


M iners with a large mass of native copper in the Quincy mine ca. 1918.
(Michigan Technological University Archives, Houghton)
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PREFACE

Over the past 150 years, many investigators have published the
results of their studies on the unique copper and silver mineralization
of the Keweenaw Peninsula, Michigan's “Copper Country.” Among
these, U.S5.G.S. Professional Paper 144 by Butler and Burbank (1929)
1s considered to be the classic for the district. Many of these works
are currently out of print or are obscure and difficult to locate. While
this 1ssue cannot take the place of previous works, the authors hope
that information compiled and presented here with the results of our
own observations and research will serve as an overview of the district
and as a framework from which interested persons may launch their
own investigations.

Throughout the text, detailed or unique information is cited as to
source while generalized information is not. Information on the ge-

ology and origin of the copper deposits was compiled from Jackson
(1850), Pumpelly (1871), Lane er al. (1891), Hubbard (1898), Grout
(1910), Van Hise and Leith (1911), Butler and Burbank (1929), Brod-
erick (1929, 1931, 1935, 1952), Broderick er al. (1946), Cornwall
(1951a, 1951b), Stoiber and Davidson (1959), Ensign er al. (1968),
White (1968), Jolly and Smith (1972), Babcock (1974, 1975, 1976),
Robertson (1975), Scofield (1976), Wold and Hinze (1982), Kelly er
al. (1986), Bornhorst et al. (1988) and Hinze er al. (1990).

The geologic maps of Butler and Burbank (1929), Cornwall (1954a,

1954b, 1954¢, 1955), White er al. (1953), Cornwall and Wnight (1954,
1955, 1956a, 1956b), Wright and Cormwall (1954), Davidson er al.
(1955) and White and Wright (1956) provided information on the
location and associated geology of the mines in the distnict.
Historical and production information i1s summarized from Dablon
(1669-70), Foster and Whitney (1850), Stevens (1900-1911), Rickard
(1905), Van Hise and Leith (1911), Hore (1912-1915), Weed (1914~
1920, 1922, 1925), Hopper (1916-1918), Barrett (1920-1925), Kel-
logg (1925), Pardee (1928), Fisher (1929), Broderick (1931), Murdoch
(1943), Chase (1945), Gates (1951), Benedict (1952), Jamison (un-
dated), Jamison (1963, 1969), White (1968), Chaput (1971), Lankton
and Hyde (1982), Halsey (1983), Kemp (1985), and Olson (1986).
The mineralogy information presented in the text represents the
results of the authors’ observations and research unless otherwise cited.
Particularly important references are Heinrich (1976) and works on
microminerals of Moore and Beger (1963) and Behnke (1983, 1986).
Observations on the crystallography of copper were built upon the
works of von Jeremejew (1877), vom Rath (1878), Fletcher (1880)
and, especially, Dana (1886). Identification of crystal forms for this
study was accomplished using contact goniometric techniques.
M.L.W.
S.J.D.I




INTRODUCTION §

The first European to own a specimen of Keweenaw copper was
probably Samuel de Champlain (1567-1635), French explorer and
founder of the city of Quebec (1608). He had made friends with the
local Algonquin Indians, and was presented with a specimen of solid
copper which he described as being “a foot long, very handsome and
quite pure.” It had come, said the Indians, from “the bank of a great
river flowing into a great lake,” surely the place where the Ontonagon
River empties into Lake Superior. Thus the history of collecting Ke-
weenaw minerals is very nearly as old as the history of mineral
collecting itself (which began in Germany around 1530). It continues
with unabated enthusiasm today, among professionals and amateurs
worldwide.

Michigan’s famous “Copper Country,” the Keweenaw Peninsula,
has a long and complex history of mining, a fascinatingly unique
geological context, and a tradition among miners of mineral collecting
and specimen preservation which goes back more than a hundred
years. Michigan copper and silver specimens have been sought and
admired by nearly every mineral collector and museum curator since
well before the turn of the century. Happily, this long-standing hunger
for specimens has been consistently met by the steady production of
countless thousands of fine examples, not only of copper and silver
but also of a wide range of other species, many of them still collectible
as attractive microcrystals on the dumps.

The abundance of specimens is a fortunate circumstance made
possible by the vuggy nature of the fissure veins, the immense size
of the deposits, the extensive mining undertaken largely by hand
techniques, and the local tradition of respect for the preservation of
specimens. The basic statistics are impressive: over 13 billion pounds
of copper and 16 million ounces of silver produced since 1845, ex-
tracted through 11,000 miles of underground tunnels and workings!

The published literature on the Copper Country could fill a small
library all by itself; hefty tomes have been devoted solely to bibli-
ographies on this rich mining district. For an entertaining review of
the area’s long and colorful history, Boom Copper by Angus Murdoch
is highly recommended. First published in 1943, it has been reprinted
regularly ever since then. Even better is Larry Lankton’s Cradle to
Grave; Life, Work and Death at the Lake Superior Copper Mines
(1991), published by Oxford University Press. Lankton is a faculty
member at Michigan Technological University, and is perhaps the
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Dana ( 18586)

leading authority on the history of Copper Country mining. Individual
mines have been described in popular works such as Lankton and
Hyde's Old Reliable; an Hlustrated History of the Quincy Mining
Company (1982), and Donald Chaput's The CIliff: America’s First
Great Copper Mine (1971). For an earlier treatment, readers may
enjoy the book by T. A. Rickard, The Copper Mines of Lake Superior
(1905). Foster and Whitney's Report on the Geology and Topography
of a Portion of the Lake Superior Land District in the Siate of Michigan,
part |, Copper Lands, was published in 1850 by the 31st Congress
and is today considered a collector’s item by Copper Country affi-
cionados. But the classic work in the professional literature is Butler
and Burbank's The Copper Deposits of Michigan, published in 1929
as U.S. Geological Survey Professional Paper 144,

It seems like an almost impossible task simply to read everything
about the Keweenaw. But the farther one gets into the literature, the
more tantalizing it becomes, and the more appreciation one feels as
a collector for Copper Country minerals, books and collectible min-
ing artifacts. The Copper Country indeed has a culture all its own,
which is as deep and as old as the magnificent, cold blue lake that
surrounds it.

Wendell E. Wilson
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Figure I. An early Indian copper miner of the Lake Superior area,
with his stone hammer, as depicted by
Louis Simonin (1869) in Mines and Miners.




HISTORY

The vast reserves of “red metal” in Michigan's Keweenaw Penin-
sula were first tapped by prehistoric Indians some 5000 years ago
(Halsey, 1983). Excavation pits, littered with ancient stone hammers
or “mauls” or, more rarely, cold-worked copper tools, weapons and
ornaments, have been found throughout the entire length of the penin-
sula, and on Isle Royale. Serious inspection of these primitive mining
sites in historic times led to the discovery of copper-rich orebodies
like the Calumet and Hecla Conglomerate (Benedict, 1952).

Later Indian tribes were also cognizant of the copper wealth of the
Keweenaw, and initially worked many sites. However, several hundred
years before the arrival of European explorers, the native miners

inexplicably abandoned their efforts. The Indians were reluctant to
reveal copper sites to newcomers, and the copper deposits became
enveloped in a shroud of superstition.

Local legend told of a supernatural event that occurred on Michi-
picoten Island in eastern Lake Superior. Four natives, after gathering
some copper-bearing rocks nearby, in order to heat the stones to boil
water and make a meal, were confronted by a “loud, angry voice,”
accusing them of “robbing the cradles and playthings of my children.”
The Indians left immediately —so terrified that three died before they
reached land. The one remaining “robber™ survived just long enough
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Figure 2. The Ontonagon copper boulder (size
greatly exaggerated); engraving in Rickard

(1905) made from a drawing done in 1819.




Figure 3. The CIiff mine in the 1850’s.

to tell his macabre tale at home, and expired shortly thereafter (Dablon,
1669-1670).

Ghost stories did not deter enterprising French fur traders and ad-

venturers, however. Pioneer explorer Pierre Esprit Radisson knew of

the copper, as did trader Pierre Le Sueur who actually formed a
“mining” company in 1690. However, this venture was later discov-
ered to be a “front” for illegal beaver trapping (Chaput, 1971).

A genuine attempt was made by Louis Denis, Sieur de la Ronde,
commandant of a French outpost near modern Ashland, Wisconsin.
He searched the south shore of Lake Superior for copper, sent samples
to Paris for analysis, and in 1734 began work on deposits along the
Ontonagon River. Smelting and shipping were even contemplated,
until an age-old conflict between Sioux and Chippewa tribes reignited,
interrupting further development (Kellogg, 1925).

The French lost their North American empire to Great Britain in
1763, and interest in the mineral potential of the Lake Superior region
stirred once more. Englishman Alexander Henry had seen copper on
the Ontonagon River as early as 1765, while fur-trading. Henry out-
fitted an expedition in 1771, at a British settlement near present-day
Sault St. Marie. He built a 40-ton sloop and sailed a crew of miners
to a site on the Ontonagon River, near modern Victoria, Michigan.
Having established a winter base of operations, he returned to the
“S00,” only to have his crew follow him home the following June

of 1772. Mining had indeed progressed in his absence —the miners
“had penetrated forty feet into the hill; but on arrival of the thaw, the
clay on which, on account of its stiffness, they had relied and neglected
to secure it by supporters, had fallen in” (Ruppe, 1883). This mis-
fortune signaled the collapse of the entire venture, and successful
copper mining had to wait almost three-quarters of a century.

The Treaty of Paris, in 1783, recognized the legitimacy of a new
country —the United States of America. The Lake Superior region
was fortunately included within the territorial jurisdiction of the infant
nation, and government officials were not unaware of its mineral
potential. As early as 1800, Congress authorized President Jefferson
to investigate the copper resources, as well as Indian titles to the land,
with a view to their acquisition (Chase, 1945). Nothing, however,
came of the matter, until interest flared up again some 20 years later.

Under the authority of the Secretary of War, General Lewis Cass,
Temtonal Governor of Michigan, conducted an expedition that tra-
versed Lake Superior’s southern shore. One of his principle objectives
was examination of the area’s old mining sites. Henry R. Schoolcraft,
the party's geologist and mineralogist, mentioned seeing the deposits
and, in particular, “a boulder of pure copper” imbedded in rock on
the Ontonagon River. The “Ontonagon Boulder™ soon became widely
known, and was later removed with great difficulty by a Detroit
entrepreneur named Julius Eldred —only to be confiscated by the U.S.




Figure 4. The CIifYf mine workings in 1849 (Fos-
ter and Whitney).
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government for exhibition in the nation's capital. It can still be seen
there today at the Smithsonian Institution.

Schoolcraft became a frequent visitor to the northern wilderness,
and, on trips in 1831 and 1832, brought along a brilliant scientist and
physician named Douglass Houghton. Houghton, a transplanted New
Yorker living in Detroit, was something of a 19th century *“wunder-
kind.” He studied medicine at the age of 16 and at the age of 20
graduated from Renssalaer Scientific School with a Bachelor of Arts
degree; he stayed on as assistant professor of chemistry and natural
history, and was licensed as a physician following his graduation.
Houghton served as surgeon and botanist for the Schoolcraft expe-
ditions, saw the copper deposits for himself and even sampled the
famous “Boulder.” His initial contact with the Lake Superior wil-
derness sparked a “love affair™ with Michigan's Upper Peninsula that
continued to the end of his short life.

Before his tragic death in 1845, in a boating accident on Lake
Superior near Eagle River, Michigan, Houghton served as state ge-
ologist. His appointment in 1837 was one of the new state’s first
legislative acts. The indefatigable Houghton made numerous surveys
of the Upper Peninsula between 1840 and 1845, and in 1841 he
published a cautiously optimistic geologic report that encouraged care-
ful development of the copper resources. Caution notwithstanding,
Houghton's appraisals unintentionally sparked the first mining boom
in U.S. history.

Interest in the mineral potential of Michigan’s northern wilderness
had been permanently awakened. The Federal government took steps
to “extinguish Indian titles” and officially secure Keweenaw land for
serious development. So it was that, in 1842, the Treaty of La Pointe
was concluded, whereby the Chippewa Indians ceded all the territory
west of the Chocolay River (west of Marquette) to as far west as
Minnesota’s St. Louis River, and south to the boundary of previously
acquired lands. The region was now open to settlement under the land
laws of the U.S.

Figure 5. Arrangement for loading a skip
(Rickard, 1905).

The question that now plagued government officials was how to
distribute the rights to mine copper. It was eventually decided to grant
leases under provision of a Congressional Act of 1807, that governed
lead mining already in progress in Wisconsin. The War Department
was placed in charge of supervising the leasing process in the summer




Figure 6. Large timber supports in the Tam-
arack mine, near the #5 shaft. (MTU Archives)

of 1843, and a Mineral Agency was established on Porter’s Island at
Copper Harbor. A few prospectors were already arriving, and by the
end of the year nearly 100 exploration permits had been issued —the
“boom™ was on.

At first, permits bestowed the right to explore 9 square miles of
territory; this was decreased to one square mile in 1845. After a permit
holder had located copper, he could apply for a lease, by producing
$20,000 in security bonds. The lessee was then allowed to explore
for one year and mine for three years, with two additional extensions

of three years each. The government, in turn, expected a royalty of

6% of the profit for the first three years of mining, and 10% thereafter.

Translating a dream into reality was not easy, and in the first two
years of the “boom” there was little real mining. The Keweenaw
Peninsula, at the time, was a genuine wilderness —heavily wooded
with numerous swamps — and the winter weather was severe. Hundreds
of men, poorly equipped for the most part, tramped through virgin
forest, blasting every promising outcrop but finding nothing most of
the time. The majority of the fortune-seekers turned to the less arduous
but more profitable activity of speculation —that is, buying and selling
“promising” claims.

Boom soon went to bust when the War Department ceased issuing
permits in 1846. It was alleged that the Mineral Agency had illegally
issued mining permits. Skullduggery aside, instances of conflicting
claim boundaries were numerous, and since the security bond re-
quirement of $20,000 was not inconsiderable, it was alleged that
politics had some role in changing many permits to leases. Custody
of Michigan mineral lands was shifted to the Department of the Trea-

sury, with the stipulation that tracts be sold at no less than $5.00 an
acre —a price that fell to $1.50 in 1850.

Some individuals, however, were serious about making a profit
from actual mining, and formed companies right from the start. Most
were organized as corporations under Michigan state laws, with the
maximum corporate charter term set at 30 years. Capital investment
was capped at $500,000, divided into 20,000 $25 shares of stock.
Shares issued were not fully paid in, but were assessable to the full
face value. Company directors, numbering three to nine (at least one
had to be a Michigan resident) could levy assessments as required,
and could put a negligent stockholder’s shares up for sale if he failed
to meet a properly advertised deadline within 60 days. Thus, the
typical method of opening a mine was to keep the initial assessments
as low as possible, and rely on mining enough copper during the first
two years to pay for development (Gates, 1951).

Boston capitalists soon became the principle investors in Michigan
copper mining. New England financiers had already underwritten
copper mines in Nova Scotia. The original permit holders of the
district’s earliest venture, the Lake Superior Mining Company, sought
monetary support from wealthy Bostonians. By the 1850"s a copper
mining section was in full swing on the Boston Stock Exchange.

Corporate administration of mining activity was conducted through
a company-appointed official known as an “agent.” As the company’s
on-site representative, he was responsible directly to the Board of
Directors only, and wielded great supervisory authority. Immediately
subordinate were at least two superintendents —one to oversee surface
operations and the other supervising work underground. The latter
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Figure 7. Miners ready to descend into the
Quincy mine, ca. 1900, (MTU Archives)

official usually possessed the title of “head miming captain,” and
guided a hierarchy of captains and sub-captains, who in turn directed
the mine crews. Mine captains were usually promoted from the ranks
of miners who showed above-average skill, resourcefulness, and ad-
ministrative potential. In situations where the agent knew little about
mining, the head captain would have independent status with re-
sponsibility only to the Board. Large-scale operations like the Chiff
might have a major supervisor for individual departments, but this

was the exception. In general, managenal simplicity was the rule,
and one that made for flexible control (Gates, 1951)

Mine operators looked to Cornwall, England, for experienced min
ers and mine supervisors. This trend was early established, and con
tinued well into the 20th century. Cormishmen had already been ex
ploiting tin and copper deposits at home for over a century, and upon
employment in the Michigan copper fields, many rose to positions of
considerable responsibility as mine captains and superintendents. Eng
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Figure 8. The Calumet & Hecla shaft #5.
(MTU Archives)

lish, German and Irnish miners were also numerous, and ethnic n-
valry —especially between Cornish and Inish crews —became legen-
dary. Later, in the 1870’s and 80's, other groups became important
to the settlement of the region. These included French-Canadians,
ltalians, Norwegians, Swedes and Finns in significant numbers, as
well as Croatians, Slovenians and Poles. French-Canadian and Finnish
workers generally preferred surface duty, although many of the latter
were also excellent miners. The backbreaking job of pushing ore cars
called “tramming” — fell mostly to those of Slavic, Finnish or Italian
descent. The debilitating nature of this work in particular, and the
fact that trammers were often among the lowest paid employees, was
one of many factors that figured in the district’s labor problems.

Most of these early mining efforts centered around exploiting “fis-
sure deposits” in Keweenaw or Ontonagon County. Prime targets were
large veins of solid copper occurring transverse to the strike of ore-
bearing lava flows. The Lake Superior (later reorganized as the Phoenix
mine), the Copper Falls, the Cliff and the Central mines were the four
largest operations in Keweenaw County; also important were the Mine-
sota [sic] and National mines in Ontonagon County.

The Cliff mine has the distinction of being the first truly profitable
venture in the district. The Pittsburgh and Boston Mining Company
that managed the Cliff, had already been mining tenorite —black cop-
per oxide —at Copper Harbor. One of the Harbor sites was located on
the outskirts of a military outpost, Fort Wilkins, that had been estab-

lished to oversee an orderly settlement of the area, and expedite the
departure of the Indians. Although there is still some speculation about
the details, credit for discovery of the CIliff fissure is generally given
to company agent John Hays. Hays™ “claim™ turned out to be a genuine
bonanza, eventually paying $2,327,000 in dividends on an investment
of $110,000—a return of 2000%! (Gates, 1951).

Ontonagon County’s Minesota mine (the second “n~ having been
lost to a clerical error in the company's articles of corporation) has
the distinction of being the nichest Michigan copper mine, in terms
of the amount of copper per volume of rock. The largest single copper
mass ever found was discovered on March 7, 1857, below adit level
and west of No. 5 shaft. It measured 3.8 x 5.7 x 14 meters, weighed
527 tons, and required successive black powder charges—some 25
and 30 kegs strong —to dislodge (Stevens, 1902). Twenty-one per-
sistent miners spent 15 months reducing the behemoth to manageable
proportions, and generated 27 tons of copper “chisel chips™ in the
process.

The technology used at mines like the Cliff and the Minesota was
primitive even by the standards of the day. Mining was done by hand,
in shifts composed of three-man teams. One crewman held a steel
drill against the target rock face, while his two partners alternately
hammered away, thus boring a hole for a black powder charge. When
the hole was deep enough, the drillman signaled that it was time to
stop by placing his thumb over the dnll head. Rock surrounding the
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copper was blasted out, and liberated masses were dissected using
hammers and chisels. hand-cut copper “fans™ were commonly made
upon a bosses’ request for “V.1.P.’s.” Horse-driven rope-wound spools
known as “whims” raised or lowered suspended iron buckets called
“kibbles™ that were used to remove ore, and often miners as well.
Native silver, occurring with the copper, proved to be an unexpected
bonus, and contributed to the excitement that characterized the dis-
trict’s early days. Indeed, a small percentage of the white metal was
naturally present; this produced a premium combination of high con-
ductivity and workability, and made “lake copper” the standard against
which all other copper was compared. Silver specimens brought up
in miner’s lunch buckets found their way into many fine local mineral
collections, and often helped support a worker’s family. Unfortunately,

Lake Superior copper. The mining companies retained ownership of
the product until delivered to the proper port facility, where it was
shipped to the various foreign and domestic customers. During the
i840°s and 50’s, consumption of copper increased markedly because
of its use in sheathing wooden naval vessels, brass manufacture, and
military and artistic products. A wider use of iron, however, in the
decades that immediately followed, contributed to a generally de-
chining market. Eventually, copper rebounded near the turn of the
century, as the new, expanding electrical and communications indus-
tries increased consumer demand.

More advanced mining and milling techniques awaited the devel-
opment of the second major type of copper deposit —the amygdaloid
lodes. Here, native copper had filled almond-shaped gas cavities or

Figure 9. Mine Captains at the South Hecla mine in 1908.
(MTU Archives)

hopes for a silver mine were not to be realized. Though sometimes
locally abundant near the surface, silver was never plentiful enough
to warrant large-scale development.

Most of the native copper taken from fissure mines could be sent
directly to the smelter. The small amounts of leaner ore that required
processing were brought to stamp mills, where batteries of Cornish
gravity stamps —iron-shod wooden pestles —hammered away at the
ore, while streams of water carried away fine material down troughs
and over jigging screens, all designed to aid in concentrating the
dense, but fine copper particles. The lighter waste-rock refuse known
as tailings were removed to a pre-determined disposal site. The re-
sulting copper-rich concentrate, called “mineral,” was shipped to the
smelter where, with the larger mass fragments, it was melted down
and cast into various shapes, including ingots, for distribution and
sale.

New York and Boston were the primary markets for smelter-refined

vesicles located at the top (and to a more limited extent at the bottom)
of individual basaltic lava flows; the filled vesicles are then called
“amygdules.” These orebodies came into prominence in the 1850s,
at a time when the fissure deposits were reaching (and in some cases
passing) their peak. Though not as nch, they were much greater in
extent, and far more valuable as long-term, lower-grade reserves
Attention would soon be focused on mining in Houghton County, at
the expense of the pioneer operations in Keweenaw and Ontonagon
Counties.

By the 1860's, managers of both fissure and amygdaloid mines had
to deal with the logistics of employing workers and hauling ore out
of mines of increasing depth. At the end of a tiring shift, the available
means of ascent for exhausted miners was a long “refreshing” climb
up a ladder (some were nearly a thousand feet long) to the surface.

J. W. V, Rawlings, engineer at the Cliff mine implemented a solution
that worked for a while, and was adopted by fissure and early amyg-




A T Wl S

-

Figure 10. Quincy mine, the #2 shaft-rockhouse ca. 1895,
(MTU Archives)

daloid mines alike: the “man engine.” These devices were first used
in the Samson mine in the Harz Mountains, Saxony, in 1837, and by
the early 1840’s were in use in Comwall, England. The invention
(called a Fahrkunst in German) consisted of a senies of 21-inch plat-
forms fastened to a spruce connecting rod. These rods were fastened
to steam-driven, wood-frame bobs that moved in alternating sequence:
one descended while the other ascended. An ascending miner would
step on a platform and rise up until the next higher one on the neigh-
boring rod had descended to the low point in its cycle. He would then
jump onto that one just as it began rising, and so on, until he reached
the mouth of the mine shaft. While still a dangerous proposition
(miners occasionally missed a step . . .), it was a vast improvement
(Chaput, 1971).

Within a few years mine depths exceeded the practical limit of the
man engine, and steam-driven “hoists” —engines operating huge ca-
ble-wrapped drums—were installed throughout the district to raise
and lower men, ore, supplies and equipment. Lengths of cable could
be added as needed, to keep pace with underground development.
Mines soon became laced with miles of track, as wheeled ore cars
called “skips™ replaced the kibble. Man cars, in turn, replaced man
engines, offering the convenience of seating. Hand-drilling did not
change with the advent of the amygdaloid mines. Black powder,
however, soon gave way to stick charges containing 50% nitroglycerin.

Low-grade amygdaloid ore could not be sent directly to the smelter;
“mineral dressing”™ (ore processing) was a must. Stamp mills became
larger and more numerous, and the system for extracting the copper
more complex. Gravity stamps were used initially with some success,
but they eventually gave way to a more powerful and efficient crusher,
the steam stamp. A bewildering array of concentrating apparatus:
Evans buddles, Collom jigs, Wilfley tables, and others, found their
way into the mill. These devices were worked into increasingly so-
phisticated separation schemes designed to efficiently increase the
amount of copper extracted per ton of rock, and minimize the loss of
fine metal particles.

