
Vermont's Elizabeth Copper Mine: 
The Tyson Years, 1880-1902 

b)' Johnny Johnsson 

T he Elizabeth Copper Mine in South Straf­
ford , Vermont, has an appealing history. Its 
story begins with the initial discovery of a 

sulphide ore body in 1793 and concludes with its fi­
nal closing in 1958. Accounts of early smelting op­
erations during the 1830s, as well as more recent 
mining operations conducted during and after the 
Second World War, have been researched and pub­
lished previously.' Yet another little-recognized pe­
riod of operations occurred when members of the 
T yson family and their assoc iates attempted to de­
velop the mine into a significant producer from 
about 1880 to 1902. This paper recounts some of 
their hardships and several of their successes in de­
veloping the mine and smelting its difficult pyr­
rhotite ores, including their use of chromite­
refractory lined water-jacketed furnaces. 

Copperas and CofJper, Early DevelofJments 

The rusty gossan outcrop of a massive iron sul­
phide ore body on Copperas Hill near South Straf­
ford, Orange County, Vermont, was reportedly dis­
covered during the annual maple sugar harvest in 
1793. In 1809, investors formed the Vermont Min­
eral Factory Company to manufacture ferrous sul­
phate, then known as copperas. Manufacturers used 
copperas in the production of dyes and inks and as a 
mordant in the tanning industry. The Vermont 
company roasted and then leached piles of pyr-
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rhotite ore with water, 'vvhile gathering sulphate­
enriched rainwater runoff from the mine in a central 
gully cut in the bedrock. The operation collected the 
resulting liquids in wooden troughs, transferred them 
to vats lined with sheets of lead, then boiled them 
down until the copperas crystallized. Workers 
packed this coarse, green, crystallized material into 
barrels for shipment, mostly to Boston. U.S. Presi­
dent James Monroe recognized the importance of 
this industrial undertaking, visiting the works during 
his tour of New England in 1817.2 

The mine's ores contained irregular quantities of 
copper- bearing chalcopyrite. Therefore , the cop­
peras manufactory was also able to recover some 
copper value from its leaching solutions by precipi­
tating cement copper onto scrap iron. Around 1830, 
the company erected small furnaces for smelting 
roasted copper ores, using charcoal for fuel and wa­
terpower from the adjacent Ompompanoosuc River 
to generate an air blast. At about the same time 
Isaac Tyson, Jr., the Baltimore Quaker chromium 
industrialist, became a partner in the copper venture 
with the Binney family of Boston. Tyson and his 
young family made the long move from Maryland to 
Vermont by steamboat and stagecoach. 1 

In 1833 and 1834, Tyson supervised the copper­
smelting operations, including production by eight 
small German-style furnaces. As early as December 
1833, T yson conducted pioneering experiments in 
one of his furnaces, using anthracite coal and a hot­
blast apparatus to smelt copper. He was granted a 
patent for his process in April of 1834, but could not 
sustain the copper enterprise financially in the un­
certain economy of the 1830s. Although the estab­
lishment produced a substantial amount of copper by 
the standards of the day, it ceased smelting copper 
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Figure 1: Locmion M(lp. The Elizflbeth Mine is locmed in rhe southern 
p:m of rhc Or:mge County copper district in easr- cenrml Vermont. (\XI. S. 
White rmd J. II. Eric, Preliminary Report onrhe GeolofO' of rhe Orang.: Co11nry 
Co[Jpt!r Oisrricr, Vt!nnom," (W!!shington: U.S. Geological Survey, 1944), 
Figure I.) 

hy 1839. Still, the Tyson family retained their 
ownership of a half-interest in the mineral 
rights to a porr~on of the extensive ore de­
posit on Copperas Hill.~ 

Isaac Tyson, Jr. died worth nearly a mil­
lion dollars in L861. He had trained two of 
his sons, James \XIood Tyson and Jesse Tyson, 
in rhe copper and chrome businesses. They 
had learned how to conduct assays and how 
to negotiate mineral leases and business deals. 
Both became sk illed in applying technology 
to mining cmd o1re processing. Being Quakers, 
both attended }-l[averforcl College near Phila­
delphia, Pennsy·lvania, between 1841 and 
1843. They also served as trustees over the 
fami ly's csratc and as officers in the various 
companies created to continue the business 
enterprises initiated by their father. Jesse, 
born in 1826, played a minor role in the cop­
per business. I lis main focus was on the Balti­
more Chrome Works, where, as president and 

Figure 2: Marble bust of Isaac Tyson, Jr. (1792-1861). 
(Courtesy of )11mes W. Tyson, IV.) 
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majority stockholder, he continued the don1ination 
of the chromium chemicals industry begun by his 
father. james, two years younger, became president 
of the Mineral Hill Mining Company and the Tyson 
Mining Company, producers of copper ore and chro­
mite, respectively. James had gained valuable experi­
ence in his youth working in his father's hot-blast 
iron furnace, established at Tyson, Vermont, in 
1837. Through the 1850s he managed the Elba Fur­
nace near Sykesville, Maryland, which his father had 
purchased for him, casting car- whed iron for the 
Baltimore & O hio Railroad. 5 

