrangle, Universal Transverse Mercator

Coordinates: 18.714570. 4855625

Dates of Construction: 1942-1958

FEngineer, etc.: Galigher Company, Salt Lake City, Utah ca. 1943
buildings)

Present Owner (s): privately owned (withheld by request)

Present Use: closed (1958)

3ignificance: The Elizabeth Mine is one of three copper mines
that operated in Orange County, VT, in the nineteenth and twentieth
centuries. The Flizabcth Mine operated almost continucusly from 1809
to 1954. Of the three mines, 1t produced the highest tonnage of

copper, and left the largest and most complex mining landscape.
Beginning in 1809 thc mine became an important domestic producer of

copperas (i1ron sulfate), and copper was smelted 1n several brief
campaigns between 1830 and 1919. The mine experienced its greatest
productivity between 1943 and 1958 when it was revived using modern
ore processing technology. Between 1946 and 1956 the Elizabeth Mine
was among the top 25 copper producers in the U.3. Total copper output
for the mine is estimated at more than 100 million lbs. The site

today encompasses historic mining resources including a regionally
unigue cluster of World War II-era hard rock metal mining and ore
processing buildings and assoclated landscape features including
tailings and waste rock ©piles, all reflective of historically
significant activities and processes at the site.

l[istorian: Matthew A. Kierstead, November 2003

Project Information: The Elizabeth Mine has been determined to ke a
source of water contamination in the West DBranch of the Ompompancosuc
River, a tributary of the Connecticut River. The U.S. Environmental
Protection RAgency listed the Elizabeth Mine site on tThe National

Priority List (“Superfund”) on June 14, 7001. The site was
subsequently determined eligible for listing in the National Register
of Histcric Places. This Historic 2American Engineering Record

documentation of the wWorld War Il to 19%58-era historic architectural,
engineering and landscape resources at the Elizabeth Mine site was
completed during spring and summer 2003 by PAL for the U.3. Army COrpsS
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of Engineers 1in partial fulfillment of a Memorandum of Agreement
stipulaeting mitigalion of polential c¢leanup Impacts Lo hisloric
resources.
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CHRONOLOGY

1193 Ore deposit discovered on Copperas [111 |

1809 Vermont Mineral Factory Company conducting surface mining and copperas

producticn

1817 U.S. Presidenl James Monroe visits mine on goodwill Lour

1830  Underground mining bhegins; Tsaac Tyson, Jr. smelts fTirst copper at

Furnace Flats

1854 Copper smelting at Furnace Flats through 1§67

1882 Copperas producllion ceases; James Tyson names mine “Elizabeth” aller

his wife; Tysons smelt copper at Sargent Brook to 1890

1898 Tysons dig 1898 Adit; smelt copper on east side ot Copperas 111

through 1902

1906 Mine purchased by August Heckscher; new smelters installed

1916 First flotallion milling al Elizabeth Mine

1925 American Metals Company operates mine

1928 Naticnal Copper Corporation and Fredcrick Footc operate minc
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1942 Vermont Copper Company organized, begins construction and reopens mine

1943 First copper concentrate from Elizabeth Mine mill

1948 New adit and shaft dug to develop 975 ft level

1949 New crusher and eguipment added for extra capaclity, ore extraction

bcgins from waste dumps, South Open Cut, and Ely Minc dumps

1950 Precduction reaches 7 million lbs

1852 Pyrrhotite extraction for Brown Paper Company begins; Tailings Pile 2

started

1954 Prcduction exceeds 8.5 millicn lbs; Appalachian Sulphides, Lnc.

purchascs Elizabeth Minc from Verment Coppcr Company, Inc.

1958 ©Ore exhausted as mining progresses on 975 ft level north of

Owpompanoosuc River; Appalachlan Sulphides, Inc. closes Elizabeth Mine
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INTRODUCTION

The Elizabeth Mine 1s c¢one of three copper mines that operated in the Orange
County, VT, “Copper Belt” in the nineteenth and twentieth centuries. The
Elizabeth Mine operated almost continuously from 1809 to 1958. 0Of the three
Vermont Copper Belt mines, Lt produced the highest tonnage ol copper, and
left the largest and most complex mining landscape. Mining began in 1809 for
the production of copperas (iron sulfate), and copper was smelted in several
brief campaigns between 1830 and 1919. The Elizabeth Mine experienced 1its
grcatest productivity betwcen 1942 and 1958 when it was revived using modern
ore processing technology. Between 1946 and 1956 the Elizabeth Mine was
among the top 25 copper producers in the U.S. Tctal copper cutput for the
mine is estimated at more than 100,000,000 l1lbs of copper (Kierstead 2000:EZ2-
1, 3/10-11, 7/1-3). The Elizabeth Mine site today includes historic mining
resources including a regionally unique cluster of World War IT-era hard rock
metal mining and ore processing buildings and associated landscape features
including tallings and waste rock piles, all reflective of historically

gignificant activities and processes at thc site.

The tailings piles and waste rock at the Elizabeth Mine have been determined
to be a source ol water contamination 1n the West Branch ol the Ompompancosuc
River, a tributary of the Connecticut River. The Elizabeth Mine site was
listed in the U.3. Environmental Protection Agency’s National Priorities List
(NPL or ™Superfund”) on June 14, 2001. The site was subsequently determined
cligible for listing in thc National Rcgister of Higstoric Placcs (Kierstead
2000:7/1-3), This Historic American Engineering Record (HAER) documentation
of the World War II toc 1958-era historic architectural, engineering and
landscape resources at the Elizabeth Mine site was completed by PAL for the

U.3. Army Corps of Engineers in partial fulfillment of mitigation of



ELIZABETH MINE
[TABR No. VT-35
Page 6 of 166

potential contamination cleanup 1lmpacts to the historic resources at the

gite.

This HAER documentaticn concentrates on the history, buildings, prccesses,
and landscape assoclated with 1942 to 1958 operatlions at the Ell:zabeth Mine.
The approximately 2 square mile area comprising the Elizabeth Mine 3ite
contains hundreds of historic industrial and domestic structural,
archaeoleogical, and landscape resources dating from the nineteenth and
twecntieth centuries that rcprcesent many phases of activity at thce Elizabeth
Mine. The most coherent and visible part of the Elizabeth Mine Site isg the
core mine area centered on Mine Road, which contains resources associated
with and resulting from the activities that tock place between 1942 and 1958.
This area includes multiple standing structures and massive waste pilles and
clearly illustrates mining and materials handling processes and technology.
This component of the Elizabeth Mine site is therefore an appropriate
candidate for HAER documentation methodology. This documentation alsce
includes periphcral and distal structural and landscapc rescurccs assoclatced
with the mid-twentieth-century pericd of activity. The Elizabeth Mine Site
does contain earlier large-scale archaeological features that have been
documented elsewhere through historical research and archaeological survey,
including the Copperas Works Site, Furnace Flats North and 3South, Sargent
Brook smelter site, and numerous domestic resource clusters (Ford et al.
2003); and earlier and asscclated landscapes that have been documented in
acrial and tcrrcstrial 35mm color transparcncies (Coppcras Works Site,
Tailings Pile 1 [TP 1] and Taillings Pile 2 [TP 2], 0ld South Mine, South Open
Cut, North Open Cut, Tyson Mining Area, and the WW II-era

buildings) (Kierstead 2003).
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LOCATION

The majority of the Elizabeth Mine Site is located in Orange County, Vermont,
approximately 12 miles north of White River Junction and approximately 10
miles west of the Connecticut River (Figure 1). The roughly 800-acre site is
located southeast of the village of South Strafford in the southeastern
corner ot the town of SGtrafford, with an eastern portion in Thetford and
small portions at its southern extremity in Sharon and Norwich, which are
located in Windsor County. The sitc is located within the drainages of
Copperas Brook and Lord Brook, which flow north and east to the West Branch
of the Ompompanocsuc River, a major tributary of the Connecticut River
located approximately 1 mile north of the site. The Elizabeth Mine Site is
roughly diamond shaped, stretching from the Air Shaft and Electrical
Substation on the north bank of the Ompompancosuc River in the Rte 132-
"'urnace Road wvicinity in Strafford, teo a point approximately 2 miles south at
the waste rock and prospect pits scuth of the 0ld South Mine i1n the extreme
northcast corncr of thce town of Sharon; and from the Sargent Brook smeclter
site at the west foot of Copperas Hill in Strafford to a point approximately
1 mile east at the east tip of Tailings Pile 1 at the west foot of Gove Hill
in Thetford (Figure 2). The core of the mine site that includes the mid-
twentieth—century resources in this documentaticn is located in the east-
central part of the diamond-shaped area, in the Copperas Brook wvalley on the
east flank of Copperas Hill, west of Gove Hill, approximately 1.75 miles
southcast of the intecrscction of Vermont Routce 132 and Minc Road in the

village of South Strafford (Figure 3}.
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GEQLOGY

The Elizaketh Mine is the southernmcst mine in the 20-mile long, Orange
Counly, VT, Copper Bell thal includes Lhe Ely Mine al Vershire and Lhe Plke
Hill mines at Corinth (Figure 4). These metallic sulfide mineral deposits
are located in the Paleoroic stratigraphic units of the Connecticut Valley
Trough that stretches from western Massachusetts to the Gaspe Peninsula 1n
Canada. The bedrock underlying Orange County consists of Silurian and early
Devonian metasediments with interspersed metavolcanics and ilgneous intrusives
(Doll et al. 1961). These rocks were subjected to at least three stages cof
intense folding and metamorphism during the early Devonian Acadian (400 my)
orogeny. QRock units typically dip steeply to the east, and become
progressively younger from west to east. The Elizabeth Mine crebody is
hosted by the Gile Mountain formation, which consists largely of
metamecrpheosed pelite and graywacke (seaflcor sediments) (Figure 35) (Seal et

al. 2001:1167 sSlack ct al. 2001:194).

The Verment Copper Belt ore deposits are examples of one of the major classes
0of metallic ore deposils found in the easlern Uniled Slates, Lhe group known
as the Appalachian Sulfides. These ore deposits consist of iron sulfide in
the form of pyrite or pyrrhotite, often mixed with lesser quantities of
copper, usually in the form of chalcopyrite, and scometimes zinc (sphalerite),
lcad and tracc amounts of othcr, somctimecs precicus, mctals. Thesc orcbedics
waere deposited on ancilient seafloor as thick sulfide ore beds by hydrothermal
vents precipitating metals leached from undersea magma by hot circulating
seawater. These sulfide beds were eventually buried by sediments,

incorporated into new continental crust, emplaced and metamorphosed in folded
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mountain ranges, and eroded, exXposing them for discovery. Appalachian
sulfide deposits stretch from Alabama to Malne, and continue into New
Brunswick, Canada (Kierstead 2000:3.6-3.7). These ore deposite have been
further classified intec subgroups according to their original depositicnal
environment. The Orange County copper deposils are “Besshi” Lype deposdils,
named for their type locality in the 3ea of Japan. These deposits occur at
rifting (spreading) conftinental plate margins at oceanic ridge crests or back
arc marine basins. The depositional environment of the Orange County
dcposits 1s considered analogous to that of the Corda Ridge and Juan de Fuca
Ridge in the eastern Pacific Ocean today {(Seal et zl. 2001:1167 Slack et al.

2001:194, 196, 208-209).

Appalachian sulfide orebodies are typically stratiform and stratabound, that
is they conform to and are bound by their host rock layers. Many have been
subjected to intense deformation and remobilization. The orebodies are
typically pod-1like, lenticular, or tabular in shape, steeply dipping, and
oftcn swell and pinch or form overlapping, cn cchclon lenses. They are
generally massive and fairly sharply bound by their schistose host rock. The
Elizabeth Mine orebody is thought te be emplaced in the limb and crest of an
anticlinal fold. IL L1s a north-soulh trending, elongate, Labular, sheel-like
deposit of nearly continuous massive sulfide measuring approximately 11,000
ft long along its strike. It varies in width from a few feet to several
deozen feet. TL dips approximately 70 degrees to the east and plunges from
ground surfacc at the North Open Cut to a depth ¢of approximatcly 1,000 £t at
i1ts northern terminus north of the West Branch ¢f the Ompompancosuc River,
The ore 1s more or less continuous, massive to socmewhat disseminated sulfide,
with scme local splits, rolls, and irregularities in width. At its scuthern

end, this steeply dipping sheet was also longitudinally folded into a series
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of undulations. This secticn of the orebody and its host rock was
subsequently eroded to the current surface elevation. The o¢ore outcrops at
the South Open Cut and Cld Scuth Mine are the remnant bottoms of these

undulating folds.

The topography at the Elizabeth Mine and the shape and orientation of the
orebody within its host rock played an important role in the development of
the i1ndustrial landscape. The North Cpen Cut orebody ocutcrops at the east
shoulder of Copperas Hill, at an elevation of 1,300 to 1,400 ft above sea
level. The bowl-shaped hillside below the cut drops to an elevation of 1,140
ft at Mine Road. This natural hillside amphitheater, which includes springs
and is the headwaters of Copperas Brook, provided a fortuitcus landscape for
the nineteenth-century gravity and water-fed, cascading copperas
manufacturing process. As the north-south oriented orebody was exploited
increasingly to the north and deeper underground as time progressed,
infrastructure and activity followed the trend ¢f the ore. First mined from
an open cut, the plunging shape of thc orebody required new acccss points
from progressively longer adits (horizontal tunnels) to the east down the
slope of Copperas Hill during the mid-nineteenth century. In the 1880s the
northward trend ol the ore dictated Lhat shalts be located north ol the Norlh
Open Cut, and that an adit be located even further north in 1888. This trend
continued into the mid-twentieth-century period covered by this
documentation. By 1948, the northward and downward progress of mining
required thc driving of yet another adit and intersecting shaft further
north, east ¢of the ore trend. These sghifting mine access points and their
immediate topography also dictated the location of processing facilities and
waste deposits. The sloping topography cof the Ccopperas Brook valley allowed

placement of the cascading processes of the World War II-era ore crushing and
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flotation plants, and aided the nearby, down slope depositicon of mill

tallings pumped in a water slurry.

HISTORY

Vermont Copper Belt

The Elizabeth Minc is onc of thrce major coppcr mincs that opcratcd in the
20-mile long Orange Ccunty, VT, Copper Belt during the nineteenth and
twentieth centuries. Copper precduction in the eastern U.S. during this period
was minuscule compared to the output of the U.S. and even some individual
U.3. mines. Although the large operations of the American West have
dominated U.S3. copper production since the early twentieth century, several
eastern U.5. copper mines were reopened and worked profitably at times when
wartime demand warranted it or prices were high enough, and they could be
operated efficiently with proven technology. Several Appalachian sulfide
mines, including the Elizabeth Mine, did not exXperience theilr greatest phasce
of productivity until the application of modern mass production technology in
the mid-twentleth century (Kierstead eL al. 2003:87).

The Elizabeth Mine operated almost continuously from 1808 to 1858. 0Of the
three Vermont Copper Belt mines, it produced the highest tonnage of copper,
and left the largest and most complex mining landscape. Mining began in 1808
for the production of copperas, c¢r iron sulfate, an important industrial
chemical. This operation eventually became a major domestic source of
copperas until it closed in the early 1880s. President James Monroe visited
the Elizabeth Mine in 1817 as part of a goodwill tour including area

industries. Copper was smelted beginning about 1830 and in eight brief
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subsequent campalgns until 1919. ‘''he mine was revived for World War 1l and
closed in 1958. The mine was the scene of several important firste in
American copper metallurgy, including successful mine side smelting, large-
scale smelting of sulfide ores, smelting with het blast and anthracite, and
successful use ol chromile refractories. Ellzabelh Mine probably had a tolal
lifetime output of more than 100,000,000 lbs of copper (Kierstead et al.

2003:88) .

The Ely Minc in Vershirc was an activc copper producer between the mid-1850s
and 1918, with ites greatest production realized during the 18705 and 1880s.
During this pericd, Ely Mine outstripped copper production at the Elizabeth
Mine and ranked among the top ten copper producing mines in the U.S. The Ely
Mine often contributed more than 2 million lbs of pig copper, and sometimes
more than 3 million, to annual U.3. output during the 1870s and was still
productive into the 18%(0s. Tt was the third largest-producing UU.5. copper
mine 1n 1873 and 1875, and ranked from fourth to ninth in the rest of that
decade. The Ely Mine included a large copper smelter building, erected in
1867 and ultimately reaching more than 1,000 ft in length. The mine fostered
the growth of a substantial workers’ wvillage that influenced the local
economy. The mine was Lhe scene of labor unrest Lhat resulted in the “Ely

T

War. Under operators including Frederic Cazin and George Westinghouse, the
mine was the site of several late—nineteenth and early-twentieth-century
efforts aimed at efficient extraction of copper from low grade ores and mine
wastes and new smelting furnace technology. Ely Mine was the only copper
nmine in Vermont where all technological aspects of refined pig copper

producticn, from mining of raw ore to smelting of refined copper, were

successfully integrated on a large scale. The mine’s overall lifetime
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producticn of copper stands somewhere between 30 and 40 million 1bs

(Kierstead et al. 2003:87-88).

The Pike Hill Mines 1in Corinth were the scene of intermittent copper mining
[rom 1846 Lo 1919. AlLhough Lhe Pike HiIll mines operaled sporadically and
were overshadowed by the Ely Mine and the Elizabeth Mine, they contributed an
estimated 1/17th ot the copper produced in the Orange County Copper Belt.
There was no smelting at Pike Hill; ore mined there was taken to Ely to be
rcfincd., The total coppcer producticon of the Pike Hill mincs is cotimated at

8,600,000 lbs (Kierstead et al. 2003:88-89).

Lack of complete and consistent nineteenth-century reccrds makes accurate
estimation of Vermont’s total copper output difficult. However, based on
conservative analysis of existing records it appears certain that Vermont was
the second-largest copper-producing state for at least part of the 1870s.

The major producers 1n order of prcduction during the 18¢0s and 1870s were
Michigan, Vcrmont and Tcnncsscece. Vermont was far bchind Michigan, which
produced more than 60 percent of domestic copper from 1854 to 1882. The 1880
census placed Vermont, with 2,647,894 1bs. of ceopper, in third place behind
Michigan’s 40,389,212 lbs., and Arizona's 3,183,750 lbs. By 1882 Lhe weslern
mines began to pull ahead, and Vermont ceased to be a major contributor to
U.53. copper production. Industrial production figures for the mid-twentieth
century are more accurate. Tn 1953 the FElizabeth Mine was the nineteenth
highcst producing coppcr minc in the U.S. Between 1946 through 1956 it was
among the top 25 producers and was twentieth in five of those years. In 1850
there were 300 copper mines in the country. The top five produced €7 percent
of U.5. copper and the top ten produced 85 percent. Total copper output for

the Orange County Copper mines between 1793 and 1908 has been estimated at
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about 145 million lbs., with about 100 million from the klizabeth Mine, about
35 millicon lbs. from Ely, and less than 10 million from Pike Hill (Abbott

1964: 144, 336-338, 141-118; Howard 18689:10).

Elizabeth Mine

Pre-mining histery

Strafford, VT, was chartcrcd August 1z, 176l. Strafford remaincd a fronticr
town through the Rewvolutionary War and settlement did not begin to increase
until Vermont was admitted into the Union in 1791. The maln economic
activity in Strafford during the late eighteenth century was subsistence
farming with limited local trade. Industry consisted of a few sawmills,
gristmills, tanneries, and fulling mills supplying local needs. The South
Strafford orebody was discovered 1n 1793. Its primary constituent is
pyrrhotite, an iron-sulfur mineral that lay below a weathered iron oxilide cap.
Dcceds associatced with the land from thc late 17905 rcfcr to iron orc mining
rights. The belief that the weathered surface material could be smelted for
iron persisted until 1809, when a misguided attempt to smelt this unsuitable

ore choked Lhe Franconia, NH, ilron furnace (Kierslead 2000:4/1-2).

Copperas Manufacturing

The first product manufacturcd from thc South Strafford ore was copperas, a
crystalline green hydrous iron sulfate that was an important early industrial
chemical compound. It was used as a disinfectant, astringent, and wood
preservative. It added color permanence to black and brown dyes and was

widely used in the dyeing and tanning industry. The 1807 Ewbargo Act
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restricted chemical imports, which spurred domestic ccopperas production. The
Vermont Mineral Factory Company began copperas production at South Strafford
in 1809. After the war English copperas flooded the market and made the
works unprofitable. In 1817 President James Monroe visited the works as part
ol a goodwill tour, and Lhe company was successful 1n inducling him to enacl a
beneficial import tariff on copperas imports. Production reached 1,000 tons
in 1831, when the works reportedly made 7b percent of domestically produced

copperas (Kierstead 2000:4/2 5).

Copperas production was a simple process that was well documented at the
Elizabeth Mine. The raw material was pyrrhotite gathered by excavation. The
process made use of gravity and the flow of water. The ore was piled into
beds, where it was roasted to promote breakage of the ore and release of the
sulfur. The beds were on elevated and cleared surfaces. Once roasted, the
ore was moved to leaching heaps where water was percolated through it to
release a ligquor of ferrous sulfate and sulfuric acid, which was run through
plank-lined channels to a large holding cistern. Thc liquid was pumped into
lead-lined boilers and when sufficiently concentrated, it was poured into
pans where it crystallized and was scraped off and packaged for shipment

(Kierstead 2000:4/5-12; Smith 2000).

Until about 1030 the 3cuth 3trafford copperas works drew its raw material
from the North Open Cut, located near the top of Copperas Hill. About 1828
thc company bcgan developing underground workings to access the orc more
efficiently. Establishment of local railroad service in 1848 improved
transportation and copperas was shipped to cities including Baltimore, MD;
Boston, MA; Charlestown, SC; Hartford, CT; Richmond, VA; and Troy, NY. The

copperas from South Strafford was used primarily by the woolen, cotton,
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dyeling, and hatmaking industries. Ln 1882 the wocrks were shut down because
cheaper iron sulfate was available from byproductes of the burgeoning tinplate
industry. At 1ts peak, the scale ¢f the Copperas Works in terms of its
landscape and factory buildings far exceeded that of any other manufacturing
concerns Ln the area (Abbott 1964:7-18, 271-279).