The great Quincy, Pewabic and Franklin mines were early amyg-
daloid mines. All three mined the Pewabic lode at a profit, with the
Quincy taking the lead. The latter, the most conservatively managed
company in the district, made dividend payments consistently over a
60-year period and was known as “Old Reliable.” Other amygdaloid
producers include the Osceola mine on the Osceola lode; the Ahmeek,
Mohawk, Wolverine and North and South Kearsarge mines on the
Kearsarge lode; the Isle Royale on the Isle Royale lode, and the Atlantic
mine, which profitably worked the very low grade Ashbed Amyg-
daloid. The last “big” amygdaloid deposit discovered was the Baltic
lode, mined by Copper Range Company’'s Champion, Baltic and
Trnmountain mines.




The discovery of the Calumet and Hecla Conglomerate in the 1860°s
saw the opening of the third type of “Lake” copper deposit, the
conglomerate lode. This unbelievably rich orebody was first located
by surveyor E. J. Hulbert, who was also an experienced mine promoter.
Hulbert purchased the land with the backing of Boston capitalist
Quincy Adams Shaw. He quickly realized the potential of the copper-
rich, felsite-pebble “puddingstone,” and hastily developed the site.
His haphazard handling of the operation, compounded by shaky fi-
nancial manipulations, soon prompted Shaw to request Hulbert's res-
ignation and replace him with a more level-headed manager, his
brother-in law Alexander Agassiz.

Although Agassiz’s experience with mining was rather limited, he
was honest, persevering and knew how to pick and use experts. Within
a remarkably short time (though not without considerable difficulty)
Agassiz had the Calumet and the Hecla mines running smoothly. By
the end of 1869 the Hecla paid its first dividend of $100,000, with
the Calumet following suit eight months later. On March 24, 1871,
the two companies were consolidated as the Calumet & Hecla Mining
Company (colloquially known as “C&H")—and a mining legend was
born.

With the rise of the C&H, Michigan dominated the Amernican copper
market from the late 1860s to the mid-1880"s. Lankton (1991) writes:

Sited atop the Calumet conglomerate lode —the Keweenaw's
richest copper deposit by far—C&H alone accounted for 43%

of all Lake copper produced through 1925, and for half of all
dividends. Take away its highly profitable performance, and
the district only broke even. Calumet & Hecla made the district
a clear winner and a producer of wealth . . . [dominating] the
Lake Superior copper industry. Until the rise of Copper Range
Consolidated in the early twentieth century, C&H had no le-
gitimate rivals. It set standards for wages, for company pater-
nalism and for technologies. Because Boston investors had
launched C&H, [many] New England fortunes were made [in
the Copper Country].

The only Michigan mine to even come close was the Tamarack
mine, the fifth largest U.S. producer in 1892. The Tamarack also
mined the Calumet and Hecla Conglomerate, the lower portions of
which were located by Comish mining captain John Daniell in a
spectacular feat of engineering. Daniell proposed to intersect the con-
glomerate over 300 meters below the surface by sinking a vertical
shaft. Tamarack crews reached the orebody just 5 meters short of
Captain Daniell’s predicted depth.

By this time, the Rand air drill had replaced the time-honored hand
drill, increasing C&H's production 20% by 1882, with a corresponding
20% reduction in total work force. Milling methods were refined as
more powerful versions of the steam stamps were introduced, as well
as ball mills for regrinding tailings. The real breakthrough in recov-
ering finely divided copper came in 1912, when C&H metallurgist

Figure 11. Timber supports in the Baltic mine, ca. 1918,
(MTU Archives)




Figure 12. The Tamarack mine.
(MTU Archives)

C. H. Benedict developed an ammonia leaching process that made
secondary recovery a multimillion-dollar adjunct to normal copper
production.

By the end of the First World War, it was apparent that the Michigan
copper district had reached its maximum level of maturity, and was
gradually slipping into decline. C&H General Manager James Mc-
Naughton recognized the signs as early as 1901, and took steps to
tighten up his operation. But consolidation, retrenchment and so-
phisticated reclamation programs could not completely compensate
for declining copper values. The district’s mines were old and largely
past their prime. A serious labor strike in 1913 received nationwide
press coverage and left bitter scars on management and labor, scars
not entirely healed even today, and motivated many experienced work-
ers to seek employment in the Anizona and Montana copper fields.
These mines had begun to overtake C&H in copper production as
early as the mid 1880's. Anaconda, Kennecott and Phelps-Dodge
became the new “copper kings.”

The Great Depression dealt Michigan's copper industry a blow from
which it never fully recovered. As mine after mine closed, long-time

residents gradually began migrating to larger population centers like
Detroit and Chicago, where there was at least the hope of employment.
Between 1910 and 1940, the Michigan “Copper Country™ lost 40,000
residents, nearly 20,000 of whom left between 1920 and 1930. The
three remaining copper companies: C&H, Copper Range and Quincy,
attempted to forestall the inevitable by diversifying their capital into
perhaps more promising ventures. Nevertheless, Calumet and Hecla
finally closed in 1968, and the Quincy Mining Company ceased to
exist in 1986. Only the Copper Range Mining Company survives from
the “golden age,” operating the White Pine mine for copper sulfides.
And the Caledonia mine is also still active, being mined for specimens
by Red Metal Minerals.

Prospects for renewed mining still persist as exploration for sulfide
ore continues in northern Houghton and Keweenaw Counties. Mean-
while, legislators in Washington are debating the creation of a Ke-
weenaw National Historic Park to preserve some of the area’s famous
mining sites at Calumet and Quincy. And so, in spite of depressions,
disputes and declines, hope for a bright future is still very much alive
in Michigan’s Copper Country.




ASS COPPER

by T. A. Rickard
from The Copper Mines of Lake Superior (1905)

The following turn-of-the-century report, reprinted here in full, gives
some further background on the large masses of copper found in the

early days of mining.

It is believed by many people usually well informed, that in the
mines of the Lake Superior region there are bodies of metallic copper
so large that it has been found impracticable to extract them. | re-
member being told seriously seven years ago that in the Michipicoten
distnict, on the north shore, there were nch copper lodes that were
not profitable because the metal occurred in masses so huge that they
could not be mined successfully. Similar statements appear frequently
in popular accounts of the copper country. But recent investigation
of this interesting matter enables me now to dissipate a fallacy which
has retained a curiously sustained vitality since the days of Alexander
Henry and Douglass Houghton.

The white men who first crossed the lake and penetrated the forests

of the peninsula, found evidence of earlier attempts to extract the
copper. We know that the Indians worked the metal that outcropped
massively at many localities; and there are those who maintain that
this was also done by an earlier race of higher capacities long since
vanished. Testimony to their effort is shown by the battered fragments
of copper dug out of old abandoned workings. Such is the one illus-
trated on the preceding page. this weighed three tons, and was taken
from a pit 16.5 ft. deep at McCargo Cove, on Isle Royale; it exhibits
the marks of stone hammers or hatchets. There is good reason to
suppose that the Indians built fires around the masses of copper which
were oo large to be removed; and that after removing the adhering
rock, loosened through the effect of the heat, they separated portions

Figure 13. The “*Mesnard mass™ of float cop-
per, 18 tons in weight, as it was being cut up

by hand chisels in 1862.




Figure I14. A 6000-pound mass of
copper found in ancient Indian
workings, in a pit 16.5 feet deep at
McCargo Cove on Isle Royale. The
marks of crude stone hammers
cover its surface. (MTU Archives)

with their hatchets by pounding the copper into waves, as shown in
the illustration, until it was finally forced apart in small fragments.
Furthermore, the reports of the early voyvageurs made mention of the
celebrated ‘copper rock,” an immense boulder of metal found on the
right bank of the Ontonagon river; it was visited by the first explorers
and travelers, who testified that there was nothing like it anywhere
in the world. This mass weighed about four tons; it appeared to be
out of place, and may have been moved, by the Indians, thus far from
the outcrop of the Minesota lode, a distance of two miles only. It was
floated down the river on a raft by Julius Eldred in 1843 to the village
of Ontonagon, to be seized subsequently by the United States Gov-
ernment and shipped to Washington, where it can now be seen at the
Smithsonian Institution. On inquiry at the Smithsonian Institution, |
was informed that this Ontonagon boulder, as it now stands in the
National Museum, weighs 6,500 pounds. From a pamphlet by Mr.
Charles Moore, entitled ‘The Ontonagon Copper Bowlder in the U.S.
National Museum,’ and issued by the Government printing office at
Washington in 1897, | extracted the following data. According to
Henry R. Schoolcraft, a member of the expedition that endeavored
to bring it away, the greatest length of the mass was 3 feet 8 inches,
and its greatest width 3 feet 4 inches. He gave a sketch of the locality,
which is given in the frontispiece. The final effort to remove this
unwieldy lump of metal is described thus: “It took a week for the
party of 21 persons to get the rock up the 50-foot hill near the river;
then they cut timbers and made a stout wooden railway track, placed
the rock on the car, and moved it with capstan and chains as houses
are moved. For four miles and a half, over hills 600 ft. high, through
valleys and deep ravines; through thick forests where the path had to
be cut; through tangled underbrush, the home of pestiferous mos-
quitoes, this railway was laid and the copper boulder was transported;
and when at last the rock was lowered to the main stream, nature
smiled on the labors of the workmen by sending a freshet to carry
their heavily-laden boat over the lower rapids and down to the lake.”

The Government paid $5,664.98 to Julius Eldred and sons for their

time and expenses in purchasing and removing the boulder. In regard
to the agency which moved it from its place in a neighboring lode to
the banks of the Ontonagon river, the balance of evidence ascribes it

to the Indians; though it is possible that unknown early white adven-
turers did the work. In referring to this question, Mr. Moore gives
the following interesting information:

“During the winter of 1847-48, Mr. Samuel O. Knapp, the agent
of the Minesota mine, observed on the present location of that mine
a curious depression in the soil, caused, as he conjectured, by the
disintegration of a vein. Following up these indications, he came upon
a cavern, the home of several porcupines. On clearning out the rubbish,
he found many stone hammers; and, at a depth of 18 ft., he came
upon a mass of native copper 10 ft. long, 3 ft. wide, and nearly 2 ft.
thick. Its weight was more than 6 tons. This mass was found resting
upon billets of oak supported by sleepers of the same wood; there
were three courses of billets and two courses of sleepers. The wood
had lost all its consistency, so that a knife-blade penetrated it as easily
as if it had been peat; but the earth packed about the copper gave that
a firm support. By means of the cobwork the miners had raised the
mass about five feet, or something less than one-quarter of the way
to the mouth of the pit. The marks of fire used to detach the copper
from the rock, showed that the early miners were acquainted with a
process used with effect by their successors. This fragment had been
pounded until every projection was broken off, and then had been
left, when and for what reason is still unknown. From similar pits on
the same location came ten carloads of ancient hammers, one of which
weighed 39'/: pounds and was fitted with two grooves for a double
handle. There were also found a copper gad, a copper chisel with a
socket in which were the remains of a copper handle, and fragments
of wooden bailing bowls. At the Mesnard mine, in 1862, was found
an 18-ton boulder that the ‘ancient miners’ had moved 48 ft. from its
original bed.”

The large bodies of metallic copper found in the lodes of Lake
Superior are known as ‘mass.” The mines which first established the




Figure 15. Miner sitting on a large mass of
copper in the Quincy mine, ca. 1890).
(MTU Archives)

fame of this region, such as the Cliff, Phoenix, Central, Minesota,
and National, were all characterized by the occurrence of ‘mass.’
These chunks of copper were found near the surface, and for years
they continued to be encountered underground in great quantity. Such
mines required but little capital; they needed chiefly the labor of cutting
the metal and of hoisting it to daylight. *Mass mining,” therefore,
characterized the early days. Had the Calumet & Hecla, which has
always yielded a stnictly stamp-mill product, been discovered in the
first decade of development, it probably would have been a failure.
The discovery of the Calumet conglomerate came when the rudiments
of mining had been leammed and when the ‘'mass’ mines were ap-
proaching exhaustion.

Two-thirds of the output of the Cliff mine was in the form of masses;

some of them yielded from 100 to 150 tons, and as late as 1875 one

of 40 tons was taken out. These irregular bodies of metal require
special mining methods, for it is impossible to dnll into them or to
use picks in the ordinary way. Professor Blake has described the usual

practice in words that | cannot improve: “The miner picks out or
excavates a passage or chamber upon one side of the mass, laying il
bare as far as possible over its whole surface. It is usually firmly held
by its close union with the veinstuff, or by its rregular projections
above, below and at the end. If it cannot be dislodged by levers, the
excavation of a chamber is commenced behind the mass, and this
excavation is made large enough to receive from 5 to 20 or more kegs
of powder. Bags of sand are used for tamping, and the dnft 1s closed
up by a barricade of refuse and loose dirt.” Reference is made to this
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Figure 16. A huge mass of copper hanging
from the back of a stope in the Ahmeek mine,
ca. 1919,

method in the description of the effort which was made to extricate
the great mass found in the old Minesota mine.

The Minesota mine, in the Ontonagon district, was celebrated for
large masses. The largest was found in 1857; its greatest length was
46 ft., its greatest breadth 18.5 ft., and its greatest thickness 8.5 ft.
The mean width was 12.5 ft., and the mean thickness 4 ft. Twenty
men labored 15 months to remove it from the rock; some of the cuts
had a face of 16 sq. ft., and the cutting-up yielded 27 tons of copper
chips. The weight was estimated at 500 tons, but | shall have more

to say about this directly.

The circumstances of this work are told graphically by Geo. D.
Emerson, whose statement is quoted in ‘“The Mineral Statistics of
Michigan® for the year 1880. “They uncovered a series of masses
with an eastward inclination for the length of 70 to 80 ft., and going
out of sight both above and below. It was at once apparent that they
had something very valuable, but they had no conception of the
immense thing which a few days’ work disclosed. At one convenient
point they broke away behind the copper so as to get in a sand blast
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Figure I7. A large mass of copper hanging

from the ceiling of a stope in the Baltic mine,
ca. 1918. (MTU Archives)

of five or six kegs of powder. They stripped the mass further, and
again fired without result. Again they fired nine kegs of powder, and
the mass remained unmoved. Breaking the rock around for a consid-
erable distance, |18 kegs of powder were shot off without effect, and
again 22 kegs, and the copper entirely undisturbed at any point After
further clearing, 25 kegs were shot off under the copper, and it was
thought with some effect. But a final blast of 30 kegs, or 750 Ib.,
was securely tamped beneath the mass and fired. As soon as the smoke
cleared away a mass of copper 45 ft. long and 3 to 5 ft. in thickness,
apparently very pure, and which will probably weigh 300 tons, had
been shot out and was ready for cutting up. The blast had tomn the
immense body from its bed without exhibiting a sign of breaking or
bending in any place, so great was its thickness and strength. It was
torn off from other masses, which still remain in the solid rock.”
They had exploded 110 kegs, or 2,750 Ib. of powder! One might
remark that, had the copper proved less resisting to the violent efforts
of these miners, it would not have possessed the value in art and

industry which we accord to it. The tenacity of the metal, as recognized
by these workers underground, may have hindered its easy partition,
but it certainly is one of the qualities for which it commands a pnice
when it reaches the surface. However, the mass, whose removal is
told so well in the above guotation, was undoubtedly the largest single
body of metallic copper ever mined. Its weight has been vanously
stated in many reports as having been 500, 530, or 585 tons. Quite
recently, however, certain papers covering the business of the Minesota
mine were found by Mr. Samuel Brady, the manager of the Michigan
mine, which is the successor of the old Minesota, and the data therein
contained prove that the celebrated mass weighed 420 tons. These
bodies of copper are extremely irregular in thickness; they are ragged
in form and straggle through the lode until they nearly connect with
other monstrous nuggets. Such was the character of the senies of masses
encountered in the Bay State mine, now the Phoenix, forty years ago
These aggregated some 600 tons; but they were bodies, none of which
singly exceeded 200 tons, connected by strings of metal. Therefore,




Figure 18. Mass copper on a flatbed ore car
at the Calumet & Hecla mine, ca. 1895,
(Arizona Historical Society)

the fact remains that 420 tons i1s the largest single mass of native
copper recorded in the history of mining.

The practice then was, and still 1s, to cut the mass with cape chisels
having a +-in. bit, the successive chips being about '/s in. thick. The
narrow strips obtained from this operation, when made by skillful
operators, and in the absence of any flaw or included rock along the
course of the chisel, are taken in one cut through the entire ‘mass.’
The earlier method was to carry the chip about '/s in. thick, as stated,
and of equal thickness on both sides; but later this was changed to a
more rapid way, the chips thinning to an edge and alternating, as is
usual with a cutting made by a chisel of this kind, the process being
similar to the driving of a key-way. The narrow strips obtained from
this operation are only about half the length of the groove which
yielded them, because the metal becomes pressed together and thick-
ened by the blows of the cutters. Certain men made a specialty of
this work and became expert, so as to cut a square foot of surface
per shift; this meant that one man held the chisel and guided it along
the line of cut, while two others struck the chisel alternately with
sledgehammers. The cost averaged $12 to $14 per sq. ft. Nowadays,
when the cutters are not often needed and special skill is not available,
the cost (when done by hand) is greater. At the Michigan mine the
pneumatic hammer has been used recently for cutting mass, and with
success. Mr. Brady informs me that the actual cost of cutting two
masses in this mine, during the current year, was $3.15 per sq. ft.,

exclusive of power. The cost of cutting the 420-ton mass, previously
described, appears, according to a letter of Capt. William Harris,
bearing date of October 3, 1865, to have been $12 per square foot.

At the Quincy some masses have been found in recent years, but
no big ones. Five or six tons is the limit for convenient handling, but,
of course, this will depend largely upon the shape of the mass. Larger
bodies are cut so as to yield pieces suitable for tramming and hoisting.
The time taken in the cutting depends upon the shape; sometimes a
narrow neck connects two outlying portions, in which case the division
1s facilitated. The photograph on the opposite page illustrates the
cutting of a mass weighing six tons.

It will be obvious that masses of portable size are less expensive
to extract than the very big ones; or, to put it in another way, six
lumps of 5 tons each and needing no cutting, will yield more profit
than one of 30 tons, which may require to be cut into five or six
portions. It is said that the great mass of the Minesota mine did not
leave much of a margin for profit, for this reason; and it 1s obvious,
from the description already given, that a good deal of vain effort
was expended in extricating that elephantine chunk; but the wages of
even the 20 men mentioned, who worked 15 months to remove it,
would aggregate only $18,000 at the most, and against this there
would be the 420 tons of copper; this would yield about 79 per cent
refined copper, or 324.17 tons, which, at $400 per ton, net cash on
delivery, after deducting cost of transport, conversion and sale, would
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Figure 19. Flat-bed railroad car taking mass copper
to the smelter. (MTU Archives)

yield a total of $129,668, so that the mining cost represents only 14
per cent of the value realized. As a matter of fact, the chips obtained
in cutting are usually enough to pay for the cost of the operation. The
27 tons of chips taken from the Minesota mass were worth, under the
conditions and prices of 1857, not less than $8,500; and it is certain
that the cost of extracting this particular mass was extraordinary, on
account of its size and the difficulty of getting it out of the lode. It
can be asserted confidently that no one in the Lake Superior country
is afraid to encounter mass copper for fear it should prove unprofitable!

Incidentally, it will be interesting to refer to the occurrence of native
silver. The largest piece of pure silver found within the last few years
was in the Mass mine, and it weighed 12 Ib. This piece formed pan

of the Michigan mineral exhibit at St. Louis. In 1873 a small boy,
while ‘cobbing’ or selecting bits of copper rock in the dump of the
National mine, at Rockland, broke, from a piece of conglomerate, a
lump weighing 16 Ib. Capt. J. C. Thomas, now at the Michigan mine,
and formerly at the ClLiff, states that he has seen pieces of practically
pure metal weighing from 25 to 30 Ib. taken from the Cliff mine, as
much as $500 worth being extracted in a single night by the men,
who presumably did not report the fact to the office. Many thousands
dollars have been taken from the mines of Lake Supenior in the form
of silver secreted by workmen, not to mention the specimens which
now enrich museums all over the world




GEOLOGY

Background

The native copper deposits of the Keweenaw Peninsula have in-
trigued investigators for over 150 years. When the first serious attempts
to study the district were undertaken following Douglass Houghton's
1841 report, native copper was still considered very rare and economic
concentrations of the native metal were unprecedented. Early inves-
tigators were perplexed by the deposits and assumed the copper to
have been emplaced in a molten state, accompanying or sometime
following the extrusion of the host basalt. It was not until the theories
of plate tectonics and continental drift became widely accepted that
a viable explanation for the lithologies and structures of the district
became available. Even then the mineralizing solutions were beheved
to have had a magmatic origin. Recent studies by Scofield (1976) and
others have indicated that the mineralizing solutions consisted of for-
mational brines which were heated by burial and migrated up porous
zones in the tilted and faulted host rocks, leaching elements from the
rocks in passing and depositing them nearer the surface. The extent
to which magmatic solutions may have interacted with these forma-
tional brines is still unknown.

Excellent detailed accounts of the geology and mineralogy of these
deposits can be found in Butler and Burbank’s U.5.G.S. Professional
Paper 144 (1929), in the works of Stoiber and Davidson (1959),
White (1968), Jolly and Smith (1972), Heinrich (1976), Scofield
(1976), and in GSA Memoir 156 edited by Wold and Hinze (1982),
among others. A number of additional works for the interested reader
are listed in the bibliography.

Geologic History

Approximately 1.2 billion years ago the mid-continent region of
present North America was ripped apart by an incipient rift system
which extruded vast quantities of flood basalts from fissures and vol-
canoes. The rift failed after 100 to 200 million years of intermittent
volcanism, leaving a sinuous scar of mafic extrusive and intrusive
rocks stretching across the central part of the continent. Geophysical
surveys have traced this feature from eastern Kansas northward into
western Lake Superior. From there it curves southward through eastern
Lake Superior and into the lower peninsula of Michigan. This ancient
rift system is presently exposed only in the western portion of the
Lake Superior district. Volcanism in this area peaked about 1.1 billion
years ago with the extrusion of over 7,400 meters of basalt and andesite
flows (the Portage Lake Volcanics) in a slowly subsiding structural
basin. Clastic sedimentation followed, and continental glaciation blan-
keted the region with up to 175 meters of till and outwash.

Rock Types

Extrusive Rocks

The first extrusive rocks to issue from the fissure system were the
two flows of the South Range Volcanics or Powder Mill Group. The
earlier of the two, the Siemens Creek Formation, consists of a basalt
flow with pillow structures at its base and some quartzite inclusions
from the underlying basement of older metasediments. This indicates
extrusion into a shallow basin with some water and reworked or
unconsolidated sediments present. The Kallander Creek Formation
followed with flows of intermediate composition. The South Range
Volcanics are poorly exposed but are believed to exceed 6,000 meters
in thickness. Core samples examined show some similarities to the
mineralogy and alteration observed in the overlying Portage Lake
Volcanics.

The Portage Lake Volcanics consist of several hundred separate
flows with thicknesses ranging from less than | meter to more than
500 meters. Textures (pipe amygdules) and mineralogy of the bases
of these flows indicate they were extruded under subaerial conditions
onto fairly wet surfaces. These surfaces were probably composed of
moist sediments or the weathered tops of previous flows. The flows
were extruded from several sources along the fissure system and often
vary laterally in thickness with respect to each other.

A total of 22 interflow conglomerates are included within the Portage
Lake Volcanics. These predominately felsic sedimentary beds include
both conglomerates and sandstones derived from the older metased-
iments and volcanic highlands exposed around the basin margin, with
only minor contributions from the younger basaltic flows. The con-
glomerate beds may reach thicknesses of 120 meters but pinch and
swell laterally and often pinch out entirely, leaving the boundanes
between flows marked by thin layers of weathered basalt. The con-
glomerate units were deposited by fluvial systems and as alluvium or
piedmont fans, possibly under arid to semi-arid conditions.

Clastic Rocks

The Portage Lake Volcanics are overlain by a group of sedimentary
rocks of Precambrian age known as the Oronto Group, which consists
of the Copper Harbor Conglomerate, the Nonesuch Formation and the
Freda Sandstone.