Eswblishing the Elizabeth Mining Cumtxm)• 

When most of the copper and chrome mining 
enterprises in Maryland declined, James Tyson 
turned his attention back to South Strafford, Ver­
mont. In 1872 he purchased the remaining half­
interest in the mineral rights to the Blaisdell Lot on 
Copperas Hill from the Binney heirs for $500. As 
the price of copper approached twenty cents per 
pound in 1880, James Tyson began acquiring other 
nearby properties with mineral or operational poten­
tial, eventually amassing more than 500 acres of 
land. He used his own money initially, hut later sup­
plemented that with funds from the Tyson Mining 
Company. In 1881, Tyson and his fellow investors 
incorporated the Elizabeth Mining Company to 
mine and smelt copper ores. Capitalized at half a 
million dollars, 100,000 shares of stock were issued 
at a par value of five dollars, but these were closely 
held by the family trust. James Tyson named the 
company for his wife of thirty years, the former Eliza­
beth Dawson of Philadelphia. (Such business and 
familial relations between prominent Baltimore and 
Philadelphia Quaker families were common during 
the nineteenth century.) Tyson's brother Jesse and 
his sons Mordecai and Isaac were officers and stock­
holders in the enterprise.6 

William G lenn, another incorporator of the 
Elizabeth Mining Company, was a former Confeder­
ate colonel and military engineer who served as the 
company's mining engineer and metallurgist. He was 
a proven expert in chrome mining and chromium 
chemicals, and quickly developed an acumen for 

copper smelting. Born in Norfolk, Virginia, in 1840, 
G lenn had starred his career as a chainman on the 
B&O Railroad at the age of fifteen. He subsequently 
proved himself while working under one of the 
B&O's attorneys, John H. B. Latrobe, who was also 
Isaac Tyson's attorney and close personal friend. 
Glenn was promoted rapidly by the railroad, eventu­
ally supervising the construction of a section of track 
through the mountains near Cumberland, Maryland. 
His study of mineralogy during this period led him to 
become a mining engineer, and after the Civil War 
he accepted a position with the Tyson Mining Com­
pany. Later he worked for both the Elizabeth Mining 
Company and me Balrimore Chrome Works, and 
served on the board of managers of the American 
Institute of Mining Engineers in 1902. i 

In late 1880, James Tyson discussed the title of 
his Blaisdell Lot property with the owners of the ad­
jacent Vermont Copperas Company property (also 
known as the Foster-Cleaveland tract). He wanted 
to make certain that they did not have a valid ad­
verse-possession claim on his property due to en­
croachment during the forty years it lay idle. Like his 
father before him, Tyson was convinced that the 
major ore vein continued at depth beneath this key 
parcel, even as far north as the Ompompanoosuc 
River. Glenn and Tyson traveled to Boston to nego­
tiate with the principals of the Vermont company, 
businessn1an William H. Foster and attorney John D. 
Bryant. Tyson exchanged two small parcels of land 
and paid $1 ,000 to Foster and Bryant to help settle 
the outstand ing issues peaceably. He also contrib­
uted $100 toward construction of a new reservoir, 
while guaranteeing them a continued source of water 
from dams constructed in their workings supple­
mented by a nearby well on one of his farms. Mean­
·while, Tyson began developing his mine by sinking 
severa l shafts through barren rock on Copperas Hill 
to reach the pyrrhotite ore body. He charged some 
development expenses from early 1881 to an ac­
count with the Strafford Mining Company, an unre­
lated entity that was mining and smelting ore from 
the adjacent Foster-Cleaveland parcel to the south.8 

Tyson employed John Vial, one of his key Cor­
nish mining captains from Maryland, to conduct the 
underground development work. Born in Camborne, 
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Plan of the Copperas Works, Strafford, V~. 

Figure 3: Plan of the Copperas Works in Strafford, Yermonr. (Charles T. Jackson, Fin(l/ Re[)()rt on cl~e 
Geology and Mineralog)• of the Swte of New HamJJshire, (Concord: Carroll & Baker, 1844), 189.) 

Figure 4: James W. Tyson ( 1828-1900), founder and 
prcsidenr of the Elizabeth Mining Company. 
(Courresy of Webb L. Nimick.) 

Figure 5: Elizabeth D. Tyson (1828-1888), for whom the 
mine was named, seated on the porch ar the Buena Vista 
Farm, c. 1887. Courtesy of Webb L. Nimick.) 
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Figure 6: Elizabeth Mine buildings of the 1880s on Copperas Hill. These buildings housed the hoisting and 
crushing machinery for the Tyson Shaft, as well as the dressing floors where copper ore was sorted by hand. 
(Collamer Abbott Papers, University of Ve rmont.) 

Figure 7: Vermont copper historian Collamer M. Abbott at the site of the 1880s - era roasting beds on the west 
slope of Copperas Hill. (Photographed by the author, June 1994.) 
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Cornwall in 1826, Vial had emigrated in 1844. By 
1850, he was working in Isaac Tyson's Mineral Hill 
Mine, eventually becoming its superintendent. Sev­
eral shafts at Mineral Hill were even nmned after 
him. In mid-January 1881, during the initial shaft 
development at the Elizabeth Mine, Gletm con­
cluded in a letter to James Tyson that, "John must 
now be down about 70 ft., and about at the point 
where he sh[oul]d cut the vein .... He ought to let 
daylight thro [sic] very early in next month." Nearly 
twenty years later, a Tyson letter recounted how 
Vial had once developed a "fine run of ore," using 
his keen skills to avoid copper ore containing too 
much silica. He reportedly died of miners' consump­
tion in 1895 and was buried in a Methodist cemetery 
near Mineral Hill in Carroll County, Maryland, 
where he had raised his family.9 