Copper

Nineteenth-Century Operations

Although copperas production dominated nineteenth-century activity at South
Strafford, the ore alsc contained the copper-bearing sulfide ore
chalcopyrite, and efforts toc smelt copper also took place. By the early
18305 the Vermont Mineral Factory Company began underground mining and
acquired the land on the Ompompanoosuc River at Furnace Flats, approximately
1 mile north of the mine. There, with the aid of DBaltimore, MD, metallurgist
lsaac 'I'vysen, Jr. (1792-1861) copper was smelted 1n several vertical shaft
blast furnaccs. This smclting produccd impure ccoppcr “matte” shippcd
elsewhere for final refining. This remote smelting plant was an unusually
large and unprecedented operation, and was the site of the first use of
anthracite and hot blast [or copper smelting, the [irst successlul large-—
scale smelting of sulfide ores in a masonry-lined furnace, and what may have
been the first successful mine-side smelting of copper in the U.3. This
operation shut down with the Panic of 1837. The Vermont Copperas Company
rcsumed smelting at Furnacc Flats betwcen 1854 and 1867, when priccs fell
after the Civil war. »2About 1884 the Strafford Mining Company cmelted copper
at this location on a small scale (Abbott 1964: 271-273; Johnsson 2001:42-

44) .
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In the early 1880s the 'l'vyson family returned te South Strafford to mine and
smelt copper. Isaac Tyson, Jr.’s son, James W. Tyson, named the operation
the Elizabeth Mining Company after his wife, Elizabeth, and brought his son,
James, Jr., to work the mines. For more than 20 years the Tysons developed
the mine and smelted copper in several [urnaces. Tyson sank a new shaft just
north of the North Open Cut, and made matte and pig copper at a new smelter
on Sargent Brook, west of Copperas 1lill, between 1887 and 185%0. In 1895 the
Tysons began to drive a new 1,400 £t adit (horizontal tunnel) lcocated lower
down on the fast slopc ¢f Coppcras Hill, northcast ¢f thc copperas works
site, to access the north trending crebody. They bullt a mechanical ore
concentration mill and smelting plant northeast cf the adit. At the new
smelter metallurgist William Glenn performed the first successful smelting
with chromite furnace linings, a major contribution to smelting that greatly
prolonged the life of furnace linings. The remote operation was not

profitable and shut down in 1902 (Johnsson 20071:44-60).

Early-Twentieth-Century Cperations

Demand for copper rose sharply at the end of the nineteenth century because
ol the increasing need [or the metal in electrical communication and power
equipment. High-grade copper deposits were dwindling and the need for more
copper drove metallurgists to develop processes to efficiently extract copper
from leaner and leaner cres. New processing technology, electrically powered
equipment, and thc application of mass-production techniqucs allowed savings
in fuel and labor and the realization ¢f greater and greater economies of
scale in mining. Ultimately these advances made possible the profitable
mining and milling of immense low-grade deposits in open pits. At the

Elizabeth Mine, the new technologies of pyritic smelting and flotation were
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both applied in dogged <efforts to make this large copper deposit a payving

proposition,

In 1206 the Elizabeth Mine was purchased by Augqust Heckscher (1848-1941),
known f[or his creation of the New Jersey Zilnc Company. Heckscher Lormed the
Vermont Copper Corporation and built a blast furnace configured for pyritic
smelting, a then newly emerging method designed to save fuel by burning the
sulfur in the ore. This techneclogically up to date works, which was the
first at thc sitc powcrcd by clcctricity, was damagcd in a scrics of fizrcs.
In 1916 the Vermont Copper Corporation recpened the mine and again attempted
pyritic smelting with an improved furnace located higher up on the east flank
of Copperas Hill. This operation was briefly profitable because of high

World War I copper prices but closed in 1919 (Kierstead 2000:4/25-27).

The 1916 operation was the first at the Flizabeth Mine to use froth flotation
technelogy. The development of freth flotation, first used commercially in
Augtralia in 1805, is considcred the birth of the modcrn mining industry.

The process relies on the attractien of fine particles of metallic ore to
chemically treated bubbles. The process involves tumbling metallic ore in a
series ol ball and/or rod mills, large electrically driven rotaling drums
filled with steel balls or rods to grind the ore to a fine consistency. The
fine ore is then added fto rectangular tubs filled with water and special
flotation reagents, and agitated with rising bubbles and motorized paddles.
The mctallic orc particlcs arc attracted to the floating bubblcs that risc to
the top and are skimmed off, and the fine waste rock mill tailings are
remcved from the bottem of the flotation tubs. The result is a copper
concentrate powder rich enough to ke economically shipped to an off-site

smelter. The first commercial froth flotation mill in the United States was
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installed at the Black Rock Mine at Butte, M!', in 1%12. 1n 1214 there were
42 flotation mills operating in the U.S. (Bunyak 19958:29-30; Kierstead

2000:1/31; wWark 1938:15-28).

Flotation was dapplied at all three Orange County copper mines during the
World War I period. At the Ely Mine, Ely-Copperfield Associates built a 250-
ton per day flotation plant that produced 3,600 lbs of copper during its 10-
month 1918 campaign. Flotation was also employed at the Pike Hill Mine, with
the cxperimecntal Wood proccecss tested in 1906, and a morc convcentional proccss
applied in 1916-1919 (Abbott 1964:306-307, 188; Jacobs 1918:143-145;

Kierstead et al. 2003:258-275).

At the Elizabeth Mine, two more attempts to make copper concentrate were made
before the onset of the Great Depression. In 1925 the American Metals
Company, a worldwide investor in copper properties, mined 20, (000 tons of ore
and milled 1,756 tons of 18 percent copper concentrate, using the flctaticn
mill to proccss the orc. Froderick W. Foote, a mining cnginccr with
experience in sulfide ores who was convinced that the Elizabeth Mine could be
profitable if the copper, iron, and sulfur could be extracted, championed the
[inal ellforlL. In 1928 Foote convinced backers to [orm the National Copper
Corporation, which mined and milled 60,000 tons of ore in the re-equipped old
Tyson mill between April 1929 and June 1930, producing 6,330 tons of
concentrates before the plant was closed because of falling copper prices.
Undcr Footc, the flotation mill rcachcd its predictced cutput of 300 to 350
tons per day of 20 percent copper concentrate and recovered more than 90
percent c¢f the copper in the ore. Experiments proved that the iron-sulfur
content present in the pyrrhotite cculd be extracted through flotation. In

1831 Foote thoroughly analyzed the mine and proposed construction of a 500
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ton-per—-day mill. HExploratory drilling revealed proven ore reserves of
1,565,00 tone of ore carrying 1.76 percent copper in an area 13,000 ft long
and 1,500 ft deep, encugh for 10 years of operation, but the ore was low
grade, hard to mine and beneficiate, and remote from scources of power and
transporlation. When Nallonal Copper’s lease explred, Foole Look an oplion
on the property for $50,000, and waited for market conditions to change

(Abbhott 1964:./83-287; Randolph Tlerald 1940).

WWII and Korean War Era, 1541 to 1958: Vermont Copper Company, Inc. and

Appalachian Sulfides, Inec.

As early as 1840 the U.5. government began to lock to the Vermont Copper Belt
as a potential source of strategic metals for the World War II effort, and
after Pearl Harbor, interest in the Elizabeth Mine as a source of copper
grew. George Adams TIlis, a Vermont-born ftinancier and industrialist, worked
with the Vermont War Production Board to reopen the mine. Former Vermont
Covcrnor Stanlcy C. Wilson wags also involved. The Vermont Coppcr Company,
Inc., was organized in April 1942 with Ellis as president. The company
acqguired the Strafford, Vershire, and Corinth mining properties and spent
$2,350,000 worth of private inveslments and loans to develop Lhe Elizabelh
Mine. Frederick Foote was retained as a consultant. U.3. Bureau of Mines
drilling tests showed that 16.5 million lbs. of copper could be produced
within two years. The company soon signed an agreement with the Metals
Rcscrve Corporation of the Recconstruction Finance Corporation for 16.5
million lbe of copper. The company also received a $550,000 loan from the

MRC (2Abbott 1964:308-313; Randolph Herald 1%42).
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ledevelopment work 1ncluded clearing and pumplng out the underground
workings. By May 1942, 200 men were employved c¢leaning and rebuilding the
mine. The 1888 Tyson Adit was straightened and enlarged (Figure 6). A 12.5-
mile paved highway (that closely followed present-day Vermont Route 132) was
built Lo Lhe Boston & Malne Railroad at Pompancosuc, a4 7.5 mile eleclroical
line was built to the mine, and a water line was run to a new pump house on
the south bank of the Ompompancosuc River, east of the area where Tsaac Tyson
smelted copper in the 1830s. The late 1890s Tyson era mill and smelter
buildings clustered around the 1898 (or 300 ft levcl) Adit werc torn down,
the land was regraded, and a new complex of mine bulldings was built (Figures
7, 8, and 9). These buildings included a Change House, Compressor Building,
Machine Shop/Workshop, and Office/Warehouse in a straight line on a flat
terrace east and north of the 1898 adit (Figure 10). A Crushing Plant,
Concentrating Mill, and Thickener/Filter building were located in tiers on
the hillside below to take advantage of the flow of water and gravity in the
beneficiation process (Figure 11). The Galigher Company of Salt Lake City,
UT, designcd and built the 500-ton pcr day Concentrating Mill, and made
arrangemente for tailinge disposgal and water supply. Other ancillary
buildings included a Heating Plant, Garage, Assay Laboratory, two water tank
buildings, an Infirmary, and a Boardinghouse. New rails and overhead
electric wires were strung for the mine cars connecting the 1898 Adit with
the Crushing Plant (Figures 12 and 13). In August 1942 the U.3. Government
gave the mine a contract for 16.5 million lbs. of copper. Ore production
began in thc spring of 1943, but the mill was not ready to process ore until
October., By November the system was operating 24 hours a day, but did not
reach its full capacity for several years because of technical difficulties.

The copper concentrate was shipped to a Phelps-Dodge Copper Company smelter
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at Laurel Hill, Long lsland, for refining (Abbott 1964:312-316; landolph

Herald 1942, 1943a).

The copper concentrate was shipped in at least two truckloads per day to the
Boston & Maine Rallroad at Pompanoosuc Station. The concenlrate was
transferred from the trucks into railroad cars for shipment to the smelter.
After the paving of the highway to Pompanoosuc during early World War TT
Operations 1t continued to be the shipment point for incoming equipment and
supplics and outgoing ore. The minc company constructed the ™copper shed”
across the road from the station., It is a long, narrow, tall, gable-rcoofed
building located parallel to the tracks, with the same tan asphalt siding
used on the World War II-era bulildings at the mine site. This building was

used to store rail cars loaded with ore concentrate.

Because of a shortage of labor during the war, and skilled labor in general,
the mine did not reach full capacity until the 1%50s. Fifty miners from
Newfoundland were imported to casc the labor shortage. The gquality of the
ore and the efficiency of the milling process fluctuated during this periocd.
The mine produced an average of 300,000 lbs. of copper concentrate a month
through 1944, [or a vyear-end tolal of 3,810,881 lbs. Afller Lhe end ol World
War II, labor shortages persisted and the price of copper fell. Production
in 1945 fell to 3,777,718 lbs, rose to 6,064,572 lbs in 1946, and fell back
to 4,495,054 1bs in 1947. By that year copper shortages cropped up agaln and
the pricc rose, but thc mine was only marginally profitablce. The minc had
been losing $15,000 to $20,000 a month for two years. A8 mining progressed
deeper and further north, tramming and hoisting the ore up and south almcst
2,000 ft to the 1898 Tyson Adit at the 300 ft level became an inefficient way

to move 1t out of the mine. In 1948 a new vertical shaft and adit were
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excavated north of the 18398 Adit that allowed access to new arcas of ore
containing 10,000,000 lbe of copper on a new 975 ft level., The Vermont
Copper Ccompany realized that in crder for the mine to be prcfitable it weculd
also have to produce other values from the ore. A total of $250,000 was
expended on experiments Lo extract pure lron from Lhe mill tailings through
an e=lectrolytic process, which proved fruitless. The copper content of the
newly developed ore was lower than anticipated and output for 1948 was only
4,415,865 1lbs. The mine requlired more exploration and increased plant
capacity to produce at a scale that would insure profitability, and the
Vermont Copper Company sought government assistance. In early 1849 the
company was awarded a contract with the U.3. government for 30 million lbs of
copper at 19.25 cents per lb. for four years, and received a $150,000

government loan (Abbott 1564:320-320).

The new contract, lcan, and ore reserves suggested a profitable future but
management changes were also 1n order. The mine took on Frank Hichelberger
as president and general manager. Eichelberger was a mining cngineer with a
reputaticn for running profitable cpreraticns and who had been a pioneer in
the develcpment of froth flotation. He instituted cost-cutting measures and
concentrated on mining the best underground ore at his disposal and
increasing the overall volume of ore running through the mill to maximize the
economy of scale. A recession in early 1949 lowered the price of copper to
16 cents per 1b and the Phelps Dodge refinery went on strike. However, by
June 1949 thc mine turned its first profit, and thc Reconstruction Finance
Corporaticn funded construction ¢f a larger primary crusher plant. The
capacities of the mill‘’s various departments were tuned and matched for

increased output of 750 tons per day to meet the increased cre production
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capaclty. Copper output rose to 600,000 lbs per month and 1949 producticn

figures totaled 6,084,380 lbs (Abbott 1964:327-332).

Between July 1949 and March 1950 the company mixed 55,000 tons of dump ore
[rom the Tyson mining area north of the North Open Cut (Figure 14), plus dump
ore from the Ely Mine, with fresh underground ore from the Elizabeth Mine.
The 60,000 tons of Ely dump ore mined in 1950 yielded 1,200,000 lbs ot
copper, however, the oxidized dump cre interfered with the flotation process
and aftcr March 1, 1950, all the orc milled at thce Elizabeth Mine was fresh

underground material (Benson et al. 1850:23),

By April 1950 the price of copper rose again and was more than 24 cents per
1b by the end of the year. New exploration proved reserves of economically
suitable ore all the way north to the Ompompancosuc River. The South Open Cut
was started by that time (I"igure 15). This 1,600 ft long, narrow, steeply
dipping exposure of the orebody was located several hundred feet south of the
North Opcn Cut. The contract for cxcavation of thc ore was given to a
private contractor, who blasted the ore free, excavated it with a cable-
shovel, and trucked it to the mill on a new road built down the east flank of
Copperas Hill, across the [ormer copperds works area. This aclivily did nol
extend underground and resulted in a long, narrow, steep-walled trench, now
partially filled with water. Excavation of the South Open Cut included
blasting a small connecting tunnel to the North Open Cut, and a small,
perpcndicular crosscut from the road west to the orebody to facilitatce truck
access., The waste rock from this development was dumped in a plle east of
the cut and the haul rocad. The South Open Cut cperation was short-lived, but

it did provide a boost in the quantity of fresh ore for the mill. In 1950
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the mine reached a new record production high of 7,000,000 lbs (Abbott

1964:332-335) .

In 1951 demestic sulfur shortages finally led tc the realization of plans to
extract sulfur [rom the ore under a contract with the Brown Paper Company of
Berlin, NH, which wanted the sulfur for sulfite process wood pulp treatment
for papermaking. The process would leave behind iron that could also be sold
as a by product. This required building an addition to the east end of the
flotation mill to includc cxtra flotation cclls to rcmove the pyrrhotitc from
the tailings after the chalcopyrite was extracted. By 1952 this new
equipment was producing 20,000 to 25,000 tons of pyrrhotite concentrates a
year. By 1952 TP 1 had grown to fill the wvalley between Copperas Hill and
Gove Hill to the east (Figures 16 and 17). When the new flotation cells went
on line, TP 2 was started south of TP 1 to keep the tailings segregated

(Abbott 1964:336-338; Condict, persocnal communication “Z003).

Thc pricc and dcmand for coppcr rosc with the Korcan War and in 1951 morc orc
was developed north of the 975 ft level, ralsing estimates ¢©f ore reserves by
670,000 tons. In 1954, after the war, the company signed a government
conlract for 12,000,000 lbs al just more Lhan 31 cenls per 1lb. In June of
that year the mine was purchased by Appalachian Sulphides, Inc., a subsidiary
of Ventures-Nippissing of Canada, for §365,000. Under the new owner, mining
rights i1ncreased to more than 8,000 acres along the Vermont Copper Belt. The
company intcnsively prospcctced for morc orxc at the Elizabceth and othcr formcr
mining sites in Vermont and elsewhere in the Appalachian Mountain chain. The
mid-1950s were highly productive for the Elizabeth Mine because of
improvements in egquipment and a steady labor force. Although annual

production never reached 10 million lbs, it rose above 8,500,000 lbs in 1954
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and 1955. Monthly producticn rose from 300,000 lbs per month in 1944 to more
than 700,000 lbs. The mill went from producing an average c¢f 200 tcns per
day in 1943 to an average of 800 tcns per day in 1952. Recovery of trace
amounts of silver and gold at the refinery added to income. Employment at
the mine reached a high of 220 workers who llved 1n 16 surrounding towns.

The annual payroll was more than 51 million and sales were more than 53
million. The most successful year was 1955, when the mine yielded $71,076,705

in profits (Abbott 19¢4:337 339).

Mining eventually progressed north of the Ompompanocosuc River, where two
small openings, the Alr Shaft and Air Vent, were made to meet the underground
workings. Production dropped below 7,000,000 lbs in 1956 and 1857. High-
grade copper ore was becoming scarce, copper was again in oversupply, and
prices fell from a 90-year peak in 1956. By 1957 the number of employees
dropped to 180 and the payroll dropped to $800,000. Appalachian Sulphides
had been using prcfits from the Elizabeth Mine to reopen ancther historic
sulfide copper mine at Ore Kncb, NC. In Fcbruary 1858 Appalachian Sulphides
closed the Elizabeth Mine and shipped some ¢f the equipment toc Ore Knocb. The
1948 adit and shaft entrances were closed and the company abandoned the mine
site and buildings. Several of the transient management stall and some ol the
miners followed the company south, but most of the miners and operational

personnel remained in Vermont (Abbott 1964:3395-342).

Thc Elizabeth Mine preduccd an estimatcd 10,500,000 lbs of coppcr bocfore its
World War II revival in 1843. During the subsequent l5-year campaign, the
mine yielded 91,495,800 lbs of copper, and probably had a total lifetime
output of more than 100,000,000 lbs. It ultimately outstripped its

nineteenth-century counterpart, the Ely Mine at Vershire. 1In 1833 the
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Elizabeth Mine was the nineteenth highest producing copper mine in the U.S.
Between 1946 and 1956 it was among the top 25 producers and was twentieth in
five of those years. When 1t closed, the Elizabeth Mine extended 11,000 ft
horizontally and had about 5 miles of underground workings (Abbott 19¢4:33¢-

340; Howard 1969:8-10).

Tn 1961 Appalachian Sulfides sold most of the land east of Mine Road,
including TP | and TF 2, and the World War II era mine builldings, to a local
resident, who sold several parcels to other owners beginning in 1969. Since
the Elizabeth Mine closed, the mine site has remained undeveloped. The
landscape has been impacted to varying degrees by natural processes and human
activity. During the 1870s and most of the 1980s the top of TP 1 was a
barren expanse of mill tailings. In the mid-1980s the owner attempted to
revegetate TP 1 by dumping organic material on its upper surface. This has
resulted 1n the growth of grass and small trees, altering the original
appearance of the tailings pile. The buildings have detericrated because of
exposure to the elements. The Comprcssor Building and the Lowcr Water Tank
Building collapsed under snow load in the winter of 2000-2001 and the

Concentrating Mill roof collapsed in the fall of 2003.

DESCRIPTICON

General Site Descripticen

This HAER documentaticn focuses on the 1942-1958 resources including the

clusters of buildings on Mine Road, the surrounding shafts and adits where

the orebody was accessed, the open cuts where ore was mined, the waste piles
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where rock and mill tailings were deposited, and assoclated transportation
and utility features. The nerve center of period operations was the complex
of World War II-era buildings approximately 1.75-miles southeast of the
village of South Strafford on Mine Road (Figure 18). The core of this
complex consists of two clusters ol wood frame kuildings and a variety ol
structures arranged on a series of man-made terraces on the eastward-sloping
east toe of Copperas Tl1ll, east of Mine Road (Figures 19 and Z0). The north-
south surface trend of the linear orebody 1s located approximately * mile to
the west of the mine buildings, with thc orebody plunging east toward them.
Underground access to the orebody wasg via the 1898 Nndit and 1%48 ndit
(horizontal tunnels), which began at the socuth and north ends of the building
complex, respectively, and extended underground west to intersect the orebody
at the 300 ft level. The 1948 Shaft was located abowve the buildings on the
hillside approximately 375 ft west of the 1948 Adit. It intersected the
latter working at the 300 ft level and descended te the 975 ft level. The
mine alsoc worked surface exposures of the orebody 1n a palr of north-south
oricnted linear open cuts located uphill to the southwest. The North Open
Cut, a previously mined rock trench approximately 1,000 ft long, is located
approximately 2,000 ft socuthwest of the core mine buildings, west of the
Copperas Works Site, the remains of a nineleenth-cenlury lron sullale
manufactory. A pile of 1880s mine waste rock north of this cut was removed
for milling for its copper content in 1849-15950. The South Cpen Cut, located
approximately 500 ft south of the North Open Cut, 1s an approximately 1,600
ft long rock trcnch that was cxcavated in 1950-1853). A network of roads
connects these ore sources with the mine buildings. Ore milling left TP 1
and TP 2, large piles of sandy waste, east and down slope of the mine
buildings in the Copperas Brook valley. These tailings piles occupy a wedge-—

shaped, north-south oriented area approximately 2,000 ft long that begins
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approximately 300 ft east of the mine buildings. T 1 i3 the larger and
lower of the two and has a 150 ft high, 1,400 ft long north slope. TP 2 1is
gmaller and located at the scuth end of TP 1. Additional historic mining
buildings, structures, and landscape features surrcund this core area of
buildings, waste plles, and mine workings. The following descrivtions will
begin with the major buildings and surrounding features in the core area and
proceed to the more distal features in outlying areas. (T'or additional
information, see the four drawings and 66 black and white photographs that

accompany this writtcen narrative).

Mine Buildings and Structures: Description and Function

The entrance to the core mine buildings area is on the east side of Mine
Road, just south of a gravel parking area. Twoc historic mine access roads
fork south from this area and lead to the two building clusters and to the
tailings plles beyond them to the east. The upper road i1s closer to mine
road and cxtcnds south approximatcly 850 £t beforc turning 90 dcgrocces cast
and extending to the north lip of TP 2. The lower road parallels the upper
road for approximately 300 ft, passes under a Mine Car Bridge, and then
diverges slightly to the southeast L[or approximately 475 ft, to the west edge
of the tailings piles where the southwest tip of TP 1 meets the north tip of
TP 2. At a point south of the Garage this road turns back to the north,
passing through the lower cluster of ore processing and associated buildings.
Both roads arc gated closc to Minc Road and arc unpavcd. The arca occupicd
by the upper road and its bulldings was prepared by cutting earth from the
hillside to the west and filling and terracing the land to the east to form a
series of terraces for the road, buildings and mine railrcad line, and for

fuel pumps and electrical substations further east and downhill.
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The upper road served a row of administrative and mechanical and personnel
csupport in a line on the upper terrace. The lower road served ore storage,
crushing, milling, and shipment preparaticn buildings on a lcwer terrace to
Lhe east. Mosl of the surviving core mine buildings dale to the 1942-1943
period when the mine was being reopened for World War II copper production.
Previous mine buildings were demolished and the ground recontoured into a
series of terraces for the new ones. The construction detalls were detailled

in a 1944 newspaper account:

The old decrepit buildings were remcved to make rocm for the new ones. Of
some two-dozen structures at the mining plant itself, only cne of the old
structures was saved [this was a «a. 1900 blacksmith shop, no longer
extant] . The new ones all have heavy reinforced concrete foundations;
those with machinery have cement floors. 0Otrong seasoned pine timbers,
formerly used 1in the Woodbury granite [Company] sheds in Bethel, firmly
trussed and bolted, suppcrt the framewocrk in the mechanical structures.