The Copper Harbor Conglomerate 1s composed of the Great Con-
glomerate, the Lake Share Traps and the Outer Conglomerate in
ascending order. The Great Conglomerate is very similar to the in-
terflow conglomerates of the Portage Lake Volcanics and is up to 710
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meters thick. The Lake Shore Traps, which represent the last gasp of
Keweenawan extrusive volcanism, are a series of flows interlayered
with the conglomerates, and are similar to the basalts of the Portage
Lake Volcanics. They reach a total thickness of up to 600 meters in
the northern portion of the district and thin towards the south, reaching
a thickness of 300 meters near Calumet. The flows pinch out com-
pletely near Houghton and reappear further south in the district. The
Outer Conglomerate is the uppermost unit of the Copper Harbor Con-
glomerate and may reach thicknesses of 800 meters or more. The
Copper Harbor Conglomerate represents an alluvial-fan clastic wedge
with minor extrusives; it reaches thicknesses of up to 2,100 meters.
Stromatolites within the Outer Conglomerate indicate deposition in
shallow ephemeral lakes under arid to semi-arid conditions.

The Nonesuch Formation consists of 75 to 215 meters of dark gray,
unmetamorphosed, argillaceous siltstone with subordinate sandstone
and shale units of Precambrian age. It is conformable and often gra-
dational with the Copper Harbor Conglomerate, and may be traced
northward from Wisconsin to near Calumet, where it dips beneath
Lake Superior. The Nonesuch Formation is locally hydrocarbon-rich
and was deposited under reducing lacustrine and deltaic conditions.

The Freda Sandstone conformably overlies the Nonesuch Formation
and is gradational with it. It is a red-brown sandstone with subordinate
siltstone which reaches thicknesses in excess of 1,500 meters in Mich-
igan and may exceed 4,000 meters in other portions of the district.
The sands were probably deposited as fluvial and floodplain deposits
under more oxidizing conditions than the Nonesuch Formation.

It 1s generally accepted that the Oronto Group is overlain, probably
conformably. by a series of red sandstones, conglomerates, siltstones
and shales known as the Jacobsville Formation in Michigan and the
Bayfield Formation in Wisconsin. An alternative theory holds that the
Jacobsville is time-equivalent to the Portage Lake Volcanics (Babcock,
1974, 1975 and 1976). These sandstones represent fluvial deposition

under mostly oxidizing conditions and reach thicknesses of 900 to
3,000 meters.

Intrusive Rocks

Intrusive rocks are not common within the copper district. They
consist of mafic dikes, which appear to be related to the onset of
volcanic activity, and younger, more acidic intrusions. A number of
rhyolite and related intrusions are scattered throughout the distnct; in
the Porcupine Mountains of Ontonagon County, a few rhyolite flows
occur within the uppermost Portage Lake Volcanics. A few of these
bodies are mineralized but only the felsites of the Indiana mine and
the syenodiorite and granophyre of the Mt. Bohemia intrusion have
shown economic potential. The structural relationship between these
intrusions and the country rocks, particularly a small rhyolite plug
northeast of Houghton which intrudes the Freda Sandstone, indicates
a relatively young age for this acidic volcanism.

Structural History

The structural history of the Michigan copper district started with
the incipient continental rifting mentioned previously. This initially
took the form of a gently subsiding basin which may have been fault-
bounded, as is typical of current rift-valley grabens. Continued sub-
sidence throughout the deposition of the volcanic and clastic sequences
resulted in a progressive steepening of the dips of earlier flows and
a thickening of individual flows basinward (Butler and Burbank,
1929). An angular divergence of up to 15 degrees thus exists between
the dips of the uppermost units of the Portage Lake Volcanics and the
more steeply dipping basal units. This angular divergence increases
to approximately 20 degrees when measured from the top of the
younger Copper Harbor Conglomerate.

The rift system began to fail and volcanism became less intense at
about the time of deposition of the Copper Harbor Conglomerate. The
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deposition of the Lake Shore Traps and the later acidic extrusive and
intrusive rocks marked the effective end of volcanism in the district.
Subsidence of the Lake Superior Basin continued throughout the dep-
osition of the Nonesuch Formation, Freda Sandstone and the Jacobs-
ville Sandstone. This was followed by a period of compressive tectonic
activity which resulted in numerous folds and faults, especially along
the edges of the Lake Superior Syncline.

The most important fault in the district is the Keweenaw Fault; this
structure defines the eastern boundary of the copper district for a
distance of between 160 and 250 kilometers. The Keweenaw Fault is
a high-angle to low-angle reverse fault which has thrust the basalts
of the Portage Lake Volcanics into contact with the younger Jacobsville
Sandstone to the east. The fault strikes approximately parallel to the
strike of the basalt flows and is displaced intermittently along its length
by other cross-cutting faults. Drag along the Keweenaw Fault has
resulted in tilting of the Jacobsville Sandstone to vertical in at least
one area, and has been reported to have overturned beds of the volcanic
sequence in one mine (Butler and Burbank, 1929).




Numerous other faults occur in the district, including bedding plane
faults and steeper faults, both normal and reverse, which cut the
volcanic sequence at angles ranging from nearly parallel to nearly
perpendicular to the strike. These faults range from minor fractures
and joints with little or no apparent displacement to major faults with
displacements of dozens of meters.

A major change in strike in the Portage Lake Volcanics occurs
northeast of Calumet. Folding and faulting at this flexure effectively
twisted the volcanic sequence, resulting in a steepening of the dips
of the formations by 20 to 30 degrees, measured from north to south.
Steepening of the dips continues south of Portage Lake, reaching
nearly vertical at the Baltic and Champion mines.

Mineralization

Mineralizing solutions are believed to have consisted of saline.
slightly alkaline fluids at temperatures of between 180° and 300° C
(Scofield, 1976). The solutions percolated upward following porous
fault and fracture zones, amygdaloidal flow tops (and bottoms) and
interflow conglomerate units. Timing of the mineralization was prob-
ably concurrent with the final compressional tectonic activity and
subsequent relaxation. This is evident from abundant mineralized
faults and fractures, reactivation of mineralized faults resulting in
“slickened sides,” mineralized bodies abruptly truncated by faults,
and other geologic criteria (Butler and Burbank, 1929). Bornhorst ef
al. (1988) have dated the mineralizing event at approximately 1,050
million years.

Deposition of ore and gangue minerals occurred in the same porous
areas which served earlier as channelways for the solutions and resulted
in three major deposit types: fissure deposits, amygdaloid deposits
and conglomerate deposits. The ore mineralogy of each is roughly

Fissure Deposits

The earliest and the most spectacular deposits mined in the district
have been the fissure deposits. The Copper Country boasted fissure
deposits ranging from small fractures filled with calcite, laumontite
and other gangue minerals, up to large fault zones which contained
masses of native copper weighing several hundred tons. Native silver
was a very important by-product from these mines, often providing
as much revenue as the copper itself. The fissures were found in every
size and orientation, and are widely distributed throughout the district.
Although the earliest mined and most famous fissures are located in
the extreme northern and southern portions of the district, other fissures
contributed significantly to production at both amygdaloid and con-
glomerate mines where they were encountered.

Amygdaloid Deposits

Mineralization in the ainygdaloidal basalt flows of the Portage Lake
Volcanics was confined largely to the vesicular and fragmental portions
in the upper and lower extremes of the flows. The massive interiors
of the flows were not mineralized, nor were they usually altered to
any great extent. Native copper filled vesicles, fractures and other
voids in the brecciated flow tops, creating large low-grade deposits
which are roughly stratiform in nature. Local pockets of high-grade
ore in the form of masses of native copper were found where fault
zones or unusually large voids were encountered in the basalts. As
in the fissure deposits, native silver was an important by-product in
the upper portions of the amygdaloid mines.

Alteration associated with the mineralization consisted of pervasive
albitization and purapellyitization of the basaltic groundmass with
widespread deposition of epidote, pumpellyite and prehnite in vesicles
and fractures.
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Figure 21. Workings in the Phoenix, Central
and CIifT fissures (Broderick, 1931).

similar, consisting of native copper and native silver as the primary
ore minerals with copper sulfides and arsenides as isolated but some-
times important secondary ore minerals. Gangue consists of calcite,
quartz, epidote, pumpellyite, prehnite and various zeolites and related
minerals.

Sulfide mineralization is sparse in the district and has been of
economic importance only locally.

Conglomerate Deposits
Ore mineralization in the conglomerate deposits consists of native
copper and lesser amounts of silver which fill interstitial voids around
clasts in the conglomerates and associated sandstones. The copper
often replaces the fine-grained matrix of the conglomerates, resulting
in pebble-size to cobble-size clasts surrounded by native copper and
silver. Native copper also replaced cobble-size to boulder-size clasts,
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Figure 22. Workings in the Atlantic mine in 1905
(Rickard).

resulting in copper pseudomorphs of the boulders or hollow casts of
the boulders where replacement was incomplete. These casts, locally
termed “skulls,” frequently contained chlorite interiors with quartz
and feldspar relicts of the original material. Copper pseudomorphs of
laumontite, feldspars and other minerals were often found within the
skulls and in rare cases their inteniors are lined with copper crystals.

Late-stage minerals such as barite have also been found within the
chlorite-filled interiors of the skulls.

Alteration within the conglomerate deposits was very similar to that
of the amygdaloid deposits. In addition to the chlorite alteration of
clasts mentioned above, deposition of epidote and pumpellyite was
common, although on a vastly lesser scale than that observed in the
amygdaloids.

Nonesuch Shale Deposits

The Nonesuch Shale hosts copper mineralization of economic sig-
nificance in Ontonagon County near White Pine, Michigan. At the
site of the White Pine mine, the formation is approximately 200 meters
thick and overlies about 115 meters of the Copper Harbor Conglom-
erate. Mineralizing fluids are believed to have traveled laterally
through the conglomerate and percolated upward to react with the
pyritiferous siltstones, shale and sandstones above. Mineralization is
largely confined to the lower 20 meters of the Nonesuch Shale and
the uppermost portions of the underlying Copper Harbor Conglom-
erate. The ore consists of native copper and silver in the lowermost
portion of the mineralized body and grades upward into a large,
disseminated sulfide (predominantly chalcocite) body which hosts the
majority of the ore mined. Native silver is a common by-product in
the lower portions of the orebody and in fracture fillings.

Other Sulfide and Arsenide Deposits
Although various sulfides have been reported from throughout the
district, significant concentrations other than the Nonesuch Shale de-
posit mentioned above are rare. The Baltic Amygdaloid in Houghton
County hosted large amounts of chalcocite with some other sulfides
and arsenides, and the Baltic and Champion mines exploited these
minerals along with the usual native copper.

Other areas of significant sulfide mineralization have been reported
to be associated with the acidic intrusives at Mt. Bohemia and else-
where in Keweenaw County.

Copper arsenides and arsenical copper were common in several
portions of the district, and arsenide veins were mined as ore at the
Mohawk mine in Keweenaw County. Arsenides of nickel and cobalt
were sometimes associated with those of copper.

“Oxide Zone" Mineralization

There is no evidence of widespread supergene enrichment in the
deposits of the Copper Country. However, isolated localities exist
which host minerals associated with the oxidized zones of supergene
deposits in other mineral districts. These minerals probably occur as
a result of deep weathering of the deposits. The most important of
these deposits is the Allouez mine in Keweenaw County. Cuprite
crystals in excess of 7 mm have been found associated with massive
cuprite, chrysocolla and native copper in the Allouez Conglomerate
at this site. The abundance and size of the cuprite crystals and the
quantity and distribution of other oxide-zone minerals present at this
locality indicate a pre-mining origin for these minerals.

A similar deposit of chrysocolla and associated minerals, including
a host of microminerals which are unusual for the district, occurs in
the amygdaloid at the Algomah mine in Ontonagon County. The major
ore minerals at this small mine site were apparently chrysocolla and
a black copper oxide identified as paramelaconite.

A third anomalous deposit in the district is associated with the
intrusions at Mt. Bohemia and the Mendota mine in Keweenaw
County. Mineralization consisting of native copper, chalcocite and
other sulfides is present within the intrusive bodies, in the adjacent
amygdaloidal flow tops and in associated fissures (Robertson, 1975).
Of most interest to the collector is the calcite gangue of the Lac La
Belle and Mendota fissures which hosts a variety of minerals including
outstanding malachite crystals. The malachite occurs as balls of ra-
diating acicular crystals which may exceed | cm in diameter and as
blocky crystals 5 mm or more in length. The crystals occur singly
and as rosettes on calcite crystals which are often coated with chry-
socolla and manganese oxide dendrites. Small amounts of chalcocite
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Figure 24. The Minesota mine workings in 1881.

and adularia found in the calcite gangue are believed to be relicts of
a calcite-chalcocite-adularia vein system (K. Schafer, personal com-
munication). It i1s believed that this mineral assemblage was acted
upon by meteoric waters resulting in the deposition of a secondary
suite of oxide-zone minerals. Whether this represents a true supergene
process or merely deep weathering of the chalcocite-rich veins is not
known.

Other occurrences of oxide-zone minerals which have an unques-
tioned pre-mining origin are rare but can be found in isolated instances
in the district, as crystals that are typically of very small size. Where
present, such crystals are usually protected as inclusions within gangue

minerals associated with the primary mineralizing event. Some ex-
amples include malachite inclusions in prehnite from the Centennial
#1 and #2 mines, kinoite inclusions in quartz and calcite from the
Laurium and La Salle mines, and an almost ubiquitous cryptocrys-
talline coating of cuprite and/or tenorite on uncleaned copper crystals.
This coating of copper oxides is prevalent on copper crystals through-
out the district, often including those encased in calcite. This indicates
that oxidizing conditions existed at least locally during the final stages
of mineralization, possibly resulting from ore solutions mixing with
meteoric waters.




OCCURRENCES

Although excellent crystallized copper and silver specimens have
been produced from most of the major mines, some mines have been
credited with more specimens than others. This may have resulted
from an unusually large number of specimens produced from a specific
locality, the relative ease of removing specimens from a particular
site, old collections preserved in museums reflecting the original col-
lectors’ association with or preference for specimens from certain
mines, or the notoriety of a mine caused by historical events or special
treatment given to it by a popular author. All too frequently this last
presents a complicating factor in that specimens whose exact locality
of origin are unknown may be erroneously attributed to a locality
which 1s currently well-known, either through ignorance of other
localities or in the hope of increasing its value to collectors particularly

interested in that locality. However, well-crystallized specimens of

copper and/or silver were common wherever large voids were en-
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been compiled from Butler and Burbank (1929), various issues of the
Copper Handbook (1900-1914) and the Mines Handbook (1916
1931), other works cited in the bibliography, and the author's own
observations. Production figures are largely from White (1968).

The Phoenix Fissure

In 1844, the Lake Superior Copper Company became the first
organized company to explore and acquire land in the district. Several
veins in Keweenaw County were discovered and the ground looked
good, but the work proved fruitless, and in 1849 the Lake Superior
Copper Company sold its holdings to the Phoenix Copper Company
This included the future site of the famous, but ill-fated, Phoenix
mine which produced over 17 million pounds of copper, over 25,000
ounces of silver and many of the finest copper specimens in existence,
but no profit.

W . ) ¥ -

".ij“_lf"i",]J’l\l;’t"‘ra"i‘.Ift‘-,.lr"'|‘\..I.-“'i.\_'/i.‘.j!f"\!a"i“-._'f|"-.l1"i‘q.l 4
£ T O A

or ﬁt[ su'r[- or h;ncmﬁl. - o
P

.-"'

s
Im

Zh

LIS LA TS 2 s LA

L)

b/ e

r\"“}"';* '

A .

countered in the heavily mineralized portions of the district. This is
particularly true of the fissure and amygdaloid mines where large voids
are fairly common, but less true in the conglomerate mines where
large voids are usually confined to fault zones. The interstitial spaces
of the conglomerate matrix are generally too small to allow the de-
velopment of large, well-formed crystals.

Because many mines in the district worked more than one lode
while in other cases several mines worked the same lode, and because
the character of each lode was relatively constant throughout its min-
eralizated extent, it is more appropriate to discuss occurrences in each
fissure and lode deposit rather than the individual mines. In the fol-
lowing discussion, much of the lithologic and historic information has

The Phoenix Copper Company worked the fissure from 1850 to
1853. From 1855 to 1917 the company worked intermittently on the
nearby Ashbed amygdalowd of the Phoenix and Garden Cuity (later
Caton Mining) properties, and work was not recommenced on the
Phoenix and adjacent Robbins (West Vein) fissures until 1863. The
Phoenix Copper Company purchased the Bay State Mining Company
in 1868, became the Phoenix Consolidated Copper Company in 1899,
and later acquired the St. Clair shaft on the nearby St. Clair fissure.
The Phoenix Consolidated Copper Company was sold to the Kewee-
naw Copper Company in 1923 and was later acquired by the Calumet
& Hecla Consolidated Copper Company. In all, the Phoenix fissure
was opened by three shafts, the Robbins (West Vein) fissure by three
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shafts, the St. Clair and Babbitt fissures by one shaft each, the Phoenix
Ashbed workings by six shafts and the Garden City Ashbed workings
by four shafts.

The Phoenix mine has produced many outstanding mineral speci-
mens but there is little hope of determining in which of the many
workings most specimens originated. Phoenix copper crystals exhibit
a variety of tetrahexahedral forms as well as euhedral dodecahedrons,
octahedrons and cubes, myriad combinations resulting in more com-
plex crystal habits. A mottled black-and-red tarnish is typical of many
Phoenix mine copper specimens, but such tenorite and cuprite coatings
were common from all fissure deposits and many amygdaloid lodes.
The feature is unfortunately not diagnostic of any one mine.

Few silver crystals were available for study from this locality and
those were distorted tetrahexahedrons h. Copper and silver crystals
are usually associated with one or more additional species including
calcite, quartz, analcime, apophyllite, barite, prehnite and epidote.

associated with calcite, quartz, analcime, apophyllite, prehnite, epi-
dote or pumpellyite. Microcrystals of these still abound on the waste
rock piles of the Cliff workings. Fine specimens of arborescent copper
crystal clusters to small cabinet size exhibiting cube, octahedron and
tetrahexahedron h faces have been (recently?) collected from the North
Chiff area. Silver crystals from the Cliff fissure exhibit the cube mod-
ified by tetrahexahedron h in smaller crystals, and also the, branching
clusters of elongated, twinned tetrahexahedrons that are so typical of
the district, in larger crystals.

The Copper Falls Fissures

The Copper Falls Company began work in 1845 on the Old Copper
Falls fissure in Keweenaw County which was exposed in the falls of
Owl Creek (Butler and Burbank, 1929). The Pethrick Mining Com-
pany was set off from the original property in 1861 to mine the nearby
Pethrick fissure (later known as the Copper Falls fissure) and reor-

Many of these contain copper inclusions, and calcite crystals occa-
sionally enclose copper phantoms. Analcime crystals, to 1 cm or more
in diameter, may exhibit complex groupings such as those described
by Penfield in 1885. These sometimes coat calcite or copper crystals,
themselves being partially covered by small (1 mm or less), stubby,
milky quartz crystals.

The CIiff Fissure

The CIliff fissure, in Keweenaw County, was first opened by the
Cliff mine (Pittsburgh and Boston Company) in 1845. The Cliff mine
was the first mine in the district to produce copper by systematic
mining techniques, and became the first to show a profit when $60,000
was paid in dividends in 1849, A total of $2,518,620 was paid out
in dividends from 1849 to 1883, making the Cliff one of only 3 fissure
mines to show an overall profit.

After the onginal discovery at the Greenstone amygdaloid bluff,
the fissure was traced to the northwest and southeast a total of almost
2 miles, and in 1853 and 1859 the South Cliff and North Cliff mines
were reorganized from the original Pittsburgh and Boston holdings.
The Cliff property was sold to the Cliff Copper Company in 1871,
and the mine remained open until 1887. The property was later pur-
chased and explored by the Calumet & Hecla Consolidated Copper
Company. The fissure was opened by a total of five shafts at the South
Chiff and four shafts and an adit at the North Cliff mines. Total
production from the Chiff fissure exceeded 38 million pounds of copper
(Butler and Burbank, 1929) and 60,000 ounces of silver (Olson, 1986).

Many fantastic cabinet-size specimens of crystallized copper and
silver have been produced from the Cliff fissure. These are commonly

ganized into the Ashbed Mining Company in 1880. These companies
mined six fissures and the adjacent Ashbed Amygdaloid lode. The
Old Copper Falls fissure hosted two shafts, the Copper Falls (Pethrick)
fissure carried nine shafts, the Owl Creek fissure had five shafts, the
Child and Bigelow fissures each had one shaft, and the Hill fissure
hosted no less than nine shafts. In addition, two shafts were opened
for the Ashbed workings. The Amold Mining Company, formed in
1863 to mine the Ashbed Amygdaloid and an associated fissure from
two shafts along Jacobs Creek to the west, acquired the property of
the Copper Falls Mining Company in 1898.

Mineralization of the Ashbed Amygdaloid is apparently similar to
that of the adjacent fissures, and there is no readily discernible dif-
ference in specimens from the fissures and amygdaloid. Copper and
silver crystal specimens are generally less common from this area than
from other prominent fissure deposits. An outstanding exception con-
sists of a number of fine, small (1 to 5 mm), hoppered, cubic silver
crystals associated with corroded copper, slightly weathered prehnite,
and barite from a small occurrence near the Copper Falls fissure. This
is a surface exposure, now worked out, reportedly discovered by a
local prospector using a metal detector in 1980 (Olson, 1986).

Fine datolite crystals up to 5 mm in diameter, usually containing
copper flecks as inclusions which result in a pinkish cast, brick-red

analcime and natrolite, and calcite have also been produced from the
area.

The Minnesota Fissure
The Minnesota fissure in Ontonagon County was discovered in the
bottom of a prehistoric mine pit in 1847 (18487) and the Minesota




isic] mine was opened in 1848. This was followed quickly by the
National mine later in 1848 and the Rockland mine which was set
off from the Minesota property in 1853. The Minesota and Rock-
land mines were later bought by the Michigan Copper Mining Com-
pany which in turn merged with the Mohawk Mining Company in
1923, Ore was mined from the Minnesota fissure, which occurred
in and followed the strike of the Minnesota Conglomerate, the re-
lated Branch fissure and the adjacent Minnesota Conglomerate and
Calico Amygdaloid. The tremendously rich Minnesota (and Branch)
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hexahedrons, sometimes modified by the cube or dodecahedron, and
commonly form in arborescent clusters. Associated minerals include
silver, calcite, quartz, adularia, prehnite, pumpellyite, datolite and,
rarely, microscopic crystals of actinolite, hematite and chalcocite.
Some of the best copper specimens produced from the district orig-
inated from the Central fissure although they are usually indistin-
guishable from those of the Phoenix and Cliff. A major difference
appears to be a general lack of apophyllite and the presence of adularia
and datolite at the Central mine.
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fissure, in addition to being the top producing fissure in the district
(over 61 million pounds of copper and 21,000 ounces of silver),
also has the distinction of having produced, as mentioned earlier,
the largest single mass of copper discovered in the Copper Country —
approximately 527 tons [or 420 tons; see p. 22]. The Minnesota
fissure was opened by a total of 30 shafts, including nine of the
Minesota mine, eleven of the Rockland mine, eight of the National
mine, and two others to the southwest. Unfortunately, few specimens
from these mines have survived.
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The Pewabic Amygdaloid Lode

In 1848 the Quincy Mining Company was formed to explore the
region around Portage Lake for fissure deposits. This was followed
by the formation of the Pewabic Mining Company in 1853, which
began exploration for fissure deposits in the same area of Houghton
County. When the Pewabic Mining Company discovered the Pewabic
Amygdaloid lode in 1856, both companies ceased operations on fis-
sures and started mining the rich amygdaloidal basalts. These became
the first companies to successfully mine the amygdaloid lodes in the
Copper Country.
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The Central Fissure

The Central fissure in Keweenaw County, located in 1854, was
first opened by the Central mine in 1855 and produced until 1898.
The Central Mining Company operated five shafts along the mile-
long fissure. Total production exceeded 51 million pounds of copper
and 14,000 ounces of silver, and dividends of $2,518,620 were paid
out to investors, making the Central, along with the Cliff and Minesota,
one of the three profitable fissure mines in the district.
The copper crystals of the Central mine are predominantly tetra-

The Concord Mining Company, formed in 1864 to mine the Ar-
cadian amygdaloid, was consolidated with the Pewabic Mining Com-
pany in 1868, separated from it in 1879, and was bought by the
Arcadian Copper Company in 18398. The Franklin Mining Company
(later known as the Franklin Company) began mining the Pewabic
Amygdaloid in 1857. The Albany & Boston Mining Company was
formed in 1860, expanded mining operations to include the Albany
& Boston (Allouez) Conglomerate in 1864, became the Peninsula
Copper Mining Company in 1882, and was finally sold to the Franklin
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Company in 1894 and renamed the Franklin Jr. property. The Franklin
Jr. property hosted four shafts which worked the Pewabic Amygdaloid,
two shafts which worked the Allouez Conglomerate, and an explo-
ration shaft on the Kearsarge Amygdaloid. The Rhode Island Mining
Company was formed in 1860, although work on the first shaft was
not begun until 1898, Like the Albany & Boston Mining Company,
the Rhode Island Mining Company mined both the Pewabic Amyg-
daloid and the Allouez Conglomerate, and was eventually absorbed
by the Franklin Company. The Rhode Island property hosted three
shafts.