Developing the Mine and the First Smelting CamJJaign 

The Elizabeth Mining Company developed sev­
eral primary levels in their mine, using a ladderway 
for access, with two working shafts, and a shallow 
adit. Miners hoisted buckets of ore to the swface for 
manual sorting, called hand-cobbing. In 1882, the 
company equipped the Tyson Shaft with a 20-by-
24-inch steam hoisting engine, using a boiler and an 
engine transferred from two of the Tyson Mining 
Company's inactive chromite mines in Maryland 
and Pennsylvania. The hoisting apparatus also some­
times setved to dewater the mine, hoisting buckets 
of water instead of ore. Fortunately, the mine was 
fairly dry and did not require pumps. Mine records 
reveal that employee George Cook received $1.50 
per day to run the hoisting engine-a typical wage at 
the mine. The company used a horse-powered whim 
at its No. 2 Shaft. Company records show both a 
300-pound capacity hoisting bucket and an 1,800-
pound bucket. The larger bucket served at the Tyson 
shaft because of the greater power of the steam en­
gine. After crushing mine-run ore to less than two 
inches in size in a second-hand, 10-by-17-inch 
Blake jaw crusher and passing it over 30-degree iron 
screens with 1 1/8- and 1/8-inch openings, workers 
selectively cobbed the ore to 2'12% to 4% copper. 10 

That material was then trammed in one-ton cars 

and wagons ro a level area set aside for roasting. 
There, the ore was heap-roasted in 24-by-50-foot 
beds to drive off as much sulphur as possible and oxi­
dize the iron content. In the open roasting beds, 
workers placed a nine-inch layer of four- foot long, 
partly-seasoned, three-inch diameter hardwood on 
the ground. They then added coarse ore in layers to 
a thickness of seven feet, follO\.ved by one foot of the 
previously sized ore, known as "ragging," and cov­
ered the whole pile with a few inches of ore fines. A 
worker then ignited the wood at the base of the heap 
and the fire spread slowly throughout the ore pile. 
Workers controlled combustion by adding fines to 
any point in the heap that appeared to be too hot, 
taking care not to allow the pi le to fuse together. Af­
ter about two weeks, the burning of the sulphur in 
the ore became self-sustain ing and required little 
maintenance for the remainder of the eleven weeks 
necessary to complete roasting. Each heap yielded 
approximately 350 tons of roasted ore, suitable for 
smelter-feed. Workers tended a number of such 
roasting beds, working with shovels and rakes amidst 
heavy sulphur fumes. Eyewitnesses expressed more 
concern about the dam~age roasting fumes caused to 
vegetation than their possible health effects on 
workers and residents, as common belief held that 
such fumes did not hann humans, but were actually 
healthful. 

Glenn and Tyson adopted this productive 
method of roasting pyrrhotite ores from William H. 
Long, employed at the nearby Ely Mine in Copper­
field, who had worked a nine-hundred foot roasting 
bed effectively in such a manner. The Tysons tnain­
tained a longstanding relationship with the Long 
family, who were very experienced copper smelters. 
In fact, William Long's father, Daniel, had worked 
closely with Isaac Tyson, Jr. in South Strafford dur­
ing the 1830s before being employed by the Revere 
Copper Works in Boston. Wil liam's brother Joseph 
is believed to have been responsible for naming Ely, 
Nevada, after wealthy New Yorker Smith Ely, '..vhose 
mining interests extended from Vermont to White 
Pine County, Nevada. 11 

The Elizabeth Mining Company also erected a 
48-inch diameter, water-jacketed, cupola furnace 
near the roast beds by a small stream called Blaisdell 
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Figure 8: A rypical warer- jacker smelrer of rhe 1880s. (Arrhur F. 
Wendr, "A Bl(lSt Furnace with Bosh Water-Jacker and Iron 
Top," Tmns(tctions of A.I.M .£ 13 (1885): 33.) 

Brook, since renamed Sargent Brook. During the 
summer seasons from 1882 to 1884, the company 
smelted nearly forty tons per day of the roasted ore 
in d1e small furnace, producing a twenty percent 
copper matte. This product was shipped to the O r­
ford Copper & Sulfur Co. in Bergenport, New Jersey. 
In early 1884, the Elizabeth Mining Company re­
ceived $2.30 per unit--equivalent to about 9.8 cents 
per pound of copper-when refined copper stood at 

about fourteen cents per pound. A portion of the 
matte underwent further roasting and smelting on 
site, upgrading d1at product to sixty percent copper 
matte and yielding some pig copper. The pig copper 
was shipped to Birmingham, England for use in mak­
ing high-quality brass pins. For smelter fuel, the 
company sometimes used byproduct gas coke pur­
chased from the Boston Gas Light Company for 
$2.75 per ton. On one occasion , they bumed Con-

nellsville coke from Pennsylvania using an ore-to­
coke ratio ranging from seven to nine parts of ore to 
one part coke. A No. 4'l1 Baker blower, powered by a 
twelve by twenty- four inch steam engine, provided 
seven ounces per square inch of air to the six furnace 
tuycrcs, each of which was two and three-quarters of 
an inch in diameter. 12 

Production at that time was measured in "copper 
tons," equal to 2,352 pounds, a lthough coke con­
sumption was recorded in 2,000-pound short tons. 
Known also as the Cornish mining ton, a copper ton 
was a weight equal to 21 hundredweight of 112 
pounds each. 11 For many years, East Coast smelting 
companies, which had deep Welsh roots, used this 
unit of measure in purchasing orcs for their furnaces 
in Baltimore, Boston, and elsewhere. 