The walls are covered inside and out with gyplap sheeting, which is fire
resistant and, with its contained air chamber, meets the ordeal of cold
wealher very well. The oculer coatling ls finished to resemble brick, giving

the structures a clean, substantial appearance [Randolph Herald 1944).

Out of approximately 30 buildings and structures built in the World War IT
building campaign, only 14 remain intact and standing. These buildings were
constructed to wartime emergency standards and are of functional design.
Most were constructed of 2-x-6é-inch studs placed on 18-inch centers with
horizontal stops every Z ft. These stops form sealed air compartments for

insulation. The frame corners are stabilized with diagonal bracing. The
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inside and cutside of exterior walls were sheathed with panels of “Gyplap,” a
U.3. Gypsum Compahy gypsum construction beoard, The exteriors were sheathed
in textured, buff cclcred asphalt panels with a common bond brick pattern.
Roofs have overhanging eaves with exposed rafter tails and are typically
sheathed wilh black asphalt shingles. Windows are typically six over six,
double-hung, wood sash units. Roof trusses are commonly spaced at 2-ft
intervals. Reinforced concrete foundations are typically 8 inches thick and
were cast in forms using b inch wide planks (Wheeler 2000:8 22). Many of
thesc buildings sharc these construction matcrials and details. The
following indiwvidual descriptions provide building-specific information; the
general descriptive information noted above can be considered common to all

buildings unless specified otherwise.

Office/Warehouse Building

The Office/Warehcuse PBuilding is the northernmest building in the row of
buildings on thc west side of the uppcer rocad., It is located approximately
375 ft scuth of the gravel parking area con Mine Rocad. It 1s a narrow
rectangular building with its long axis oriented north-south. The building
measures 90 [t long by 30 [t wide overall. It L1s divided into two attached
main sections, a 30 £t by 30 ft section to the north, connected to a 60 ft by
30 ft section to the south. The north section is a 2%-story structure with a
regular pitch, end gable, asphalt shingled rcof. The south section i1s a one
gtory structurc with a modcrate pitch, side gablce, asphalt shingled roof. A
continuous porch runs along the east (front) elevation of the building,
visually linking the two sections. On the north secticn the second flcor of
the east elevation contains louvered attic vent and a row of six, second

floor windows. The north elevation contains two windows on both stories, and
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a projecting 9 ft by 4 ft gable rocf basement bulkhead shelter. A 17-1inch
square brick chimney 1s located west ¢of the bulkhead and rises approximately
8 ft above the eaves ¢f the building. The west (rear) elevation incorporates
a 12 ft sguare, two-story, blank-walled reinforced concrete vault tower with
arl asphalt shingle gable rool. This vault tower 1s cut into the hillside
west of the building, where an 18 ft long, 8-inch thick retaining wall is
connected ta the vault by four horirzontal steel pipes. The west elevation af
the south section of the building has two windows at its north end. The
gsouth elevation contains a louvered attic vent and a 23 ft long, 4 ft wide,
shed roofed storage shed with multiple wvertical plank doors at the ground
level. The east elevation of the entire structure 1s continuous under the
full-length porch and contains, from south to north, paneled double doors, a
single paneled door, a palr of double windows, a single window, a single
paneled door, and a single window. The full-length east porch is six feet
wide and has an asphalt rall shed roof with exposed rafter tails and a Gyplap
panel ceilling. Ten, 5-1nch square posts support the roof. The plank deck 1is
raised 2 ft off the ground and has a plank wainscot around its perimeter.
The interior is divided into hallwaye and rocms by pressed wood composite
panels. The Office/Warehouse Building is in overall good condition; however,

the rool is leaking, contributing to accelerated deterioration.

The Office/Warehouse Building was the main administrative building for the
mine. It housed the mine’s receptionist, and cffices for the secretary,
geologists, and mine engineers. Interior rooms included offices, a drafting
room, a small dormitory, and a pay c¢ffice. The stacked wvaults protected the
company’s business reccrds and blueprints. It was alsc a warehouse for mine

egquipment.
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Machine Shop/Workshop

The Machine Shop/Workshop is located 52 ft south of the Office/Warehouse
Building, west of the upper road. It is a narrow, rectangular, single-story
building with Llts long axis oriented north-south. The bullding measures 100
ft long by 30 ft wide. The moderate pitch, side gable roof has three, long,
four-by—-ocne-bay, louvered gable roof ventilation monitors with asphalt roll
roofing evenly spaced along the ridge. A round sheet metal blacksmith’s
forge stack rises from thc southeast corncr of the cast roof planc. The east
(front) elevation is shaded by a bracketed awning, possibly an early
alteration. The east elevation contains, from scuth to north, a window, a
vertical plank dcoor, three windows, and a large mine car docr. This 12 ft
wide, vertical novelty board door is located 31 £t north of the south end of
the building, and has an inset perscnnel door. The full-length awning is
broken by a gable rcooft projection over this door. The north elevation
contains, from east toc west, a projecting 9 ft by 4 ft gable roof basement
bulkhead shcltcr set back 8§ ft from the cast elevatlion, a squarc brick
chimney with a concrete cap that prcjects above the roofline, and a 20-panel
wood garage overhead roll door that may be a later addition. The west (rear)
elevation contains five windows. The south elevalion contains a central
paneled wood door flanked on each side by a single window. The interior is
one large open space with a concrete slab floor. The Machine Shop/Workshop

i1s in overall good condition.

The Machine Shop/Workshop was the central equipment maintenance and repair
shop for the mine. A spur track for the mine car raill line led intc the east
gside of the building through the large doors, providing direct transport of

egquipment to and from the underground workings. The exact equipment housed
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in the building i1is unknown, but a machine shop 1n a relatively remote
facility such as the Elizabeth Mine would have allowed the mine to be gelf-
sufficient for most of its fabrication and machining needs. The shop
undoubtedly contained a blacksmith’s forge as well as electrically driven
metalworking machine tools including a saw, lathe, drill press, planer, etc.

Heavy machining and foundry casting work would have been sent offsite.

Qi1il Storage Shed

The Storage shed is located 4 ft south of the Machine shop/Workshop. It is a
small, rectangular, 8 ft by & ft, front-gabled, single-story structure that
is missing most of its reqgular pitch roof. The entrance is in the east
elevation and consists of a vertical plank door with a sheet metal “Danger -
No 3moking” sign. The building is in fair condition and still contains

several oil and lubricant drums.

The 0il Storage Shed, although not fireproof and close to othcr buildings,
was used for storing flammable petrcleum distillates and lubricants for

machine shop and other applications.

Compressor Building

The ruins of the Compressor Building are located approximately 52 ft scuth of
the Machince shop/Workshop, west of the upper road. The building has
collapsed, with the walle now splaved outward and the roof lving within the
footprint of the foundation. It was a narrow rectangular single story
building measuring approximately 64-x-40 ft with its long axis oriented

north-south. The moderate pitch, side gable roof was sheathed in asphalt
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roll material. An approximately 8 £t deep by 40 ft long shed rcof projection
was located on the north end ¢of the west elevation. A gable roofed basement
bulkhead shelter still stands near the west end ¢f the former north
elevation. The damage to the building is too great to determine door and
window localion and type. Historic photographs indicate that Lhere were five
windows on the =ast (front) =levation. The south wall fell and crushed two,
short, freestanding louvered ailr intake towers. Visible interior equipment
includes a large horizontal cylinder Ingersoll Rand air compressor,
Westinghousc clectrical cguipment cabincts, alr lincs, steel piping with

Walworth castings, and a bank ¢of electrical resistor grids.

The Compressor Building contained the mechanical air compression equipment
for supplying compressed air for underground mine ventilation and pneumatic
rock drills, and for aboveground air-driven tools and equipment. It also
housed battery-charging equipment ftor electrically driven equipment. The
building collapsed under the weight of heavy snow during the winter of 2000-

2001.

Change House

The Change House is located approximately 75 £t south of the Compressor
Building, at the point where the access road turns 90 degrees to the east. It
is a rectangular, 64 ft long by 52 ft wide, single story building with the
axis of i1ts modcrate pitch gable rocf oricnted north-south. The north
(front) elevation contains, from east to west, two 16k ft wide vertical plank
sliding doocrs with an external overhead track, and two windows. The west
elevation contains, from north to scuth, a paneled wood personnel door, a

window, a concrete block chimney that rises above the eaves, and four
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windows. The south e€levation contains a central 30-panel wood garage
overhead roll docr flanked on each side by a pair of windows. Between the
two east windows a square brick chimney with a concrete base and cap rises
approximately 2 ft above the eaves. The east elevation contains, from socuth
to north, a 13 [t long by 4 [t wide gable roolfed basement bulkhead shelter, a
square brick chimney, two windows, and a 12 ft deep by 26 ft long core rack
storage shed with doors in the north and south elevations. The Change Tlouse
13 in good condition; however, the roofs of the basement bulkhead shelter and

core rack storage shed are both collapsing.

The Change House was where mine employees signed in and out for their shifts,
changed into waterprocf clothing and steel-toed boots, and picked up lamps
and batteries for their hard hats. At the end of their shifts miners used
the showers in the Change House. Clothing and personal belongings were
placed in galvanized wire baskets that were hoisted above the changing room
flocr on a chain that could ke locked by its owner. A plle of these baskets
is located in the southwest corner of the building. The building and the
attached shed at the south side have more recently been used to store a
collection of Elizabeth Mine exploratecry drill cores, which are still in
racks inside the building. These drill cores have been inventorled and
examined by the U.3. Geological Burvey. The east half of the building is one
open area, and the west half is divided into rooms by pressed wood panel
walls. Comparison with histcric photographs 1ndicates that the large sliding
doors in the north elevation are a post-mining era modification, and that the
north elevation c¢riginally featured, from east to west, a palred set of
windows, a personnel door, and three single windows. The personnel door was

surrounded by hand-painted plank signs with safety slogans on them. The
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photograrh indicates that at one time a small flower garden with a short

white picket fence was kept along the north elevation of the building.

Drill Core Storage Shed

The Drill Core 3torage Shed is located 37 ft scouth of and at a skew to the
Change Tlouse. Tt is a rectangular, Z4-x-172-tt timber frame structure with
wood sills, a plank shed roof, and vertical plank walls. The long northwest
clcvation contains four pairs of vertical plank doublc doors. The structurc

has no windowsg. The building is in fair condition, with some walls leaning.

The Drill Core Storage Shed was originally used for drill ccre storage. It

currently contains a mix of mining and non-mining eqguipment, including

possible flotation tubs.

Mine Foreman‘s Office

The Mine Foreman’s Office is located 75 ft northeast of the Change House. Tt

is a rectangular, 12-x-10-ft, single-story building with a wood sill

foundation and an asphall roll sheathed roof. The single entrance consists
of a vertical plank door in the south elevation. The building has a single
window each in the west and north elevations. A brick stovepipe surround is

located at the ncrth end of the west elevation. The buillding contains one
north-south oricnted intcrior partition. A small shcd roofed storage box is
attached to the west elevation. The Mine Foreman’s 0ffice is in pocr
condition; its rcof is partially ccllapsed and the walls are leaning outward.
The Mine Foreman’s Office currently contains stacks of empty drill core

trays.
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1898 Adit

The portal ¢f the 1898 Adit is located 68 ft west of the northwest corner of
the Change House. The 1898 Adit is a masonry mine tunnel portal with splayed
approach relaining walls bullt into Lhe east-sloping hillside. The structure
is Y-shaped in plan, with a 24 ft long, east-facing vertical portal wall with
a 36 Tt long curving wing wall extending out fTrom each end to the east. The
portal wall is approximately 10 ft high and 2 ft thick and built of
irregularly coursed flat slabs of mortared dark schist. The portal mouth is
slightly narrower at the top, where a thin reinforced concrete lintel spans
the entrance. The portal 1s blocked off with a wall of 1-inch wire mesh
screen bolted to an angle iron frame. The wing walls are built of unmortared
schist and mine waste rock, and curve out and slope down from the ends of the
portal wall to meet the ground. The area outside the adit between the wing
walls 15 marshy and watered by acid mine drainage, obscuring the original
ground surface. The area behind the portal wall to the west has collapsed,
blocking thc mine entrancc. A 5 inch diameter galvanized stecl compressed
alr pipe rises from the ground at the foot ¢of the south wing wall, rises to
the top of the wing wall, and extends southwest for several feet before
disappearing into the ground. The 18%8 Adit is in falr condition, with some
of the sulfidic mine waste rock used in the wing walls spalling and
deteriorating. Comparison with historic photographs indicates that the wing
walls originally continued north and south of the portal at a height of

approximatcly 4 feet,

The 1898 Adit was driven by the Tyson mining concerns to provide access to
new ore reserves for their early-twentieth-century smelting activities. The

distance from the portal to the workings at the 300 ft level in the orebody
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to the west 1s approximately 1,400 f£t. In 1942 the adit was enlarged to
accommodate larger, 36-inch gauge electric mine cars, and the portal face and
wing walls were entirely rebuilt using local stcne. The 1898 Adit served the
mine until the early 1950s. As mining precgressed north and deeper by the
mid-1940s, Lhe adit became too far [{rom the mine workings and could not
efficiently handle the increasing volume of ore being mined. The 1948 Adit
and Shaftt were constructed fTurther north to remedy this problem (see below).
The railroad track laid on the floor of the adit emerged from the portal and
split into three tracks cpposite the Change House. Two dead-end spur tracks
extended east for approximately 300 f£t, the north one extending straight and
the other one swinging tc the south, to an equipment storage area. The main
track swung to the north, running east of and parallel to the upper road on
an embankment supported by an approximately 8 ft high schist slab retaining
wall. All tracks were lined with regularly spaced steel support poles and
portals for the overhead electrical mine car catenary power wires. A spur
track diverged to the west and entered the Machine Shop/Workshop through a
large door in its east elevation. An approximately 200 ft long parallel
passing siding was located west ¢f the main track, east of the Machine
Shop/Workshop and Office/Warehouse Building. The main track proceeded east
across the lower road on a steel bridge (see below) to the ore crusher plant
bins. 1In 1948, when the new adit and shaft were completed to the north, the
rail line was extended north past the crusher and curved back to the west to
enter the 1948 Adit (see below). All rails and ties have been removed, and
only three catenary supports survive. ©One is a steel pipe portal with two
vertical posts and a crossbar with ceramic insulators located opposite the
Machine Shop/Workshop. The other surviving catenary supports are discussed

below.
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Mine Equipment Dump

The Mine Equipment Dump is a scatter of large-scale mining artifacts located
approximately 200 to 300 ft east of the 1898 Adit along the rights-cf-way of
Lhe Llwo mine equlipment spur Lracks easl ol the 1898 AdilL. The largest objectl
is an approximately 15 ft tall, welded sectional steel overhead gantry crane
that appears to be in its original location straddling the north spur track.
This structure originally had an asphalt shingle roof on top ¢f it sheltering
a chainfall. ©Other artifacts includc an electric mine locomotive, and an orc
g¢kip car. This artifact scatter also included two large welded steel ore
buckets and two spoked steel hoist sheave wheels, which were removed from the
site in 2002 or Z003. Several antique truck bodies were placed around the

periphery of this artifact scatter by a post-mining era landcwner.

Main Electrical Substation

The Main Elcctrical Substation i1s a rcctangular concrcte pad located on a
wooded plateau approximately 100 ft east of the Office/Warehouse Building,
cast of the Fuel Pumps. The dimensions of the concrete pad cannot be
determined because ol accumulated organic debris; however, 1t appears to be
approximately 30 ft long by 15 ft wide. There are sawn-off telephons poles
located at the corners and along the long sides, and there is a water—-filled
concrete pit at the south end. The Main Electrical Substation is in poor
condition and retains little of its original structure or equipmecnt.

Historic photographs indicate that the transformers on the substation pad
were enclcosed by six vertical wocod telephone pcles with horizontal braces and

topped by a grid of timbers supporting insulators.
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A 1,200 kW, 33,000-volt utility transmission line, which entered the mine
property in the vicinity of the south end of the tallings piles, served the
Main Electrical Substation. At the Main Electrical Substation the voltage
was stepped down to 2,200 volts and 440 volts for electric motors, and 110
volts for lighting. Transflormers [ed lines and cables radiating out to other
substations and mine facilities including the underground workings, mine
buildings, and the Ompompanocosuc Riwver Pumphouse 1 mile north of the mine

(see below).

Electrical Cabkle Vault

The Electrical Cable Vault is located in a wooded area at the foot of the
upper road terrace, approximately 175 ft east of the collapsed Compressor
Building. It is an approximately 10 ft high, 5 ft diameter, hollow
cylindrical tile block masonry structure with a flat roof. Tt 1s built into
the foot of the terrace, and a horizontal 3 ft sguare concrete cable conduit
box extends from its west gcidc into thc tcrrace slopc. Clustcrs of threadced
steel pipes in the walles and floor contain thick insulated electrical cables
that have been cut flush with the ends of the pipes. The Electrical Cable
Vault 1s 1ln [air condition. Recent deposition of [ill on its upslope side
has caused the structure to lean and crack and a steady stream of water is

issuing from the cable conduit inside.

Thce Electrical Cable Vault is located within the footprint of thc former
Tyson ore concentrating mill that stood on this site from about 1900 until
World War ITI. The vault served as an access point for buried cables between
the Main Electrical Substation, and the mine buildings and underground

workings to the west.
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Fuel Pumps

The twin Fuel Pumps are located approximately © feet apart on a low
rectanqular concrete pad 1n a wooded area east of the OfLlice/Warelhouse
Building, on a former roadway below the mine car track retaining wall and
west ot the Main Plectrical Substation. Manutacturer’s tags identity them as
built in 1927. The pumps are square 1n plan with stamped sheet metal
housings and glass panels over the readouts and rectangular illuminated
panels above them. The pumps are decorated in a Streamlined Moderne style
with wvertical fluting at the corners and parallel vertical line motifs in the
trim and display bezels. The hoses are still in place but the dispensing
nozzles have been removed. The pumps are in fair condition, with some broken

glass, and are missing their original signage.

The Fuel lPumps provided fuel for mine road vehicles. The mine owned several
automecbiles and trucks, including two trucks that continucusly ferried copper
concentrate from the mine to the Pempanocosuc Depet on the Beston & Maine
Railroad approximately 10 miles east wvia Route 132. The pumps dispensed

gasoline and alsoc diesel fuel for heavy equipment.

Mine Car Bridge

The Mine Car Bridge carries the mine car rail tracks from the 1898 Adit cver
the lower road at a point between the Office/Warehouse Building to the
southwest and the Concentrating Mill to the northeast. The bridge consists
of substructure and superstructure elements. The substructure consists of

two, parallel, skewed, poured-in-place, reinforced concrete abutments with
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faces 33 ft apart. ''ne south abutment 15 located at the northeast tip of,
and serves as part of, a retaining wall for the northeast corner of the
terrace created for the upper road and its buildings and mine car track.
Where the wall intersects the ground it is 32 ft long. It is flanked by
stretches of rough drywall incorporallng pleces of schist and mine waste
rock. The stone wall to the southeast is mostly collapsed, and the wall to
the northwest 30 ft long, with the first 10 feet closest to the abutment
collapsed. The north abutment 1s a freestanding wall with a 14 ft wide
inside face and short northward flaring projections at each end. The bridge
superstructure conslists of twe, parallel, skewed, 33 ft long I-beams bullt up
with riveted sectional steel plate and L-stock resting directly on concrete
bearing blocks that are cast integrally with the tops of the concrete
abutment walls. The two parallel I-beams are laterally braced with two
pieces of I-stock oriented perpendicular to the main I-beams and braced to
the side of the beams with inverted diagonal C-stock bhrackets. A steel pipe
mine car electrical catenary pertal 1s located at the south end of the
bridge. The Minc Car Bridge is in good conditicen, although missing the ties

and rails for the mine car tracks.

Ball Mill Ball Bin

The Ball Mill Ball Bin is located immediately north of the Mine Car Bridge
and 36 ft west of the Concentrating Mill on a flat terrace with a 32 ft long
concrete retaining wall at its east edge. It 1s a rectangular open-topped
structure with a massive timber frame and plank walls flanked by heavy timber
trestle bents that carried the mine cars directly over its top. The bin
itself measures 20 ft long north-south and 14 ft wide east-west, and its

interior is lined with sheet steel with the bottom sloping steeply to the



ELIZABETH MINE
[TABR No. VT-35
Page 44 of 166

east. 1t 1s flanked by tapering, bolted, timber frame tower bents, one to
the south between the bin and the Mine Car Bridge, and three to the north of
the bin. The mine car trestle bents, which extend 20 ft north of the bin,
are mounted on square cast concrete bases and are braced with horizcntal and
diagonal planks and heavy timber lintels that supported the mine car rails.
The Ball Mill Bzll Bin is in poor condition, with partially collapsed walls

and ftloor.

The Ball Mill Ball Bin was used to store the steel balls that wcre used as

grinding media in the ball mill in the Concentrating Mill (see below).

1943 Crushing Plant

The remains of the gable roofed 1943 Crushing Plant are located approximately
60 ft north of the Ball Mill Ball Bin, immediately west ot the
Thickener/Filter Building. The wood superstructure has been removed and the
rectangular foundation is filled with demolition debris, leaving an
approximately 75 ft east-west by 35 ft north-scuth concrete floor and
foundation with several partially visible concrete pits and piers. The mine
car rail line ran along Lhe west side of the building, where two parallel
rows of tall, square, vertical, concrete trestle bent support posts run
north-south across a deep gully. Mine cars ran over this trestle and dumped
the run of mine ore i1ntoc a large ore bin, which has completely collapsed.
Immediately easct of the trestle supports, the hillside is terraced with tiers
of masonry drywalls of flat schist slabs that flank the primary crusher base
at the west end of the bullding. The concrete pcsts and stone walls in this
area are partially obscured by a conical mound of oxidized ore left over from

the collapsed ore bin. The most prominent features are the two crusher
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machinery bases, which consist of an arrangement of cast reinforced concrete
pylons with vertical threaded steel machinery meunting pins on thelr top
surfaces. The primary (opposed jaw] crusher base is located at the west edge
of the foundation, and the secondary (cone) crusher base is located in the
east part of the foundation. The crusher bases are partially buried by

fallen planks and timbers.