The Quincy Mining Company became the dominant company min-
ing the Pewabic Amygdaloid, absorbing the Pewabic Mining Company
in 1891, the Mesnard and Pontiac properties in 1897, and the old
Franklin mine from the Franklin Company in 1908. Other properties
were purchased from the St. Mary’s Mineral Land Company in 1901,
the Arcadian Copper Company in 1906, and the Hancock Consolidated
Mining Company in 1915 and 1919. The Quincy Mining Company
had 9 shafts on the Pewabic Amygdaloid, with another 3 exploration
shafts on the St. Mary's property.

Other companies which mined or explored the Pewabic Amygdaloid
include the Hancock Mining Company (later the Sumner Mining Com-
pany in 1873, the Hancock Copper Mining Company in 1879 or 1880,
and the Hancock Consolidated Mining Company in 1906), which
mined the Pewabic Amygdaloid and the “Hancock lodes™ with four
shafts. The Hancock lodes consisted of the Quincy, West, Hancock
(Sumner) and other amygdaloids. The Naumkeg Copper Company
which explored the Pewabic Amygdaloid, the Ashbed/Atlantic Amyg-
daloid and the “Hancock lodes™ with one (?) shaft and four adits.

The Pewabic Amygdaloid actually consists of at least six separate,
relatively thin amygdaloidal flows. These flows are typically brown
or greenish brown in color with the flow tops oxidized to a distinctive
red color. The Pewabic Amygdaloid eventually produced over | billion
pounds of copper, an uncertain amount of silver, and many superb
crystallized copper and silver specimens.

The Pewabic Amygdaloid is probably best known for the calcite
crystals it has produced. These include water-clear individual crystals
to 15 ¢cm or more, fantastically complex twinned crystals and large,
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perfect scalenohedral crystals enclosing copper phantoms. The copper
crystals are usually complex, twinned and distorted, exhibiting te-
trahexahedral forms as well as the cube and dodecahedron. Silver
crystals typically form arborescent masses of elongated twinned tetra-
hexahedrons. Other associated species include quartz, calcite, pum-
pellyite, epidote, prehnite, microcline, adularia, analcime, porcela-
neous datolite, laumontite and hematite.

The Isle Royale Amygdaloid Lode

The Ohio and Isle Royale Mining Company, originally formed in
1845 to mine copper on the island of Isle Royale, transferred its
operations to the Keweenaw Peninsula south of Portage Lake in 1852
and discovered the Isle Royale Amygdaloid (also known as the Grand
Portage Amygdaloid) in Houghton County. Although this discovery
predated the discovery of the Pewabic Amygdaloid, development was
slow and dividends were not paid until after the company was reor-
ganized as the Isle Royale Copper Company, Inc., in 1899.

The Portage Mining Company was formed in 1852 to mine the
Grand Portage Amygdaloid, was reorganized as the Grand Portage
Mining Company in 1869, and suspended operations in 1884. The
Huron Mining Company was organized to mine the Isle Royale Amyg-
daloid in 1853, opened the Huron mine in 1855, was renamed the
Agawam mine in 1868, was again renamed Houghton mine in 1871,
and was reorganized as the Huron Copper Mining Company in 1880.

Following years of sporadic activity, the Ohio and Isle Royale
Mining Company acquired the Huron Copper Mining Company and
the Grand Portage Mining Company, becoming the Isle Royale Con-
solidated Mining Company in 1897. In 1899 it acquired the property
of the Miners’ Copper Company, formed in 1898 from the Frue and
Dodge prospects, and became the Isle Royale Copper Company, Inc.
The Isle Royale Copper Company had a total of seven main shafts
and at least seven older, or subsidiary, shafts on the Isle Royale
Amygdaloid, plus at least one shaft on the nearby Baltic Amygdaloid.

The Shelden Mining Company was formed to mine the Grand
Portage Amygdaloid to the north of the Ohio and Isle Royale Mining
Company property in 1853. In 1860 the property was sold and the
Columbian Mining Company was organized. This company was re-
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named the Shelden & Columbian Copper Company in 1864, and
became idle in 1870. One shaft was operated by the Shelden &
Columbian Copper Company.

The Isle Royale Amygdaloid is a coarsely fractured amygdaloidal
basalt flow with a thick flow-top breccia. The flow tops are heavily
oxidized and range in color from various shades of gray to brick red.
Rocks in the mineralized zones are altered to a green to greenish gray
color, or are bleached brown or gray with an appearance of having
been burned. Approximately 341 million pounds of copper have been
produced from the Isle Royale Amygdaloid.

Large copper and silver crystals from the Isle Royale Amygdaloid
are rare. Usually, copper crystals occur as small (1 mm or less)
individuals on prehnite, and are associated with silver, epidote, pum-
pellyite, quartz and calcite. Copper crystals are usually tetrahexah-
edrons, sometimes modified by the dodecahedron or, rarely, the oc-
tahedron. Euhedral dodecahedrons also occur. Wire copper crystals,
composed of tetrahexahedrons, dodecahedrons, or combinations of
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The Atlantic (Ashbed) Amygdaloid Lode

The amygdaloidal basalt lode known as the Atlantic in the southern
portion of the district and as the Ashbed in the north, was discovered
in 1864 and was mined until 1906 when the Atlantic mine was de-
stroyed by air-blasts created by massive caving of the older workings.
In the north, the lode was first opened by the old fissure mines discussed
previously. Companies which mined the Ashbed Amygdaloid include
the Phoenix Copper Company, the Copper Falls Mining Company,
the Garden City Mining Company, the Pethrick Mining Company,
the Humboldt Copper Company, the Ashbed Mining Company and
the Amold Mining Company.

The Atlantic Amygdaloid was first mined south of Portage Lake
by the South Pewabic Mining Company in 1865. In 1872 the Atlantic
Mining Company was formed by the consolidation of the South Pe-
wabic Mining Company and the Adams Mining Company. The At-
lantic Mining Company successfully mined the lode from six shafts
until 1906 when the mine was destroyed by cave-ins and air-blasts.
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the two, are common locally and may have silver crystals suspended
from them. Silver crystals are also usually small and associated with
copper and prehnite. Silver in this association crystallizes as the cube
modified by the tetrahexahedron h.

Other minerals include analcime, porcelaneous datolite, laumontite,
hematite, barite and saponite (as pseudomorphs after clinochlore).
Calcite which crystallized late in the mineralizing sequence rarely
forms as bright orange rhombohedral crystals associated with white
calcite, prehnite or analcime.

Many of these minerals, usually as microcrystals, may still be
collected on the old mine dumps of the Isle Royale and other mines.

One shaft was then opened to the southeast to explore the Baltic
Amygdaloid but little ore was found. Exploration continued untl 1911
when the properties of the Atlantic Mining Company were taken over
by the Copper Range Consolidated Company. The Atlantic Amyg-
daloid was also mined by the Hancock mine on the north shore of
Portage Lake.

The Atlantic, or Ashbed, Amygdaloid is a scoriaceous basalt (almost
a sandy conglomerate composed of basalt fragments). Highly oxidized
and largely fragmental, it is commonly chocolate-brown to red in color
and soft compared to other basaltic lodes in the district. The Atlantic
and other mines which worked the lode produced almost 143 million




pounds of copper.

The mineralogy of the Ashbed workings are detailed under the
various fissure deposits and little can be added from the Atlantic
workings except for rare cryptocrystalline azurite coating small pieces
of gangue material.
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the north of the various Osceola Amygdaloid workings.

The Osceola Amygdaloid is largely a fragmental lode with some
non-brecciated cellular amygdaloidal zones below an extensive brec-
ciated flow top. The thickness of the lode varies considerably and
abruptly along its strike. The Osceola Amygdaloid is generally highly
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The Osceola Amygdaloid Lode

The Osceola Mining Company, formed in 1873 to mine the Calumet
and Hecla Conglomerate, discovered the Osceola lode in 1877. Pro-
duction began in 1879 and the Osceola Mining Company became the
Osceola Consolidated Mining Company in 1879 with the acquisition
of the Opechee property. In 1897 the Tamarack Junior Mining Com-
pany and Kearsarge Mining Company were acquired. With the ac-
quisition of the Kearsarge property, renamed the North Kearsarge
mine, the Osceola Consolidated Mining Company expanded its op-
erations to include production from the Kearsarge Amygdaloid lode.
This was followed by the opening of the South Kearsarge mine in
1899,

The Osceola Consolidated Mining Company worked the Osceola
lode from six shafts until 1920 when production was halted. The
company was taken over by the Calumet & Hecla Consolidated Copper
Company in 1923, and the property has been the focus of intermittent
interest since that time. In addition to its workings on the Osceola
Amygdaloid, the Osceola Consolidated Mining Company holdings
included three shafts on the Calumet and Hecla Conglomerate, the
Tamarack Junior mine with two shafts on the Calumet and Hecla
Conglomerate, and the North Kearsarge mine with four shafts and the
South Kearsarge mine with two shafts on the Kearsarge Amygdaloid.

Other companies to mine the Osceola Amygdaloid lode include the
Tecumseh Copper Company in 1880 with two shafts, the Centennial
Mining Company in 1891 from two shafts, the Calumet & Hecla
Mining Company in 1904 with six shafts, and the Allouez Mining
Company with two shafts. The very similar Iroquois Amygdaloid lode
was opened by the Iroquois mine with production from two shafts to

o 2 L

SECRETARY FRES/DEN

oxidized to a light or medium gray color and often has a bleached or
burned appearance, especially in sandy or scoriaceous areas which
resemble the Ashbed Amygdaloid. The Osceola Amygdaloid was the
fourth most productive amygdaloidal lode in the district with over
5A0 million pounds of copper produced. Many superb specimens of
copper, silver, datolite and other species have been preserved from
the Osceola Amygdaloid.

Copper crystals range from clusters of large, distorted tetrahex-
ahedrons, some modified by trapezohedrons, to small tetrahexahedral
or dodecahedral crystals on prehnite. These last are commonly as-
sociated with small silver crystals and may occur as wires exhibiting
tetrahexahedral development. Silver crystals to 1 cm occur as cubes
modified by the tetrahexahedron h and as larger crystals in branching
aggregates of elongated, twinned tetrahexahedrons.

Perhaps the most significant specimens to be produced from the
Osceola Amygdaloid are datolite crystals, with a slight greenish cast,
to 8 cm or more on a matrix of prehnite. These lustrous, euhedral
crystals are the best datolite crystals from the district and compare
favorably with any other datolite occurrences in the world. Other
minerals produced from the lode include calcite, quartz, epidote,
pumpellyite, microcline and adularia.

The Kearsarge Amygdaloid Lode

The most productive amygdaloid lode in the Copper Country, the
Kearsarge, was discovered in 1874 and first opened by the Wolverine
mine in 1882. The Wolverine Mining Company became the Wolverine
Copper Mining Company in 1890 and was absorbed by the Mohawk
Mining Company in 1923. The Wolverine Copper Mining Company




operated four shafts on the Kearsarge lode and an exploratory shaft
on the Osceola lode to the west. The Mohawk Mining Company was
formed in 1898 to mine copper arsenide fissures and the Kearsarge
lode from lands of the old Fulton Mining Company (formed in 1853
to mine the Fulton fissure from four shafts). The Mohawk Mining
Company acquired the Wolverine Copper Mining Company and the
Michigan Copper Mining Company (consisting of the old Minesota,
Rockland and Superior mines) in 1923 and closed the Wolverine mine
in 1925 pending further exploratory work. In all, the Mohawk Mining
Company operated six shafts on the Kearsarge lode in addition to
those of the Wolverine mine.

The Kearsarge Mining Company was formed in 1887 to mine the
Kearsarge lode north of the Wolverine property and south of the future
site of the Mohawk mine. In 1897 the Osceola Consolidated Mining
Company absorbed the Kearsarge Mining Company, renamed its four
shafts the North Kearsarge shafts, and, in 1899, opened the South
Kearsarge mine with two shafts located to the south of the Wolverine
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solidated Mining Company, the Centennial Copper Mining Company,
the Ahmeek Mining Company, and the Allouez Mining Company in
1923 to form the Calumet & Hecla Consolidated Copper Company.

South of the Calumet & Hecla property, the Kearsarge Amygdaloid
was mined by the Laurium Mining Company in 1910 (?) with one
shaft, and the La Salle Copper Company in 1906 with four (or five?)
shafts, and investigated by many others. North of the Mohawk prop-
erty, the lode was mined by the Gratiot Mining Company beginning
in 1910. The property of the Gratiot Mining Company was acquired
by the Seneca Copper Corporation in 1920 which became the Seneca
Copper Mining Company in 1925. In all, the Seneca mine operated
four shafts, two of which were shafts of the old Gratiot mine.

Further north, the Kearsarge Amygdaloid lode was worked by the
Ojibway Mining Company with two shafts, and investigated by the
Kearsarge shaft of the Cliff mine and two (three?) shafts of the Misk-
wabik exploration, among others.

The Kearsarge Amygdaloid has been traced for over 35 miles along
the Keweenaw Peninsula. Although in places it is actually two or
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Between the North Kearsarge and Mohawk properties lies the Ah-
meek mine. Originally formed in 1880, the Ahmeek Mining Company
started its first shafts on the Kearsarge lode in 1903. Ore from the
Kearsarge Amygdaloid and the Mass fissure was mined from four
shafts of the Ahmeek mine, which later became the Ahmeek Branch
of the Calumet & Hecla Consolidated Copper Company upon con-
solidation with that company in 1923. The Allouez Mining Company,
originally formed in 1859 to mine the Allouez Conglomerate, also
mined the Kearsarge Amygdaloid in this area starting about 1905.
Like the Ahmeek Mining Company, the Allouez Mining Company
was absorbed by the Calumet & Hecla Consolidated Copper Company
in 1923,

South of the South Kearsarge mine, the Kearsarge lode was mined
from two shafts of the Centennial Copper Mining Company. Formed
as the Schoolcraft Mining Company to mine the Calumet and Hecla
Conglomerate in 1863, the company became the Centennial Mining
Company in 1878, expanded to include production from the Osceola
Amygdaloid in 1891 and became the Centennial Copper Mining Com-
pany in 1896. In 1898 the company suspended operations on the
Calumet and Hecla Conglomerate lode, and in 1900 suspended op-
erations on the Osceola Amygdaloid lode and began production from
the Kearsarge Amygdaloid lode. The company continued production
from the Kearsarge lode until 1923 when it was absorbed by the
Calumet & Hecla Consolidated Copper Company.

The Calumet & Hecla Mining Company began production from
both the Osceola and Kearsarge amygdaloid lodes from two shafts
each in 1904, This company was consolidated with the Osceola Con-

more thin basalt flows, the Kearsarge Amygdaloid generally consists
of a highly oxidized flow-top breccia underlain by well-developed
banded amygdule zones and massive basalt. The color ranges from a
strong brick-red in the oxidized portions of the flow to a purple-gray
in the less oxidized basalt. Epidote is very common in the Kearsarge
Amygdaloid and often gives mineralized areas a pronounced greenish
cast. The Kearsarge lode produced over 2 billion pounds of copper
and many of the finest crystallized copper specimens now in existence.

A large number of very fine crystallized silver specimens has also
been preserved from the mines on this lode. Although this may rep-
resent a greater than average amount of “high-grading™ by miners
(who considered silver encountered during mining operations as their
property and a fringe benefit of the job), it may also indicate that an
unusually large number of silver specimens were available from the
deposit. Recent examinations of mine sites throughout the district
conducted over the period of years by the author indicate that silver
is apparently more common in the waste rock piles of mines on the
Kearsarge Amygdaloid than those of mines on other lodes. Moreover,
the silver from the Kearsarge is more likely to form as concentrated
masses exhibiting well-crystallized forms rather than as many smaller
specks. Whether this actually indicates a higher than average silver
crystal content for Kearsarge ores, as opposed to unrepresentative
sampling, or whether it is a function of the sheer volume of Kearsarge
material available for study is still unknown.

As in most other deposits of the district, the most common forms
for copper crystals in the Kearsarge lode are the various tetrahexa-
hedrons, usually in twinned and distorted masses. Other forms ob-
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served include the dodecahedron, cube, octahedron and a host of
combinations such as the cube modified by octahedron, and dodec-
ahedron modified by tetrahexahedron and trapezohedron. Silver crys-
tals also follow the norm for the district, with larger crystals forming
branching aggregates of elongated, twinned tetrahexahedrons and
smaller crystals forming cubes, the tetrahexahedron h or combinations
of the two.

Virtually every common mineral from the district may be found
from one mine or another along the Kearsarge lode. By far the most
common, and perhaps diagnostic of specimens from the Kearsarge
Amygdaloid, are euhedral epidote crystals occurring as individual
crystals or druzy crusts with small quartz crystals in most open spaces
within the lode. Both epidote and the associated quartz are generally
3 mm or less in size, although epidote crystals reaching sizes of up
to 5 mm have been observed.

Quartz crystals, in addition to the small crystals discussed above,
are euhedral, clear to milky individuals or clusters of crystals up to
several centimeters in length. Quartz from the Kearsarge lode often
encloses other minerals as anhedral to euhedral inclusions. These
include copper from the Centennial # 1 and #2 mines and the Laurium
mine; kinoite, which forms faint blue phantoms in the quartz, from
the Laurium and La Salle mines; and a member of the chlorite group
or, rarely, hematite, which forms phantoms within the quartz and also
coats crystals from the Ojibway mine. Quartz crystals are often par-
tially or completely coated by saponite, earthy hematite, epidote,
chlorite or copper and commonly are encased in calcite.

Other minerals observed include calcite, prehnite, pumpellyite, var-
ious copper arsenides from the Mohawk area, microcline, adularia,
datolite crystals with copper inclusions, white porcelaneous datolite
nodules, analcime, rare barite crystals from the Centennial mines and
microcrystals of chalcocite, calumetite from the Centennial mines,
and at least two unidentified species.
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controlled by the Copper Range Company and the St. Mary's Mineral
Land Company.

The Baltic lode was investigated further to the south by the Globe
Mining Company and the Challenge Mining Company, each with one
shaft, and the Contact Copper Company and Wyandot Copper Com-
pany as part of larger exploration programs. To the north of the Baltic
Mining Company property, the Section 16 shaft of the Atlantic Mining
Company investigated the Baltic lode from 1901 to 1911. In 1911
the Copper Range Company purchased the Atlantic Mining Company
and, in 1925, dissolved it and absorbed its assets.

North of the Atlantic mine Section 16 shaft, the Superior and West
amygdaloid lodes are believed to be northern extensions of the Baltic
and West Baltic lodes, respectively. The Superior Copper Company
was formed to mine the Superior lode in 1904 with first production
in 1908. The mine produced from two shafts until 1920 and was
purchased by the Calumet & Hecla Consolidated Copper Company
in 1925. North of the Superior Copper Company, the Houghton Copper
Company (1910) mined the Superior lode from one shaft from 1915
to 1917.

The Baltic horizon was traced further north by two shafts of the
Isle Royale Copper Company and by explorations of the Arcadian
Consolidated Copper Company to the north of Portage Lake.

The Baltic Amygdaloid is a relatively thick, dense, dark basalt with
a well-developed flow-top breccia. Although well oxidized, the lode
is not as thoroughly oxidized as the Kearsarge or some of the other
amygdaloid lodes, and is usually a dark gray or reddish gray color.
An abundance of iron-rich carbonates in the mineralized portions of
the lode gives the more highly oxidized rocks of the Baltic Amygdaloid
a rich brownish cast.

Stratigraphically above the Baltic Amygdaloid is a very similar but
thinner basalt flow known as the West Baltic Amygdaloid. Mineral-
1zation in this lode is apparently identical with that of the Baltic lode
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The Baltic Amygdaloid Lode

The Baltic Amygdaloid lode in Houghton County was first discov-
ered by test pits in 1882 on land owned by the St. Mary's Canal
Mineral Land Company. The Baltic Mining Company was organized
in 1897, purchased the mine site, and began production in the following
year. Production was stopped in 1916, and in 1917 the company was
absorbed by the Copper Range Company. In all, the Baltic Mining
Company sank six shafts on the property.

South of the Baltic Mining Company property, the Trimountain
Mining Company with four shafts and the Champion Copper Company
(1899) with five shafts began production from the Baltic lode in 1902.
The Trimountain Mining Company was absorbed by the Copper Range
Company in 1923, and the Champion Copper Company was jointly

and the two are usually grouped together under the same name.

The Baltic Amygdaloid was the second most productive amygdaloid
lode in the district, producing, along with the closely related Superior
Amygdaloid, over 1.8 billion pounds of copper.

Few copper and silver crystal specimens have survived to the present
tume. Most of those studied are from the Champion mine and consist
of arborescent groups of small crystals exhibiting tetrahexahedral,
dodecahedral or cubic forms. Some cubic copper crystals were ob-
served to be modified by the tetrahexahedron h. No silver crystal
specimens were available for study.

Quartz, calcite and various copper sulfides and arsenides are also
common from the Baltic amygdaloid, but rarely as high-quality crystal
specimens.
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The Evergreen Lodes

The Evergreen Series in Ontonagon County, comprised of the
Knowlton, Merchant, Mass, North Butler, Butler, South Butler,
Ogima, Evergreen, and other amygdaloid lodes, was first investigated
in 1848 by the Piscatauqua mine.

The Piscatauqua mine was sold to the Bohemian Mining Company
in 1853, which was sold, in turn, along with the Great Western and
Algonquin (later known as the Penn) properties to the Belt Mining
Company in 1882. No serious attempt to mine these properties was
undertaken until they were consolidated, along with the Chippewa
property, by the Lake Copper Company in 1905. This company, and
later the closely associated North Lake Mining Company (1908) and
the South Lake Mining Company (1909, formerly the Aztec Mining
Company of 1863) began production from the Evergreen Series and
the related Lake lode in 1909,

\ @l sttt >+ 70—

Forest Amygdaloid, and the Indiana (1862) which originally started
operations in a red felsic intrusive body.

The Evergreen Series is currently being worked for specimens by
Richard Whiteman of Red Metal Minerals. Superb specimens in every
size range have been produced and many of the specimens used in
this study were supplied from the Caledonia and other properties of
this (and the Adventure mine of a previous) mining venture.

The amygdaloids of the Evergreen Series are generally massive
basalts with fewer amygdules than the flows to the north. Minerali-
zation 1s usually confined to well-developed flow-top breccias or fis-
sures of all sizes which are very common in the area. The bright red
and green color of the mineralized portions of these lodes, caused by
an abundance of red feldspar and green epidote and pumpellyite in
the altered rock, makes them distinct from the mineralized lodes to
the north. Records are incomplete but the Evergreen Series and related

b .

Other companies to mine the Evergreen Series and related amyg-
daloids include the Adventure Consolidated Copper Company (1898)
consisting of the Adventure (1850), Hilton (formerly Ohio, 1850),
Merchants (1853), and Knowlton (1853) properties; the Toltec Con-
solidated Mining Company (1855) composed of the Toltec and Farm
(1851) properties; the Mass Consolidated Mining Company (1899)
consisting of the Ridge (1850), Mass (1855), Ogima (1857), Merrimac
(1863), Hazard (?), and, later, the Evergreen Bluff (1853) properties;
the Caledonia Mining Company (1863, formerly the Nebraska Mining
Company of 1853) which was bought by the Flint Steel Copper Com-
pany (1871, formerly the Flint Steel River Miring Company of 1850)
in 1871; and many others including the Norwich (1855), the Firesteel
(1852), the Algomah (1852) which worked the Algomah Amygdaloid,
the Victoria (1899, formerly the Cushin of 1849) which worked the

amygdaloids apparently produced over 85 million pounds of copper
(White, 1968).