In 1882, Tyson and Glenn experimented with 
chromite sand as a hearth bottom because they had 
discovered that the acidic melt of their smelting ore 
steadily destroyed their silica brick refractories. They 
probably obta ined chromite for their trials through 
their ties to the Baltimore Chrome Works. However, 
since most of the Maryland and Pennsylvania 
chrome mines were closed by this time, the ore may 
have originated in California or T urkcy. Unfortu­
nately, the fine chromite particles used to line the 
hearth did not bond well to each other and were 
eroded away by the heavy molten matte. This initial 
failure in using chromite as a refractory lining set the 
stage for success nearly two decades later. Glenn 
carefully documented the ore charges, fuel consump­
tion , and matte and slag assays. When the furnace 
operated well, slag assays were less than 0.5% cop­
per. He subsequently discussed the cost efficiency of 
water-jackets in The Engineering & Mining Journal in 
response to James Douglas' statement in Mineral Re­
sources of the U.S. 1883 that "the data a re not yet 
available for determining the consumption of fuel in 
water-jackets and brick furnaces respectively." 
Glenn reported that heating the water between the 
internal crucible and the outside shell of the Eliza­
beth's furnace consumed fourteen percent of the 
coke fuel. He also promoted the use of a "filter 
charge" to charge a blast furnace as a way to prevent 
the ore fines from smothering the combustion proc­
ess. This technique consisted of carefully layering 
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the coarse, medium, and fine roasted orcs on top of a 
layer of coke fuel. This p1ractice yielded a twenty per­
cent improvement in furnace capacity. H 

Henry M. Howe, Boston copper metallurgist and 
officer of the American. Institute of Mining Engi­
neers, published a bulletin in 1885 reviewing current 
copper smelting practices for the U.S. Geological 
Survey. The following y•car he visited the Elizabeth 
Mine and served as a consu ltant, recommending a 
series of development steps which he believed would 
enable the mine to become a major producer. Howe 
suggested driving a long, deep adit from the east to 
open up and prove a large reserve of ore dipping to 
the north. The ore above the adit level could readily 
be mined using gravity, while an incline driven from 
the aclit would continue development down dip. He 
recommended either stages of semi-pyritic smelt­
ing-which used the combustion of sulphur in the 
ore to contribute heat to the smelting process- in a 
larger blast furnace to produce black copper contain-

ing around ninety percent copper, or Bessemerizing 
the ore to produce high-grade matte. But the deep­
ening slump in copper prices Juring the mid-I 880s 
caused a suspension of operations at the site. 15 

Tlte Second Smelting Campaign and 
Transportation Limitations 

Mining and smelting operations were again 
conducted quietly from 1888 to 1890, the price of 
copper having been artificially elevated to seventeen 
cents per pound due to world copper market ma­
nipulations by the French Secre"tan Syndicate. 
James Tyson's youngest son, James W. Tyson, Jr., 
participated more and more actively in the manage­
ment of the Elizabeth Mine during this campaign. 
The mine peacefully employed twenty-five to thirty 
workers, in sharp contrast to the labor unrest experi­
enced several years earlier at the financially­
troubled Ely Mine in nearby Coppelfield, Vermonr . 

.-· 

Figure 9 : A por[ion of memllurgis[ William Glenn's detailed smel[ing records from 1884. (Tyson Family Archives, Sourh Srrafford , 
Vermont.) 
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Figure 10: Lands ;md Mining Rights of the Elizabeth Copper Mine in Strafford, Vermont c. mid-1890s. The ore vein runs nearly 
north-south, slightly to the left of cemer on the map. TI1e Tyson Shaft is located near the southern end of the line of the vein,''' hile 
the ad it (In be led "Tunnel") lies about 1,400 feet to the east. TI1e smelting cmnpaigns in the years between 1882 and 1890 took place 
on the western slope of the hill on Blai!i<lell farm. (Courtesy of Collamer M. Abbotr.) 

The Tysons were known for working hard alongside 
their workers at the site. A local ne.,vspaper article of 
the day stated that 

the business affairs of the company arc some­
what uniquely managed. It employs no high­
salaried officers. The officers work as steadily 
as any other employee of the company. They 
pay the men regularly and do not need a min­
ing war to help them out of debts due poor 
miners. They pay all hi lls promptly and have 
no quarrels. They are members of an old 
wealthy and highly respected family but with 
them the poor man receives the same treat­
ment that a rich man docs. In all th is arc they 
not unique? A prominent business man of 
Strafford says of them, "They are the most 
conscientious people I ever met and will un­
der no consideration vary a hair's breadth 

from the line of truth and strict honesty."16 

The Elizabeth Mining Company issued six per­
cent mortgage bonds secured by the property to raise 
fifty thousand dollars needed for ·working capital in 
1890. These bonds were repaid by 1899. Captain 
George W. Dow supervised the underground work­
ings and the work of the miners. The company con­
sidered constructing an aerial tramway from the ore 
breaker to the roasting beds, but no evidence exists 
that such tramway equipment was ever acquired. 
Thus the ore continued to be transported down the 
west slope of Copperas Hill by railcars and wagons 
after being sorted by boys from a moving-apron 
picking table which James Tyson, Jr. had invented.17 

Smelting superintendent George A. Packard suc­
cessfully manufactured forty percent copper matte, 
containing little antimony or arsenic, from ore con­
taining five to six percent copper. He indicated that 
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Figure 11: The Tyson Ad it ( 1,340 feet long) W<1S completed in 1898 and served as the mint:'s main entrance 
until final shutdown in 1958. (Phorogmphed by the author, June, I Y94.) 

Figure 12: The Elizabeth Mill, c. 1902. The mine's <Jdir is located to rhe f<Jr left. Ore ems c<Jn be seen near 
a slanted roof over storage bins to the left of the mill. The buildings in the foreground from left to right arc 
a barn, a laborer's house, and a combined office and storehouse. A portion of the roClsting beds <lre visible 
to the far right. (Courtesy of Colla mer M. Abbotr.) 
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a market price of twelve cents per pound for copper 
was minimum price at which the tnine could oper­
ate. The mine shipped the matte prc..xluced during 
this era to the American Metal Company in New 
York for further smelting. A portion of the matte 
was also apparently sent to Baltimore or held in in­
ventory for shipments made several years later. This 
matte assayed 6.2 ounces of silver and 0.007 ounces 
of gold per ton, indicating some potential for profit 
from byproduct, ald1ough the Tysons were never 
able to take advantage of mis. 18 