These crushers reduced the run of mine ore to a size small encugh for feeding
to the ball mill for finc grinding. Thc cquipment and proccesscs located
inside the 1843 and 1949 Crushing Plants, Concentrating Mill, and
Thickener/Filter Building will be discussed in greater detail under the Ore

Processing Technoclogy section below.

1549 Crushing Plant Ruins

The 1949 Crushing Plant was located approximately 100 ft north of the 1943
Crushing Plant and approximately 75 £t cast of thce Assay Housc. Thce only
trace of this once substantial gable roofed building is a short secticn cof
concrete wall and heavy plank ore kin exposed on the scuth side of a pile of
oxidived ore. There 1s no sign of the masslive concrete footings that would
have supported the crusher. This building was constructed in 1949 to handle

the increased volume of ore coming from the new 975 ft level.

Ore Processing Buildings: Concentrating Mill and Thickener/Filter Building

The Concentrating Mill and the Thickener/Filter Building are two large,

attached buildings in the cluster of ore processing and associated buildings

located northeast of the row of administrative and support bulldings located
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along the upper road. They are located approximately 160 ft northeast of the
Office/Warehouce Building and approximately 160 ft southeast of the Assay
Laboratory. These buildings, where the crushed ore was processed into a
concentrated form for shipment for smelting offsite, were the heart of the
aboveground technologlcal operations at the Ellizabeth Mine. The bulldings no
longer contain any significant mechanical equipment. These are the most
massive buildings remaining at the site, and they are also among the most
badly deteriorated. The rocfs of both buildings have been ccllapsing for
several years. Because of the size, condition, and irregular footprint of
the buildings, and the steeply sloping hillside they are built into, accurate
field measurements of some elevaticns of the buildings could not be made.

The Concentrating Mill and the Thickener/Filter Building were framed with
bolted heavy wood timbers, some 11 inches thick, salvaged from the Woodbury
Granite Company stonecutting sheds in Bethel, VT, approximately 12 miles
northwest of the mine. An independent exterior wall surrounded the interior
framing system to 1solate the exterior walls frem the vibration of the mill

machinery {(Wheeler 2000:8-22).

The Concentrating Mill and Thickener/Filter Building are large, rectangular
buildings with their long axes parallel and orienled east-west. The
Concentrating Mill lies to the south and the Thickener/Filter Building 1is
located to the north and offset approximately 50 ft to the east. The
buildings are connected by an approximately 15 ft wide, cne story link, and
appear as two large connected masses. The Concentrating Mill is built into
the toe of a steep hillside, and the Thickener/Filter building sits largely
on a flat terrace at the bottom of the slope. Each has a saltbox type rcof

shape, with the long plane of the Concentrating Mill roof facing east and the
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long plane of the 'Thickener/Filter Building facing west, creating two, large,

opposed geometric masses.

Concentrating Mill

The Concentrating Mill is an approximately 90 ft long east-west by 58 ft wide
north-south, high, rectangular building. Tt 135 built into the hillside and
has a high, stepped concrete foundation and a distinctive moderate pitch
saltbox rooflinc with a long cast facing slopc, which clcarly express the
tiered arrangement of the floors and gravity-fed process inside. The roocf is
supported by six longitudinal timber truss systems. Because of its
condition, the c¢riginal location and arrangement of entrances and
fenestration is difficult to determine. The east elevation (now collapsed)
originally contained several windows and a paneled wcood personnel door with a
bracketed gable-roofed awning. The east elevation of the 1b ft wide link
connecting the building with the adjacent Thickener/Filter Building contains
a palir of large, panclcd wood, swinging garagce—-type doors with uppcr rows of
lights. The west elevation contains openings for several windows and at
least two doors, one a wide opening to the east end for a pair of swinging
paneled wood doors, and another upslope to the west for a personnel door.

The asphalt shingles on the east 20 ft of the elevation are slightly
different in color from the rest of the building, clearly demarcating a later
addition. A short, one bay, one story, rectangular, gable roofed ell (no
longcr cxtant) originally extcnded south from the side of the building. At
the west, uphill end of the elevation, are the ruins of the c¢rushed ore silo.
This structure consisted of a circular arrangement of interlocking vertical
concrete staves held together by steel rod hoops with tensicning turnbuckles,

with a polygonal, asphalt single roof. The silo has collapsed, leaving a



ELIZABETH MINE
[TABR No. VT-35
Page 48 of 166

semicircle of stave stubs on the uphill side, a pile cf broken staves
fragments, and a mound ¢f oxidized ore, some of which has fallen into the
building through door and window openings. A single window is centered under
the roof peak opposite the silo location. Lower down, near the bottom of the

wall, 1s a rectangular opening for a chute or convevyor.

The west elevation 1s dominated by a one-story, shed-rootfed flotation reagent
mixing room extension that 1s flush with the scuth elevation and extends
north roughly two-thirds ¢of the width of the west clcvation. This windowlcss
extension has a paneled wood personnel docor in ite north elevation. North of
this extension 1s a set of diagonal plank double doors. 2Abcve this door i1is a
second story entrance consisting of a paneled wood personnel door. This
higher door was accessed by an enclosed external stairway shelter that
ascended to the south and wrapped around the northwest corner of the
building. The west section of this enclosed stairway has collapsed,
isolating the high docr. The west half of the ncrth elevation includes the
intact, first floor section of the encloscd stairway. 2Above it is the
remains ¢f the inclined housing that sheltered the crushed cre conveyor belt
that rose from the 1943 Crusher Plant to the ore bin in the upper level of
the Concentrating Mill, consisting of a short inclined housing with a gable
roof extending several feet north from the wall above the stairway. East of
the stairway the wall of the building projects approximately €& feet north.
This elevation contains a vertical plank personnel door surmcunted by a tall,
narrow, vertical opening covcred by hingced doors. The east half of the north
g¢ide of the building is not wvigible ag¢ it is attached to the Thickener/Filter
Building by a short, approximately 15 ft wide cone-story link with a similar

sloping roof profile.
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The interior of the Ccncentrating Mill is divided 1nto several areas that
step down in height from west to east, following the cascading process that
was alded by the flow of gravity and water. The small cone-story shed rocfed
extension on the west side of the building contains two, cylindrical, iron

hoop-banded, wood stave mixing tubs with crossbeams for electric mixing

motors across the tops. These tubs were used for mixing flotation process
conditioners and reagents. Tlast of fhis room 13 a taller, empty room that
was used for storage c¢f flotation chemistry drums. East of this space 1s the

earlier finc ore bin (350 ton), a heavy timber framcd bin with hcavy timber
support posts that extend down to the concrete mill flcoor. East of this is a
large, open, full-height, full-width room that contains the massive concrete
piers and footings for the ball mill, spiral classifier, flotation cells, and
their electric drive motors. East of an interior dividing wall is another

space for additional flotation cells.

The Concentrating Mill is 1in poor cenditicen. The roof over the flotation
scctions has completely collapsed into thc east half of the building, the
roof sheathing has fallen intoc the ball mill section at the center of the
building, and the east wall fell outward during the winter of 2002-2003. The
asphalt wall sheathing and gyplap board underlayment are beginning to peel
away from the building. The iron hoop-banded, vertical interlocking concrete
stave fine ore bin has completely collapsed. A small one-story ell on the
south side 1s no longer standing, and the enclecsed inclined conveyor belt

housing betwccn the 1943 Crusher Plant and ore bin is no longcr cxtant.

The Concentrating Mill was where the crushed ore was ground to a fine powder
in a ball mill, a rotating drum full of steel balls and water. The resulting

slurry was clrculated through a series of flotation tanks where it was
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agitated with paddles and compressed alr bubbles in chemically treated water.
The ore stuck to the bubbles and the concentrate was skimmed off and sent to
the adjacent Thickener/Filter Building for additional processing. 1In 1952, a
20 ft addition was made to the east end of the Ceoncentrating Mill for
additional [lotation cells Lor extraclion ol the pyrrhotite (Lron sullide)
component of the ore, which was shipped to the Brown Paper Company, Inc. of

Berlin, NI, for making sulfuric acid for paper manufacture.

Thickener/Filter Building

The Thickener/Filter Building is an approximately 90-x-46-ft rectangular,
three-story building with a concrete foundation and an asphalt-shingled
saltbox roof. The roof is supported by six longitudinal timber truss
systems. The east elevation is in poor conditicn, with its upper floor
collapsed and much of its asphalt sheathing missing. This elevation
originally included four windows on the upper floor. Two horizontal rows of
stub cnds ¢of thc orc bin timbcrs protrude slightly from the wall. Thce north
elevation of the building contains a louvered attic vent, three third story
windows, and three, second story windows. The ground floor at the east end
includes two, large, double leal, diagonal plank doors that provide truck
access to the underside of the ore bins. The asphalt shingles on the east 16
ft of the elevation are slightly different in color from the rest of the
building, clearly demarcating a later addition. Fragments of wall and roof
materials on the wcst half of the ground floor mark the outlinc of the later
Pyrrhotite Processing Building that was added to the north., The wall inside
the shadow cf this addition contains two windows and a large rectangular
opening cut into the wall. A partially collapsed stalirway connecting the

first and second floors is located at the west end of the north elevation.
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The west elevaticn of the building contains twe windows flanking an elevated
second story entrance. The east elevation ¢of the bullding containsg six
irregularly spaced windows on the third story. The ground floor at the east
end includes two, large, double leaf, diagonal plank doors that provide truck

acecess to the underside of the ore bins.

The interior of the Thickener/Tilter TBuilding is also divided into major
spaces from east to west. The west half of the building, where the thickener
was located, is an open, full-height, full-width spacc. The floor is
occupled by a cilrcular array ¢of regularly spaced, vertical concrete posts
that supported the extremely heavy, round, open thickener tank and its
mechanical stirring equipment. Rising from the northeast and scuthwest
corners are massive tall concrete pylons that carried the horizontal crossarm
that supported the heavy rotating thickener arm and its drive motor. The
tank and stirring machinery has been removed. A narrow section at the center
of the building contains a scale, and an electric motor with belt drives
connecting 1t to an alr comprcssor and a pump. The cast half of the building
1s occupied by two cre concentrate bins built of massive bolted wood timbers.
The floor above the ore bins is an open area with a small locker room at the
south end. The filters for dewatering the chalcopyrite and pyrrhotite
concentrates were located in this room, above their respective ore

concentrate storage bins.

Thce Thickener/Filter Building is in poor condition. The east (pyrrhotite)
ore bin has collapsed, the roof and top floor wall on the east side of the
building have collapsed. The asphalt sheathing and gyplap board underlayment

are beginning to peel away from the building.
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The Thickener/Filter Building housed a thickener to partially dewater and
thicken the chalcopyrite concentrate slurry from the flotation tanks in the
adjacent Concentrating Mill. After the slurry was thickened, the wviscous
pulp was run throcugh a rotating vacuum filter to remcve all but 6 percent of
its moisture. The filtered concentrale was then dulmped into the ore bin, and
dispensed into the trucks that ferried it east on Route 132 to the Boston &
Maine Railroad at Ompompanoosuc Depot on the Connecticut River in Norwich,
VT. In 1952, a 16 ft addition was made to the east side of the
Thickener/Filtcr Building for a second orc storage bin for storagce of

pyrrhotite (iron) concentrate, with the pyrrhotite filter located above,.

Pyrrhotite Thickener Building

The gable roofed Pyrrhotite Thickener Building was located immediately north
ot the Thickener/Filter Building. Tt is a ruin consisting of an
approximately 50-x—50-ft concrete foundation filled with timber demcliticn
dcbris. Rising from thce northeast and southwest corncrs are magsive tall
concrete pylons that carried the horizontal cressarm that supported the heavy
rotating thickener arm and its drive mcter. The Pyrrhcectite Thickener
Building was built in 1952 Lo house Lhe Lhickener [or Lhe pyrrholile
processing. After thickening the iron concentrate was pumped to a filter and
sent to the iron concentrate bin added to the east side of the

Thickener/Filter building in 1952,

Flotation Tubs

Three discarded Flotation Tubs are located appreoximately 150 £t south of the

Garage in a small cluster of trees. Each tub is a long, narrow, rectangular,
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open—-topped, sheet steel trough with a system of attached pipes and agitation
motor brackets. These flotation tubs appear to be crude, locally fabricated
unites and likely date from pre-World War IT-era milling in the Tyson Mill
that was located immediately west of the tubs. The function of flotation

ftubs 1s discussed 1n the Ore Processing Technology section below.

Tailings Pumphouse

The Tailings Pumphouse is located approximately 130 ft northeast of the
Thickener/Filter Building, at the foot of a gully running along the west toe
of TP 1. It is a deteriocrated, one-story, rectangular building measuring
approximately 14 feet on each side with a ncrth facing shed roof. A 1= ft
square wood launder (open trough) enters the socuth wall of the building and
ends above an approximately 4 ft square plank bin with iron binder rods. A
second, lower wood box flume exits from the north side of the box. This
equipment appecars to be a simple sediment settling box. An approximately 2
ft diameter cast iron centrifugal pump casc is locatcd in the southcast
corner, near several lengths of ircn pipe that have been exposed by erosion
just outside the building. An electrical power pole is lcocated at the
northeast corner of the bullding. The Tailings Pumphouse 1s in poor
condition, with a collapsed roof and leaning walls. The remains of several
tiers of launder trestles are buried in the gully south of the building and

in the west wall of the tailings pile to the east.

The Tailings Pumphouse ie the only surviver of a cluster of small one story
buildings located east of the Concentrating Mill and the Thickener/Filter

Building that were associated with the processing and distribution of
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Concentraticon Mill tailings. This building apparently played a role 1n

sediment reduction asg well as wastewater and/or tailings pumping.

Garage

The Garage is located east of the lower road, 50 ft south of the
Concentrating Mill. Tt is a long, north-south oriented, Y6 ft long by Zb ft
wide, rectangular, one story building with a moderate pitch roof. It has a
high, ticred, concrctc foundation cut into the hillside to the west. The
east (front) elevation contains fiwve 30 panel wood overhead roll doors with
windows 1n the tcp row ¢of panels. The south door 1s slightly taller than the
others. A paneled wood personnel dcor is located at the north end of the
east elevation. The south elevaticn contains a square central window, the
north elevation contains a rectangular central window, and the west elevation
contains six evenly spaced square windows. Sash configuration 1s unknowh as
these windows are boarded up. The Garage 15 1n good condition, although the

west wall 1s bcginning to bow out at thc top.

The Garage was used for shelter and maintenance o¢f Vermont Copper Company
vehicles. At one time the company owned three dump trucks, one diesel
bulldozer, two pickup trucks, and an ambulance (Condict, personal

communication 2003)

Heating Plant

The Heating Plant i1s located 31 ft east of the Ccncentrating Mill and 38 ft

south of the southeast corner of the Thickener/Filter Building. It is a

rectangular, 20-x-24-ft building with its long axis oriented east-west. It
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has a saltboxr rccf with i1ts long plane facing 'l'allings Pile | to the east.

It incorporates multipaneled wood doors that appear to have been reused from
a late-nineteenth- or early-twentieth-century building. The north {(entrance)
elevation includes, from east to west, a paneled door, a storage rack with a
shed roof, and a tall, square, stepped, brick chimney with a concrete cap and
cast iron ash cleanout door. The chimney steps back three courses in width
about half the way up, and extends high above the roofline of the building.
The west elevaticn includes, from north tc south, a window and a paneled
door. The east clevation contains thrcc windows and a small plank telephonc
box at the south edge. The scuth elevaticon includes, from west to east, a 3
ft deep by 12 ft long, shed rocfed storage shed with three vertical plank
doors and three interior shelves; a paneled door; and a window. The interior
is divided into twc spaces by a north-south wall. The east half is a small
workshop with a workbench along the east side windows and pipe fitting
storage racks along the inside west wall. The west half of the building is
an excavated pilit containing a small H.B. Smith Ccmpany watertube boiler. The

Hcating Plant is in gcod condition.

The heating plant provided the adjacent ore processing buildings with
suflficient heal Lo keep process water al Lhe proper operating Lemperature and
also provided heat for the personnel working inside these large buildings.
There is no evidence of steam lines running to other buildings; they would
had to have been placed 1in insulated aboveground conduits to prevent
frecezing, and most buildings have thcir own stoves for heat as indicated by
the chimneys. The east half ¢of the building hcused the pipefitting and
tinsmith shop for the mine, where plumbing supply parts were stored and sheet

metal parts were fabricated (Condict, personal communication 2003).
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Fire Hose House (typical)

The Fire Hose House 1s located approxrimately 30 ft north of the northwest
corner of the Thickener/Filter Building. It is an approximately 4 ft square,
one-slory, wood slruclure wilh verlical board and ballen siding and a norlh-
sloping shed roof. The exterior is painted red and the interior contains a
simple wood hose reel. A red cast iron fire hydrant is located immediately

west of the building.

There were originally several fire hose houses in the bullding complex, each
located at a hydrant. Numerous hydrantes are still located in their original
positions; however, the Fire Hose House is the only surviving example of this

type of structure at the Elizabeth Mine.

Assay Laboratory

The Assay Laboratory 1s locatced on the cast side of the lower road,
approximately 210 ft north of the Cffice/Warehouse Building, and
approximately 25 ft west of the Lower Water Tank Building. It is a 69 ft
long, 20 L[L wide, reclangular, single-slory building wilh Lhe long axis ol
its front gable roof oriented north-south. The roof is sheathed in new red
asphalt shingles. The south (front) elevation has been altered by the
addition of a one bay by five bay shed roofed sun porch with asphalt roll
roofing. Thc original facadc has a rcplaccment door flanked by original
windows, The west elevation contains six irregularly spaced windows and a
square brick chimney at the south end that projects approximately 5 ft above
the eaves. The north elevation has a 12 ft square projection to its east

side, which in turn has a 6 % ft wide, 5} ft long projection to its east
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side, and a 6 light window on 1ts west side. ''he east elevation contains,
from south to north, four windows, two paired short windows, a new door
leading cut onto a emall modern deck, a blocked door, a window, and a paneled

wood door. The Assay Laboratory is in good condition.

The Assay Laboratory was a vital part of mine operations. Here mine staff
constantly tested samples of ore from the mine and the ore concentrate from
various stages of the beneficiation process. This information was used to
plan underground operations and to control the chemistry of the flotation
process to marimize efficiency and copper concentrate production (Brown
2003). This buillding is rented by the owner as a residence and is currently

inhabited.

Lewer Water Tank Building

The Lower Water Tank Building 1s located at the south edge of the gravel
parking area on Mine Road, immediately north of thc fork in thc access roads,
approximately 25 ft west of the Assay Laboratory. It is a tall, one-story,
34-x-32-ft rectangqular, gable roofed building with a 12 ft wide by 14 ft long
gable roofed projection extending norlh from the west end of the north
elevation. The west (Mine Road) elevation contains, from north to south, a
paneled wood door in the north projection, and a square, boarded-up window.
On the north elevation, the projection contains a boarded up square window,
and the gablc cnd of thc main section of the building contains a 20 panel
wood garage roll door on the ground level and a window above it. The
fenestration on the east elevation is unknown as the scuth end is partially
collapsed. The south elevation contains a paneled wood door, and a water

tank level indicator gauge that hangs from the peak of the roof on the south
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elevation. This feature consists of a wide wvertical plank palinted white with
the numerals 1 through 10 painted from top to bottom in black with horizental
black lines between them. The south half of the roof of the main section of
the Lower Water Tank Building is collapsed, revealing heavy, bolted timber
roof trusses forming a cledar-span interior. The water tank and all other

equipment have been removed.

The Lower Water Tank Building originally contalned a large heated tank that
supplicd watcr to the Concentrating Mill. A small furnacc in thc projcecting
wing in the northwest c¢orner was used to keep the water from freezing in the
winter. The large vertical water level indicator board on the south
elevation was visible from the Office/Warehouse Building and the
Concentrating Mill so that operators would kunow when the water level became
low (Condict, personal communication 2Z003). A mechanical visual indicator,
no longer extant, slid up and down the gauge to show the water level. The
south half of the roof collapsed under the weight of heavy snow during the

wintcr of 2000-2001, rcvcaling thce hcavy timbcer roof trusscs.

Electrical Shop

The Electrical 3Shop is located approximately 75 ft northeast of the Assay
Laboratory, approximately 150 ft east of Mine Road. It is a rectangular, 29
ft long north south by approximately 12 ft wide east west, one by five bay,
timbcr framc structurc with a saltbhox roof with thce long planc facing cast
and a wide, bracketed awning sheltering the open west side., 2 vertical plank
door is located in the west elevation. The interior contains a variety of
wood storage racks. The structure is in pcor condition, is leaning to the

north, and is missing its roof sheathing. It is bullt on a steep hillside
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and supported underneath by tall weood posts. A mine car catenary support
pole i1s located 12 ft southwest of the building, and consists of a vertical
steel pole topped by a bracketed herizontal pole with a hanging ceramic

insulator.

The Electrical 3Shop is located immediately east of the mine car rail line
leading to the 1948 Adit, located approximately 200 ft northwest at the east
edge of Mine Road. It was used to store electrical equipment for lighting
and power transmission inside the undcrground minc workings that could be

loaded on mine cars as they passed the structure,

Copper Castle

The Copper Castle is an occupied residence located on the west side of Mine
Road, approximately 225 ft west ot the Office/Warehouse Building and
approximately 250 ft southeast of the Upper Water Tank Building foundaticn.
It is a rectangular, approximately 40-rn-30-ft, 2¥-story residcnce with a
fieldstone foundation, clapbcard siding, a side gable, corrugated metal roof,
and overhanging eaves. The east (front) elevaticn and rocof have been
extensively modified wilh the addition of a full-length porch and paired shed
dormers lighting the attic and shed roofed wall dormers lighting the second
floor. Windows consist of a mix of original, six-over-six, double-hung, wood
sash and replacement one over one units. Trim consists of scoffit and fascia
boards, and plank cornerboards and window surrcunds. An original narrow
central brick chimney rises from the center of the roof, and an external
square cinderblock chimney 1s located on each side gable wall. The full-
length front (east) peorch is illuminated on all three sides by a continucus

band of six-over-one windows.
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I'he Copper Castle dates from the mid-nineteenth century, when 1t served as a
dormitory for mine workers. It also served as a two-family tenement during
the mid-twentieth-century period of operations (Condict, personal

communication 2003).

Upper Water Tank Building foundation

The Upper Water Tank Building foundation is located on the east slope of
Copperas Hill, wcst of Mine Road, approximately 400 ft west of the Lower
Water Tank Building. It is located immediately northeast of a north-pointing
hairpin turn on a gravel driveway lccated behind the Copper Castle. The
building has been removed, leaving a roughly 35-x-30 ft flat poured concrete

slab.