Copper crystals of the Evergreen senes generally follow the distnict
norm in crystal habits. The tetrahexahedrons ¢ and h are most common
and are commonly twinned and distorted, with the dodecahedron,
usually modified by the trapezohedron n, the cube, usually modified
by the tetrahexahedron h or the octahedron and various complex
combinations of the common forms. An exceptional specimen, col-
lected from the waste rock piles of the South Lake mine in 1973,
contains a perfectly formed 3-mm twinned tetrahexahedron ¢ modified
by the docdecahedron.

Silver crystals also follow the district norm, with smaller crystals
occurring as cubes, the tetrahexahedron h or combinations of the two,
and larger crystals as elongated, twinned tetrahexahedrons.




Epidote from the Evergreen Series is usually less vitreous and more
poorly crystallized than that of the northern deposits and is commonly
a lighter shade of green. This, combined with the close association
with red microcline, is sometimes diagnostic of specimens from this
portion of the district. Microcline adularia, commonly containing
copper inclusions, can also be diagnostic of specimens from the Ev-
ergreen Series due to its bright orange color and more widespread
occurrence compared with specimens from the north.

Quartz is also a common accessory mineral. Quartz crystals from
the Evergreen Series average 2 to 5 mm but may reach lengths of
several centimeters or more. Quartz from these deposits commonly
contains inclusions of copper as small anhedral blebs and euhedral
crystals. Calcite, rarely containing tenorite or chalcocite as inclusions,
is common as complex scalenohedrons which often exhibit “girdle
twinning.”

Other minerals include prehnite, porcelaneous datolite, hematite
and analcime. Microcrystals of chalcocite have been observed on
copper from the Adventure mine and earthy tenorite commonly coats
copper vugs in the Mass mine. Particularly stunning are bright, un-
tarnished, 1-mm cubic silver crystals, sometimes modified by the
tetrahexahedron h, in vugs of jet-black tenorite-coated copper from
the Mass mine.

Hecla Mining Company in 1917, and the other companies with pro-
duction from the Calumet and Hecla conglomerate were merged with
the Calumet & Hecla Mining Company in 1923 to form the Calumet
& Hecla Consolidated Copper Company. This, along with the sinking
of the Red Jacket shaft, brought a total of 34 shafts on the Calumet
and Hecla Conglomerate under the control of the Calumet & Hecla
Consolidated Copper Company. The Calumet and Hecla Conglomerate
was the most productive lode in the district with total production
exceeding 4.2 billion pounds of copper.

Copper crystals from the Calumet and Hecla Conglomerate are
usually of the tetrahexahedral form. Silver crystallized as cubes mod-
ified by the tetrahexahedron h in small crystals and as elongated,
twinned, tetrahexahedrons in larger crystals. Associated minerals in-
clude calcite, quartz, epidote, pumpellyite, members of the chlorite
group and, rarely, powellite and barite.

The Allouez Conglomerate

The Allouez Conglomerate lode in Houghton and Keweenaw Coun-
ties (originally named the Albany and Boston Conglomerate) was
discovered by the Albany & Boston Mining Company in 1860 with
first production in 1864. The company was renamed the Peninsula
Copper Mining Company in 1882, and was sold to the Franklin Com-
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The Calumet and Hecla Conglomerate Lode

The Calumet and Hecla Conglomerate deposit in Houghton County
was discovered in 1864. It was first mined by the Calumet Mining
Company, formed in 1865, and shortly thereafter by the Hecla Mining
Company, formed in 1866. These two companies merged in 1871
and, with the additional purchase of the properties of the Portland
Copper Company and the Scott Copper Company, became the Calumet
& Hecla Mining Company. The Calumet & Hecla Mining Company
mined the Calumet and Hecla Conglomerate lode from 16 shafts and
in 1904 began production from the Kearsarge and Osceola amygdaloid
lodes with two shafts on each.

Other companies to open mines on the Calumet and Hecla Con-
glomerate include the Osceola Mining Company (later the Osceola
Consolidated Mining Company) in 1873 with three shafts, the Cen-
tennial Mining Company (later the Centennial Copper Mining Com-
pany) in 1878 with seven shafts, the Tamarack Mining Company in
1882 with five shafts, and the Tamarack Junior Mining Company, set
off from the Tamarack Mining Company in 1888 and absorbed by the
Osceola Consolidated Mining Company in 1897, with two shafts.

The Tamarack Mining Company was absorbed by the Calumet &

pany in 1894. The mines were renamed the Franklin Junior mines
and the two shafts which had been producing from the Allouez Con-
glomerate continued to operate until 1909.

The Allouez Mining Company of 1859 began sporadic production
from the Allouez Conglomerate in 1869. This continued until 1892
when all production from the Allouez Conglomerate was suspended.
The company began production from the Kearsarge Amygdaloid in
1905 and was absorbed by the Calumet & Hecla Consolidated Copper
Company in 1923. In all, the Allouez Mining Company had four
shafts on the Allouez Conglomerate lode. Total production was some-
what in excess of 72.5 million pounds of copper.

Far to the north, the Conglomerate Mining Company mined the
Allouez Conglomerate and various fissures from the Delaware mine
in 1882. The Delaware mine hosted 5 shafts on the Allouez Con-
glomerate.

Other mining companies, including the Rhode Island Mining Com-
pany (later the Rhode Island Copper Company), explored the Allouez
Conglomerate, but little production followed.

Mineral species occurring in the Allouez Conglomerate include
copper, silver, calcite, quartz, epidote, chrysocolla, and cuprite. One
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specimen of copper crystals found on the waste rock piles of the
Allouez mine in 1973 exhibited twinned and distorted tetrahexahedral
development.

The Nonesuch Shale

The Nonesuch Shale deposit in Ontonagon County is of such unique
character that it is usually considered separately from other deposits
in the Copper Country. Although mining ventures had been undertaken
in the area since 1845, it was not until 1867 that the Nonesuch Mining
Company first attempted to mine the disseminated copper deposits of
the Nonesuch Shale. The Nonesuch Mining Company concentrated
its efforts on obtaining the native copper found in the lowermost and
faulted portions of the unit, and ignored the much more prevalent
sulfides which occurred just above the native copper zone. Some
copper and silver were produced, but most of the copper was too
finely divided to be recovered with existing technology, and the mine
never showed a profit.

The Calumet & Hecla Mining Company took an interest in the
Nonesuch Shale in 1909, and in 1912 opened the Number | shaft of
the White Pine mine on the site of an older shaft started in 1881.
Three more shafts followed and in 1915 the White Pine Copper Com-
pany began production as a subsidiary of the Calumet & Hecla Mining
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Company. The White Pine Copper Company was sold to the Copper
Range Company in 1937 and new technologies for mining and milling
the finely-disseminated ore were developed. These techniques proved
successful, and in 1955 the White Pine Copper Company resumed
production with an output of over 62 million pounds of copper — more
than three times the total previous production of the entire Nonesuch
Shale deposit. By 1965, over | billion pounds of copper had been
produced and production continues to the present day.

All specimens studied from the Nonesuch Shale deposit originated
from the White Pine mine. In addition to crystals of copper and silver,
crystals of calcite, chalcocite, marcasite, chalcopyrite, galena and
superb crystals of barite have been found, mostly in calcite veins
filling fractures. Kerogen and lighter hydrocarbons occur in sufficient
quantities to sometimes prove a nuisance to miners and are commonly
present on crystal specimens. Copper crystals are usually tetrahexa-
hedrons and silver crystals usually form as small cubes which may
be modified by the tetrahexahedrons h and e. Larger silver crystals,
while rare, were observed to exhibit the tetrahexahedral forms ¢ and
h with the octahedron, cube and dodecahedron as minor modifiers
Recently, spectacular specimens of elongated, wire-like, cubic copper
crystals were produced, some with a thin coating of silver on the

copper.




COPPER & SILVER

Copper and silver are closely related in the Copper Country and
similarities in occurrence, associated minerals and crystal habit are
extensive. Both minerals have been observed from virtually all major
deposits in the district, and museum-quality specimens have been
preserved from most. Native copper was the primary ore mineral in
the Copper Country and its widespread occurrence there is unique
among mining districts. Native silver, in lesser amounts, is equally
widespread but is generally confined in occurrence to the upper por-
tions of the deposits.

Copper and silver often occur together in what have come to be
known as “half-breeds.” Half-breeds frequently consist of rounded
nuggets of intermixed copper and silver up to many centimeters in

diameter. These nuggets are not actually mineral specimens in the
strict sense because most are a product of the district’s stamp and ball
mills. The copper and silver, although naturally occurring, have been
mashed together by the pounding of the mills and their original forms
thus altered to their present nugget-like shape. Such specimens exhibit
a rounded, pounded appearance and, when cut, often display a dis-
torted or smeared crystal form.

Legitimate nuggets of copper and silver do occur in the glacial till
of the district. These nuggets, sometimes weighing tons, are known
as “float copper™ because they “floated” in the ice of glaciers after
being ripped from the bedrock by the glacial erosion process. Such
specimens were deposited with the glacial gravels (“float™) as the ice
melted away and can still be found in glacial deposits throughout the
district and beyond.

Of far more value to collectors are half-breed specimens consisting
of intermixed copper and silver crystals. The deposition of silver
generally postdated that of copper but many specimens exist which
clearly show copper deposition during and after silver crystallization.
Usually, copper crystals on silver represent a second or third generation
of copper mineralization; the silver is often perched upon earlier copper
crystals. Rarely, such late-stage copper encases euhedral crystals of
minerals normally associated with the final stages of mineralization
in the district. An example is a perfectly formed barite crystal partially
encased by euhedral copper crystals from the Humboldt mine in Ke-
weenaw County. Paragenetic studies by the authors indicate that up
to three generations of copper and two generations of silver miner-

Figure 26. (above) Silver crystal
aggregate, 2.5 cm, on copper,
from the Osceola mine. Seaman
Museum collection.

Figure 27. (left) Copper-silver
““half-breed’” slab, 14.8 cm,
from the Calumet & Hecla
mine. Harvard collection.




alization may exist in some portions of the district.

In some cases silver coats copper crystals as an epitaxial overgrowth.
Such coatings have been observed on specimens from the White Pine Figure 28. (right) Type
and Caledonia mines in Ontonagon County, the Isle Royale and Laur- 1 branching growth in
ium mines in Houghton County, and the Cliff and other mines in Michigan copper
Keweenaw County. Superb specimens of cubic silver microcrystals (Dana, 1886).
in an epitaxial relationship to larger copper crystals of cubic, octahedral

and tetrahexahedral habit have been noted from the Ojibway mine in
Keweenaw County.
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Figure 29. Branching copper crystals
(Type 1), 7 cm, from the Champion mine.
Seaman Museum collection.

Copper commonly forms pseudomorphs of other minerals from the
district. Excellent specimens of copper replacing microcline, lau-
montite, and porcelaneous datolite have been found; and copper coat-
ings on quartz, calcite, adularia, epidote and prehnite are common.
Copper is also present as inclusions in quartz, calcite, prehnite, ad-
ularia, barite, datolite, analcime, apophyllite, laumontite and natrolite.

CRYSTALLOGRAPHY
Copper and silver crystals of the Copper Country exhibit a wide
variety of habits ranging from unmodified versions of simple forms
to complicated crystals exhibiting a combination of forms. Both copper
and silver crystallize in the isometric (cubic) crystal system. The most
common forms are the cube a{001}, dodecahedron d{011}, octahedron
o{111} and various forms of tetrahexahedrons (especially h{014},
e{012}, and {035}). Numerous other forms occur as modifiers of these
basic forms, but do not occur as unmodified forms themselves. Com-
binations of these forms result in complex copper crystals of wide
variety. An excellent detailed study of copper crystallography was
published by Dana (1886).
Copper and silver twin according to the spinel law on the (111) or
octahedral plane. Twins are usually of the simple contact variety
although they may be distorted by elongation, and interpenetration
twins have been reported (Dana, 1886). Twinned crystals of both
copper and silver are common in the Copper Country.
Two basic types of simple parallel grouping of copper crystals have
been described by Dana (1886). In the first (Type 1), crystals are
elongated along one or more of the cubic axes with repeated growth
along their lengths. This results in a 3-dimensional arborescent form Figure 30. Type 1 branching cop- Figure 31. Copper from the
with “branches™ at right angles to the “stem.” This type is most per crystals, 7.6 cm, Keweenaw Champion mine, 9.5 cm, show-
frequently observed with crystals exhibiting the form of the cube or Peninsula. Seaman Museum, ex ing Type 1 branching pattern.
tetrahexahedron, particularly A. George B. Robbe collection. Louis Lafayette collection; photo
by Debra Wilson.




In the second type (Type 2), crystals are twinned and elongated in
the plane of the octahedron (111) with elongation along one of the
diagonals of the octahedron within the twinning plane. Repeated
growth of crystals elongatec along the two remaining diagonals of the
octahedron yield a two-dimensional arborescent form with branches
at a 60° angle to the stem. This type is most frequently observed with
crystals exhibiting the form of the tetrahexahedrons or cube with the

Figure 34. Branching growth (Type 2) in silver
and copper crystals.

Figure 32. Branching growth
(type 2) in copper crystals
(Dana, 1886).

Figure 33. (left) Copper crystal group, 12 cm wide,
showing twinned plates of Type 2 growth. Michigan;
Wayne State University collection.

Figure 35. Silver crystal group, 6.1 cm, show-
ing Type 2 branching from the Seneca mine.
Terry Wallace collection.
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Figure 36. Branching growth (Type 3) in copper
crystals.

octahedron, dodecahedron and other forms as frequent modifiers. This
type of grouping is common for copper and represents the most com-
mon form for larger silver specimens from the Copper Country.

A third type of grouping (Type 3), has been observed in this study
in copper specimens from the Phoenix mine in Keweenaw County.
As in Type 1, the crystals are elongated along the cube axes. This
grouping is repeated along an octahedral axis resulting in a three-
dimensional arborescent form with branches joining at an angle of
60° to the octahedral axis and at 120° to each other when viewed down
that axis. This form was observed in several specimens consisting of
dodecahedral crystals modified by the trapezohedron n, and a hex-
octahedron (y (18,10,5)?) among others.

A systematic examination of copper specimens from throughout the
district (for this study) has shown that most reported crystal habits
may be found at most localities if enough specimens are studied. Thus,
there does not appear to be any relationship between the crystal habit
of copper or silver and the locality or lode of origin within the district.
Rather, the crystal habit of both copper and silver appear to be related
to the sizes of the individual crystals. This is graphically illustrated
by specimens of copper crystals, 4 mm or less in diameter, in close
association with prehnite and commonly also with quartz and calcite.
Such specimens are common from most amygdaloid lodes throughout
the district. Of thousands of specimens examined in this study, nearly
70% of the copper crystals with identifiable forms proved to be the
tetrahexahedron {057}, and half the remainder are this form modified
to some extent by the dodecahedron. (The identification of the form
{057}, not previously reported from the district, was determined by
contact goniometric techniques and should be considered preliminary
until confirmed by reflection goniometric techniques.) The remainder
are comprised of dodecahedrons, with the cube and octahedron as
rare minor modifying forms. Larger copper crystals display a much
higher proportion of other tetrahexahedral forms as well as the do-
decahedron, cube and octahedron. Similarly, silver crystals of less
than | mm diameter are usually simple cubes, the tetrahexahedron h
or a combination of the two. Larger silver crystals almost invariably
form branching aggregates of elongated, twinned tetrahexahedrons of
the forms e or h such as those discussed above.

Tetrahexahedrons are the most common forms for copper crystals
from the Copper Country. Dana (1886) identified seven tetrahexahedral
forms for copper. The three forms h{014}, ¢{012} and {035} appear
to be the most common in Michigan, with the form {057} as an
important possible fourth. These rarely occur as unmodified crystals;
they are commonly associated with the cube, octahedron, dodeca-
hedron and each other as well as less common forms.

Tetrahexahedral copper crystals are often twinned on the (111) plane
and are commonly elongated. This is particularly true of the form e,

Figure 37. Copper crystals, S cm, showing red-
dish cuprite patina and Type 3 arborescent
growth, from the Phoenix mine. The green ma-
terial is a mixture of microcrystaline adularia
and atacamite. Marc and Debra Wilson col-
lection; photo by Debra Wilson.

Figure 38. Elongated copper crystal showing
striations (Dana, 1886).

which is sometimes modified by the octahedron, the dodecahedron,
and the tetrahexahedral form h. Very beautiful specimens of copper
result when these elongated twins form complex branching aggregates
of parallel-growth crystals. Hoppered tetrahexahedrons, although rare.
do occur.

Wire copper crystals of the tetrahexahedral form {057} are com-
monly associated with prehnite. These crystals are single tetrahex-
ahedrons which have grown hundreds of times further in one crys-
tallographic direction than in the others. Wire crystals are usually
curved due to imperfections in the crystal lattice and may branch and
terminate in euhedral crystals.

The dodecahedron most commonly occurs as crystals 2 mm or less
in diameter associated with prehnite. Careful study under high mag-
nification is often required to distinguish these from the very similar
tetrahexahedrons {057} and /. Dodecahedral copper crystals associated
with prehnite can form wires similar to the tetrahexahedron {057}.
The unmodified dodecahedral form is less common in larger copper
crystals although dodecahedral crystals 9 cm and more in diameter
have been observed. Dodecahedral copper crystals are commonly




Figure 42. Simple tetrahexahedrons (bottom),
and modified by the cube (top); copper from
Michigan. The upper right drawing shows the
common contact twinning on (111) (Dana,
1886).

Figure 39. Spiral wire copper, 9 mm, probably
resulting from a screw dislocation; from the
Osceola mine. Marc and Debra Wilson collec-
tion; photo by Debra Wilson.

Figure 40. Well-developed copper crystal show-
ing cube and tetrahexahedron faces, 1.5 cm,
from the Keweenaw Peninsula. Gilbert Gau-
thier collection; photo by Nelly Bariand.

Figure 41. Unusual copper crystal group, 4.6
cm, showing tetrahexahedral faces in oscilla-
tory growth, from the Keweenaw Peninsula.
Seaman Museum collection.

modified by the trapezohedron n(112), which bevels the edge of the
dodecahedron.

The cube is an unusual habit for copper crystals in the Copper
Country. This form rarely occurs unmodified; it is usually associated
with the tetrahexahedron h and less commonly with other tetrahex-
ahedrons or the octahedron. Hoppered cubes of copper have been
produced from several localities, and branching aggregates of twinned
parallel-growth crystals also occur, although more rarely than the




Figure 46. Tetrahexahedral copper crystal on
matrix, 5.8 ¢cm, probably from Houghton
County. Richard Kosnar collection.

Figure 43. Copper crystal showing tetra-
hexahedral habit, 5.7 cm, from the Ke-
weenaw Peninsula, Michigan. Wayne
State University collection.

Figure 44. Simple dodecahedron.

Figure 45. Large dodecahedral crystals of cop-
per: (left) 3.3 cm, modified by narrow trape-
zohedron faces, from the Calumet & Hecla
mine. Seaman Museum collection, ex Donald
C. Gabriel collection. (right) 3.2 cm, on matrix,
from the Osceola mine. Seaman Museum col-
lection, ex John T. Reeder collection.

similar tetrahexahedral groupings. The cube is a common modifier of
other forms observed in the district.

The octahedron is the rarest of the simple forms of copper crystals
in Michigan. It is extremely rare as an unmodified form and is almost
exclusively observed as a modifier of other crystal forms. Octahedral
copper crystals are usually modified by the dodecahedron which bevels
the edges or by the cube which truncates the corners

Like copper, silver crystallizes in the isometric crystal system in
the same four basic crystal forms. The abundance of these forms
differs between copper and silver however.




Figure 47. Cubic copper crystal group, 3.6 cm,
from the White Pine mine. Seaman Museum
collection.

Figure 48. Hoppered cubic copper crystal
group, 5.8 cm, from the Ahmeek mine. Seaman
Museum collection, ex Donald C. Gabriel col-
lection.

Figure 49. Cube habits
showing various modifica-
tions, from Michigan
(Dana, 1886; vom Rath,
1878).

Figure 50. Copper crystal group, 5.4 cm tall,
showing rare octahedron modified by hexoc-
tahedron, from Houghton County. Richard
Kosnar collection, ex B. S. Butler collection.




Figure 51. (above) Skeletal cubic crystal ag-
gregates of silver on prehnite, 1.2 cm tall, from
a surface exposure near the Copper Falls mine
(collected in 1980). D. Olson specimen.

Figure 52. (right) Silver, in hoppered cubic
crystals, 3.8 cm across, from the same outcrop
near the Copper Falls mine. Don Olson collec-
tion.

Figure 54. Intergrown and twinned silver and
copper crystal group, 9 cm, from the Lake Su-

perior mine. Seaman Museum collection.

The most common form for silver crystals in the Copper Country
is the elongated twinned tetrahexahedron discussed above. Silver in
this form generally occurs in complex branching aggregates of parallel-
growth crystals. Untwinned tetrahexahedral crystals of silver have
been observed but are rare. The cube and octahedron are common
modifiers of silver tetrahexahedrons, both twinned and untwinned.

The cube is also a common form for silver in Michigan and occurs
as twinned aggregates similar to those of the tetrahexahedrons men-
tioned above. Unmodified cubes are unusual and are most often ob-
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Figure 53. Silver crystal group, 3.0 cm,
showing cubic habit, from near the Copper
Falls mine. Don Olson collection.

served in crystals | mm or less in size. Larger cubes are commonly
modified by tetrahexahedrons but may occur as superb hoppered in
dividuals and clusters at some localities.

The dodecahedron is very rare as a form for silver crystals in the
Copper Country, but spectacular specimens have been observed. The
octahedron is encountered only as a modifying form among silver
crystals from the Copper Country. However, as with copper, twinned
cubes and tetrahexahedrons which could be mistaken for octahedrons
are common.




Figure 55. (left) Sceptered, twinned tetrahedral
copper crystal, 1.8 cm, from the Caledonia
mine; with tenorite coating and pink adularia.
Marc and Debra Wilson collection; photo by
Debra Wilson.

Figure 56. (below) Copper crystal group, 8.7
c¢m, with prehnite, from the Phoenix mine. Sea-
man Museum collection, ex Joseph Rawlings
collection (chief engineer at the Cliff mine, ex
John T. Reeder collection.

Figure 57. Copper crystal group (above),
from “Lake Superior,” 3.7 cm tall. Harvard
collection.

Figure 58. (right) Copper crystal group, 6.3 cm,
with reddish cuprite oxidation coating, from
the Kearsarge lode. Seaman Museum collec-
tion, ex William Weir collection (Captain at
Calumet & Hecla’s South Hecla branch).

Figure 59. (below) Copper, in eurved, irregular,
vermiform crystals, 10.8 cm, from the Quincy
mine. Gene Schiepp collection.

Figure 60. Copper “skull,” 5.8 cm, from the
Centennial no. 3 mine. Don Olson collection.




MINERALOGY

The great anomaly of Michigan's Copper Country is the fact that
the overwhelming majority of the ore mined has consisted of native
copper —a mineral which is relatively rare in most other commercial
copper deposits. The outstanding groups of crystalline copper and the
superb, large, euhedral, single copper crystals from this district are
unmatched for crystal perfection, size and quality in comparison with
any other district in the world. In contrast, the more common oxides,
sulfides and other copper minerals that are so prevalent in other famous
mineral localities are unusual, and good-quality crystal specimens of
these species are almost completely lacking in the Michigan copper
district.

This being the case, micromineral collectors avidly seek out such
rarities as chalcocite, malachite, azurite, cuprite, kinoite and numerous
more esoteric copper minerals which may be found in small amounts
on waste rock piles scattered throughout the district. Many of the sites
where these specimens have been collected in the past have been
exposed to weathering for long periods of time, over 100 years in
some cases. Therefore, there is some question as to whether these
minerals, typically associated with the oxidized zones of other mineral
districts, are part of the true mineralizing sequence in the Copper
Country, or have resulted from post-mining weathering. Although
micromineral specimens of these species can be found in representative
samples from throughout the district, larger crystals which are iden-
tifiable without magnification and are of unquestioned pre-mining
origin are far more rare.