The distance from the mine to the nearest rail­
road increa<;ed transportation costs, thus diminishing 
profitability. The Vermont Central Railroad station 
in Sharon was d1e closest to the mine, but it \vas 
eight miles distam over a steep mountain. When 
hauling product to the Boston & Maine's station at 
Pompanoosuc in the Connecticut River Valley, 
teamsters covered nearly ten miles of winding roads, 
mostly down grade. It cost three times as tnuch to 
transport a ton of material from the mine to the 
Pompanoosuc Station as it did to ship it from Pom­
panoosuc to New York or Boston. During the rail­
road boom of the early 1890s, James Tyson judged 
that a railroad line constructed up the valley of the 
west branch of the Ompompanoosuc River would 
foster business growth and development in me area. 
His Elizabeth Mining Company "offered to bind it­
self to pay for the freightage of 3,000 tons of ore, 
coke, etc., monthly if a railroad is built up the valley, 
past the site for smelting works recently purchased." 
Unfortunately for the mine and for other potential 
businesses ncar South Strafford, no railroad ever 
came to the region. 19 

Further Mine Development Fosters 
New Smelter OjJeration 

The Elizabeth Mine remained mostly idle 
from 1890 to 1895. The repeal of the Sherman Sil­
ver Purchase Act not onl y caused a slump in metal 
markets, but precipitated a sustained economic re­
cession that lasted until the onset of the Spanish­
American War in 1898. As the economic outlook 
improved, the Elizabeth's owners commenced devel­
oping the mine along lines of Professor Howe's rec-

ommcndations, driving an adir some fourteen hun­
dred feet through barren rock into the footwall of 
the vein. Adit work started in Novetnber of 1895, 
and miners excavated two hundred feet during the 
first six m.onths. The company soon acquired a 10-
by-10-by-14-inch Rand air compressor ami a Sulli­
van air drill to quicken the pace of development. 
The performance of the Sullivan drill pleased its op­
erators. The final months of work on the adit pro­
gressed at a rate of seventy to one hundred feet per 
month. The 459 feet driven from October 1897 
through March 1898 cost $18.61 per foot. 

Miners reached the vein on 15 June 1898, and 
the completed adit, six feet wide by six and a half 
feet high, helped drain and ventilate the mine and 
a ided in the gravity mining of several hundred thou­
sand tons of ore. With minor modifications this adit 
served d1e mine for sixty years. For a short time opti­
mism ran high, as samples from the "Dow Vein" as­
sayed at greater than ten percent copper. The ore, 
rediscovered on the 180-foot and 270-foot levels, 
was hoisted to the surface in nearly 1 ,800-pound 
loads. It was described as "clean yellow sulphuret and 
mundic with little slate." John Vial had originally 
encountered this high-grade zone on the 180-foot 
level and then had lost it. The Tysons sold this high 
grade ore to the Lewisohn Brothers copper interests 
in 1896.20 

By 1899 copper prices were once again booming 
because of market factors related to Amalgamated 
Copper's aggressive acquisitions. In response, the 
Elizabeth Mining Company began constructing a 
larger smelting plant northeast of its mine. The price 
of copper peaked at nineteen cents per pound during 
the spring, so the company continued selling its 
richer copper ores to market to generate favorable 
cash flow, shipping them by rail and barge to the 
Mountain Copper Company's smelter in New Jersey. 
The Tysons purchased a larger 14-by-22-inch Rand 
compressor to power more drills further inside the 
mine. They built a new mill, equ ipping it with a 
300-ton-per-day, 20-by-15-indt Robinson Rea 
Challenger crusher, as well as picking belts or re­
volving tables to assist in the efficient hand sorting 
of their chalcopyrite-bearing orcs. The Tysons also 
contracted with the Atlantic Works of East Boston 
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Figul'e 13: Erecting the stllck for the blllst furnace, c. 1900. The bui lding to the right housed the reverberatory furnace. 
(Collamcr Abbott Papers, University of Vermont.) 

to fabricate a 150-ton blast furnace equipped with a 
No. 7 Roote blower. This rectangular furnace fea~ 

tured fourteen tuycrcs of five-inch clear opening. In 
an adjacent building they installed a ne'vv ten-ton 
reverberatory furnace to produce blister copper.21 

The roasting beds were carefully laid, following 
the advice of copper expert Edward D. Peters, with 
two parallel rail tracks, one elevated on a trestle. Pe~ 
tcrs was intimately fami liar with the Vermont cop­
per mines. He had leased the Foster-Cleaveland 
tract in 1880 and had provided metallurgical exper­
tise to the Ely copper furnaces in 1882. Peters wrote 
that 

as the whole advantage of heap-roasting lies 
in its extreme cheapness, every precaution 
should be taken to save expense in the han~ 
dling of the ore. It is an excellent arrange­
rnent if the ore-car from the mine or dress~ 
ing-house can be brought on a trestle over a 

long line of roast heaps, whi le the track which 
leads to the furnaces runs parallel to these and 
on a still lower level. By this arrangement, the 
expenses of roasting can be reduced to a mini­
mum, as the cars from the mine can be 
dumped directly upon the heaps, requiring 
only a little spread ing into shape, and when 
the ore is to be carried to the furnaces it can 
be shoveled or wheeled from the heaps d i­
rectly into the car, the top of which should be 
on a level with the ground on which the piles 
arc built."22 

Thus a plant layout located on a hillside used 
gravity to significant advantage. An article in The 
Boston. Globe reported favorably on the renewed op­
erations at the Elizabeth Mine and other Orange 
County mines.n 

James Tyson, Jr., following his father's example, 
lived and worked full- time in Vermont, managing 
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Figure 14: 1l1e horse is prob:1hly pulling fl CM of waste rock on this rresde :1bove Coppcms Brook, c. 1900. 
(Collamer Ablxm Papers, University of Vermonr.) 