Like the Lower Water Tank Building, the building at this site contained a
heated tank for Concentrating Mill process water and had a water level
indicator board on its east gable end that was visible from the

Office/Warehouse Building and the Concentrating Mill.

1548 Shaft Site: Hoist House foundation, Idler Tower ruin, and

Headframe/3haft Collar site.

The 1948 Shaft Site 1s located on the east slope of Copperas Hill, west of
Minc Road, approximately 400 ft west of thce Lower Water Tank Bullding and
approximately 100 ft north of the Upper Water Tank foundation. It consists
of three north-scuth-oriented elements spaced equidistantly over a distance
of approximately 230 ft. These are, from scouth tec north, the Hoist House

foundation, Idler Tower site, and the Headframe/sShaft Collar site.



ELIZABETH MINE
[TABR No. VT-35
Page 61 of 166

The Holist House fcundation 1s a flat concrete slab measuring approximately 24
ft wide north-scuth and at least 30 ft long east-west, with its west edge
buried by s0il from the slope above it tc the west. The foundation is
obscured by organic debris with some features still wvisible. The most
visible feature i1s the base for the cable holst motor and drum, a ralsed, 14-
x-14-ft, concrete-walled pit with a rectangular motor mount pier in the
southeast corner and the cable drum pit to the west. The socutheast corner of
the foundation ccontains a raised transformer platform consisting of a grid of
gtecel I-beams cast intoe the floor. Scveral threadcd steel pipces with cut
electrical cables are located inside and cutside the feoundation at this
corner. TImmediately north i1s an approximately 3 ft square pit surrcunded by
a raised U-shaped concrete lip with its north end open. The foundation has
several additional wvertical steel pipes with cut cables protruding from the
floor. The superstructure of the hoist house has been removed, leaving the
complex concrete foundation exposed. The bullding was similar in
construction to the other World War Ll-era buildings, with a saltbox roof.
This building ccntained the clectrically driven hoist for the 1948 Shaft,
which consisted c¢f a large electrical motcr connected by a reduction gear
drive to a large-diameter drum wound with thick woven steel wire rope that
ran out through apertures on Lhe north end of the building, over Lhe Idler
Tower and Headframe, and down into the mine shaft. The hoist-powered cables
were for two of the three vertical shaft compartments, one for men and
equipment, and one for raising ore. The third compartment carried air,
watcr, and clcctrical utility lines. ©Onc cable wound on the undcrside of the
Hoist Drum and the other was wound from the top towards the opposite end.
Therefore when an ore shed was being hoisted up in one compartment cf the
shaft, a man-cage or equipment cage was geing down in the second compartment,

serving to counterbalance one another.
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The ldler Tower was a truncated, pyramidal, square plan structure buillt cf
bolted square crecosoted timbers with dliagonal X-braces. It 1s now a ruin
consisting of a pile c¢f rotting timbers connected by threaded wrought ircn
rods with washers and nuts. The Idler Tower originally supported a cluster
0f mine hoisl cable guide pullevs thal kept the cables from sagging and
stretching, which accelerated wear; from tangling in high wind; and it

assisted in guiding the cables as they wound arcund the drum.

Thce Headframc/Shaft Collar site consists of two fcaturcs, the cappcd shaft
collar and the headframe back brace footings. The Shaft Collar is a low,
ralsed, 21 ft long east-west by 9% ft wide north-south, hocllcw, reinforced
concrete structure with a flat, 1 £t thick, 19» ft long by 8 ' ft wide
concrete slab safety cap containing a cluster of three, short, 4 inch
diameter vertical threaded steel pipes from which issues a strong upward
draft. The Shaft Collar was the liner for the top of the three compartment
shaft that met the 1948 Adit. kach of the two headframe back brace foctings
is located 37 ft south of thc corners of the scuth sidec ¢f thc Shaft Collar.
Each consists of a half-buried, truncated, pyramidal, 2 ft square, concrete
footing inclined to the north with a 2 ft by 15 inch steel plate with three
bult holes cast into the north facing side. These plates are Lhe anchors for
the south-sloping timber headframe tower back braces. This tower, taller
than the idler tower, was a bolted timber 4-post framework that was divided
into three panels by horizontal bracing with diagonal cross bracing. The top
0f the towcr supported a cluster of two spoked stecl sheave whecels, or
pullevs, that guided the cable over the top of the tower and down 1nto the
shaft. The sheave wheels and the vertical part of the tower below them were

protected by a gable-rocfed enclosure that also kept the elements out of the
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mineshaft. The cables entered this shelter through two small apertures on

the south side.

The 1948 Shaft was sunk in 1948 to meet the 1948 Adit at the 300 ft level.
As noted above under the 1898 Adit, by 1948 that sole underground mine entry
had become too distant and shallow an access point to efficiently mine the
northward and downward trending orebody. After the mine was closed in 1958,
the hoist equipment was removed, the idler tower and headframe were

dismantled, and the shaft collar was cappcd with a concrete slab.

Infirmary/Carpenter Shop

The Infirmary/Carpenter Shop is an occupled residence located north of the
core mine complex, on the west side of Mine Road, approximately 225 ft north-
northwest of the Tower Water Tank Duilding, and approximately 175 ft south of
the Club House/Boarding House. Lt is T-shaped in plan, with a 40-x-18-ft,
rcctangular, four bay by thrcc bay, l4-story main scction with a rcgular
pitch, front gabled, asphalt-shingled roof, and a rectangular, 40-x-18 ft,
five bay by two bay, one-story, shed roofed addition extending to the south.
All windows are replacement one-over-one, double-hung sash units. The east
(front) elevation of the main section of the building has a plank door
flanked on each side by a window, with paired windows under the gable on the
second story. The north elevation contains, from east to west, two windows,
a door, and a window. A short, narrow brick chimncy rises from thc center of
the roof ridge. The addition is offset 8 feet west from the front of the
main section of the house, and its shed roocf slopes down to the west. The
east elevation contalns five irregularly spaced windows, and the south

elevation contains a modern door and a single window. The west elevation



ELIZABETH MINE
[TABR No. VT-35
Page 64 of 166

contains four windows. The Infirmary/Carpenter Shop has recently been
sensitively restored and is in exXcellent condition. The entire building sits

on a recent concrete foundation.

The construction details of thls building suggest Lhat it was bullt in
several stages. The east half of the north section appesars to be the oldest
section, possibly dating from the mid-nineteenth century. The west half and
the ell teo the scuth appear to be subsequent structures. A 1850s photograph
shows only thc cast half of the north scction, with a cne-story, shed roof
shed where the west half is today. The northern end of the building was used
as an infirmary and the south ell was used as a carpenter shop during the

mid-twentieth century mining period (Wheeler 2000:8-22).

Bearding Heuse/Club Heouse

The Boarding House/Club House 1s an occupied dwelling located north of the
corc mine complcx, on the cast side of Minc Road, approximately 175 ft north
of the Infirmary/Carpenter Shop. It is a rectangular, 38 ft long north-scuth
by 28 ft wide east-west, l¥-story wood frame structure with a side gable,
asphalt shingle saltbox roof with overhanging eaves and a narrow central
brick chimney. The building is in excellent condition, but lacks historic
integrity. The house has been moved east, away from its original location
closer to the road, and placed on a new pcured concrete foundation. The
gable rocf has bcen medificd into a saltbox by changing the anglc and raising
the eave height of the east (rear) roof plane. The building has all new
clapboard siding, new doors, and many new triple windows. The criginal
entrance in the west (street) elevation has been replaced with a small

window, and the main entrance moved to the south elevation inside a 20-x-11-
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ft shed rocfed sun porch addition with large single pane windows and sliding
glass docrs on the south elevation. N rear basement door opens onte a
terrace con the east side of the building. A 32 ft long north-south by 12 ft
wide east-west fieldstone foundaticn is built into the slope south of the

building, and LIs the foundation for a larye wing, no longer extant.

This building as shown in early-twentieth-century photographs had a
symmetrical gable roof with minor applied ornamentation in the form of
several small Italianate roof brackets. A large gable roofed wing,
approximately the same size as the main block ¢f the house, extended from the
south elevation, offset to the east. This section of the building was later
destroyed by fire. This building was used as a boarding house during
nineteenth- and early-twentieth-century mine operations, and as a social

gathering place during mid-twentieth-century operations.

Community Center and Federal Housing Site

The Federal Housing Site 1s located on the west side of Mine Road,
approximately 1,000 ft north-northwest of the Lower Water Tank Building. The
site is a large open reclangular, sloplng area conlailnoing three broad man-—
made terraces separated by long, narrow rows of trees. These terraces were
the location of four parallel rows of long, narrow multiple-family units, no
longer extant. The original layout consisted of a figure eight driveway with
two long, narrow dwellings located end-to-end on the upper terrace to the
southwest above the upper roadway, two pairs of similarly arranged dwellings
inside the upper rocadway loop to the northeast, and one row of two dwellings
inside the southwest side of the lower roadway loop further northeast. Today

only the northwest and southernmost roads survive as the driveway for the



ELIZABETH MINE
[TABR No. VT-35
Page 66 of 166

Community Center, which is located at the southeast corner of the complex, at

a 45-degree angle to the orientation of the terraces.

The Federal Housing Site was completed in 1943 at a cost of $175,000 to
provide 40 apartments for miners and their families. The long multiple—
family units were insulated and had central heating, electric lights, running
water, and sewage disposal. The units varied from two rooms and one bath to
five rooms and one bath. All had modern kitchen equipment. Rents varied
from $23.00 to $29.00 per month. The site was selected and laid out to
provide every bullding with a view of the White Mountains to the east and to
provide room for a victory garden for each unit (Jacobs 1244:13; Randolph

Herald 1943b).

One domestic structure, the Community Center, is located at the west edge of
the former Tederal Tlousing Gite. The Community Center i1s a long, narrow,
rectangular, 63 ft north-south by 25 ft east-west, five bay by two bay, side-
gabled building with a concrete foundation, vinyl clapboard and vertical
siding, and a shallow-pitch, raised ceam metal roof. The scuthwest (rear) of
the building is irregular in plan and incorporates a series of rectangular
gable roofed projections for utilities and a rear entrance. The front
(southeast) elevation entrance consists of a replacement door under a gable-
roofed projection with square columns and a short flight of concrete steps.
The building has been moderately altered with the addition of replacement
windows, including a large picture window in the northeast elevation, and
glass sliding docrs in the southeast elevation. The building has two brick
chimneys, an original internal one located near the intersection of the main
gection and the rear projections, and a later external stepped and corbelled

one at the southeast end of the southwest elevation. A small garden shed is
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located 1mmediately to the west, and a larger storage bullding 1s located

approximately 300 ft west of the house.

The Community Center was built as part of the Federal Housing complex to

serve as a recreational lacility for miners living in the adjacent rows of

dwellings to the north. It was equipped with games and a radio (Jacobs
1944:13). It also served as a Catholic chapel for the miners (Wheeler
2000:8 22). The Community Center 1s the only surviving building from the

Fcderal Housing complex and is currcently an occupicd recsidence.

COmpompancosuc River Pump House

The Ompompancosuc River Pump House 1s located on the south bank of the
Ompompancosuc River, approximately 2,000 ft north of the northwest corner of
TP 1, and approximately 1,400 tt southeast of the intersection of Rte 132 and
Furnace Road. Although it is an outlying building, i1ts construction and
appcarancc arc thce samc as the buildings in the corc mince complcex to the
north. The building is a ruin with its cecllapsed walls lying on top of
remaining electrically powered pump equipment. The foundation appears to
measure approximately 25-x-25 ft and the location ol the entrances or windows
cannot be determined because of the condition of the building. The
foundation is partially constructed on the old concrete foundation of the

farther, smaller Heckscher era pumphouse.

The Ompompancosuc River Pumphouse wag an important component of the materials
handling networks at the Elizabeth Mine. It was the primary source of clean
process water for the Concentrating Mill. The facility was not regularly

manned, although it was linked to the core mine site by a roadway. The pumps
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were electrically powered and a row of utility poles carried the electrical
lines between the substation at the mine and the Pumphousge. The water was
pumped about 3,000 feet south and 250 feet uphill in an uninsulated é-inch
diameter pipe to the Upper and Lower Water Tank buildings, from which it was

gravity fed to the Concentrating Mill below (Condict, personal comnunication

2003) .

Alr Vent

The Alr Vent i1g¢ located on the south side of the Ompompanoosuc River at
Furnace Flateg, approximately 300 ft south ¢of the Air Shaft (see below). It
is an approximately 12 to 18 inch diameter vertical steel plpe connected to
the underground mine workings. The interior is heavily encrusted with
mineral deposits and the original diameter cannot be determined. The pipe
rises several inches above the surtace of the grcund and has a flange with
bolt holes around the cutside edge. The pilpe emits a strong, steady flow of
water from the underground mine workings that has precipitated an apron of
whitish-orange aluminum and iron oxides on the west terrace of the
Ompompancosuc River. Downstream of tChis deposit, the rounded boulders and

cobbles in Lhe riverbed are stalned orange with the metallic oxides.

The Air Vent was a churn drill hole installed to provide ventilation to the
underground mine workings. The Air Vent, and the Air Shaft and Ompompancosuc
River Electrical Substation {(see below) are surface expressions of the
northern extent of underground mining of the Elizabeth Mine orebody in the
mid-1950s when mining had progressed north of the West Branch of the
Ompompancosuc River. A second air vent pipe is located to the south on

private property between the Air Vent and Mine Road.



ELIZABETH MINE
[TABR No. VT-35
Page 6% of 166

Air Shaft

The Alr Shaft is located on the north side of Reoute 132, approxrimately 4100 ft
northwest of Furnace Flat Road and 14 ft south of the Ompompancosuc River
Electrical Substation (see below). It ls located on a rock outcrop
approximately 10 ft north of the shoulder of the road. It is a 7% ft square,
approximately 4 ft high, hollow, reinforced concrete structure, capped by a
steel sheet and a 6 i1nch thick cast concrete slab. The slab has recently
been cut and a locked stcecel hatchway door installed in thce stecl platce.

There 1s approximately 10 ft of water below the cap and a second concrete
glab sealing the shaft below. A cluster of threaded steel pipes with cut
electrical cables is located in the west side of the north face, closest to

the Ompompancosuc River Electrical Substation.

The Air Shaft was added to the mine workings in the mid-1950s8 when mining had
progressed north of the West Branch of the Ompcompancosuc River. The shaft is
approximatcly 195 ft dcep and is inclined slightly to the scouth. It includced

a ladder to the workings that was installed as an emergency exit.

Ompompancosuc River Electrical Substation

The Ompompanoosuc River Electrical Substation is located on the north side of
Route 132, approximately 400 ft northwest of Furnace Road and 14 ft north ot
the Air Shaft. It consists of a 12 ft long by 5 ft wide, low, rectangular
concrete pad with a vertical steel pole with a horizontal steel c¢rossbar with
ceramic insulators rising from the south end of the pad. The pad is
protected by a high galvanized chain link perimeter fence located five It out

from the pad. The fence has an inward-swinging chain link gate in the east
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clevation with a wood plank sign bearing the words “DANGHER HLGH VOLIAGE”
written in block letters., A similar sign is mounted on the south side of the
fence, and one reading “DANGER 2300 VOLTS” is mounted on the north side. The
Ompompancosuc River FElectrical Substation is in fair condition. All

transformers and electrical year have been removed.

The Ompompancosuc River Tlectrical Substation provided electricity for
lighting and mine locomotives at the north end of the workings that nad

progressed north of the Ompompancosuc Rivcr by thce mid 1950s.

Major Mid-Twentieth-Century Mine Landforms

Mining activity in the World War II to 1958 period created new industrial
landscapes and altered preexisting ones. These landscapes can be divided
into two classes: those associated with mining ore from surface deposits in
an effort to increase the mill capacity at the beginning of operatiocns, and

dcposition of orc milling waste throughout the period of operation.

The surface workings are located scuth of the mine buildings, along and west
ol Copperas Road, which diverges [rom Lhe west side ol Mine Road
approximately 1,000 ft south of the entrance to the main mine building
complex. The 3outh Open Cut and North Open Cut are linear surface
excavatlons along major exposures of the north scuth trending ore deposit.
Thcse long, narrow openings are in stratified rock that dips approximately 70
degrees to the east, leaving a steep west footwall and overhanging east
hanging wall. The exposed sulfide rock and discarded cre in and around the
edges of the cuts has decayed to a bright yellow earth that is mostly barren

and supports only pine, birch and other acid-tolerant plant species.
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South Open Cut

The South Open Cut i1s an approximately 1,600 ft long, 100 ft wide, 75 ft
deep, north-south oriented, excavated rock trench located approximately 3,500
ft southwest of the core mine buildings, approximately 300 £t west of
Copperas Road (Figure 21). The southern third of the South Cpen Cut is dry,
and the northern two-thirds hold bright green water. The water in the cut
drains to the east through a perpendicular truck haulage crosscut trench
located approximately 600 ft north of the south end. The main trench is
approximately 20 ft deep at the south end, and increases in both depth and
wall height to approximately 75 ft to the north. At the north end of the cut
a large tunnel extends north for approximately 1€0 ft. A small passageway
extends from the roof of the tunnel to the North Open Cut. Just north of the
north lip of the South Open Cut is an approximately 5 ft square concrete-
capped shaft that connects to the tunnel below. There is evidence of recent
major rock falls from the footwall into the cut. North of the crosscut cne
major rockfall has dividcd thce watered scction into two separatce pools, the
south one approximately 22 ft deep and the north one approximately 14 ft
deep. Approximately 500 ft east of the truck haulage crosscut, east of
Copperas Road, 1s a truncated conical pile of rock excavated from the

crosscut.

The cre at the site of the Scuth Cpen Cut cropped cut on the surface and was
cxplcred in a scries cof prospcct pits, still visiblc at either cnd of the
cut. Exploratory drilling in the early 1940s indicated the size and shape of
the deposit. By the late 1940s the Vermont Copper Company was €xplciting
several sources of ore to increase throughput in the Concentrating Mill.

Starting in 1849 the South Open Cut was drilled and blasted from the surface.
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A small steam shovel was used to lecad dump trucks that entered and exited via
the crosscut and took the ore north on Copperas Road to be processed. Water
flow intc the cut was a problem and pumps were set up to keep it dry.
Excavation work was not conducted during the winter months. Excavation ended
i1 1953 when the bottom of the ore deposlit became Loo narrow to excavate wilh

the steam shovel.

Ccpperas Works Site and Nerth Open Cut

The Copperas Works gite is an approximately l2-acre area located
approximately B800 ft north of the South Open Cut and 2,000 ft south of the
entrance to the core mine buildings (Figure 22). This area was largely
associated with copperas (iron sulfate) mining and manufacturing from 1809 to
about 16882, and also with contemporaneous and suhsequent copper mining
(Hierstead Z000). This area includes the North Open Cut on its west edge,
and consists of a steep, cast-facing slope contalning yellow piles of
oxidized orc, red and black piles of roasted and lcached ore, and timber and
mascnry remains of copperas works infrastructure. The North Open Cut was
excavated for copperas ore and averaged several dozen feet deep when the
works closed in 1882. North of the North Open Cul 1s an area associated wilh
copper ore mining by the Tyson family between 1882 and 1880. This area was
originally covered with thick heaps of copper ore that was considered low

grade by 1880s standards.

In the late 1940s the North Open Cut and Tyson mining area were both sampled
and exploited as sources of ore to increase throughput in the Concentrating
Mill. The North Open Cut was greatly expanded. The hanging wall was cut

back to allow safe mining from the surface, and the low-sulfide waste rock
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was deposlited along the east edge of the cut, overlying the earlier copperas
works roast beds. The orebody was also stoped out from below from the 300 ft
level, and mined out to within 10 feet of the floor of the cut. The dump core
at the Tyson mining area, along with similar material from the Ely Mine, was
run through the Elizabelh Concenlraling Mill., IL was diflficull to
efficiently process because it was oxidized, which interfered with proper

performance of the flotation reagents.

The North Open Cut is an approximately 1,000 ft long, 100 ft wide, north-
south oriented, excavated rock trench located just east of the ridge of
Copperas Hill. The cut is shallow at its south end, but quickly plunges in
depth to the north. The lip of the west, footwall rises higher than the lip
of the east, hanging wall, and is bordered by birch woods right to its lip.
The west, dead end of an earlier adit or crosscut forms a pocket in the
footwall, which is now occupied by a large bird’s nest. The bottom of the
plt 1s net visible in places, and several transverse plllars of rock remain
in place, creating arches that span the walls. The north endwall contains
three large cavernous openings and two, smaller ones, stopes where mining
followed the shape of the orebody underground teo the north. Rock has fallen
into Lhe cut, making LU wider and shallower. The Tyson mining area Lo Lhe
north is an irregular expanse of yellow oxidized ore and weathered purple-
brown lumps of solid ore. A whitish, bleached-looking area is evidence of a

dump rock fire.

Tailings Piles 1 and 2

Tailings piles 1 and 2 (TP 1 and TP 2) are massive piles of Concentrating

Mill tailings that were pumped intc the Copperas Brook valley in the area
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cast of the core mine buildings between 1943 and 1958 (ligure 2Z3). These
tailings piles consist of finely ground material occupying a wedge-shaped
area with its wide end to the north and its tapering end pointing toc the
gsouth. This triangular area is approxlimately 2,000 ft long north-south and
1,400 ft east-west at its north edge. TP 1 to the north is the largyer, lower
of the two, and TP 2 is smaller and located above and to the south of TP 1.
Both tailings piles have moderately sloping sides, and top surfaces that
appear flat but actually slope gently to the south for drainage. TP 1 has an
approximatcly 150 ft high, 1,400 ft long north slopc, which wraps around to
the west side of the pille overlooking the ore processing buildings. TP 2 1is
located at the scuthwest corner of TP 1, and measures approximately 500 ft by
450 ft, with an approximately 75 ft high northeast face overlooking TP 1 to
the north. The east side of TP 1 and the east and west sides of TP 2 do not

have sloping escarpments, bubt instead blend into the hillside topography.