Another item which should be noted is that some mineral species
may have come about as a result of mining activities. This is partic-
ularly true of the chlorides (which may have resulted from the inter-
action of saline mine waters with the freshly exposed ores) and the
nitrates (which were not noted by the miners in the mines until after
the relatively recent introduction of Ammonium Nitrate-Fuel Oil blast-
ing compounds to the district; Louis Lafayette, personal communi-
cation). The fact that some of these species are water soluble and
occur in fairly wet environments supports a theory of post-mining or
syn-mining origin for these minerals. Similar arguments have been
advanced for some occurrences of halite, gypsum and other evaporite
minerals.

Because of the vast number of mine sites in the district and the fact
that microcrystals of almost any mineral common to the district may
be found with diligence at most sites, it is beyond the scope of this
work to attempt to catalog all mineral occurrences in the district. The

following catalog of minerals will therefore concentrate on mineral
species and will identify only those localities which are of particular
interest due to rarity of occurrence or the exceptional quality of spec-
imens produced.

Acanthite Ag.S

Acanthite has been found at the White Pine mine in Ontonagon
County, in association with silver and erythrite.

Actinolite Ca,(Mg,Fe*"),51,0,,(0H),

In 1989 microscopic acicular actinolite crystals were discovered
associated with prehnite, datolite, copper and hematite at the Central
mine in Keweenaw County. Identification was based on optical prop-
erties and electron microprobe analysis.

“Adularia” (see microcline)
Albite NaAlSi,0,

Albite occurs as microcrystals lining vesicles and fractures in the
Osceola and Kearsarge lodes. It is associated with microcline adularia
and other species, and is a widespread alteration product of the basalts
of the volcanic sequence (Heinrich, 1976).

Algodonite  Cu,As

Algodonite occurs as sharp microcrystals and massive material at
the Champion mine on the Baltic lode and the Mohawk mine on the
Kearsarge lode. It is associated with arsenian copper and copper
arsenide minerals (Heinrich, 1976).

Analcime NaAlSi,0,-H, O

Analcime occurs as euhedral crystals from less that | mm to over
6 cm in diameter at numerous localities throughout the district. Colors
range from water-clear and colorless to snow-white, orange and brick-
red, commonly with copper inclusions. It is associated with caicite,
quartz, copper, natrolite, fluorapophyllite, and other minerals of the
district. Complex crystal composites which form around a single crys-
tal nucleus, described as re-entrant twins by Penfield in 1885, are
common in some localities, particularly in the fissure deposits of
Keweenaw County.

Anhydrite CaSO,
Pale lavender microcrystals of anhydrite occur in the Isle Royale




Figure 63. Analcime crystals with golden
pseudocubic calcite, 5.5 cm, characteristic of
the Phoenix mine. Seaman Museum collection,
ex D. C. Gabriel collection.

lode in Houghton County. They are associated with siderite, gypsum
and dolomite (Heinrich, 1976).

Ankerite Ca(Fe** Mg Mn)CO,),

Ankerite occurs as massive material in the Baltic and Isle Royale
lodes in Houghton County (Heinrich, 1976). Although recognizable
crystals have not been reported, microcrystals may well exist.

Annabergite Ni,(AsO,),8H,0
Annabergite occurs with other massive arsenates and arsenides in

the Mohawk mine on the Kearsarge lode in Keweenaw County (Hein-
rich, 1976).

Anthonyite Cu(OH,Cl),-3H,0

Anthonyite occurs as lavender microcrystals in the Centennial # |
and #2 mines in Houghton County. It is associated with other halides
and copper minerals (Heinrich, 1976).

Atacamite Cu,CI(OH),

Microcrystals of atacamite have been found at the Algomah mine
in Ontonagon County, the Centennial #1 and #2 mines in Houghton
County and the Allouez mine in Keweenaw County. It is associated
with other halides, chrysocolla and other copper minerals (Heinrich,
1976). It has also been discovered as a secondary stain on copper and
microcline adularia from the Phoenix mine in Keweenaw County.

Azurite Cu,(CO,),(OH),

Azurite is extremely rare in the Copper Country. It usually consists
of very fine crystals or cryptocrystalline stains on well-oxidized rocks
such as those from the Atlantic mine in Houghton County.

Figure 61. Analcime from the

Keweenaw Peninsula (Penfield,
1895).

Figure 62. Simple trapezohedron
habit typical of Michigan anal-
cime.

Figure 64. Babingtonite crystal, 0.8 mm, from
the Cliff mine. Dan Behnke collection and
photo.

Babingtonite Ca,(Fe** Mn)Fe*’Si,0,(OH)
Babingtonite was found at the Cliff mine in 1972, as lustrous black
microcrystals to 2 mm (Dan Behnke, personal communication).

Barite BaSO,

Barite occurs in small amounts throughout the district. Fine crystals,
although rare, have been produced from the Phoenix mine, Humbold
mine, Copper Falls mine and other localities in Keweenaw County,
the Centennial #1 and #2 mines, mines on the Isle Royale lode and
elsewhere in Houghton County, and in several localities in Ontonago
County. The habit is platy, and the color is gray, greenish gray and
creamy white to colorless. Associated minerals include calcite, quartz,
hematite, prehnite and copper. In the White Pine mine in Ontonago
County, barite crystals occur in sizes from microscopic to in excess
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of 7 cm. Barite roses have been found with fluorite in calcite veins
cutting the Copper Harbor Conglomerate in Keweenaw County.

Bastnaesite-(Ce) (Ce, LayCO,)F
Bastnaesite-(Ce) is an unusual rare-earth mineral found in micro-
scopic amounts in the Nonesuch Formation (Heinrich, 1976).

Bornite Cu,FeS,

Bornite occurs in small amounts at various localities throughout the
district. Occurrences include the White Pine mine in Ontonagon
County, the Baltic, Isle Royale and Kearsarge lodes in Houghton
County and the Mendota mine in Keweenaw County. It is associated
with various other sulfides and gangue minerals (Heinrich, 1976).

Braunite Mn**Mn, *SiO,,

Braunite has been found as blebs and crystals at the Manganese
mine in Keweenaw County (Behnke, 1986). It is associated with
pyrolusite, orientite, manganite and barite (Heinrich, 1976).

Brochantite Cu, (SO NOH),

Brochantite was reported by Bee and Dagenhart in 1985 from the
lark mine in Keweenaw County (Behnke, 1986).

Brucite Mg(OH),
Brucite has been found in the Isle Royale and Kearsarge lodes as

assive material and as an alteration product of laumontite (Heinrich,
1976).

Buttgenbachite Cu, Cl(NO,),(OH),,2H.,0

This mineral has been found in the Centennial #1 and #2 mines
n Houghton County. It is associated with cuprite and malachite and
s post-mining in origin (Heinrich, 1976).

alcite CaCoO,

The Copper Country has long been famous for the spectacular calcite
rystals produced from various mines throughout the district. The
rystals occur in every size from microscopic to larger than 18 cm in
ength. Twins are common, as are numerous complex forms composed
bf myriads of unusual crystal faces. Colors range from water-clear

d colorless to pale yellow, gray, brown, orange, black, and red to
pure white. Inclusions within calcite crystals are very common, es-
pecially chalcocite and/or tenorite in the mines in the southern portions

Figure 65. (left) Analcime with copper inclu-
sions, forming molds after calcite crystals; a
later generation of calcite crystals encloses cop-
per within the molds. The specimen, 5.8 cm
tall, is from the Phoenix mine. Marc and Debra
Wilson collection; photo by Debra Wilson.

Figure 66. Barite crystals to 6.4 cm, from the
White Pine mine. Marc and Debra Wilson col-
lection; photo by Debra Wilson.

Figure 67. Orange calcite crystal, 3.6 cm, from
the Adventure mine. Seaman Museum collec-
tion, ex Dr. and Mrs. Paul Trudgen collection.




Figure 69. Copper in calcite crystal group, 8.5
cm, from the Franklin mine. Seaman Museum
collection, ex John T. Reeder collection.

Figure 70. Copper in calcite
crystal group, 22 cm tall, from
the Quincy mine. Seaman Mu-
seum collection, ex Thomas
Whittle collection (Quincy
Mine Captain, 1889-1912).
Photo by Ron Bentley.

Figure 68. Copper in butterfly-twin calcite
crystal, 4.5 cm, from the Quincy mine. Seaman
Museum collection, ex John T. Reeder collec-
tion, ex Thomas Whittle collection (Quincy
Mine Captain, 1889-1912).

of the district, cuprite (variety chalcotrichite) in the Allouez mine in
Keweenaw County, native copper throughout the district, and nu-
merous other species. By far the most impressive and most sought
after by collectors are transparent scalenohedral crystals with bright
copper phantoms inside. Beautiful specimens of calcite with copper
phantoms have been found in numerous mines throughout the district.

Some of the more famous localities for fine calcite specimens include
the Adventure, Mass, Caledonia and other mines in Ontonagon
County; numerous mines on the Isle Royale, Pewabic, Osceola and
Kearsarge lodes in Houghton County; and the Kearsarge and Ashbed
lodes and fissure mines in Keweenaw County. Many excellent works
have been completed on the calcite crystals of the Copper Country




and more information may be obtained from Palache (1898), Palache
(1944), and numerous others.

Calumetite Cu(C1,0H),-2H.,0

Calumetite occurs in the Centennial #1 and #2 mines in Houghton
County. It is believed to have been formed by acidic mine waters
interacting with ore minerals (Heinrich, 1976).

Chabazite CaAl,Si,0,,°6H,0

Chabazite has been reported from the northeastern tip of the Ke-
weenaw Peninsula and elsewhere in Keweenaw County. It is reportedly
associated with other zeolites (Heinrich, 1976).

Chalcocite Cu,S

Chalcocite occurs in minor quantities throughout the district. Mi-
crocrystals have been found at many mine sites on the Kearsarge lode
in Houghton and Keweenaw counties, in the fissure deposits of Ke-
weenaw County, and in the Adventure mine in Ontonagon County.
Exceptionally fine microcrystals have been found at the Seneca #2
mine in Keweenaw County where they occur with analcime, calcite
and possibly apophyllite (K. Schafer, personal communication),
Larger crystals have been produced from the White Pine mine in
Ontonagon County. Associated minerals often include copper, prehn-
ite, calcite, analcime, malachite and other copper minerals. Chalcocite
also occurs as microscopic inclusions in calcite crystals from the
Quincy mine in Houghton County; the Kingston, Central and Mendota

Figure 71. Copper in calcite crystals,
3.8 cm, from the Quincy mine. Sea-
man Museum collection, ex Lucius L.
Hubbard collection. (Stereopair)

Figure 72. Calcite crystal, 3 cm, par-
tially enclosing copper, from the
Quincy mine. Seaman Museum col-
lection, ex John T. Reeder collection.
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mines in Keweenaw County; and the South Lake, Adventure, and
Mass mines in Ontonagon County, among others.

Chalcopyrite CuFeS,

Chalcopyrite has been found as microcrystals at the White Pine
mine in Ontonagon County and as anhedral masses and vein fillings
elsewhere in the district. An exceptional specimen with rounded crys-
tals in excess of 2 mm in size reportedly came from the Baltic mine
on the Baltic lode in Houghton County. Chalcopyrite is associated
with other sulfide minerals, calcite, quartz and other species common
to the district.

Figure 73. Chalcocite crystal group, 6.3 mm,
from the White Pine mine. Dan Behnke col-
lection and photo.




Figure 74. Calcite crystals from the Keweenaw Peninsula (Palache, 1898). (1) Copper Falls
mine, (2) Central mine, 1.3 cm, (3) Minesota mine, 2.5 cm, (4) 6 mm, (5) minute crystal, (6)
7.6 cm, (7) 2.5 cm, (8) size and locality not given, (9) 3.8 cm, (10) Phoenix mine, small, (11)
about 1 cm, with copper inclusions, (12) minute crystal, (13) Ridge mine, Ontonagon County,
2.5 ¢cm, (14) 5 cm, water-clear, (15) Central mine, 2.5 cm, with copper inclusions, (16) 6.3
cm, (17) 6.3 cm, (18) Quincy mine, 5 cm, (19) 2.5 cm, (20) Copper Falls mine, 5 cm, (21)
minute crystal, (22) Ridge mine, 2.5 cm, (23) 6 mm, and (24) 5 cm. Palache borrowed these
specimens for study from the Bement, Hubbard, Harvard, Whiting, Munich, Brush, Pumpelly,
Chynoweth, Vaux, Smyth and Schoonmaker collections.







Chamosite (Fe*? Mg, Fe*"),Al(Si,A1)0,,(OH,0),

Chamosite is a chlorite-group mineral frequently found as an al-
teration product of basalt. “Thuringite,” a ferrian vaniety, is common
throughout the district (Heinrich, 1976).

Chlorargyrite AgCl

Chlorargyrite was reported from the district near the turn of the
century (Van Hise and Leith, 1911). No specimens were available for
authentication by this study.

Chlorite Group (Mg, Al Fe*?),(S1,Al),0,,(OH),

Chlorite-group minerals are common wherever altered basalts exist
in the Copper Country. They often line vesicles and fractures and are
frequently found as an alteration product of fault gouge material, in
some cases showing slickensides. Chlorite-group minerals identified
in the district include: clinochlore (variety “pennine™ or “penninite™),
ferroan clinochlore (“ripidolite™ or “prochlorite”), chamosite and fer-
roan chamosite (“thuringite”). Chamosite has been reported in the past
as “delessite,” and “melanolite” and “diabantite,” all now considered
obsolete terms (Heinrich, 1976; Fleischer and Mandarino, 1991).

Chloritoid (Fe**,Mg,Mn),AlSi,0,,(0H),
Chloritoid is similar to the minerals of the chlorite group and is
found associated with them (Heinrich, 1976).
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Figure 76. Chrysocolla-lined vug, 5.1 mm,
from the Mendota mine. Dan Behnke collection
and photo.

Figure 77. Chrysocolla pseudomorph after
malachite ribbons to 1.8 mm, from the Boston
Road prospect, Houghton County. Dan Behnke
collection and photo.

Chrysocolla (Cu,Al),H.Si,0,(0H),-nH,O

Chrysocolla occurs at several locations in the Copper Country. It
is abundant at the Algomah mine in Ontonagon County where it
constituted one of the major ore minerals along with tenorite and
paramelaconite; and in the Allouez Conglomerate, especially at the

Allouez mine, in Keweenaw County. Chrysocolla also occurs in a
massive vein in Copper Harbor and in small concentrations at various
othei iocalities throughout the district. One exceptional locality 1s the
Mendota mine in Keweenaw County where it is found as a coating
on calcite crystals associated with malachite crystals and balls, and
cuprite.

Clinochlore (Mg, Fe**),Al(Si,A1)O,,(OH),
Clinochlore is a chlorite-group mineral common throughout the
district.

Copper Cu

Copper occurs as euhedral to subhedral crystals, anhedral masses,
vein fillings (sheet copper), vesicle fillings (shot copper) and as pseu-
domorphs after calcite, laumontite, microcline, adularia and porce-

Figure 75. Tenorite-coated copper crystal from
the Phoenix mine, showing the development of
tetrahexahedron growth ridges on an octahe-
dron face as described by Dana (1886). Col-
lection of Marc and Debra Wilson; photo by
Debra Wilson.

Figure 78. Copper crystal group, 5.6 cm, from
the Centennial mine. Seaman Museum collec-
tion, ex John T. Reeder collection.
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Figure 79. Large native copper speci-

men, 29.5 cm, from the Franklin mine.

Seaman Museum; collected by Charles
Kendall.

A

Figure 80. Single crystal of copper, 3.4
cm tall, from the Phoenix mine. Don
Olson collection.

Figure 81. Copper crystal group, 8.3
cm, from the Central mine. Seaman
Museum collection, ex Donald C. Ga-
briel collection.




Figure 83. Copper crys-
tal group, 15.9 cm,
showing red and black

(cuprite and tenorite)
patina, from the
Phoenix mine. Seaman
Museum collection.

Figure 82. Copper crystal
group, 13.3 cm, from the
Phoenix mine. Seaman Mu-
seum collection.




laneous datolite. It also occurs commonly as inclusions in, coatings
on and casts after most major minerals in the district, including calcite,
quartz, prehnite, microcline, analcime, laumontite and datolite. In
addition to the above, it is associated with silver, epidote, pumpellyite,
natrolite, barite and many other species. Copper is nearly ubiquitous
within the district, excellent crystal specimens having been produced
from nearly every mine at one time or another. Many superb micro-
crystals and, occasionally, larger crystals may still be found on waste
rock piles throughout the district.

Covellite CuS

Covellite 1s a rare species in the Copper Country, occurring as an
alteration product of chalcocite. It has been noted in the White Pine
mine in Ontonagon County and the Cliff and Mendota mines in Ke-
weenaw County (Heinrich, 1976). It is associated with chalcocite,
digenite, chalcopyrite, bornite, pyrite, hematite and greenockite. Mi-
nute crystals of covellite and chalcocite occur as inclusions in calcite
crystals from the Kingston mine in Keweenaw County.

Cuprite Cu,O

Cuprite is widespread in the district although well-formed crystals
are not common. Superb octahedral cuprite crystals in excess of 7
mm have been found at the Allouez mine in Keweenaw County. They
occur in the interstices of the Allouez Conglomerate and are associated
with chrysocolla, native copper and malachite. The acicular variety
has also been noted at the Allouez mine, where it forms inclusions
in calcite, coloring it a bright red. Microcrystals have been found at
the Algomah mine in Ontonagon County and the Mendota mine in
Keweenaw County. Numerous other localities host microcrystals but
most are believed to be a result of post-mining weathering of other
copper minerals.

Cuprite also occurs as a cryptocrystalline coating with tenorite on
copper crystals. The coating is most commonly found on crystals from
northern Houghton and Keweenaw counties but has been noted in
numerous other localities throughout the district. Some copper spec-
imens show discrete microscopic crystals of cuprite on their surfaces
but these are usually of a post-mining origin.

Datolite CaBSiO,(OH)

Datolite is a common mineral throughout the district. It occurs in
two distinct forms: as discrete, vitreous crystals and as porcelaneous
nodules within the altered basalt flow tops. The porcelaneous variety,

Figure 84. Copper crystal, 4.8 cm, on matrix
from the Calumet mine (?), Houghton County.
Richard Kosnar collection.

Figure 85. Reddish (cuprite patina) copper
crystal, 2.2 ¢m, on quartz matrix with pum-
pellyite, from the Quincy mine. Seaman Mu-
seum collection, ex John T. Reeder collection.

Figure 86. Cuprite crystals to 1.4 cm, from the
Allouez mine. Seaman Museum collection, ex
John T. Reeder collection.

which is unique to the Copper Country, has a caulifiower-like surface
and ranges in color from white to gray, brown, red, orange, yellow
and various pastel shades including green. It commonly contains cop-
per inclusions and is valued by local collectors for its beauty as a
lapidary matenal.

Attractive crystal specimens have been produced from the Osceola
and other mines on the Osceola lode, the Laurium and other mines
on the Kearsarge lode, various mines on the Ashbed lode and some




Collection of Wayne Sukow

Figure 87. Datolite nodules. Clockwise from top-left: Clark mine (8.4 cm);
Delaware mine (4.5 cm, 3.8 cm); Centennial mine (10.6 cm); Lake Superior,
off Manitou Island (left, 4.6 cm) and off High Rock Point (right, 3.3 cm);
with copper, from the Amygdaloid mine (3.3 cm); Calumet & Hecla mine
(3.6 cm); Lake Superior, off Isle Royale (left, 5.7 cm) and off High Rock
Point (right, 5.9 cm); Mass mine (7.1 cm); Caledonia mine (5.0 cm, 5.7 cm).
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Figure 88. Epidote crystal, 1 mm, from the Figure 89. Prehnite-lined pocked in basalt, Figure 90. Kinoite in a 1.7-mm quartz crys-
Laurium mine, Houghton County. Dan 3.8 cm, with copper crystals; from the Isle tal, from the Laurium mine. Dan Behnke

Behnke collection and photo.

Royale mine. Debra Wilson photo.

collection and photo.

Figure 91. Macfallite from the Manga- Figure 92. Malachite crystal group, 8.3 mm Figure 93. Paramelaconite crystal group, 0.7

nese mine, Copper Harbor. Dan Behnke across, from the Mendota mine. Dan Behnke mm; Algomah mine, Ontonagon County. Dan

collection and photo. collection and photo.

Figure 94. Giant, black powellite crystal, 4.5 cm, from the Tamarack mine,
#3 shaft. Seaman Museum collection, ex John T. Reeder collection.

of the fissure mines in Keweenaw County. The largest crystals originate
from the Osceola mine. Datolite crystals from this locality are trans-
parent to translucent, often with a slight greenish cast, and may exceed
8 cm in length. Native copper is common as inclusions which impart
a reddish hue to the crystals in some localities, especially those from
the Copper Falls and Laurium mines. Associated minerals include
prehnite, copper, calcite, quartz, analcime, natrolite and microcline.

Behnke collection and photo.

Figure 95. Pumpellyite-Mg tuft, 0.8 mm,
from the ClifTf mine. Dan Behnke collec-
tion and photo.

Digenite Cu,S,

Digenite occurs mixed with chalcocite and other sulfides and oxides
in the White Pine mine in Ontonagon County and the Cliff and Mendota
mines in Keweenaw County (Heinrich, 1976).

Dioptase CuSiO.(OH),
Microcrystals of dioptase have been reported from the Algomah




Figure 96. Silver crystal group,
9 cm across, from the Wolverine
mine. Collection of the late Don
Pearce.

Figure 97. Silver crystal group,
6.8 cm, on calcite and basalt from
the Kearsarge mine. Richard A.
Kosnar collection.

Figure 98. Silver crystal group, 9.5 cm, from
near Copper Falls. Don Olson collection.

mine in Ontonagon County and elsewhere in the distnict (Heinrich,
1976).

Djurleite Cu, S,

Djurleite has been found as microscopic grains associated with
chalcocite and other sulfides at the White Pine mine in Ontonagon 2
County (Heinrich, 1976). Domeylliitf ('uj‘b”' .
) Massive domeykite has been produced from the Mohawk mine and
Dolomite CaMg(CO,), other mines on the Kearsarge lode in Keweenaw County. Much ma-
Dolomite has been reported from the district but no specimens were terial sold as “mohawkite™ for lapidary purposes is in reality do-
available for authentication by this study. meykite.
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Figure 99. Datolite crystals from the Clark,
Copper Falls, North Cliff and Tamarack mines

(see Goldschmidt, 1918).

Epidote Ca,(Al,Fe*"),(Si0,),(OH)

Epidote is present throughout the district lining vesicles and fractures
in altered basalt flow tops and, less commonly, in the interstices of
conglomerates. The color ranges from lime-green to green-black de-
pending on the iron content. Crystals are tabular in habit, usually with
curved faces, and range in size from microscopic to S mm or more.
Epidote is a major gangue mineral associated with the main copper
mineralization and is associated with most other minerals in the district.
The most common associated minerals include copper, pumpellyite,
prehnite, caicite and quartz.

Erythrite Co,(AsO,),-8H,0

Erythrite has been reported from the Mohawk mine in Keweenaw
County where it forms a coating on copper arsenides (Heinrich, 1976).
A second locality for erythrite was recently discovered in the White
Pine mine in Ontonagon County, where it is intimately associated
with silver and acanthite.

Faujasite (Na,,Ca)Al Si,0,,-8H.,0
One specimen of this zeolite was reportedly found at the Copper
Falls mine in Keweenaw County (Butler and Burbank, 1929).

Fluorapophyllite KCa,Si,0,,(F,OH)-8H,0

Fluorapophyllite is a relatively uncommon species for the Copper
Country. It has been reported from the Isle Royale mine in Houghton
County and various mines, predominantly in fissure deposits, in Ke-

weenaw County. Exceptionally beautiful crystals over 1 cm in length
have come from the Phoenix mine, and other equally fine specimens
have originated at the Cliff mine. The fluorapophyllite occurs in two
distinct habits. Aggregates of slender plates associated with copper
are the more common, whereas blocky crystals with pyramidal ter-
minations, often associated with analcime, occur more rarely. Com-
monly associated minerals include calcite (often enclosing copper
phantoms), analcime, banite, copper and silver.

Fluorite CaF,

Fluorite is rare in the Copper Country. It occurs in only limited
amounts at a few locations, mostly in calcite veins in Keweenaw
County. Colors include purple, white and green. It is associated with
calcite and bante. Few distinct crystals have been found.