Figure 15: Elizabeth mine and mill buildings viewed from the hillside above, c. 1902. The dark building in the 
center foreground is a blacksmith shop, located next to a small roof covering the adir enrrance. T he miners' "dry" 
is the next build ing to the right neHr <1 small stable, both of which are in from of the tresrle seen in Figure 14. 
(Courtesy of Colla mer M. Abbott.) 
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Figure 16: An overview of the Elizabeth mine complex on Copperas Hill , c. 1902. The mi ll buildings are left of center. 
Smoke from heap roasting is possibly visible near the roasting bed trestle in the center. The blast furnace is barely visible 
to the far right. (Courtesy of Collamer M. Abbott.) 

Figure 17: Active heap-roasting at the Elizabeth Mine, c. 1902. Smoke from the roast ing beds near the left end of the 
trestle partially obscures the mill building. TI1c trestles and track run parallel to the roasting beds and the wooden side­
dump ore cars in tl1e foreground were used to charge rhe cupola blast fu rnace located ncar the photographer's vantage 
point. (Collnmer Abbott Papers, University of Vermont.) 

55 
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Figure 18: Photograph of James \'f./. Tyson, Jr. ( 1861-
1946), the youngest son of Jmnes \'f./. Tyson and the 
most active in copper mining and smelting. He man· 
aged the Elizabeth operations from 1897 ro 1902, 
served at the mine <Jgain under August Heckscher in 
1907, and rhen consulted in Ducktown, Tennessee 
from 1909 to 1912. He resided m Buena Vista Farm in 
South Strafford, Vermont. (Courtesy of \'f./ebb L. 
Nimick.) 

Figure 19: Jmnes \'f./. T )'Son purchased 
the old Dow farm from William Bond 
in 1882 e1nd renamed it Buena Visw 
F<Jrm. Phorograph c. 1880. {Counesy 
of Webb L. Nimick.) 

the Elizabeth Mining Compan y's operations. After 
receiving his formal education. at Haverford and be­
ing involved in some of the earlier mining cam­
paigns, he gained further experience in the Pitts­
burgh steel industry. He and his family resided in a 
large white brick house at Buena Vista Fann, located 
just down the country lane from the Elizabeth's op­
erations. Jarncs Tyson, Sr. often directed company 
business from Baltimore because he had been in poor 
health for several years and could travel north only 
in seasonable weather. Bookkeeper H. "Lee" Hatch 
and Captain Dow frequently mailed repons to the 
senior Tyson to keep him informed about operations 
at the sitc.24 

Innovations Amid Difficulties 

After James W. T yson died at the end of 1900, 
James Tyson, Jr. continued to operate the Elizabeth's 
mine and smelter as best he could. He received little 
support from Baltimore save that offered by faithful 
metallurgist William G lenn. The Elizabeth Mining 
Cotnpany was often short of working capital and be­
h ind in its payments. Thousar\ds of tons of ore lay 
tied up for months on the roasting beds, with several 
dollars per ton of costs already incurred. The com­
pany sought cash advances on ore and matte ship­
ments in order to meet monthly payrolls and other 
expenses. The principal stockholders of the Eliza-
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Figure 20: Idle blast and reverberatory furnaces viewed from the cast. The smelter appears somewhat dilapidated, likely daring r his 
photograph to the 1910s. The small building in front of the blast fumacc with the warer t<tnk is the engine house for the bl ower. At 
rhe upper left lies a building believed to house matte crushing equipment, minus the stack visible in Figure 23. (Colla mer Abbott 
Papers, University of Vermonr.) 

beth-various Tyson family members-had been 
trying for some time co sell the mine for cash, as dte 
company was indebted to other family businesses for 
several hundred thousand dollars. Several potential 
buyers sought unsecured options but were turned 
down. The company even declined a reported six 
hundred thousand dollars offered by industrialist 
George Westinghouse. Westinghouse then pur, 
chased the nearly exhausted Ely Mine in nearby 
Copperfield, Vermont, and spent a million dollars 
on an unsuccessful experimental smelting plant at 
that site.2'i 

The Tysons continued to operate the mine and 
smelter, hoping to et'lhance the value of the property 
and its significant ore reserves. Smelter product was 
consigned to the Bridgeport Brass Company and 
shipped to the Nichols Chemical Company Refinery 
on Long Island, New York, for refining. As the price 

of copper declined from seventeen to thirteen cents 
through 1901, the asking price for rhe mine followed 
suit. Since the cotnpany was now part of a fami ly le­
gal squabble and under the control of receivers and 
creditors, there were no serious offers to purchase the 
property. Copper smelting at the works was some­
times hindered by lack of suitable fuel. On several 
occasions late deliveries of gas coke, or coke that was 
too wet or too fine, caused the furnaces to be shut 
down. Transportation to and from the remote loca­
tion in the Green Mountains remained unreliable 
and expensive. T cams of horses hauled cobbcd ore or 
matte the ten miles down m.udcly mountain roads to 
Pompanoosuc Station, returning with either fuel or 
supplies. Sledding in winter often proved to be an 
easier means of transportation. When spring weather 
arrived, the teamsters switched from runners to 
wheels. Oxen were sometimes employed for particu-
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Cul'oln, Sl!lclting Copper-Ore. Vcrticnl Section, Showing Cla ron1ito Lining. 