The plles were formed by planned disposal of pulverized rock and pyrrhotite
cjccted from the mill aftcr all of thce marketable components of thc ore had
been removed. The taillings piles were built by classifying the homogenous
tailings slurry from the Concentrating Mill into coarse sands and fine
slimes, and pumpling them 1n plpes to a system of wooden troughs, or launders.
The coarse sands were used to build up dams at the perimeter of the piles,
and the fines were pumped into the area behind the dams, which were
engineered to slope gently to the scuth te draw off the water. A dewatering
system consisting of buricd scgmental concrete culvcrt pipes and scgmental
concrete decant towers was installed to drain the water intoc Copperas Brook.
The majority cf TP 2 was depcsited after 1952 when pyrrhotite began to be

extracted from the tailings.
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Since the mine closed 1n 1958 the appearance of the tailings pilles has
changed., The ground rock and pyrrhotite were c¢riginally dark gray to black
when freshly deposited. An cuter layer of the tailings less than a yard
thick has weathered to a tan-orange color. The sloping faces of the piles
have eroded 1lnto small, parallel vertical gulllies, glving them a corrugated
appearance. Chemical weathering has also accentuated the horizontal
stratigraphy of the pile, revealing layers ot slightly ditterent shades of
color. The top of TP 1 was barren until 15 or 20 years ago, when the
propcrty owner sprcad organic dcbris over the nerthwest half of the top of
the pile. This area i1s now overgrown with cocarse grasses and small tree
saplings, greatly reducing the size of the expanse of bare crange ground.
Birch saplings have alsc begun to encroach on the top of TP 2. In 1273 a
flood washed out a deep gully near the southeast end of the dam at TP 2,
exposing the segmental concrete pipes for the decant system. Copperas Brook
now runs cuft from this gully into a braided stream on top of TP 1 that fteeds
a shallow pond at the southeast edge of the pile. The remains of the wood
trestlecs that supported the launders are visible as lincar configurations of

regularly spaced woed pole stumpe con the flanks ¢f the piles.
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ORE MINING AND PROCESSING AT ELIZABETH MINE, 1943-1958

Underground Mining Operations

Mining operations at the Elizabeth Mine during the 1943-1958 period drew on

three sources of ore. In descending order of importance and volume, thes

g

included fresh ore from new underground workings, fresh ore from surface
pits, and oxidized ore from cld ore dumps. Surface excavation from the pits
and dumps has bccen discusscd above. The underground orcbody was long and
tabular, shaped like a distorted plank with an average width of 15 to 20 ft
with swells up to 60 ft. It was as much as 400 ft tall, but generally less
than 200 ft tall, and pinched considerably in places. North of its outcrep
at the North Open Cut, it descended belowground north for approximately 7,000
ft at a shallow angle of between 15 to 20 degrees, and plunged east at a dip
angle of between about 60 and 80 degrees. The linear, northward sloping
orebody was mined from a series of longitudinal horizontal drifts (tunnels},
or lcvels, that provided access to long, north-south oricnted strctches of
ore that was mined by two main methods so that the ore blasted from overhead
was fed by gravity to mine cars running along the drifts below. Eventually
mining encountered barrcen rock at the north and south end of a level and the
northward progression of mining required access at increasingly deeperx
points. In profile the levels are arranged in an overlapping, en echelon
fashion as the orebody progresses deeper and to the north. The underground
lcvels werce rcfcrred to by their depth in fect descending from the 0 ft

level, the surface outcrop at the North Open Cut.

In 1942, U.S. Bureau of Mines reported on the existing underground conditions

at the Elizabeth Mine, which reflected all mining activity to that date
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(Figure 24). The sole underground entrance to the mine was wvia the 1898
Ndit, which was measured at 1,360 £t long. This adit led west to the 300 ft
level, where a shallow angled inclined shaft or slope, extended down at an
angle of 25 degrees for 830 ft northeast following the eastward plunge of the
orebody, ilntersecting and serving the 400 [t levyel, 500 [t level, and 600 [t
level. The overall length of mined ground on the strike north and south of
the adit was approximately 2,500 ftt, with approximately 1,800 ft ot that
north of the adit. The 300 £t level had been driven north and south of the
adit. To thc south the lcvel was driven about 825 ft to a point just south
0f the north end of the North Open Cut above., The ore above the level had
been stoped (excavated] out to a distance roughly 500 ft south of the adit,
with the rest of the drift to the south undeveloped. The stoped out area
included the area mined from the wvertical shafts sunk by the Tysons in the
1080s. North of the adit ore was also stoped out above the 300 ft level for
approximately 300 tt. The winvwe descending ftrom fthe 300 ft level intersected
the 400 ft level appreoximately 150 £t north of the adit. 'lhe 400 ft level
cxtended approximately 375 £t south from the interscction undcr a stoped out
area Inte unmined ground with two raises to the 200 ft level. ©North of the
intersection the 400 f£t level extended approximately 350 ft under a funnel
shaped area stoped out above. The winze continued down and north another 300
ft to the 500 ft level, which was driven through approximately 250 ft of
unmined ground to the south and approximately 300 ft of partially stoped
ground to the north. Finally, after descending another 250 £t the winze
bottomed out at the 600 ft lcvel, which cxtended north through approximately
800 £t of unmined ground. It was estimated that about 320,000 tons of ore

had been mined from these workings prior to 1942 (USBM 1942:6, 1943:8).
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When mining resumed 1in 1%43 the sole access to the orebody was through the
1898 Adit, which was straightened and widened for 36-inch gauge overhead
catenary electric mine cars, and had a 2.25 percent outbound grade. The 100,
200, 300, 400, 500, and 600 ft levels were prepared for working by clearing a
cavern [or a work station at the end ol the 300 [L level adit and installing
a 250 hp electric hoist to pull ore skips up the inclined shaft, which was
widened for 4. inch track, with double track to the 500 ftt level. Ore was
hoisted from loading pockets on the 400, 500 and 600 ft levels in 4 ton ore
skip cars., By 1944 mining activity consisted of clcaning and cnlarging thc
stopes (areas of ore blocked out for mining) above the 300 ft level south and
in the vicinity of the 1888 adit and in the 300 and 400 ft levels north of
the inclined shaft. More intensive mining took place on the 500 ft level,
where the area above the inclined shaft was partially stoped up and blocked
out to the roof of the orebody. The 500 ft level was driven 800 ft north
where 1t ran into barren rock. No work was done on the 600 ft level (Migures
25 and Z6). Ventilation was provided by a fan on the 300 ft level {(Jacobs

1944:6; USEM 1943:9).

During the second half of the 1%940s development work progressed in several
directions (Figures 27 and 28). The 300 [t level was driven south to a point
just north of the middle of the North Open Cut above. A new 575 ft level was
driven south from the inclined shaft to explore “Ore 3hoot No. 2,” a new lens
of ore discovered below the main orebody. On the 600 ft level, approximately
650 ft north of the foot of the winzec, a ncw, 400 ft decep, two compartment
winze was sunk through the orebody at an angle ¢f 63 degrees east to the 975
ft level, intersecting the barren rock at the bottom of the orebody. This
facilitated exploration and development of the 725, 850, and 975 ft levels

north and south of the new winze (Benson et al. 1500:20).
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By 1948 tramming and holsting cre almost 2,000 ft from the north end of the
600 ft level and up tec the 300 ft level had beccome uneconomical and
inefficient. UNew core resgerves containing 10,000,000 lbs. of copper had been
mapped out north of and below the 600 ft level and plans were made to mine it
via the 975 [t level. In 1948 a new vertical shalt was sunk in the hanglng
wall of the orebody about 1,100 ft north of the 1888 adit, and a new adit was
driven 400 ft west to meet the shatt at the 300 t level, 100 tt below 1ts
ground level collar. The mouth of the new adit was located just north of and
above the ncw mill buildings, east of Mine Road. Thc 300 ft lcvecl at the ncw
and old adits was not connected underground. The new shaft infrastructure
was designed to handle workings 3,000 ft deep. The surface plant consisted
of a 4-post timber headframe built of 8-inch Douglas fir posts with 10-inch
square backbraces. The headframe supported two 6-foot diameter sheave wheels
mounted 40 ft above the collar. The hoist house was 228 ft south of the
collar. The hoist was a 7/-inch by 94-inch, single grooved-drum unit with
16,800 lbs of pull running at 100 feet per minute (fpm) with 1-1/8-inch wire
ropc. The manufacturer of this unit is unknown. It had a manual brake with
a Simplex safety contreller. The holst was driven by a 250 hp, 2200 v, ¢0
cycle, 3 phase, 720 rpm induction motcr. The rectangular shaft measured 17
[t 8 in X 6 [£ 4 in. It contained three, 5 ft square timber-lined
compartments: a cageway for men and large pleces of equipment; a skipway for
the ore skip that doubled as an emergency manway; and a utility shaft for
water and alr pipes, and electrical cables. The ore skip held 4 tons, or

about 60 cubic fcet of ore (Bcnson et al. 1850:20-21).

From the pcint where the 1948 Adit intersected the new shaft at the 300 ft
level, the shaft then descended another 675 ft to the 975 ft station, where a

horizeontal tunnel extended west for approximately 200 ft to the orebody at
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the 975 ft level (tigure 2Y9). A shallow slopling crosscut was also driven 200
ft up to the southwest from the 975 ft station to access the 575 ft lewvel.
The 975 ft Station consgisted of a lcop tunnel excavated in the rock around
the shaft that included rails for mine cars, D.C battery charging stations,
an electric motor—-generalor set, and a water sump and pump. Mine cars loaded
with ore coming from the orebody at the 875 ft level proceeded east on 24-
inch gauge ftracks to the loading pocket where the self-dumping Graney-stlye
cars discharged the run of mine ore onto a grizzly (grate) with 22 x 16 inch
opcnings locatcd above a 250 ton ore pockect excavatcd from the rock. Mine
skip cars were lcaded at a loading station below the ore pocket for the trip
up to the 300 ft level where the ore was dumped into electric mine cars for
the trip east to the 1948 Adit portal and thence aboveground to the crusher.
On the 975 ft level ore cars and mine locomotives could also take a switch
that led to the battery charging stations and to the cage compartment at the
shaftt. The shaft contained two sumps, one 12,000 gallon sump below the 575
ft level, and one 66,000 gallon sump below the 975 ft level. kbach was
cquipped with a 450 gpm Pomona pump. Thc mine made an average of 30 gallons
per minute (gpm) of water. Electricity at 2,200 volts was brought to

gsubstations on the 575 ft and 875 ft levels, where transformers stepped it

down to 440 volts. Compressed alr was delivered in 6-inch mains, and watecr
in 2-inch mains. Ventilation was provided by a 3 ft, 25 hp Aerodyne fan with
35,000 cubic feet per minute (cfm) capacity at 3 inches vacuum. The fan was

located at the bottom of the 1948 Shaft at the 975 ft level and blew alr up

the shaft (Benson et al. 1950:20-21).

The new shaft and underground haulageways allowed significant increases 1in
ore producticn and by February 1350 the extent of underground develcpment had

progressed dramatically (Figure 30). Almost all the remaining cre in the
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zone between the area north of the North Open Cut and the bottom of the
inclined shaft at the 600 ft level had been stoped out above the winze, On
the 300 ft level south of the 1898 Adit, additional stoping took place above
the drift in a 300 ft long zone 550 ft south of the adit. ©n the 400 ft
level, all Lhe ore in a zone 550 ft south of the winve was stoped out. The
575 ft level had been developed, with a drift extending south from the old
winze approximately 200 ft to an approximately 600 ft long stope in Ore Shoot
No. 2, with raises to the 400 ft and 300 ft levels. The 575 ft drift was
continued another 1,100 ft to explorc thc lower rcachcs of an indicated “Orc
Shoot No. 3,” but ran into barren ground. Stoping had begun north ¢of the
bottom of the winze at the 600 ft level. Mining had also progressed from the
new winze connecting the 600 ft level with the 975 ft level. On the 725 ft
level a drift had been driven approximately 300 £t south of the winze and ore
had been stoped out for approximately 400 £t north of the winze. 0On the 850
ft level a drift was driven approximately 100 Tt south of the winze and ore
was stoped out to a polnt approximately 700 ft north of the winze. On the
975 ft levcl a drift had bcen driven approximately 700 ft south. A raise was
driven up to the south to access the 850 and 725 ft levels, and a winze was
sunk down from above, all with the goal of exploring ground in a deeper
seclion of Ore Shoot No. 2. The new winze was only used for access to the

725 and 850 levels (Benson et al. 19850:20).

In 1950 ore was still brought out through both adits. The 1898 Adit handled
production from the south cnd of the minc only, and thc 1948 Adit handled all
production from the mine below the 300 ft level. By 1953 exploratory
drilling on the 975 ft level revealed an approximately 2,000 ft long parallel
ore bed approximately 150 ft west of the main orebody, beginning at a point

approximately 1,300 ft north of the 1948 shaft and extending to beneath the
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Ompempancosuc liver. 'l'his orebody was mined via a crosscut located
approximately 3,000 ft north of the 19%48 shaft. AL this time production was
split between three major zcones, with 200 tons c¢f ore per day coming from the
South Open Cut, 200 teons from workings south of the 1898 Adit, and 400 tons
coming [rom workings below the 300 [t level and north of the 1948 Shaft.
Eight separate underground areas were being stoped simultaneocusly. After
1953, ore was no longer mined in the south workings and no longer exited the
mine via the 1898 Adit (Benson et al. 1950:20; Brown, personal communlicatiocn

2003; Lutjen and Kearney 1853:72-73).

By 1954, mining south of the 1948 Shaft on the 300 ft level had progressed
almost 1,600 ft south of the 1898 Adit to a point azbout two-thirds of the way
south under the North Open Cut, a pair of raises had been driven up, and
stoping had begun (Figure 31}. This drift facilitated stoping the remaining
ore under the floor of the North Cpen Cut. On the b'/5 ft level, additional
stoping 1n the upper part of Ore Shcecot No. 2 brcocught werkings up almost to
the floor of the 300 £t lcvel in a 1,000 £t long zonc that extcndced north and
south of the previocus stopes. Mining at this lccation had begun on the lower
section of Ore Shoot No. 2 that had been previocusly explored via a southward
extension ol the 875 [t level. The 975 [t level was drifted approximately
800 ft south of the 1948 Shaft and three raises were driven up to the lower
part of Cre 3hoot No. 2, which was steoped out 600 ft along plunge to the
south, with a raise driven up to the 575 ft level. The most dramatic
progress wags made north of the 1948 Shaft. The 9875 ft level was driven
another 2,000 feet, tc a point 3,100 ft north o¢f the 1948 shaft,
approximately 500 ft south of the Cmpompanoccsuc River, with a sublevel above
it driven even farther north. The ore was stoped out above the level for a

distance of 2,800 ft north of the 1948 3Shaft, with a raise at the 1,700 ft
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mark driven up into the roof of the orebedy and a sublevel extended
approximately 500 ft south and about 700 ft north (McKinstry and Mikkola

1954:1) .

When the mine closed 1in 1958 underground mining had been conducted almost
7,800 ft along strike from the south end of the North Open Cut to a point
1,600 ft north of the Ompompancosuc River (Tigures 37 and 33). Approximately
2,900 ft of this work was undertaken south of the 1948 Shaft, and
approximately 4,900 ft of it took placc north of thc 1948 Shaft. South of
the 1848 shaft the 300 ft level was driven almest 1,900 ft south of the 1898
Adit to the south end cof the North Open Cut, where a raise connected to the
200 ft level, the surface, and a tunnel south teo the South Open Cut. The ore
under the North Open Cut was completely stoped ocut to within 10 feet of the
floor of the North Open Cut. South of the 1948 Shaft, the 725 ft, 850 ft,
and 975 ft levels were all drifted south to meet the lower section of Ore
Shoot No. 2 that had been partially mined out by 1554 via the southward
cxtcnsion of the 975 £t lcvel. The 600 ft long scction of orc along the
plunge of Ore Shoot No. Z was stoped up under the floor of the 57> ft level.
Again, the mest dramatic progress was made north of the 1948 Shaft. No more
work was done in the 350 ft long zone north to the new winuze, or on the 600
ft, 725 ft or B50 ft levels north ¢f the winze, which were completely stoped
out. North of the new winze, the orebody was stoped for approximately 4,600
ft to a point 1,600 ft north of the West Branch of the Ompompanocosuc River.
Thc roof of thce mine was approximately 195 ft below thc riverbed.
Approximately 200 ft ncrth of the river a 200 ft deep inclined Air Shaft
(combination manway and utility shaft) was sunk on the workings, and an
Electrical Substation was also installed at the surface. Mining at this great

distance from the main shaft regquired improvements in ventilation. At the
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north end cf the 875 ft level two churn drill hcles were sunk on the workings
for alr vents and each one was equipped with a 15 hp, 7,500 c¢fm blower.

These include the Alir Vent at the Cmpompancosuc River. Total wventilation
through the main shaft was 35,000 cfm, with 12,000 cfm coming through the
south workings and the rest [rom the north. The mine was drained by one sump
at the 975 ft level with a 75 hp pump rated at 350 gpm pumping an average of

125 gpm of water from the mine (Tutjen and Kearney 1953:72-74).

Underground Mining Methods

The stopes, the areas of ore above the level drifts that were blocked out for
mining, were removed, or drawn, by two primary systematic methods, sub-level
stoping, and shrinkage stoping. At the Elizabeth Mine, one method was
preferred over another at different times and depending on underground

conditions.

In 1943 thce mining method in use was “subleveling” at 20 ft intervals with
slot raises 100 £t apart (USBM 1943:8). The term “subleveling” is synonymous
with sublevel steoping (Figure 34). Sublevel stecping (or subleveling,
sublevel benching, or bench system) was developed in Michigan iron mines 1in
1902. It is a relatively low-cost method of extraction that is appropriate
in ore deposits Cthat like the Elizabeth Mine, are physically sftrong, of
uniform value, and with firm walls in steeply dipping beds. Ideally the
access shaft i1s sunk outside the orebody. A horizontal crosscut is made to
the oreboedy, and longitudinal driftes are driven along the length of the
orebody, either in i1t or just outside it in the footwall, depending on the
strength of the cre and its conforming rock. To prepare a stope for

subleveling, inclined shafts called raises are put up from the longitudinal
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haulageway 1nto and tc the tep of the orebedy at regular intervals cf 100 ft
or more., Then these “blocks” are further subdivided inte horizontal levels
(sublevels} by drifts. Funnel-shaped drawholes are then blasted in the roof
of the bottcom level, or haulageway, at regular intervals under the subleveled
ore in each block. A grizzly screen is installed at the bottom of each
funnel. Miners then successively blast and jackhammer the ore, working from
the bottom up, meving horizontally along the sublevels, benching each
sublevel from abocve and retreating horizontally across the block so that the
uppcr sublevels cverhang the lower ones insuring safe fall of brokcn ore to
the chute level below. This method of ore supplies a constant flow of
freshly broken ore to the chutes. The ore spllls through the grizzly screens
ontec the flcor of the haulageway where it is loaded for transport to the
shaft and out of the mine (Peele 1941 10/178-186). This loading 1is

accomplished by several means using a variety of equipment, described below.

Sublevel benching arrangements can be configured with a seccnd horizontal
drift above the main haulageway level, below the row of chutes undcr a block
of cre. This intermediate drift, called a ‘scram drift,” is equipped with an
electrically powered scraper, called a slusher, which is essentially a wide
blade attached to a cable and winch. The system is easily set up and moved
within the drift. The blade scrapes the ore along the length of the scram
drift to loading chutes at the raises driven between the blocks, where it
drops to mine cars on tracks in the main haulageway (Peele 1941:10/191).

This method wags later employcd at Elizabeth Mine.

In 1944 the mining methodes were described as the “bench system and shrinkage
stoping” (Jacobs 1944:8). This suggests a combination of the method

described above and shrinkage stoping. 3hrinkage stoping i1s another method
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of ore removal that 1s appropriliate for an orebody with the characteristics of
the Elizabeth Mine (Figure 35). Primary access to the orebedy via shaft,
crosscut, and drift levels is gimilar. In shrinkage stoping the levels are
sometimes prepared with chutes blasted in the roof of the haulageway,
however, timbered roofs and openings are dalso common. A working areda is
cleared above the chutes, and drilling and blasting progresses upward, with
overhanging ore removed in benches, retreating to elther end of the block.
The miners stand in the space on top cof the breoken ore, accessed by timbered
raiscs from the haulagcway. The orc increascs in bulk when broken, and
between 30 percent and 50 percent of the ore is withdrawn from the chutes as
mining advances upward, maintaining a steady flow of ore and a consistent
workspace for the miners above. Although shrinkage stoping is relatively
inexpensive to develop, the method requires extra breaking in the mine,
resulting in dilution of the ore from spalling of barren wall rock, and
suffers ftrom a lack of flexibility in the face of varying orebhody
configuration (lPeele 1941:10/274-276, 297). Additionally, a large portion of
the orc accumulatcs in the stopc and is not drawn until thc stope is mincd
out. This is a disadvantage as this ore oxidizes in place, interfering with

the flotation process downstream.

In 1850 “Shrinkage stoping [which] had always been employed for ore
production . . . was changed over to sublevel benching as rapidly as could be
done . . .” (Benson et al. 1950:19). This change included the scram drift
arrangcment described above. This was done “to avoid thce high cost of draw-
hole preparation and the breaking ¢f considerakble waste . . .“ B3Sublevel
benching also eliminated “the necessity of breaking ocutside the ore limits to
prevent muck [brecken ore] from hanging up in narrow sections” (Benson et al.

1850:18). This change also reduced the time that fresh ore was exposed to
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the air, eliminating the difficulties of processing oxidized ore by flotation

in the Concentrating Mill (Benson et al. 1950:20). The sublevel benching
process was conducted as follows: ™“In preparing a stope above a haulageway
for benching, chute raises are put up on approximately 250 ft centers. Air

operated arc gate chutes are installed and a scram driflt is driven 12 [t
above the back of the haulageway. Grizzlies of 90 1b rail spaced at 12 inch
openings are installed above the chutes. Manway raises are driven from the
haulage drift to the scram drift near the chute tc the level above directly
ovcr each chutc. From thcsc raises subdrifts are driven to divide the block
into benches approximately 30 ft in vertical measurements. The scram drift
is slashed to the full width of the core and 3 by 15 ft draw holes separated
by 10 ft pillars are driven on the focotwall. These are connected above the
level and the ore 1s slashed to full width. Benching is done with 62-1b

jackhammers drilling 10-ft holes” (Benson et al. 1850:20-21).

In 1953 the shorter orebodies were mined by shrinkage stoping, and shrinkage
plus sublevel benching was used for highcr ones (Lutjcn and Kcarncy 1953:73).
This combined proccess was described as follows: “The orebody i1s undercut and
mined high encugh by shrinkage to empty the bottom of the block. The stope
1s drawn and benching stLarted. Prelerably, ore 1s extracted al drift-level

“Sublevel

draw points, but scrams and scrapers may be used.” Alternatively,
benching using a scram drift and slushers is the alternate mining method. At
present, this method 1s only used where the ore is found an excessive

distance [lZ to 20 feet] abovc the drift.” The vcrtical raiscs dividing the

blocks were placed at 170 ft intervals, and horizontal subdrifts were driven

35 ft apart (Lutijen and Kearney 1953:73-74).
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Underground Mining Equipment

As early as 184141 the underground mining process was described as “highly
mechanized” with electrically powered slushers and muckers (Jacobs 1944:8).
In 1950 Lhe haulageways on Lhe 300 £L level and 575 fL level were equipped
with 36-inch gauge rail and 4-ton electric trolley locomotives pulling 54
cubic tt capacity side-dump ore cars. The ore was dumped fTrom the chutes and
loaded inte the cars by two men operating a compressed alr powered Eimco Z1B
“mucker” or loading machine. This machine was a small loader with a bucket
that scocoped up the ore in front of it and threw it back over the machine
into the core cars. The 875 ft level had 24-inch gauge rail and 29 cubic foot
capacity rocker cars pulled by a 1-ton Mancha electric tram locomotive.