Galena PbS

Galena has been reported as occurring in small amounts at the South
Chiff mine in Keweenaw County (Butler and Burbank, 1929) and in
the White Pine mine in Ontonagon County, where it is associated
with other sulfide minerals (Heinrich, 1976). Microcrystals have been
reported from the White Pine mine and elsewhere (Behnke, 1983).

Goethite FeO(OH)

Microcrystals of goethite have been reported from the Caledonia
mine in Ontonagon County (Richard Whiteman, personal commu-
nication) and in amygdules of the Lake Shore Traps in Keweenaw




County, where they are associated with hematite and other species
(James K. Uhelski, personal communication).

Greenockite CdS

Greenockite occurs in microscopic amounts with other sulfides in
the White Pine mine in Ontonagon County (Heinrich, 1976).

Guerinite Ca,H,(AsO,),9H,0
Guerinite is a rare secondary arsenate associated with other arsenates

coating copper arsenides from the Mohawk mine in Keweenaw County
(Heinrich, 1976).

Gypsum CaSO,-2H.,0

Gypsum has been found in small amounts at many localities through-
out the district. It is usually associated with saline mine waters and
it is possible that many of the reported occurrences are a result of
mining activity. Reported localities include various mines on the Ev-
ergreen Series, Baltic lode, Isle Royale lode, Pewabic lode, Osceola
lode and the Kearsarge lode, among others.

Halite NaCl
Like gypsum, halite has been found associated with saline mine
waters. Its occurrence probably results from mining activities.

Hematite Fe,O,

Hematite has been found in minor amounts in many localities
throughout the district. Crystals are typically platy; sizes range from
microscopic to more than 3 mm. Hematite has been reported from
several sources in Ontonagon County and the Isle Royale and Kear-
sarge lodes in Houghton and Keweenaw counties. It occurs as mi-
croscopic platy crystals associated with prehnite at the Cliff mine and
has recently been discovered with prehnite, datolite and actinolite at
the Central mine in Keweenaw County. It has also been identified in
amygdules in the Lake Shore Traps of Keweenaw County (James K.
Uhelski, personal communication). Hematite crystals are associated
with calcite, quartz, prehnite and goethite among others. Earthy he-

matite forms stains, druses and balls on quartz and calcite crystals
from both the Isle Royale and Kearsarge lodes in Houghton County.

Heulandite (Na,Ca), ,Al (Al Si1),Si,,0,,12H,0

Heulandite is extremely rare in the Copper Country. It has been
reported from the northeastern tip of the Keweenaw Peninsula and in
amygdules from the Lake Shore traps near Agate Harbor in Keweenaw
County. Only two well-formed crystals, 3 to 4 mm in length and
orange-white in color, were found at the Agate Harbor locality.

Julgoldite-(Fe*?) (Ca,F**(Fe**,Al),(S10,)Si,0,(OH),'H.,O
Julgoldite-(Fe**) has been reported as microcrystals associated with
prehnite from the Clark mine in Keweenaw County (Behnke, 1983).

Kaolinite Al,Si,O,(OH),
Kaolinite is a clay mineral which occurs as a weathering product
of various minerals in the district, especially feldspars.

“Keweenawite”
“Keweenawite” is a discredited species, now considered to be a

mixture of algodonite, domeykite and arsenian copper (Heinrich,
1976).

Kinoite Ca,Cu,51,0,(0OH),

Kinoite is a very rare mineral which forms as microscopic inclusions
in quartz and calcite at the Laurium and La Salle mines in Houghton
County (Ruotsala and Wilson, 1977; Wilson, 1977). Kinoite has also
been reported as inclusions in calcite from the Northwestern mine in
Keweenaw County (Thomas Morris Jr., personal communication). It
is azure-blue in color and typically forms partial phantoms within
quartz crystals. Copper, silver, epidote, quartz, calcite and saponite
are common associated minerals.

Langite Cu (SO NOH), 2H,0
Langite has been reported by Bee and Dagenhart in 1985 from the
Clark mine in Keweenaw County (Behnke, 1986).

“Ledouxite™
“Ledouxite™ is a discredited species now considered to be a mixture
of algodonite, domeykite and arsenian copper (Heinrich, 1976).

Laumontite CaAl,Si,0,,4H.,0

Laumontite is perhaps the most common zeolite in the Copper
Country. It occurs as pearly white and pink vein and vesicle fillings
in most portions of the district, and as crystals in various localities.
Laumontite readily dehydrates to leonhardite and commonly com-
pletely decrepitates. Because of this, crystals rarely last long after
collection. Laumontite is frequently associated with and may be pseu-
domorphically replaced by copper.

Lavendulan NaCaCu. *(AsO,),Cl-5H,O

This is a rare secondary mineral reportedly associated with other
arsenates coating copper arsenides in the Mohawk mine in Keweenaw
County; Heinrich (1976) reported it as “freirinite,” a discredited spe-
cies now considered to equal lavendulan.

Macfallite Ca,(Mn,Al),(SiO_ XS1,0,)(OH),

Macfallite has been reported as microcrystals in radiating clusters
associated with calcite, orientite and braunite at the Manganese mine
in Keweenaw County (Behnke, 1983).

Malachite Cu,(CO,XOH),

Malachite is relatively common in the district as acicular crystals
of 1 mm or less in length, and as a cryptocrystalline oxidation product
on weathered copper and copper-bearing rocks. Malachite occurs at
the Algomah mine in Ontonagon County; the Champion, Atlantic,
Isle Royale and Centennial mines in Houghton County; the Allouez,
Cliff and Mendota mines in Keweenaw County; and many other lo-
calities throughout the district. Much of the malachite in the Copper
Country is the result of post-mining weathering of material in mines
and on waste rock piles. Some exceptions include the Centennial # 1
and #2 mines, where malachite occurs as inclusions in prehnite, and
the Mendota mine where crystals in excess of 5 mm have been col-
lected. Commonly associated minerals include calcite, copper, chal-
cocite, cuprite, chrysocolla and prehnite.

Manganite MnO(OH)

Manganite is a rare species in the Copper Country. It has been
found as microcrystals in the Calumet & Hecla Conglomerate and at
the Manganese mine in Keweenaw County where it is associated with
other oxide minerals (Heinrich, 1976).

Marcasite FeS,
Marcasite has been found as microcrystals in the White Pine mine
in Ontonagon County, associated with other sulfide minerals and

calcite. The crystals frequently form inclusions in calcite crystals at
this locality.

Maucherite Ni, As,
Maucherite occurs as a rare species associated with other arsenides
in the Mohawk mine in Keweenaw County (Heinrich, 1976).

Microcline KAISi,O,

Microcline is common throughout the district as red crystals lining
vesicles and fractures in altered basalt flow tops and as massive fracture
and amygdaloid fillings (Klein, 1939). Microcline crystallized early
in the mineralizing sequence and is often covered by later mineral
species. At the Kingston mine in Keweenaw County, secondary in-
termediate microcline forms a coating on calcite crystals on a matrix
of corroded intermediate microcline in the Kingston Conglomerate.




Dana (1898) and Fleischer and Mandarino (1991) state that adularia
1s a vanety of orthoclase. However, Heinrich (1976) states that what
has been called “adularia™ from Michigan's Copper Country is actually
a variety of microcline. In general practice, the varietal term “adularia”™
is applied to all polymorphs of relatively pure, low-temperature K-
feldspar regardless of structural state. The “adularia™ of the Copper
Country crystallized late in the mineralizing sequence and is found
throughout the district. It is characterized by crystals up to 7 mm in
length which range in color from white through flesh-pink to light
orange. The crystals are commonly twinned and are associated with
copper, silver, calcite, quartz, epidote and other species. Adularia
from the South Lake and other mines in Ontonagon County sometimes

exhibits inclusions of minute copper flecks which form phantoms
within the crystals.

Mirabilite Na,SO,-10H,0

Mirabilite has been reported as a post-mining efflorescence on rocks
of the Isle Royale mine in Houghton County (Heinrich, 1976).

“Mohawkite”

“Mohawkite” is a discredited species now considered to be a mix-
ture of algodonite, domeykite and arsenian copper (Heinrich, 1976).
The term “mohawkite” is today commonly used for any and all
massive copper arsenides sold for lapidary purposes.

Molybdenite  MoS,

Molybdenite has been reported in microscopic amounts from the
White Pine mine in Ontonagon County (Heinrich, 1976).

Monazite-(Ce) (Ce,La,Nd,Th)PO,
Monazite-(Ce) has been reported from the Centennial mine in

Houghton County where it is associated with anthonyite (Heinrich,
1976).

Muscovite KAIL(ALSi,)O, (OH,F),

Muscovite, in the form of sericite, is found in amygdules and
breccias associated with calcite, particularly at the Isle Royale mine
in Houghton County (Heinrich, 1976).

Nantokite CuCl

Nantokite has been reported from the Algomah mine in Ontonagon
County where it is associated with other oxide-zone minerals (Hein-
rich, 1976).

Natrolite Na,AlSi,0,,-2H,0

Natrolite occurs in the Copper Country as elongated prismatic crys-
tals typically 2 mm or less in thickness and up to several cm in length.
The mineral is usually white or colorless although it occurs as brick-
red crystals at the Copper Falls mine in Keweenaw County. Other
localities include the Saint Clair mine and various mines on the Ashbed
and Kearsarge lodes. Exceptional crystals have been produced from
the Seneca #2 mine in Keweenaw County. Associated minerals in-
clude calcite, analcime, datolite, copper, prehnite and laumontite. The
closely related zeolites scolecite (CaAl,Si,0,,-3H,0) and mesolite
(Na,Ca,(AlSi,)0O,,'8H,0) may also occur in the district, considering
that they are easily confused with natrolite. Mesolite has been reported
by Heinrich (1976) from Isle Royale as reddish brown tufts in basalt
vesicles.

Nickeline NiAs

Nickeline has been reported as occurring with copper arsenides in
the Mohawk mine in Keweenaw County (Heinrich, 1976).

Nickel-Skutterudite (Ni,Co)As,
Chloanthite, an arsenic-deficient variety of nickel-skutterudite, oc-
curs with other arsenides in fissures cutting the Kearsarge lode in

Keweenaw County, particularly in the Mohawk mine (Heinrich,
1976).

Orientite Ca,Mn,Si,0,(OH),
Ornientite occurs as radiating clusters of microcrystals and as vein

fillings with calcite at the Manganese mine in Keweenaw County
(Heinrich, 1976).

Paramelaconite Cu. 'Cu; 0,

Paramelaconite occurs as massive material associated with chry-
socolla and as crystals up to 8 mm in length at the Algomah mine in
Ontonagon County. Some pseudomorphs of paramelaconite after
quartz have been noted from this locality. Associated minerals include
chrysocolla, tenorite, malachite, dioptase and other species. It has

also been reported from the Mass mine in Ontonagon County (Hein-
rich, 1976).

Pararammelsbergite NiAs,
Pararammelsbergite occurs with other arsenides in veins at the
Mohawk mine in Keweenaw County (Heinrich, 1976).

Paratacamite Cu,(OH),Cl
Paratacamite occurs with other oxide-zone minerals at the Algomah
mine in Ontonagon County (Heinrich, 1976).

Pharmacolite CaHAsO,-2H,0
Pharmacolite 1s a weathering product found on the surfaces of
arsenides at the Mohawk mine in Keweenaw County (Heinrich, 1976).

Picropharmacolite H,Ca Mg(AsO,)-11H,O

Like pharmacolite, this is a weathering product found on the surfaces
of arsenides at the Mohawk mine in Keweenaw County (Heinrich,
1976).

Plancheite CuS51,0,,(0H),-H,O

Plancheite occurs as dark blue fibers and vein fillings associated
with paramelaconite at the Algomah and Mass mines in Ontonagon
County. It also reportedly forms pseudomorphs after dioptase at the
Algomah mine (Heinrich, 1976).

Posnjakite Cu (SO NOH),-H,O
Posnjakite has been reported by Bee and Dagenhart in 1985 from
the Clark mine in Keweenaw County (Behnke, 1986).

Figure 100. Powellite from

the Keweenaw Peninsula
(Palache, 1899),

Powellite CaMoO,

Powellite occurs rarely in various mines on the Calumet and Hecla
Conglomerate as small, greenish black crystals and masses (Koenig
and Hubbard, 1893; Palache, 1899). Although the majority of crystals
are of microscopic size, larger crystals, some up to 10 cm in length,
have been produced from the Tamarack, Red Jacket and other Calumet
& Hecla mines. Microcrystals of powellite have been found on the
waste rock piles of the Centennial #3 mine using an ultraviolet light
Outstanding, bright yellow, euhedral powellite crystals to nearly 3




mm have been found on the waste rock piles of the Minesota mine
in Ontonagon County, where they are associated with calcite, quartz
and copper. Analyses of powellite from this locality show it to be
pure, without detectable tungsten.

Prehnite Ca,Al,Si,0,,(OH),

Prehnite has been found as spherules, botryoidal masses and discrete
crystals throughout the district. Individual crystals are platy in habit
and seldom exceed 2 mm in size. Colors range from pale whitish
green to dark green and almost black, with apple-green being the most
common. Associated minerals include copper, silver, epidote, pum-
pellyite, datolite, analcime, calcite and quartz. Although prehnite is
common district-wide, with notable specimens produced from the
fissure mines of Keweenaw County, most specimens observed in the
present study originated from the Isle Royale, Osceola and Inquois
lodes in Houghton and Keweenaw counties.

Pumpellyite-(Fe*?) Ca,Fe**Al,(Si10,)(S1,0,)(OH),-H,0
Pumpellyite-(Fe * ?) has been reported as minute scales lining cavities
in prehnite from the Clark mine in Keweenaw County (Behnke, 1986).

Pumpellyite-(Mg) Ca,MgAl,(Si0,)Si,0,)OH),-H,0

Pumpellyite-(Mg) occurs throughout the district, lining vesicles and
fractures in altered basalt flow tops and, more rarely, the interstices
in conglomerates (Palache and Vassar, 1925). The color ranges from
olive-green to dark green. Crystals are acicular in habit and range in
size from microscopic to several millimeters. Pumpellyite is a major
gangue mineral in the district and is commonly associated with copper,
epidote, prehnite, calcite and quartz. The gem variety “chlorastrolite,”
commonly known as “greenstone,” occurs as amygdule fillings and
1S the state gem of Michigan (Williams, 1957).

Pyrite FeS,
Pyrite is very rare in the Copper Country except in the White Pine
mine where it occurs in large quantities as miCrosCOpiC grains asso-

ciated with other sulfide minerals.

Pyrolusite MnO,

Pyrolusite occurs as blebs and microcrystals associated with other
oxide minerals at the Manganese mine (Behnke, 1986). It has also
been reported as being associated with copper minerals at the Clark
mine in Keweenaw County (Heinrich, 1976).

Quartz S10,

Quartz is one of the most common gangue minerals in every portion
of the district. Crystals range in size from microscopic to many cen-
timeters in length. They are water-clear and colorless to milky white.
Quartz crystals commonly contain inclusions of copper flakes, blebs
and crystals, pumpellyite, chlorite and, less commonly, silver, kinoite
and hematite. The most common associated minerals include copper,
silver, prehnite, epidote, pumpellyite and microcline although many
other species may be closely associated. Although large cabinet-size
specimens are unusual, superb crystals have been produced from the
Red Jacket shaft on the Calumet and Hecla Conglomerate in Houghton
County, various mines on the Isle Royale, Pewabic, Osceola and
Kearsarge lodes in Hougton and Keweenaw counties and many mines
in Ontonagon County. Agate is a variety of quartz that is common as
vesicle fillings in basalts in many portions of the district and is prized

as a lapidary material. Rare amethystine quartz has been found in
Keweenaw County.

Rammelsbergite NiAs,
Microcrystals of rammelsbergite occur with other arsenides and

arsenates from the Mohawk mine in Keweenaw County (Heinrich,
1976).

Rauenthalite Ca,(AsO,),-10H, 0
Rauenthalite has been reported as being associated with other ar-

senates and arsenides from the Mohawk mine in Keweenaw County
(Heinrich, 1976).

Saponite (Ca,Na), ,,(Mg,Fe*?),(5i,Al),0,,(0OH),-4H,0

Saponite is an expandable-lattice smectite-group clay mineral com-
mon as an alteration product and as vesicle and fracture fillings
throughout the district. Saponite pseudomorphs after clinochlore have
been found associated with analcime and calcite in mines on the Isle
Royale lode and associated with epidote and quartz at the Laurium
mine on the Kearsarge lode. Spiky acicular saponite crystals (com-
position confirmed by microprobe analysis) from the Laurium mine
have been shown by X-ray diffraction techniques to have crystallized
in their expanded state (A. P. Ruotsala, personal communication).
Such crystals are extremely rare outside of the Copper Country, and
this represents a significant occurrence. The crystals are waxy gray
or buff in appearance and are associated with quartz, calcite, epidote,
earthy hematite balls, copper and kinoite.

Silver Ag

Native silver occurs as euhedral to subhedral crystals, anhedral
masses and as vein and vesicle fillings in most of the major mines in
the Copper Country. Silver is commonly associated with epidote and
the best silver crystals usually occur in areas of heavy epidotization
of the hosting rock. Other commonly associated minerals include
copper, calcite, quartz, microcline, prehnite, analcime and fluor-
apophyllite. Silver forms very thin coatings on copper crystals and
sheets but this usually tarnishes (oxidizes) completely in a matter of
months once exposed to the atmosphere, and is entirely removed upon
subsequent cleaning of the specimen. Superb crystals of native silver
have been produced throughout the district (Olson, 1986). Some of
the more prolific localities have been the mines on the Isle Royale,
Pewabic, Osceola and Kearsarge lodes in Houghton and Keweenaw
counties, the fissure mines of Keweenaw County and numerous mines
on the Evergreen Series in Ontonagon County.

Skutterudite CoAs, ,
Smaltite, an arsenic-deficient variety of skutterudite, is associated

with other arsenides at the Mohawk mine in Keweenaw County (Hein-
rich, 1976).

Sphalerite ZnS

Sphalerite has been reported in microscopic amounts from the White
Pine mine in Ontonagon County and elsewhere in the district where
it is associated with other sulfide minerals (Heinrich, 1976).

Stilbite NaCa,ALSi,,0,,-14H,0

Stilbite has long been reported as a rare zeolite from various lo-
calities throughout the district. Its true extent is difficult to determine
as many “stilbite” specimens observed are in reality microcline ad-
ulana. Some stilbite specimens from the Central mine and other lo-
calities in Keweenaw County consist of red-orange crystals up to
several millimeters in length which form coatings on a matrix of basalt.

Synchisite-(Ce) Ca(Ce,La)(CO,),F
Synchisite-(Ce) is a rare mineral reported in minute quantities with
calcite at the White Pine mine in Ontonagon County (Heinrich, 1976).

Tenorite CuO

Tenorite has been found in many localities throughout the district.
It was mined as ore at Copper Harbor in Keweenaw County and at
the Algomah mine in Ontonagon County, but is rarely found in quantity
elsewhere. Tenorite has been reported from the Allouez and other
mines in Keweenaw County and the Mass, Adventure and other mines
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species.

on the Evergreen Series in Ontonagon County. It also forms as a
cryptocrystalline coating with cuprite on copper crystals throughout
the district.

Thomsonite NaCa,ALSi,0,,-6H.0

Thomsonite occurs as radiating crystal aggregates filling vesicles
and veins in basalt in many portions of the district. It is white, pink
and green in color and is commonly found as beach pebbles suitable
for lapidary purposes, along with agates and prehnite, on the shores
of Lake Superior in Houghton and Keweenaw counties.

Tremolite Ca,(Mg.Fe**),5i,0,,(OH),
Tremolite (variety byssolite) has been reported from the Centennial
mine in Houghton County (Heinrich, 1976).

Tyrolite Cu,Ca(AsO,),(CONOH),6H,0
Tyrolite is a very rare mineral, associated with arsenides at the
Mohawk mine in Keweenaw County (Heinrich, 1976).

Vladimirite Ca,H,(AsO,),-SH.O
Vladimirite is a very rare mineral associated with arsenides at the
Mohawk mine in Keweenaw County (Heinrich, 1976).

“Whitneyite”
“Whitneyite ™ is a discredited species now considered to be a mixture
of algodonite and arsenian copper (Heinrich, 1976).

Xonotlite Ca,Si,0,(0OH),

Xonotlite is a rare mineral reported from Isle Royale. It occurs as
radiating, pale pink fibers commonly mistaken for wollastonite in the
past (Heinrich, 1976).
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INTRODUCTION

Because of the abundance, appeal and wide distribution of Copper
Country minerals, an experienced collector today is liable to have
seen hundreds of specimens, even though he may never have set a
Vibram-soled foot in the Keweenaw. He may be confident that, having
seen so many specimens ex sifu, he therefore knows Copper Country
minerals rather well. But he would be quite wrong. No one who has
yet to visit the Seaman Mineral Museum in Houghton can possibly
“know™ Michigan copper and silver. It is an essential pilgrimage for
every collector, curator, mineralogist and mineral dealer to make if
they wish to be truly knowledgeable on the subject. Having seen it,
one’s personal standard for what constitutes an “extraordinary”™ Mich-
igan specimen will forever be raised.

Like many of the great European collections, the Seaman Mineral
Museum (Kemp, 1985) oniginated as an adjunct to a mining school
in a rich and extensive ore field. The Michigan Mining School was
established by an act of the State Legislature in 1885, and held its
first classes in the Houghton Firehall in 1886. Two years later it moved
into a fine new sandstone building with a copper-roofed tower and a
“museum and lecture room™ for the mineralogical laboratory and the
already fast-growing collection of minerals.

A. E. SEAMAN

Arthur Edmund Seaman (1853-1937) was born near Grand Rapids,
Michigan, and came to the Upper Peninsula to work as a timberman.
He developed a knowledge of rocks and minerals on his own, and
was hired by the Michigan Geological Survey in 1885. When the
Survey and the Mining School were separated in 1892, Seaman went
with the school. There he served as a teaching assistant until 1893,
then as an instructor, finally earning his B.S. degree there in 1895 on
the basis of his part-time studies.

By 1897, when the name of the school was changed to the Michigan
College of Mines, Seaman was already a full professor and was named
head of the Department of Geology and Mineralogy. In the succeeding
years, Seaman worked enthusiastically to build the college’s mineral
collection (and also to build his own private collection, which he later
donated to the college). Thanks to his influence, the collection acquired
a vast number of donations, especially from alumni, and was always
held in high regard by the College administration. He was given the
titles of Professor Emeritus and curator of the museum when he retired
from active teaching in 1928. The mineral seamanite [Mn;*(PO,)
B(OH),], from Iron County, Michigan, was named for him in 1930;

and the museum itself was renamed in Seaman’s honor in 1932, five
years before his death.

HISTORY OF THE COLLECTION

The mineral collection numbered roughly 7,000 specimens by 1888
During the following two years, in a stunning leap, no less than 20,000
mineral specimens were added to the collection, bringing the total to
27,000. Of these, 10,000 specimens were considered to be in the
“lecture collection™ (good, illustrative or attractive examples not to
be used in destructive analysis), and 17,000 comprised the “practice
collection™ for student use. An 1896 inventory listed the value of the
exhibited portion of the collection as $500 . . . not extravagant, but
certainly a serviceable nucleus on which to build.

Over the years, many alumni and local residents donated collections
to the museum, but many specimens were purchased as well. Seaman
assessed all students $1 per course for the purchase of new specimens,
and arranged for administration approval of much additional funding
for the same purpose. During 1894, for example, specimens were
purchased from George L. English (New York), Henry A. Ward
(Rochester), Edwin F. Howell (Washington, DC), Dr. Adam August
Krantz (Bonn) and Dr. Albert E. Foote (Philadelphia), all prominent
mineral dealers of the day. A large French-made exhibit case filled
with fine minerals was purchased from A. E. Foote at the Paris Ex-
position in 1900, and for many years thereafter was preserved as the
“Panis Collection.” By 1900-1901 the “Exhibition Collection™ num-
bered 1,000 mineral specimens.