Figure 21 : William Glenn's diagram of the chromite fumnce bot­
rom. (William G lenn, "Chromitc as a Hearth-Lining for a Furn:~ce 
Smelting Copper-Ore," Transacrions of A.l.M.£. 3 1 (1902): 376.) 

lar hauling dutics.26 

It was under such difficult conditions that Tyson 
and G lenn, experimented successfully with several 
innovations. One of their innovations was to usc 
chromite refractory linings in the hearth of their 3-
by-10-foot, water- jacketed furnace. This time, in 
contrast to their failed attempt in 1882, they used 
both large and small pieces of chrome ore and ham­
mered them into place. They successfully built this 
interlocked chromite bottom to their cupola furnace 
in 1899. It functioned well for more than twenty-six 
weeks, whereas the deterioration of a typical silica 
brick lining mandated weekly replacement. G lenn 
enthusiastically shared this accomplishment at the 
1901 American Institute of Mining Engineers meet­
ing in Richmond, Virginia, recommending it for all 
copper smelters. He asserted that he was "warranted 
in saying that any copper-smelting cupola or blister­
furnace ought to have a chrome-ore lining, as an 
absolute economic necessity. And I do not see why 
such a lining would not be the ideal thing for a con­
verter."27 

Tyson also used blocks of fifty- two percent chro­
mic-oxide Turkish ore in the bridge wall of the 
Elizabeth's reverberatory furnace, and along the slag 
line of the furnace hearth. This material resisted 

wear quite well, again proving the effectiveness of 
the chromite. To Glenn, such a lining appeared 

rude and unskillful when looked upon after 
completion. . . . But especially at night­
when through the charging-door one sees the 
glowing bridge-wall as if formed of blocks of 
snow or piled-up white cumulus clouds, and 
the whitish blocks of chrome-ore along the 
slag-line- the structure grmvs artistic, be­
cause beautifully fitting. For no matter what 
temperature may be attained, or how biting 
the corrosive and vicious slags may become, 
yet these chrome-ore blocks cannot be suc­
cessfully attacked. When the copper has been 
tapped out of its hearth the furnace may be 
recharged immediately, while it is hot, and 
not (as is the case with other linings) after it 
has grown cold by reason of an interval of 
three hours, required for repairs.28 

Today, a century later, chromite refractories have 
been abandoned for many uses because of hazardous 
waste concerns. Nevertheless, chromite remains a 
preferred refractory material in certain applications, 
such as reverberatory copper furnaces. 

Another Elizabeth company innovation involved 
the process of copper converting. Tyson, assisted by 
Glenn and his smelterman, a Mr. Everett from Can­
ada, devised a way to eliminate the slow, laborious, 
and energy-\vasting steps of crushing and roasting 
the matte. They successfully reduced their matte in 
their small reverberatory furnace, converting it di­
rectly to blister copper by aiming a blast of super­
heated steam and air, with entrained sand for silica, 
onto the surface of the molten charge. They used 
waste heat from the smelter flue to generate the 
steam, with flue dust being captured in a chamber. 
In January 1902, the three men sought a patent for 
their process, but were disappointed when their ap­
plication was denied. Thomas Roberts of Baltimore 
and others already held patents covering related 
processes, although these remained unproven practi­
cally.29 

In 1896, Roberts, undoubtedly familiar \vith 
Welsh smelting practices at the Baltimore Copper 
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(llo Model.) 
T. ROBERTS. 

l'ROUfiBil OF REDUOINO AND REFIN'INO OOl'PER. 

No. 668,700. Patented Sept. Z9, 1896. 

FIG, 2.. 
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Figure 22:: Illustration accompanying Tho­
mas Roberts' patent for a process of reducing 
and refining copper using a steam- air blast on 
the surface of molten reverberatory furnace 
contents. (Unired Stares Parenr Office, Let­
ters Parent No. 568700, 29 Sep. 1896.) 

~M1-flt 6 . .!:~ flY za:i,~,w:v-{I/JI>U4A 

&-~€· ~· ~ ATTORNEJ'. 

Works, had designed and patented a refining system 

that included introducing a steam-air blast via two 
pipes. During the "poling" step of add ing green wood 
to the reverberatory furnace contents for final con­
version, he advocated directing such a blast upon 
the surface on the molten charge to promote agita, 
tion and hasten the process. The distinctive feature 
of the Elizabeth practice seems to be the entrain, 
ment of sand in the steam- air blast of the tuyeres to 
foster d1e rapid development of slag in the boiling 

furnace contents. ln his 1902 Coj)per Handbook, 
Horace ] . Stevens reft:rreJ to this as the "reactor 
process." The clurabilitv of the chromite refractory 
li ning t::nabled the Tyson process to succeed, mean­
ing that d1e metallurgical staff of the Elizabeth Mine 
were able to produce blister copper in two steps in, 
stead of three. They handled slag using wheeled pots 
or buggies typical of the period and also applied 
flowing water in a trough to granulate the slag and 
wash it away. Despite their success, continued finan, 
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Figure 23: l11e Elizabeth Smelter, idle in the early 1900s. Slag pots lie in the foreground. To the left is the blast furnace with an 
inclined trestle leading to the reverberatory furnace on the right. This short incline probably replaced the inclined tramway system to 
the building located at left of center, where the author believes matte crushing and roasting were formerly conducted. These 
developments in di rectly reducing the matte eliminated the intermediate step of matte crushing and roasting and allowed blast 
furnace products to be transported directly to the reverberatory furnace in 1902. (Collamer Abbott Papers, University of Vermont.) 

c ial and legal problems caused the layoff of employ­
ees and shutdown of the mine, mill, and smelter by 
June of 1902. 10 

After the Tysons 

Several prominent mining engineers and consult­
ants visited the Elizabeth Mine during the Tyson 
era. They conducted examinations of the mine and 
smelting facilities and interviewed the managers. 
They also collected samples of ore for assaying, 
measured the known workings and ore body, and 
prepared maps and reports to explain the geology 
and indicate the potential of the mine. In addition 
to Professor Hmve in 1886, 1890, and again in 1894, 
these recognized experts included Lomax Littlejohn 
in 1888, H. C. Southworth in 1897, Messrs. Albert 