These cars were loaded from chutes, by scrapers via chutes, or by Eimco 21B
muckers depending on the location and configuration of the workings. In
1950, “practically all muck |was] scraped to chutes by electric slushers of
20, 35, and 45 hp pulling 42 to 60 inch scrapers” (Benson et al. 1950:20).

By 1853 mucking machines werc preferrcd to scrapers as the formcr had a
better than 2 to 1 advantage in terms of tons per man shift of ore loaded
(Lutjen and Kearney 1953:74). 1In 1953 ore on the 300 ft level was hauled to
the crusher by a 6-Lon Granby eleclric locomolive. The 2,000 Lo 4,000 fL
haul on the 875 ft level proved too long for the slow l-ton Mancha
locomotives. These units took the ore halfway from the working faces toward
the shaft te a peoint where a 3 ton Titan locomotive pilcked them up for a fast
haul to thc 875 ft station. Plans wcrc in the works for a 39 hp dicsel to bc
nmoved frem the south end of the mine to the 975 ft level to increase haulage

capacity (Lutijen and Kearney 1953:74}.



ELIZABETH MINE
[TABR No. VT-35
Page 8% of 166

Ore Concentrating Operations

Once the run-of-mine core emerged from the adits on the mine cars or arrived
from the dumps or pits by truck, it had to be concentrated in a milling
process. The ore averaged about 2 percent copper in the form of particles of
chalcopyrite, with the rest of it pyrrhotite (iron sulfide) and waste rock,
or “gangue.” The object of the milling process was to separate the
chalcopyrite particles to produce a concentrate rich enocugh for economical
shipment for offsite smclting at the Phclps-Dodge smclter at Laurcl Hill,
Long Island, NY. Starting in 1952 a portion of the pyrrhotite was alsco

recovered.

The milling process included four major operaticns: crushing, fine grinding,
flotation, and dewatering. The concentrating equipment, processes, and
practice at Tlizabeth Mine were typical for their time. All rotating and
reciprocating equipment was driven by electric motors. Construction of the
orc processing buildings bcgan in latc fall of 1%42 and processing began in
September 1543 on a 200 ton (ore) per day basis (Benson et al. 1830:22). The
mill as originally designed was intended to have a capacity of 500 tons per
day. The concentrating process underwent several changes when the volume of
ore increased after 1948 and when pyrrhotite was concentrated as a by-product
beginning in 18532. The following detailed discussion of the concentrating
process begins with a description of the entire plant as set up in 1943, and
then covers the changes made to the crushing, flotation and dcwatcring steps
made to accommodate additional ore and for production of pyrrhotite
concentrate. The process as first conducted in 1943 was described in the 247
Report of the State Geologist on the Mineral Industries and Geology of

Vermont (Jacobs 1944) (Figure 36) and in an article in the Randolph, VT,
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newspaper ([Randolph Herald 1944). Subsequent descriptions ¢f process
evolution include an article in Mining Congress Journal (Benson et al. 1950)
and Engineering and Mining Journal (Lutjen and Kearney 1953). Additional
informaticn was obtained from oral interviews conducted in 2003 with former
Elizabelh Mine clerk Jim Condicl, assayer Charlie Brown, and crusher and

flotation mill worker Everett Linton.

Crushing

Run-of-mine ore measuring less than 18 inches emerged from the 1898 Adit in
self-dumping mine cars pulled by a small electric locomotive. The cars
entered a gable roof shelter on the trestle above the 1943 Crushing Plant and
dumped the ore into a timber-framed 70 ton capacity ore bin immediately east
of the tracks. The ore was fed by gravity into the 1943 Crushing Plant to
the throat of the primary crusher, an |H-x-36-inch Traylor, Blake-type jaw
crusher., This type of crusher consists of two vertical oppcsed steel plates,
one fixed and one moving, that form a V-shaped jaw with a linear aperture at
the bottom through which material passes via gravity and is crushed to the
size of the smallest aperture (Taggart 1945:4/1-20) (Figure 37). At the
Elizabelh Mine the pass size was variously lndicated as less than 3.5 ilnches
or less than 5 inches. The crushed ore fell ontc a 24-inch wide conveyor
belt and passed under a suspended electromagnet that picked up any “tramp”
iron waste that could damage the equipment downstream. The ore then fell
onto an inclined, 5-x-10-ft Allis-—Chalmers motorized vibrating screen with a
5/8-inch mesh (Figure 38). The undersgsize material that passed through the
screen dropped onto a 24-inch wide conveyor belt that extended south from the
east end of the 1943 Crushing Plant and rose in a gable roofed housing to the

Concentrating Mill, where it was dumped into an internal, timber framed fine
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ore bin described varicusly as holding 350 or 500 tons of ore. The oversize
material “scalped” off the top ¢of the screen was fed by a conveyor belt to
the secondary crusher, an Allis-Chalmers &36R Hydrocone cone-type unit. This
type of crusher consisted of a large fixed cast iron funnel with a rotating
conical spindle in its throat (Figure 39). The surlaces of the funnel and
spindle were sheathed with special steel alloy plates. The ore fed to the
funnel was crushed finer and finer as gravity pulled it past the rotating
gspindle, and the minimum distance between the cone and spindle dictated the
sizc of the matcrial passed by the crusher (Taggart 1945:4/21). At Elizabeth
Mine the cone crusher pacs cize was variously indicated ag lege than 5/8 or
3/4 of an inch. The crushed ore passed by the cone crusher was conveved back
to the wvibrating screen for rescreening (Jacobs 1844:10; Randolph Herald

1944) .

Fine Grinding

Thc crushed orc in the Conccentrating Mill ore bin was gravity fed onto a 24-
inch conveycr belt with a built-in scale that weighed the ore fed toc the ball
mill. The cre was fed at a controlled rate inteoc a 6 ft diameter by 2 ft long
Marcy grate-Lype overllow ball wmill. This unit consisted ol a rotating
horizontal steel cylinder that was driven by an electric motor and reduction
gear drive (Figure 40). The drum was lined with special alloy steel plates.
It was filled with ore, water, and steel balls at a constant, predetermined
rate, and the tumbling action of the balls ground thc ore to a finc
consistency. Fine grinding or comminution breaks down the ore until
particles of the copper minerals desired {(chalcopyrite in this case) are
liberated or freed from the gangue or waste minerals (quartz, talc, and

pyrrhotite). The tumbling action eroded the grinding balls, and fresh ones
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were constantly added from the Ball Mill Ball Bin at a calculated rate. As
the pulp was discharged, fresh water and ore was added (Taggart 1945:5/1-10).
At Elizabeth Mine, the ball mill cculd hold 25 to 30 tons at once, was
prowered by a 400 horsepcwer motor, rotated at 19 revolutions per minute, was
charged with steel balls described as 2 Lnches or 3 ilnches in dlameter, and
ground the ore to 200 mesh or finer. Water was added to maintain a discharge
of 'I5 percent solids in the ground ore pulp (Jacobs 1%44:10; Randolph Terald

1944).

The ore pulp discharge from the ball mill was gravity fed te a 72-inch Wemco
simplex (single spiral) spiral classifier to separate the finely ground cre
ready for flotaticn from the coarser materizl that had to be reground. The
spiral classifier worked on the mechanical principle of hindered settling.
It consisted of an inclined, rotating Archimedes screw tightly set into a
long narrow tub into which the ore pulp was ted (Tigure 471). The agitation
action of the screw, which turned at 6 rpm, allowed the fine ore particles to
float and pass over the top edges ¢f the tub, while the coarser, sandy
material sank to the bottom and was dragged up toe the head end of the tub by
the rotating screw blade and discharged into the ball mill for regrinding
(Taggyart 1945:8/1-15). The fine ore pulp [rom the spiral classifier was nexl

pumped to the flotation process (Jacobs 1944:10; Randolph Herald 1944).

Flotation

By the 1940s the flotation process was the leading separation process for
metallic ores. The advent of flotaticn in the early twentieth century is
considered the birth ¢f modern mining as it allowed the exploitation of

thousands of formerly uneconomic, low-grade ore deposits. Flotation relies
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on the affinity of certain finely ground mineral grains for bubbles floating
on top of water that i1s agitated and treated with specific chemicals, or
flotation reagents. By the 19%40g froth flotation had emerged as the main
type of flotation. In this process a pulp of % water and % fine ore plus
flotatlion reagents 1s added to long, rectangular metal tubs where Lt is
agitated by motor-driven paddles. Bubbles of air introduced to the bottom of
the tub rise and the ore mineral particles cling to them and are skimmed off
the top. The finely ground waste material falls to the bottom of the tub and
is drawn off. Thc orc particles that overflow at the top arc referrcd to as
“heads,” and the waste material or ™underflow” collected at the bottom 1s
referred to as “tails.” In most cases neither are separated thoroughly on
the first pass, and the heads and tails are recirculated in a series of
closed circults in flotation tubs called roughers, scavengers, cleaners, and
recleaners until heads of sufficient concentraticn are produced (Taggart
194%:712/1-18, h72-hh). At Flizabeth Mine all flotation tubs were of the
Agitair patent (Figure 42Z). 'l'hese consisted of a rectangular, rubber—-lined,
metal trough, subdivided into squarc compartments, by transvecrse partitions
with slotted openings connecting the compartments. Each compartment had
overflow inlet and outlet weirs, air inlet pipes running at 1.25 psi, and an
agitator consisting of a motor-driven vertical shaft with an arrangement of

baffles at its bottom end (Taggart 1945:12/71-72).

At the Elizabeth Mine Concentrating Mill, the pulp from the classifier was
pumpcd through a 6-inch Wilfley motorized sand pump to a conditioner tub with
four, 48-inch cells without separating baffles where it was thoroughly mixed
with flotation reagents. The pulp flowed over a welr in the last cell and
flowed into a rougher tub with four, 48 inch square divided cells connected

in series by overflow weirs. The tails from the roughers were pumped through
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a 4-inch Wilfley sand pump to the scavenger tub containing eight 48-inch
cells. The tails from the scavengers went to the tailings pile. The heads
from the scavengers were pumped back into the conditioner cells with a 41-inch
Wilfley sand pump. The heads from the roughers, assaying about 8 percent
copper, were pumped via a 2-inch Wilfley sand pump to the cleaner tub, which
consisted of four 36-inch square divided cells. The tails from the cleaners
were pumped back through a 4-inch Wilfley pump to the conditicners for
reprocessing. The heads from the cleaners, assaying about 20 percent copper,
went to the adjacent four-ccll recleancrs via a 2-inch Morris pump. The
talls from the recleaners went back to the c¢leaners for reprocessing.
Finally, the heads from the recleaners, now assaying about 24.5 percent
copper, were pumped via a 2-inch Wilfley pump tc the adjacent
Thickener/Filter Building for dewatering {(Jacobs 1844:10-11; Randolph Herald

1944 .

Tallings were mechanically classified intc coarser “sands” that were pumped
in pipes to long wooden laundcrs on stilts (Figure 43) to build up dams at
the leading edge of the tailings piles, and the finer “slimes” were pumped
behind the dams (Figure 44) and dewatered through a system of segmental

concrete pipe decant towers and buried culvert pipes.

Dewatering

Thce heads from the last (reclcaner) flotation cells, containing 40 percent
solids, were pumped to a Dorr thickener, which was the machine used in the
first of two steps for dewatering the concentrated ore pulp. The Dorr

thickener is a mechanical discharge gravity-type thickener ccnsisting of a

wide, shallow, cylindrical tank with a slowly rotating, spiral-shaped rake
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arm suspended from a beam resting on pylons at opposite sides of the tank
(Figure 45}). The rotation action ¢f the rake arm combined with the addition
0f chemical reagentes accelerates the sedimentation and fleccculaticon of the
chalcopyrite grains suspended in the slime, reducing the amount of excess
water. The Lhickened pulp, containing approximately 75 percenl sollids, Ls
pumped out of a central discharge outlet at the bottom of the tank (Taggart
1945:715/1-15). The Dorr Thickener at the Ilizabeth Mine was variously
described as 40 feet or 49 feet 1n diameter and 10 ft high, and consisted of
a wood stave tank bandced by circumfcrcential stcecl hoops. This massive, hcavy
tub was supported by a dense network of concrete piers. The concentrate was
pumped via a 2-inch Wilfley sand pump to the dewatering filter, located in
the upper level of the Thickener/Filter Building. The thickened slime was
then fed to a 12 foot long by 12 foot diameter Oliver continuous-type filter
(Figure 46). This unit consisted of a horizontal drum with a finely
perforated surface that rotated on a horizontal axis through a tub containing
ore concentrate. The hcollow space 1nside the drum was under a vacuum, which
causcd the damp conccentrate to cakce and stick to the sides of the drum,
extracting remaining moisture from the ore. The dried cake was scraped off
by a stationary blade (Taggart 1945:16/1-6). At the Elizabeth Mine, the
filter left a product with 6 percent moisture. The Oliver filter was located
directly above the timber framed 250 ton chalcopyrite ore concentrate bin,
and the dried ore fell directly from the filter into the bin (Jacobs 1944:10-
11l; Randclph Herald 1944). In 1944 the mill was operated three shifts a day,
except sSundays, and rcquired 14 men to run it. Only 2,000 tons of corc a
month were milled at that time. Between 93 and 95 percent ¢f the copper in

the ore was being recovered {Jacobs 1944:12)
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1948: Increased Ore Capacity

By 15947 the volume of ore passing through the Elizabeth Mine ore processing
plant had increased to 4295 tons per day, and in 1948 the new 1948 Adit and
Shaft were developed to open up access to new ore to the north on the 975 ft
level. 1In 1949 and 1950 the Vermont Copper Company trucked a total of 60,000
tons ot Ely dump ore for milling at the llizabeth Mine, and also milled the
dumps from the 1880s Tyson Elizabeth Mine mining activities. In 1949 the
South Open Cut was started and worked seasonally until 1953. The throughput
0f the processing plant was raised to 500 tons per day at the start of 1949,
however, the increased volume of ore required an increase in ore processing
capacity, and therefore, new equipment, in several departments. New
processing machinery and infrastructure was installed to increase capacity to
750 tons per day of ore to handle the volume from the new sources (Figure

475 .

The increased volume of ore rcquired a larger primary jaw crushcr, which also
allowed for less secondary blasting underground and in the open cuts, which
reduced labor and explosives costs. In May 1949 work began on a new primary
Jaw crushing plant, which was completed on July 4. A new railroad siding and
125 ton coarse ore bin were buillt north of the 1943 Crusher Plant. The new
bin had a 22-inch grizzly, or screen, that rejected pieces of ore larger than
22 inches, which were broken by sledge hammer. The bin fed a 10 foot by 40
inch apron fccder that dropped the orc into a ncw 25-x-40-inch Blakc-typc jaw
crusher in a small bulilding immediately southeast of the new ¢ore bin., The
crushed ore was then elevated to the interior of the 1943 Crushing Plant in
an inclined, enclosed, gable-roofed conveyor. The crushed ore was dropped on

a new, 3-x—4-ft vibrating screen with & 2-inch mesh. The minus 2-inch
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undersize product went straight to the original screen above the 1943 cone
crusher (now crushing to a * inch feed egize), with the undersize from that
gscreen proceeding to the Concentrating Mill ore bin, and the oversize feeding
into the recirculating cone crusher circuit. The oversize scalped off the
top ol the new screen went to the original 1943, 18-x-36-inch jaw crusher,
through the original screen, and to the ore bin or the cone crusher depending
on its size. The 3%-1nch crushed ore from the Crushing Plant was elevated to
the Concentrating Mill on the original 1943 conveyor. It bypassed the old
350 ton intcrior fine crc bin and was dumpcd in a ncw 1,500 ton, cylindrical,
concrete stave fine ore bin located just outside the south wall of the mill.
The extra ore storage capacity in the new 1,500 ton silo allcwed mining tc be
cut back from six days a week tc five, and crushing tc be cut from seven days

to six (Benson et al. 1800:22).

Tn the Concentrating Mill the flotation circuit was enlarged and reconfigured
to handle the additional input. The new system i1ncluded four 60-inch
conditioner cclls, ten 48-inch roughcr cclls, thrcc scts of four 36-inch
cleaner cells, and ten 48-inch scavenger cells arranged in new circuits for
increased copper recovery. Capaclity was raised within the capabilities of
the existing Marcy ball mill. The Wemco spiral classilier was described as a
78-inch double pitch duplex (two spiral) unit, which was a more effecent
replacement of the earlier unit, a 7Z2-inch simplex classifier. The extra
flotation cleaner tubs allowed a higher percentage of copper to be saved in
the flotation process, and by 1953 mill capacity was up to 800 tons per day.
The filter was described as a 6 foot, two disc unit, indicating that the
Oliver drum filter had been replaced by a unit where the cre was collected on
both sides of a pair of rotating hcecllow discs rather than on the cutside

surface of a drum (Figure 48). This machine provided more filtering surface
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and therefcre more throughput capacity (Benson et al. 1950:19-22; Lutjen and

Kearney 1953:72: Taggart 1945:16/11-14).

1952: Pyrrhotite Extraction

The iron sulfide mineral pyrrhotite made up anywhere from 25 percent to 75
percent of the concentrating mill fteed, and averaged 35 percent (DBenson et
al. 1950:22). Prior te 1952 this potential iren/sulfur commodity was pumped
to TP 1; howcver, in that ycar the Vermont Copper Company bcegan to cxtract
1/3 of the pyrrhotite, about 25,000 tons per year, for shipment to the Brown

Paper Company in Berlin, NH, for manufacturing sulfuric acid.

Separation of this new iron by-product required additions to the flotation
circuits as well as installation of a separate thickener, filter, and ore bin
(Migure 49). A 20-Tt addition was made tc the east end of the Concentrating
Mill to accommodate the new fletation equipment. A second, eight-cell
scavenger was addced te the primary coppcecr circuit. The pyrrhotitc process
treated the talls from the second ¢f these scavenger cells. These tails were
run through an iron cenditioner tuk, and then into an eight-cell iron rougher
tub. The talls were pumped to TP 2 (this second tailings pile was slarled to
handle tailings from the pyrrhotite separation process, which were higher in
fine mica and talc slimes that had a lower angle of repose when wet). The
heads frcom the ircn rougher went tc a four cell cleaner tub. The tails were
recirculatcd back inte the clcancr, and thc hcads were scnt to a ncw Dorr
thickener in the 1952 Pyrrhotite Thickener Building immediately north of the
Thickener/Filter Building. The diameter of the new thickener is unknown, but
the size and distance bhetween the flanking concrete pylons for the rotating

arm are comparable to those for the chalcopyrite thickener. The thickened



ELIZABETH MINE
[TABR No. VT-35
Page 929 of 166

pyrrhotite concentrate was conveyed via an SLR sand pump to an Himco filter
located above a new lé-foot wide timber framed ore bin built east of the
original 19413 chalcopyrite concentrate bin. It is unclear whether this was a
drum or disc Ctype filter. The copper concentrate filter was noted as made by
“American, ” sugyesting a disc-type unit. The mill required 23 men Lo operale

it in 1953 (Lutjen and Kearney 1953:75; Taggart 1945:16/11).

CONCLUSION

The Elizabeth Mine had a long history of operation from 1809 to 19538, and was
an important source of copperas (ircn sulfate) during the mid-nineteenth
century. Copper production efforts, which did include several impcrtant

technological “firsts,” consisted of repeated efforts to apply new technology

to make a known large source of copper profitable.

The 1942-1858 period of development under the Vermont Copper Company and 1ts
successor, Appalachian Sulphides, Inc., clcarly demonstrates the application
of typical mid-twentieth-century underground copper sulfide ore mining
methods and ore processing and concentrating equipment in response to
changling copper prices, conlracts, and market condilions; volume and tenor of
ore; and the metallurgical challenges of selectively floating copper and iron
sulfide ores. The mining methods and mill equipment were changed during this
period to allow the mill to reach 1ts projected capacity and to generate a
salcable pyrrhotite by-product. The incrcased raw orc production from new
aboveground and underground sources in the late 19405 required installation
of new equipment. These changes included a new, larger primary crusher and
recoenfiguration of the crushing circuit. Corresponding changes including

larger crushed ore storage facilities, additional flotation cells, and a new
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filter, all provided for additional capacity. ''he additions and changes to
the flotation circuit also increased the percentage of copper recovered,
Economic, geological, and metallurgical considerations also influenced the
way the ore was mined underground. After 1952 installation of pyrrhotite
concentrating equipment resulted in Lwo distinct materials flows including
new flotation cells, thickener, drier, and concentrate bins. These changes
in milling equipment influenced the basic layout and continuity of expansion
of the mill buildings, and even of the landscape, as TP 2 13 a product of the
pyrrhotite extraction campaign. Ultimately the matching and tuning of
equipment and exploitation of the iron byproduct resulted in efficiency and

profitability for the Elizabeth Mine.

This mining and milling activity left a group of distinctive buildings that
clearly express their function in their shape, layout, relationships, and
transportation connections. The technological landscape extends Lo the
shafts, adits, and pits that were the sources c¢f ore, and also to the
tailings piles, which are also complex structures regulting from ore
beneficiation and selective deposition. The architecture, infrastructure,
and landscape at the Elizabeth Mine are all evidence of the complexity and
magnitude of the elforts Lo prolitably extract copper [Lrom the sullide ores

of Orange County, Vermont.
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Figure 8. Historic photograph of Elizabeth Mine plant looking west, ca.

1850
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Figure 12. Historic photograph of mine car tram line looking north, after

1948
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Pigure 13: Historie photograph of elegtbrie mine esar locomotive with driwver;

ca. 1950
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Figure 14. Historic photograph of North Open Cut looking north about 1949
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Figure 15. Historic photograph of cable shovel in South Open Cut, ca. 1950-

1853
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Figure 16. Historic photograph of plant and Tailings Pile 1 looking

northeast after 1952
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Figure 17. Historic photograph looking northeast across Tailings Pile 1,

after 1952
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Figure 21. Contour map of South Open Cut
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APPENDLIX A

HAER Drawing Shcct Sourcc Credits
(see Narrative Report Sources of Information/Bibliography for full citations)

Sheet 1: Vermont Copper Co. Inc. Elizabeth Mine 1942-1958

Location map showing Orange County Copper Belt mines (Kierstead 2000:3/15).

Generalired geological map of the Vermont Copper Belt (Seal et al. 2000:117,

Figure 1).

Historic Photograph of 1898 Adit at official opening of Ellzabeth Mine, 1943
(Collamer M. Abbott Collection, Bailey-Howe Library, Special Collections,

University of Vermont, Burlington, VT).

“"Plot of Buildings and Facilities at Elizabeth Mine and Copper Concentrate
Processing Plant Now in Operation at South Strafford,” from “Vermont Copper
Company’s Big Mining knterprise Now Well Established at South Strafford, VT.”

Randolph, VT, Herald 14 Dcc 1944,

Longitudinal section drawing o¢f mining progress, 1957 (Kierstead 2000) (This
map 1s a composite created by Arthur D. Litlle, Inc. zas a report supplementl.
It is accurate north of the 1848 Shaft, where it was based on company
records. It does not show the ultimate extent of mining south of the 18480

Shaft, which 1s shown in Howard 1969).

Longitudinal section drawing of mining progress as of 1858 (Howard 1868,

Figure 2).
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Calvert Smith Photograph Collection, Strafford Historical Scocliety, Strafford,
VT.

Sheet 2: Mine Plant Buildings

“"PloL of Buildings and Facilillies al Ellzabelh Mine and Copper Concenlrale
Processing Plant Now in Operation at South Strafford,” from “Wermont Copper
Company’s Big Mining Enterprise Now Well Established at South Strafford, VI.”

Randolph, VT, Tlerald 14 Tec 1944.

Historic photograph of Elizabeth Mine plant looking west, ca. 1950 (Collamer
M. Abbott Collection, Bailey-Howe Library, Special Collections, University of

Vermont, Burlington, VT).

Sheet 3: Ore Movement Through the Site

975 tt Station Layout (Benson et al. 1950:21).

Longitudinal section drawing of mining progress, 1957 (Kierstead 2000) (This
map 1s a composite created by Arthur D. Little, Inc. as a report supplement.
It 1s accurate north of the 19%48 Shaft, where it was based on company
records. It does not show the ultimate extent of mining south of the 1848

Shaft, which is shown in Howard 1969}).

Longitudinal secticen drawing o©of mining progress as of 1958 (Howard 1969,

Figure 2).

Schematic profile drawing of Elizabeth Mine sublevel stoping method (Benson

el al. 1950:21).
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Schematic scction of typical chrinkage stoping method (Peele 1941:10/275,

Figure 430).

Sheet 4: Ore Processing Flowsheet

Mill Flowsheet, ca. 1944-1840 (Jacohs 1944:9).

Mill Flowsheet, ca. 1948 1952 (Benson et al. 1950:2Z2).

Mill Flowsheet, ca. 1952-1958 (Jutjen and Kearney 1853:74}.
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INDEX TO PHOTOGRAPHS

Elizabeth Mine HAFR No. VT-35
Mine Road, (1.75 miles southeast of the intersection of

Vermont Route 132

and Minc Road in the

village of Scouth Stratford)

Oranyge Counly

vcrmont
Photographer: Rob Brewster, Warren Jagger Pholography,
Providcnce, RI. May 2003

VIT-35-1 officc/Warchouse, looking southwest

VI-35-2 Office/Warehouse, looking norlhwest

VT-35-3 Machine Shop/Workshop, looking southwest

VT-35-4 Machine Shop/Workshop, looking northeast

VT-35-5 Machine Shop/Workshop, lcoking northwest, with ruins
of Compressor Building at left and Office/Warehouse at
right

VIT-35-6 View looking northeast showing Machine Shop/Workshop
at left and ruins of Compressor DBuilding at right

VT-35-7 Change House, looking southwest

VI-35-8 Change House, looking northeast

VT-35-9 Core Storage Shed, looking southeast

vT-35-10 Mine Foreman’s Cffice, looking northeast

VI-35-11 1898 Adit, looking west

VIT-35-12 Main klectrical sSubstation site, looking southeast
vVT-35-13 Electrical Cable Vault, locking northwest

VI-35-14 Fuel Pumps, looking northwest

VT-35-15 Mine Car Bridge, locking southeast

VT-35-16 Mine Car Bridge, looking northwest



VT-35-17

VI-35-18

vT-35-19

VT-35-20

VIT-35-21

VI-35-22

VIT-35-23

VT-35-24

VT-35-25

VIT-35-26

VT-35-27

VIT-35-28

VT-35-29

VT-35-30

VT-35-31

VIT-35-32

VT-35-33

VI-35-34

ELIZABETH MINE

HAFR Neo. VT-35

Index to Photographs

(Page 2)

Ball Mill Ball Bin, looking northwest

1943 Jaw Crusher Base, looking southwest

1943 Cone Crusher Base, looking northeast

View looking northwest showing from leff to right:
Garage, Concentrating Mill, Heating Plant, and
Thickener/Filter Building at rear

View looking northwest showing from left to right:
north end of Garage, Concentrating Mill, Heating
Plant, and Thickener/Filter Building at rear

View looking west showing from left to right: north
end of Garage, Heating Plant, Concentrating Mil11, and
Thickener/Filter Building

View looking southwest showing from left to right:
north end of Garage, Heating Plant, Concentrating

Mill, and Thickener/Filter Building

View looking northwest showing Concentrating Mill at
center and Thickener/Filter Building at right

View looking west showing Concentrating Mill at center
and Thickener/Filter Building at right

Concentrating Mill looking south

Interior vicw of grinding scction of Concentrating
Mill looking northwest showing footings for G6-foot by
9-fool Marcy ball mill al right and 72-inch Wemco

spiral clagsgificr at lceft

Inlerior view of grinding section of Cconcentrating
Mill looking south

Thickener/Filler Building looking soulhwestl

Thickener/Filter Building leooking southeast over
foundation of 1952 Pyrrholite Thickener Building

Tailings Pump House looking northwest
Garage looking northwest
Heating Plant locking northwest

Heating Plant looking southeast



VI-35-35

VI-35-36

VT-35-37

VI-35-38

VI-35-39

VT-35-10

vI-35-41

VI-35-47

VI-35-43

VT-35-44

VI-35-45

VI-35-46

VI-35-47

VI-35-48

VI-35-49

vT-35-50

VI-3b5-51

VI-35-52

vIT-35-53

VI-3b-54

VI-35-55

VI-35-56

VI-35-57

VI-35-38

ELTZAEBETH MINE
HAFR Neo. VT-35
Index to Photographs
(Page 3)
Fire Hose House (typical) looking northwest
Assay Laboratory looking northeast
Assay Laboratory looking southwest
Lower Water Tank Building looking northeast
lowaetr Water 'l'ank Building looking southwest
Electrical Shop looking southeast
“Copper Castle” looking northwest
1948 shaft Hoist House foundation locking scuthwest
1948 sShaft Collar site looking northwest
Infirmary/Carpenter Shop looking southwest
Boarding House/Club House looking northeast
Community Center/Chapel looking scuth
Ompompancosuc River Pumphouse ruins looking northwest

Alr sShaft looking southeast

Ompompancosuc River Electrical Substation looking
south

Soulh Open Cul looking north from soulh end

South Open Cut looking north from opposite crosscut
South Opecn Cut locking scuth from ncar north cnd
Copperas Works sile looking norlhwest

Copperas Works site locking northwest

North Open Cut looking north from midpocint

North Open Cut looking south from north end

1880s Tyson mine dump area looking northeast

Tailings Pile 1 locking west from below east end of
north slope



VI-35-58

VT=-35-65

VT=-35-66

ELIZABETH MINE

HAER Nc. VT-35

Index to Photographs
(Page 4)

Tailings Pile 1 looking south from below northeast
corner

Tailings Pile 1 loocking northeast from below west
slope

Top of Tailings Pile 1 looking northeast from Tailings
Pile 2

Top of Tailings Pile 1 looking northeast from east
edge

Northeast face of Tailings Pile 2 looking southwest
from top of Tailinges Pile 1

Northeast face of Tailings Pile 2 looking southeast
from north end

Washout in northeast face of Tailings Pile 2 looking
north from sast edge of Tailings Pile 2

Tailings water decant pilipe system in washout at east
side of Tailings Pile 2 looking southwest
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TRIM LINE

616701

source of copper.

The Ehzabelh Mme is the southernmost mine in the
20-mile long Orange County, Vermont, Copper Belt,
a series of copper-bearing Appalachian Sulfide-type
 ore deposits that includes the Ely Mine at Vershire

- and the Pike Hill mines at Corinth. The Elizabeth 1
Mine ran almost continuously from 1809 to 1958, and
produced the highest tonnage of copper of the three
it was also an important domestic source of
copperas, an iron sulfate chemical, from 1809 lo
1882. Copper was smelted on site in several brief
campaigns between 1830 and 1919. The mine was
most productive beiween 1943 and 1958 when it was
revived using modern technology. After entry into

mines.

World War Il the U.S. government assisted

development of the Elizabeth Mine as a strategic
The Vermont Copper Company,

Inc., organized in April 1942, was awarded a
c0ntract with the Reconstruction Finance

Corporation, and reopened the mine. The project

included building a twelve-mile paved highway,
miners’ housing, and restoring an 1898 mine

entrance. The Galigher Company of Salt Lake City,
UT, built the core complex of ore processing and

support buildings on Mine Road. Underground
mining resumed in spring, 1943. The ore was

concentrated on site, trucked to Norwich, VT, and
sent from there by rail to a Phelps-Dodge Copper
Co., smelter at Laurel Hill, Long Island, NY. After
the war, productivity was hampered by low ore

- volume and technical problems, and the mine dld not

turn its first profit until 1949.

1942

VERMONT COPPER (0. INC.

1958

“ELIZABETH MIN

Longitudinal Section of Underground WOrkmgs

1948
South open cut North open cuf shaft
'_";*ﬂ—~d—h\__N_‘\n’_-‘—_#"f_ﬂ__'/,, x_\‘___“ _ ..‘..' : . 1E9443 Eﬂdlt @
)] | - _ __ = ’ | -~ ¢ é\%_e‘,a_\% |
300" level === - :ﬂLW ~ = /F 12 e . .. 0 20
575 | %:F ' O e A A
75' level — = = =R — - 600" level . "
S e e
975" level \%gcb ™ L ﬁ(”““\ A I gy g
I — w,.;\o“ ; No 3 ore zone lies west of (behind) main ore body shown above

=y

Capperes work

\.lﬁooarf.aouth OM ><

area

LY

00MN "~
N~

8540

Elizabeth Mme Site Topographic Map

Te)
D
4
c

—  Road === Dirt road

== Pond North

- Building VT o

—  Township border eb >

&7 Depression . 300 §t.

~~" Contour interval NH -
20 feet 100 m.

NGO )

1945
Shtﬁ 3

Pari s

Underground mining methods were changed to increase oulput, and milling equipment was

improved to handle more ore and extract more copper.
and old ore dumps supplemented underground ore.

Korean War.

Surface ore from the South Open Cut

In 1950 the mine reached a production
high of 7 million 1bs., which coincided with a rise in price and demand for copper during the .

Effortsto exploit other values in the ore took place in 1952, when sulfur

shortages prompted installation of equipment to extract 25,000 tons per year of pyrrhotite

- (iron sulfide) from mill tailings. This material was purchased by the Brown Paper Company of
Berlin, NH, which extracted sulfur for treating wood pulp. Ultimately matching and tuning of

mining practices and processing equipment resulted in a production peak of 800 tons per

purchased by Appalachian Sulphides, In

_ day, and exploitation of the iron byproduct acded to profits., Prices fell after the Korean War,
but U.S. Government contracts kept the mine operating. In June 1954, the mine was

c., a Canadian mining company. The mid-1950s

were highly productive years.  Annual p'roduction exceeded 8.5 miilion ibs. in 1954 and 1955,
Employment reached a high of 220 and sales exceeded $3 million. However, by 1956, as

underground workings progressed north of the Ompompanocosuc River, the grade and
quantity of ore diminished. Copper was \in oversupply and prices fell from a 90-year peak.

In

February 1958, Appalachian Sulphides closed the Elizabeth Mine in favor of reopening a
similar copper sulfide mine at Ore Knob, NC. When the Elizabeth Mine closed underground
workings extended approximately 7,500 ft and included about 5 miles of tunnels. Between .
1946 and 1956 the mine was among the top 25 copper producers in the U.S. The 1943-1958
mining campaign yielded approximately 91.5 million 1bs. of copper, and total lifetime output

for the Elizabeih Mine is estimated at over 100 million |bs. |

Consult the Appendix for the Narrative Report for source credits for all 4 drawings
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818701

\.‘i._],'r\/____//
vo_ Jo 975 level

. *,main orebody

ELIZABETH MINE [

Upper water @"‘ —-===-
tank building

Mine Plant Buildings | sgremsne o cag 0
The center of 1942-1958 operations was the \/\ Ore skip N |

To 300’ level

®
( . ~
main orebody -

Manway/
‘utilities

HISTORIC AMERICAN
ENGINEERING RECORD

- complex of World War (l-era buildings on Mine
Road, constructed to wartime emergency standards
and of functional design.

"Copper castle”
tenements

1898 and 1948 Adits: horizontal entrances for | 1898 Adit /s

electrified underground mine cars for transporting  Con g ‘|| Air

miners an,d ore. | ‘ | Srorage compressor} Oll Storage

- ~ : . . shed X o ‘ -

1948 Shaft: vertical shaft serving the 1948 Adit \ | Machx\oilf:\h%p/ e |

and descending to the 975 ft level. An electric hoist Change House - I~ /{!lll'i’llll,lll P Infirmary & carpentry shop

raised and lowered men, ore, and equipmentin w i s s | : |

ihree separate shaft compartments. , . 1 @* NS . :
| S, MineForeman's ¥ I SSN | -

- . ‘ - . - . . . o/ i - T o . :
Office/Warehouse Building: main administrative % office/ & Electrical R . —— , g&l‘?‘ ?‘gld‘c;ee_/
building for the mine. Housgd the receptionist, ¥ substations /™% % . ==, Lower water 71V *1948 Adit | | ‘
secretary, geologisis and mine engineers; also a | a Gaus%line ~«-§ B U tank | R | “00
warehouse for mine equipment. ~ ,// NG building , | — |

Assay laboratory

Assay Laboratory: for analysis of ore from the
mine and concentrating process to control mining
and flotation chemistry to maximize efficiency and
copper concentrate production,

W\

\\
©
W e
\\g
wWa

\
SOEN
&g

=,

N2

gr
§"
’I T ol

Ve
7 A

.. — “

Electrical shop

Machine Shop/Workshop: equipment

DATACOMPILED BY MATT KlERSTEAD, INDUSTRIAL HISTORIAN, PUBLlC ARGHAEOLOGY LABORATORY, PAWTUGK»ET, R

"VERMONT COPPER COMPANY_INC. ELIZABETHMINE 1942 - 1958
_SOUTH STRAFFORD  STRAFFORD/THETFORD TOWNSHIPS — ORANGE COUNTY _ VERMONT

maintenance and repair shop for the mine. A mine Heatin <~
.car spur track led into the building, providing plant " @
service for underground equipment. A blacksmith | .
forge and machine tools made the mine self- Talhn?‘s I
sufficient for most needs. p@ ouse
| o ’ . g From mill
Compressor Building: supplied compressed air for Taijjp, |
pneumatic rock drills and equipment. - | gsplle 1
Change House: where mine employees changed Detail Topographic Map with Elizabeth Mine Plant Buildings \ Railiy,
into waterproof clothing and steel-toed boots, Road = = = Dirt road (2 suiding —=Stone wall Track ~ \93 _
. , . | p— —_—— l w ++—+Tracks N\
picked up .he'n?ets with lamps, and showered at the e « ¢ Underground tunnel "1 Possible building /4\ NS
end of their shifts, * Localion approximate Contour interval 20 feet Naorth |/ > | \ 3
| | | N (1) Mine car deck bridge (6) *1949 crusher g Coars - | é)
Crushers: for breaking ore into smalier pieces % ‘Grinding ball bin 0 1500 ton fine ore bin 0 ft. 250 t o|ar S \ | N
before it was conveyed to the ore storage bins. 1943 ore bin | Concentration mill A ——] ,a' mg;s 0 =
| | | 1943 crushing bidg. (9 Thickenerffilter bidg. 0 m. 50 aunder \ |
Concentrating Mill: where crushed ore was finely (&) * 1949 ore bin 1952 Pyrhotite thickener bidg. 1\

ground and separated into concenirate and tailings
by a flotation process. Copper tailings were
pumped to Tailings Pile 1. |

Consult the Appendix for the Narrative Report jor source credits for all 4 drawings
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Thickener/Filter Building: contained equipment =l 9
for removing water from ore concentrate and bins A
for storing it before shipment to the smelter. 3| <«
. . — u ;
f RS _ = =
. Pyrrhotite Thickener Building: housed the e 3 o _ al 3 :
- . . ) - . 7 R "‘!y.."" Lt : o . . ,.: , x
thickener for pyrrhotite processing. Pyrrhotite 5 o Sy S ST T e LT e T Eh o] & i
pi Taili i b s B, P T TSN DT iy o] o &
tailings were pumped to Tailings Pile 2. g LI e T N, <~ o &
| | S , 1 _SpRas Lo e e A Z| « i
- o g g, PG e, - ASEERRT o e e - e z| w i
Water Tank Buildings: sheltered large heated s e e SRR . JTHIOE gy el w2 T T i B E TR P e a| = &
. . . pies ﬂ;’,’;ﬂ. W&w e L e e . Revsth, T o - B r 2 ot N, D E T - D = %
tanks supplying water 1o the Concentrating Mill. A i, ~wmign WA S -m’i:;}i:.,em% e . Y e Ko7, i Atk ,‘,M,;j_gj}ws P L e 3 I
water level indicator board was located outside UL i oY Gata YRR i BRI N 3| L
oy . o , oY Y T MR S I | - .- 2 53 Sl i - m
each building and was visible from the Miil. _ ““;ﬁ o =R - P ¥ - s - T g o & 5 < 3
i e m
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The Elizabeth Mine orebody is 38 north-south trending
deposit that plunges north and dips east. It was first
surface mihed from the North Open Cut, and then
underground via a series of shafts and adits (tunnels) to
the north. Mining progressed north and deeper along a
series of longitudinal levels, numbered in feet of depth
below the surface at the North Open Cut. | |

ELIZABETH MINE
- Ore Movement
Through the Site

HISTORIC AMERICAN
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51)
w
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i

In-1943 underground access to the orebody was via the
1,360 ft long 1898 Adit, which met the ore at the 300 ft
level. This adit was enlarged and a room blasted for a
hoist to pull mine cars up an 830 ft long inclined tunnel
from the 575 it level. During the 1940s mining
progressed north and south of the 1898 Adit. By 1948
hauling ore almost ‘2,000 ft to the 1898 Adit had become
inefficient. Exploratory drilling revealed large quantities
of ore extending to the north. In 1948 a new adit and
 shaft were constructed to efficiently reach this ore. The
| 1948 Shaft descended to the 300 ft level where it met
the new adit and continued down to the 975 ft station,
where a tunnel extended west to the orebody. At the
- 975 1t station mine cars dumped ore inlo a skip hoist for
‘the trip up the shaft to the 300 ft level where it was
transferred to mine cars bound for the crusher.

The new workings allowed major production increases.
By 1954, mining had progressed south to the area under
the North Open Cut, and north almost to the |
Ompompanoosuc Rivaer. ‘A 3,000 ft long secondary ore
zone was discovered west of the main orebody and
mined via a 150 ft long crosscut. Secondary ore shoots

~in the zone west of the surface plant were mined from
below via the 575 {t and 975 ft levels. By 1958, when

| the mine closed, underground mining extended to a

- point 1,600 ft north of the river, about 200 ft below the

Tailings

. INER ‘
HETFORD TOWNSHIPS  ORANGE COUNTY  VERMONT

/1y } smelter/market \“ ) /),
_ "-H)\\\\K | k\\\\\?ﬂn, ////////,,/mn

» N 194:?1%%[#;? " / station "} /{ eroed
/ A ?;’Eﬁg‘féi‘/?ﬁfg'r"”/‘ /// SN Mining was mechanized, using compressed air and
( 1 | | . "~. | electrically powered scrapers, loaders, locomotives, and
| // | ore cars. Mining followed two methods depending on |
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l

to be cut back one day per week. Additional conditioner, rougher, cleaner,

and scavenger cells were installed in a reconfigured Hotation circuit to handle the
additional ore and recover-a higher percentage of copper. By 1953 the mill was
processing 800 tons of raw ore per day into 24 percent copper concentrate. In 1952 the
Vermont Copper Company began to extract pyrrhotite from flotation tailings for the Brown Paper
Company’s sulfuric acid extraction process. This required structural additions to the processing
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buildings; installation of a separate pyrrhotite flotation circuit, thickener, filtet, and ore bin; and creation of
Tailings Pile 2. ~ | | |
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Attachment 1
Media Sampling Locations



Soures: -
USGS 7.5-minute topographic quadrangles of South Strafford, VT (1981); Sharon, VT (1981); Chelsea, VT (1981); Hanover, NH (1988};
and Lyme, NH (1983) obtained from Vermont Center for Geographic Information, Inc. Waterbury, VT in digital format ( tiff files) projected

in the Vermont State Plane coordinate system (NAD83) from Digital Raster Graphic image files.
| Historic site features and 1-meter interval co ntour base map obtained from Public Archaeology Lab (PAL), Pawtucket, Rhode Island,
Report No. 1237 .03, September 2002.
Water course data obtained from the Vermont Center for Geographic Information, Inc. Waterbury, VT and PAL, Report No. 1237.03,

September 2002, modified based on site reconaissance.
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USGS 7.5-minute topegraphic quadrangles of South Strafford VT (1981); Sharon, VT (1981); Chelsea, VT (1981); Hanover, NH (1988);
and Lyme, NH (1983) obtained from Yermont Center for Geographic Information, Inc. Waterbury, VT in digital format (tiff files) projected
in the Vermont State Plane coordinate system (NAD83) from Digital Raster Graphic image files.

Historic site features and 1-meter interval contour base map obtained from Public Archaeology Lab (PAL), Pawtucket, Rhode Island,
Report No. 1237 .03, September 2002.

Water course data obtained from the Verment Center for Geographic Information, Inc. Waterbury, VT and PAL, Report No. 1237.03,
September 2002, modified based on site reconaissance.
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and Lyme, NH (1983) obtained from Vermont Center fer Geographic Informatien, Inc. Waterbury, VT in digital format ( tiff files) projected
in the Vermont State Plane coordinate system (NAD83) from Digital Raster Graphic image files.
Historic site features and 1-meter interval contour base map obtained from Puklic Archaeology Lab (PAL), Pawtucket, Rhode Island,

Report No. 1237.03, September 2002.
Water course data obtained from the Vermont Center for Geographic Information, Inc. Waterbury, VT and PAL, Report No. 1237.03,

September 2002, modified based on site recbnais-sanf;e.
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