R. Ledoux & Co. in 1899, and Reginald W. Petre in 
1902. Russian Professor N. A Bibikov visited the 
mine in 1896 while conducting studies at the nearby 
Ely Mine. Westinghouse representatives visited 
when the Elizabeth's purchase was being considered 
by that company. Other experts gave their opinions 
about the mine during the idle period following its 
1902 shutdovvn and after work resumed in 1905. U. 
S. Geological Survey copper geologist Walter H. 
Weed visited in 1903. Both Philip S. Smith of Har­
vard and Otto Sussman of the American Metal 
Company wrote reports in 1904, followed by 
Ricketts & Banks in 1906, Frank L. Nason in 1904 
and 1910, and N. 0. Lawton in 1916.11 

In 1905, John N. Judson and Lewis G . Rowand, 
former employees of the Wetherill Separating Com-
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pany and involved with the development of mag­
net ic separation equipment at the New Jersey Zinc 
Company, negotiated a lease and option on the 
mine from its receivers. S ince the Wetherill Mag­
netic Separator patents did not cover pyrrhotite, 
Judson and Rowand did not have to pay license or 
use fees for their application of the technology to the 
Elizabeth's ores. They attempted to convince the 
American Metal Company (backed by the German 
conglomerate Metallurgische Gesellschaft, A.G.) to 
invest in the Elizabeth project. After those negotia­
tions fa iled, they secured the financial backing of 
New Jersey Zinc magnate August Heckscher. But 
the magnetic separators which Judson and Rowand 
applied successfully in their New Jersey laboratory 
fai led to work at the South Strafford site. The Eliza­
beth pyrrhotite does not respond to magnetic fields 
as well as other pyrrhotite ores, even though they 
improved their process by roasting the ore to make it 

more magnetic. A lthough Judson and Rowand's 
magnetic separation process failed, in late 1906 
Heckscher exercised his option to purchase the mine 
for only two hundred thousand dollars. He also pur­
chased the Foster-Cleaveland (the former Vermont 
Copperas Company) property to the south. Heck­
scher then constructed an elaborate and expensive 
three-hundred-ton smelter plant in 1907, but that 
also failed. 12 

Diamond drilling conducted subsequent to Heck­
scher's acquisition began to confirm the extent of 
the Elizabeth ore body. The massive ore deposit 
eventually proved to be more than two miles long. It 
lay at a depth of three hundred to six hundred feet, 
with a thickness of as much as sixty- four feet, 
though it more commonly ran twelve to thirty- five 
feet th ick. The ore-dressing and smelting techniques 
applied by the Tysons and others could not eco­
nomically treat such ore, which contained an aver-

Figure 24: Longitudinal section map of the Elizabeth Mine looking from the east, prep::~ red by Reginald W. Petre (with initials of 
John N. Judson added) in March 1902. TI1e adit is located at the lower right. (Courtesy of Collamer M. Abbott.) 
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Figure 25: A winrer view of the Elizabeth Mine's open cur on Copperas Hill looking north, c. 1962. TI1is pit w;~s mined o n the old 
Foster-Cleltvehmd rmct by the Vermont Copper Comp;my during the 1940s and 1950s. lr exposed old mine workings from the Tyson 
era where the large ore lxx:ly dips below the surface adjacent to the historic Blllisdel l property line (see the left side of Figure 24 ). The 
caved No. 2 Shaft is barely visible among the trees above the exposed upper stope. The mine and mill buildings of the 1880s, shown 
in Figure 6, were located on the righ t side of the dumps beyond the upper stope. (Courresy of Collamer M. Abbott.) 

age of less than tvvo percent copper. The short-term 
successes experienced over the years had only been 
realized by mining high- grade ores during periods of 
elevated copper prices. The bulk of the Elizabeth's 
ores could not be worked economically until World 
War I, when fine-grinding and early froth flotation 
technology were successfully applied at the site.ll 

American Metal conducted a short campaign at 
the Elizabeth in 1926, followed by another brief pe­
ri<XI of operations by National Copper from 1929 to 
1930. During the early days of World War II, the U. 
S. Geological Survey and the Bureau of Mines, seek­
ing to expand the copper-producing capacity of the 
nation, conducted studies of the site. Encouraged by 
the Vermont War Production Board, several influen-

t ial individuals provided the large capital outlay re­
quired to reopen the mine. A new corporation, the 
Vermont Copper Company, equipped the mine with 
the modern mining facilities and five-humlred-ton­
per-day flotation mill used during the mine's final 
fifteen-year run. The adit was enlarged to seven by 
nine feet to accommodate larger equipment and 
mine cars. A loan from the Metals Reserve Com­
pany, another federal agency, supplemented the sig­
nificant private capital invested in the project. In 
1943, because of critical wartime needs, the Ver­
mont Copper Company received a premium price to 

supply copper under a guaranteed government con­
tract. During this period of operations the Elizabeth 
Mine became one of the top twenty U.S. copper 
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mines, achieving eight hundred tons of production 
per day by 1953 and peaking at one thousand tons 
per day. The mine closed for the last rime in 1958. H 

In recent years the work of the El izabeth Mine 
Study Group, a local environmental effort to study 
acid mine drainage problems in the West Branch of 
rhe Ompompanoosuc River, has renewed interest in 
the Elizabeth Copper Mine. This volunteer group 

understands the need to record and study d1is exten­
sive historic site in order to gain local support for 
effective remediation and reclamation mea-;ures. 
The challenge is to d ean up the mine's environ­
mental problems without destroying irs unique land­
scape and historical features, for the Elizabeth lvlinc 
represcms some 1 SO years of Eastern U.S. copper 
mining history. 
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