In 1902 the collection was formally identified as the Geological-
Mineralogical Museum, and was installed on the third floor of the
Science Hall (later known as Hubbell Hall). In 1907 the state legislature
voted to provide a new fireproof building for the library, the admin-
istrative offices, and “the geological and mineralogical museum.”
This was a very wise and intelligent appropriation, considering how
many important collections in other cities were destroyed by fire in
the first decades of the twentieth century. A museum inventory the
following year placed the value of the minerals at $6,700. The museum
specimens were moved to the new brick building (known as Admin-
istration Hall) in 1908, where they occupied the entire second floor
Kemp (1985) wrote:

The collection in the new administration building was held in
great esteem for its comprehensive and well-arranged sequences




Figure 102. Copper sheet, about 140 kg, from the
White Pine mine. Standing by the specimen is Bill
Wyllys Seaman, grandson of A. E. Seaman.

of minerals. The minerals were displayed according to Dana.

Specimens of each species were further arranged in order for
the U.S. localities, beginning with the Upper Peninsula, then
other North American countries, and, finally, European and
remaining countries of the world. There were classifications
according to crystallography, physical properties, and crystal
oddities. Sequences of rock specimens completed the educa-
tional collections.

In 1931 a new engineering building (Hotchkiss Hall) was con-
structed, and the mineral museum was moved to new quarters on the
top (fourth) floor, directly above the Geology and Mineralogy De-
partment. The floor was reinforced especially to withstand the weight
of the specimens. By this time the Dana collection alone occupied
over 100 cases, and there was also a vast rock collection, extensive
exhibits of Copper Country and Iron Country minerals, and a collection
of ores. In the middle of it all stood the “Paris Collection,” still in
its original display cabinet. Many private collections acquired over
the years were kept individually intact (a rarity . . . most museums
distribute acquired collections into their “general collection™ and in
later decades have often found it difficult or impossible to identify
which specimens came from which collection). These were arranged
around the perimeter of the room. On the north wall hung a large,
full-length portrait of Douglass Houghton.

Following Seaman's death in 1937, Kiril Spiroff was promoted to
the position of curator (he had been assistant curator since 1935). Due
largely to his friendly and knowledgeable influence, many donations
from private individuals and mining companies continued to pour in.
Spiroff resigned his curatorship in 1942 to take a position as supervisor
of the Isle Royale mine. From 1943 to 1948 Professor Wyllys Seaman
(son of A. E. Seaman and a 1907 graduate of the school) served as
curator.

Although the Geology Department moved into a new building in
1957, the museum stayed where it was. Spiroff had returned to the
college, and had served informally as curator for a number of years.
In 1964 the curatorial position was officially restored and Professor
Spiroff was appointed; he held the position until 1975, having retired
from teaching in 1971. He was awarded an honorary PhD in 1970.
Jean Petermann Kemp took over the position for the next 11 years;
and upon her retirement in 1986, Stanley J. Dyl Il was appointed
curator. He still serves in that position today.

Hotchkiss Hall was scheduled for demolition, and the museum was
officially closed in October of 1973. Jean Kemp, Pat Peterson, Karl
Schafer and Marc Wilson (then a student), along with a host of other
volunteers, spent nine weeks packing the mineral collection into 3,500
boxes for temporary storage in the basement of the library.

Ground was broken for a new building in 1974, and the facility
was ready for occupancy in June of 1976. A small specimen of native
copper was imbedded in the cornerstone. By 1978 all but a few cases
had been installed and, during that summer, over 3,000 visitors toured
the exhibits. The collection remains there today, occupying the entire
fifth floor of what is known as the Electrical Energy Resources Center,
on the campus of Michigan Technological University. The carpeted
galleries contain roughly 20,000 specimens on exhibit (over eight
rimes the number on public display at the Smithsonian Institution).

COLLECTIONS ACQUIRED

The Seaman Museum owes much of its current prominence to the
donation and purchase of dozens of fine collections. Alumni of the
school have been particularly generous, and many other local residents
have seen fit over the years to present their personal cabinets of
minerals to the museum. Many of these early collections have been
preserved largely intact, especially those rich in Copper Country min-




erals. It is interesting to note, however, that the largest and most

important collections have, for the most part, been donated by non-

alumni, such as D. C. Gabniel, E. Wm. Heinrich, L. L. Hubbard,

G. A. Koenig and J. T. Reeder. Following is a roughly chronological

listing of the more important collections and donations acquired since

the founding of the museum.

EMERSON, LUTHER G. (died 1898) consulting civil and mining en-
gineer for the Allouez, Copper Falls, Franklin, Huron, Pewabic,
Phoenix and Franklin mines. In 1883, Emerson was considered
“beyond question the most experienced man in his profession within
the region.” His collection of 550 mineral specimens was the first
private collection donated to the school. Parts were shown in the
Michigan exhibit at the 1893 Columbian Exposition.

KOENIG, GEORG AuGuUSsTUS (Dr.) (1844-1913), educated at Harvard,
Berlin and Freiberg, Professor of Chemistry and head of the de-
partment at the College from 1892 to 1913. He taught at the Uni-
versity of Pennsylvania before coming to Michigan and was a
colleague of Frederick Genth. Michigan Mining School President
M. E. Wadsworth called Koenig “the best and most noted mineral
chemist in the U.S.” The famous German crystallographer Paul
Groth actually made a trip to Houghton to examine Koenig's lab-
oratory-grown domeykite crystals. He described at least |13 new
mineral species, of which two: bementite and paramelaconite, are
still valid. The museum has co-types of both species; his bementite
label reads: “from C. S. Bement, 1887."

FiTcH, RICHARD SMITHSON (dates unknown), alumnus and student of
A. E. Seaman who collected extensively in Colorado and the Tni-
State Lead Belt, and donated many specimens. His small but fine
collection contains outstanding examples of Colorado vivianite,
Missouri calcite and galena, and a superb Mexican hemimorphite.

GERRY, JOHN (dates unknown), mine captain born in England, worked
in the Michigan iron mines in Marquette County. His collection
contains excellent examples of Lake Superior hematite and goethite.

Brown, ELBRIDGE GERRY (born 1840), supply clerk for the Calumet
and Hecla mine. His small but fine collection consists of Copper
Country specimens augmented by fine minerals from other turn-of-
the-century localities.

PARKER, W. H. (dates unknown), Salt Lake City, Utah, mineral dealer.
Sold the cream of his collection —400 choice cabinet pieces—to
the museum for $750 in 1920. He appraised the suite at twice the
value. Although later distributed throughout the Dana-classified
collection, these specimens are still discernible by their “Parker
number.” The museum still has Parker’'s catalog and the onginal
correspondence between Parker and A. E. Seaman describing the
transaction. Sometime earlier, the museum purchased from Parker
an exceptional, comprehensive suite of rare copper and associated
minerals from Utah's Tintic district.

RAwLINGS, JoseEpH W. V. (bom 1826), from Comwall, England;
worked as an engineer for the Cliff, Minesota and other early Cooper
Country mines. While serving as chief engineer at the Cliff, he
built the first Cornish-style man engine in North America. His
collection includes fine Copper Country material, as well as good
North American and European specimens.

LAWBAUGH, ALBERT IsaAc (1844-1923), physician for the Phoenix
and Osceola mines, and later head of the Tamarack mine hospital.
He performed the first successful appendectomy using anesthesia
in the Copper Country. His collection, containing exceptional Cop-
per Country specimens, was given to the museum, along with its
fine, curved-glass china cabinet.

SMITH, FREDERICK (1835-1929). Born in Germany, he served as agent
for the Allouez and later for the Mohawk and Wolverine mines.

His large collection of fine Copper Country minerals is still housed

in its original custom-built birds-eye-maple cabinet. Included is a

Durham fluorite acquired from Lazard Cahn. Some specimens
shown in the 1893 Columbian Exposition are still in the cabinet.
METTE, HERBERT B. (1896-1976), alumnus. His Copper Country
collection is also housed in its original antique china cabinet. It

contains some fine copper-in-calcites from the Quincy mine.

KELLY, WiLLIAM (dates unknown), General manager of Penn Iron
Mines, and Michigan College of Mines Board of Control member.
He donated a superb, diverse suite of calcite specimens from the
Vulcan mine in Dickinson County, Michigan, one of the mines he
administered.

LAMEY, CARL ARTHUR (1892-1985), alumnus and son-in-law of
A. E. Seaman; Professor Emeritus of Geology at Ohio State Uni-
versity. He donated a comprehensive suite of geodes from Bloo-
mington, Indiana.

Hussarp, Lucius LEe (Dr.) (1849-1933), educated at Harvard, Bonn
and Heidelberg, he joined the staff of the Michigan Geological
Survey and the Michigan Mining School in 1890. In 1893 he left
to become State Geologist, a post he held until 1899, when he
resigned to head geological exploration for the then-new Copper
Range Company, managed by William A. Paine (Paine-Webber).
He discovered the southern extension of the Baltic lode, the last
big native copper deposit found in the district, which became the
Champion mine. Hubbard later became the Champion's general
manager. He served as a member of Michigan Tech’s Board of
Control, and as regent of the University of Michigan from 1910 to
1933. His immense personal collection consisted of high-quality
specimens from the Copper Country and Europe. A suite of Hub-
bard’s calcite crystals was described and drawn by famous Harvard
crystallographer Charles Palache in his classic 1898 paper on Lake
Superior calcites.

REEDER, JOHN THORLEY (1857-1937), clerk and purchasing agent
for the Osceola and Tamarack mines. He acquired many fine Copper
Country specimens directly from miners and retired pioneer mine
captains and officers. He augmented his unparalleled local suites
with superb North American and foreign specimens. An early color
photographer, he valued aesthetic specimens, as well as unique
ones. Included among the latter are arguably the world's largest
powellite crystals from the Calumet and Hecla mine and the Tam-
arack mine. Acknowledged in its day as one of the district’s finest,
the collection was stored in a windowless brick addition connected
to this diming room by a bank vault door. It was acquired by the
museum shortly following his death. Reeder’s collection is to the
Seaman Museum what Bement's is to the American Museum, and
Roebling’s to the Smithsonian. Museum staff and serious Michigan
collectors still evaluate Copper Country specimens against this stan-
dard, and evaluate whether or not a specimen is “Reeder quality.”

SEAMAN, ARTHUR EDMUND (1853-1937), established and first curated
the museum. Also served as Professor of geology and mineralogy
and geology department head. His extensive personal mineral col-
lection, including samples of the rare mineral seamanite, was do-
nated to the museum upon his death.

DENGLER, THEODORE (1871-1940), alumnus and successor to Fred
Smith as agent of the Mohawk and Wolverine mines. He donated
a suite of massive copper specimens — including halfbreeds — from
these mines. One crystallized copper from the Mohawk mine mea-
sures 46 x 61 cm and has flattened, twinned crystals up to 7.6 cm.

BAXTER, CHARLES HOMER (1889-1944), alumnus and head of the
Michigan College of Mines civil and mining engineering depart-
ments. His small but fine collection includes a unique indescent
chalcopyrite from the Loretto mine, Dickinson County, Michigan,
and rare yellow barite crystals from the Lucy mine, Marquette
County, Michigan.

AYRES, VINCENT L. (Dr.) (1908-1947), Michigan Tech crystallog-




raphy and petrology instructor. He built a comprehensive study
collection of rough and cut gem minerals which was purchased
from his widow in 1948.

WHITTLE, THOMAS B. (1845-1912), Quincy mining captain from 1889
to 1912. His collection—also housed in its original antique china
cabinet—contained some of the finest copper-in-calcite specimens
ever recovered. It was turned over to the museum by his widow in
1949,

DENNING, REYNOLDS MCCONNELL (1916-1967), alumnus and min-
eralogist known for his research into the directional hardness in
diamond. He taught at Michigan Tech and later at the University
of Michigan. During World War Il he worked at the Siglo Viente
mine in Llallagua, Bolivia, and donated a comprehensive collection
of Bolivian minerals to the Museum around 1952. His widow, Helen
Green Denning, established a memorial fund in 1980 for purchasing
additional specimens for the Denning Collection.

CoLLins, EDWIN JAMES (1875-1956), alumnus, vice president of the
Calumet and Arizona Mining Company and member of Michigan
College of Mines Board of Control. His collection includes a fine
copper-stained calcite from the Bisbee District and a large, showy
hematite-stained quartz group from the Chandler mine, Tower, Min-
nesota.

WiLLs, CHARLES V. (1874-1964). He was born in Ishpeming, Mich-
igan, and raised in Calumet, Michigan. He became an electrical
engineer of the Calumet and Arizona mine, and later for Phelps
Dodge. While working in Arizona, he made frequent collecting
trips to the Copper Country via the Tri-State Lead Belt and the
llinois Fluorspar district. His fragile but valuable collection of
midwest and southwest minerals —including some choice wulfen-
ites—was acquired by the museum upon his death.

RoBBE, GEORGE B. (1884-1963), an alumnus (1913) who worked at
the Quincy mine after graduation and then moved to Utah. While
working for the Utah Copper Company at Bingham Canyon in the
1920’s, he pioneered in chemical extraction techniques for copper
ore beneficiation. He and his wife (died 1981) acquired a wealth
of beautiful crystal and lapidary specimens which she donated to
the museum following his death. The collection required twelve
days for packing by two people. A stunning suite of polished var-
iscite nodule slabs from Grantsville and Lucin, Utah, is included.

CHAPOTON, RICHARD T. (1950-1972), alumnus. His collection was
acquired after his untimely death while still a student, and includes
some fine duplicates from the Cranbrook Institute of Science col-
lection. A large segment formed the beginning of the museum’s
micromount collection.

TURNER, ScoTT (Dr.) (1880-1972), alumnus. Director of the Bureau
of Mines during the Hoover administration. The museum received
his comprehensive, world-wide collection of ore minerals after his
death.

SEAMAN, WYLLYS ARTHUR (1886-1972), son of A. E. Seaman, an
alumnus of the school (M.S. 1907) and curator of the museum from
1943 to 1948. He was a meticulous field collector, who left to the
museum 3,400 superbly documented geological and mineralogical
specimens from the Lake Superior Basin.

Drier, Roy W. (Dr.) (died 1974), Professor of Metallurgy at Michigan
Technological University. He studied the origin of silver-copper
intergrowths and arsenic zonation in native copper. He was also an
acknowledged local authority on the prehistoric copper culture in
the Keweenaw. His collection included thousands of pounds of
copper specimens, domeykite, a few fine “half-breeds,” some out-
of-state minerals, mauls and other artifacts from prehistoric mining.
It was donated to the museum by his brother, Charles, following
his death.

PINGER, ALLEN W. (died 1975), geologist for the New Jersey Zinc

Company. His extensive reference collection consisted of minerals
from Franklin, New Jersey, including many fine fluorescent spec-
imens.

BaBcock, LARRY LLOYD (Dr.) (born 1940), alumnus and mineralogist.
He studied the unique and complex manganese mineral paragenesis
at the Champion iron mine, Marquette County, and donated valuable
reference suites from this locality, from the Copper Country and
from South Dakota pegmatites.

HENDERSON, FRANK W. (Dr.) (living), optometrist in Houghton,
Michigan. His collection, donated in 1978, includes a significant
number of attractive display specimens.

BURCHENAL, JOYCE (died 1981), alumnus who purchased many fine
display specimens for the museum, and donated specimens from
her own collection, including datolite, Lake Superior agate and a
unique gold on crystallized copper from Chile.

HeinricH, E. WiLLiaM (Dr.) (1918-1991), Emeritus Professor of
Mineralogy and Emeritus Curator of the Mineralogical Collections
of the University of Michigan. Editor of the American Mineralogist
(1971-76), Geochemical News and Geokhimya (in translation,
1957-1961). With a major focus on petrology, paragenetic min-
eralogy, geochemistry and economic mineralogy, his world-wide
fieldwork covered a broad range of mineral deposits —especially
micas and radioactive raw materials. He was one of the world's
leading authorities on carbonatites and pegmatites. His 15,000-
specimen collection, acquired by the museum over a nine-year
period, is rich in paragenetic suites from key world-wide carbonatite
and pegmatite localities.

MARTALOCK, DEAN L. (died 1988), dermatologist from Lacrosse,
Wisconsin. He left a large species collection as a testamentary
bequest, which increased the museum'’s species total from 997 to
2362!

GABRIEL, DoNALD C. (living), retired Ford Motor Company executive
of Detroit. He donated his 3500-specimen collection in 1987 which,
together with the Heinrich collection, constitutes the most important
collection acquisition since the Reeder collection. Included are
strong suites of Copper Country; Clay Center, Ohio; Mexican;
Canadian; American and foreign specimens. Many of the latter
were purchased in the 1940’s from Dr. Otto Runge, a famous
Delaware collector and senior dye-stuffs chemist for DuPont. In-
cluded in the Runge purchase was a small but extremely fine crys-
tallized gold suite that originally comprised half of Pohndorf’s (the
well-known Denver mineral dealer) personal gold collection.

CONCLUSION

Despite its unique treasures, the Seaman Museum itself is not well
known among mineral collectors. It seems to be common knowledge
that to fully appreciate Cornish minerals, for example, one must visit
the British Museum, and that in order to “know™ Kongsberg silver
there is no substitute for a visit to the Kongsberg Mining Museum.
But the Seaman Museum? Most collectors, even in the American
Midwest, respond with a blank stare and wonder to themselves why
anyone would take the trouble to go all the way up rhere. Admittedly,
Houghton seems remote . . . it is not on the way to anywhere. “Beyond
the most distant wilderness and remote as the moon,” is how Patrick
Henry described it to the U.S. Congress in 1843. And the winter
weather on the peninsula is formidable (nearly 400 inches of snow
fell in 1978!), but the area is a paradise for cross-country skiers and
snowmobilers. In the summertime a trip through Upper Michigan can
be a delightful, scenic experience and an interesting vacation by any
standards. The peninsula is less than a day's drive from Chicago,
Milwaukee or Minneapolis and only 11 hours from Detroit. The min-
eral collector should be aware that a world-class museum collection
awaits him there, and that a visit will be rewarding. R
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Cruziero mine (Brazil), Caplan

v.12/#1 lceland & Faeroes
Zeolites, Yellowstone

v.12/#2 Enio (Brazil), Urubu
(Brazil), Rock Candy mune

v.12/#3 Pribram (Czecho )
Bald Knob (NC). Line Pit

Sperrylite, Mullica Hull 5 | Imerview, Rose Qu $7 Zeoliies 8 (BC), Muddy creek (CO) $5 (PA-MD). Mcguinnessite 85
v.12/#4 Mineral Fakes, v.12/#6 Bunker Hill (ID), v.1V/#3 Minrecordste, new v.1¥V#4 Dramond (CO) v.14/#1 Celestte (IN),

Mineral Fraud, Leadhulls- Yates mine (Que.), Ogdens- Tsumeb Minerals. Sperrylite. Quartz (MT). Jeanbandyite Dertryshire (England)

Wanlockhead (England) 7 burgite, Shavano Peak (CO) §8 Wroewolfene 7 Bancroft (Omt ) b L Lotharmeyente (Mapimi) §

v.14/#6 Chuguicamata
(Chale), Umiv. of Delaware
Mineral Museum $7

v.15/#1 Darwin (CA),
Pereta Mine (ltaly).
Cetine Mine (haly) §s

v.15/#3 Munich Show,
Troost Collection, Point of
Rocks (NM) 7

v.15/#4 Sierling mune (NY)
Burra mune ( Australia). Lothar-
mevyenite, Jack Boyle 1

v.15/#8 Jacupwranga mine (Brazil)
Jensen quarry (CA), Cunha
Baina mine. Paulkermie 1

v.15/#6 Bad Ems (Germany),
Towssat Vanadinite, Hawleyue
(IN), Fluorapatite (SD) §7

v.16/#1 Nevada lsswe! Comstock
Lode, Getchell. Steamboat,
Majuba Hill. White Caps 7

v.16/#2 Romero Museum. Phen-
akne & Bahianne, Mammaothate,
Sodium-pharmacosidente $7

v.16/#3 Colorado-111 lssue!
Leadville, Rico, Cresson Vug,
Pikes Peak, CSM Museum 1

v. 16/#4 Kingsgate mines
{ Australia), Mauldin Mountain
Phosphates (AL ) §7

v.16/#% Tourmaline lssue’
(112 p.) Elba, Maine, Pakistan,

v.16/#6 Graves Min. (GA).
Gardiner Complex (Greenland).

v.17/#1 Silver lssue! Kongsberg.
Michigan. Silver lslet, Batopilas,

v.17/#1 ]. C. Holmes claim (AZ)
Austnan Minerals, Marstunie,

v.17/#3 Knappenwand ( Austna)
Launum (Greece), Senaute (Branl)

Nepal. California. etc $10 | Canaphite, Hutchinsonite 3 Germany (scuffed) s1o Franklin (NJ) i Chalcophyllite (New Zealand) $8
v.17/#4 National Belle mune v.17/#S Black Hills type localities. v.17/#6 Blesberg (Austria). v. IV #] Gold-11 lssue! v.18/#2 Elk Creek (SD),

(CO), Tip Top mine (SD). Urucum (Brazil), Kalkar quarry Brochantite (OK). Arsenopymie Australia, Calif., Breckenndge. Teyler's Museum . Ramsbeckite
Stoncham Bante (CO) $8 | (CA), Kremsmiinster ] (Ont.), Author's Guide X Hopes Nose (England). et s12 Neotocite, Phosphosidenie L

v.18/#3 Uranium munerals {Sar-
dima), Garnet Hill (NV), Photogra-
pher’'s Guade, Library Guide X

v.18/#4 Carrara Marble

(ltaly). Marburg
Museum (Germany ) Su

v.I8/#5 Hale Creek Inesite (CA)
Vanadium Minerals Review,
Peking Museum .

v, IR #% Siereo [ssoe — includes
stereo viewer' Calcie, Pynite
Morgan Hall (AMNH) Ao

v.19#1 Mineral Museums of
Eastern Europe Full-color
72-page book-1ssue slo

v.19/#2 lron Cap mine (AZ).
Ouray (CO). Anatase (CD),
Peter Zodac Collection b

v.19/#3 Table Min. Zeolites (CO),
Tonopah-Beimont mine (AZ).
Parker Cleaveland X

v.19/#4 Ichinokawa mane ( Japan),
Bandora mune {CO). Chermikovite.
Gewchell arsenates (NV) A4

v.19#5 Almaden (Span). IMA.
] Berzehus, Probertie,
Osarizawaite 43!

v. |19 #6 Australia lssoe!
152 pages and much color

photography $12

v.200#1 New Mexico lssue!
96 pages and much color

photography ' sio

v.20/#2 Little Three mune (CA).,

Zaragoza Gypsum (Spain),
Calif. Locality Index bt

v.200/#3 Ouro Preto (Brazil),

Anjanabonoina (Madagascar).
Port Radium Silver (Canada) $8

v.20/#4 Katanga | ranium lssue’
Shaba (Zawre) deposits, much
color photography' $10

v.200#S Branhan Dhamonds

Leveamerm mune Phosphates
{Sweden), Phoeniaville (PA) 4]

v.20/#6 Spanish Pynite, Pint's
quarry (1A), Beaverdell (Br. Col.),
Hollister (CA), Blue Ball (AZ) $8

v.21/#1 Special 20th Anniv. lssue!
Roebling. Canfield, Bement.
Panis Exp.. Transylvania $10

v.21/#2 Thomberry Axinites (CA),
El Dragén mune (Bolivia), Silver
Distnict (AZ), Goldschmadt 5

v.21/#3 Amencan Amethyst
Localives, Terlingua, Davis Hill,
Edgarbasleyiie, Faden Quz $10

v.21/#4 Mont Saint-Hilaire
Issue! |12 pages and much

color photography' s12

v.21/#S Rose qtz. (Brazil), green

Apatite (Brazil), stereo photogr.,
Camegie Muscum Catalog $12

Carnegie Museum Catalog
Magnficent, 31-page. full-color

catalog free in each v.21/#5

v.21/#6 Nanisivik mine (Canada).
De Ealb (NY ), Murfreesboro

{AR), Austrahian [hamonds L411]

v.22#1 Mashamba mune (Zaure),
Fat Jack mine (AZ), Monstor-Mogul
(NV), azunite, Scandinavia s

v.22#2 Mezica mune (Yugoslavia)
Caldbeck Fells (England), SEM
Eugw quames (Span) $10

v.22/#3 Messina mines (So. Afr.),
ldna munes (Yugoslavia), Outlaw

mine (NV), Pribram (Czech.) $I0

v.22#4 Kalahan update (So. Afr.),
Senphos (Greece), Lake George
mine (New Bruns), Wattersite  $10

v.2U#S Smokey Bear gtz. (NM),
Taaffente, Swerling Hill (N]),
Crew's Mus. Reg. Soc. (168]1) $10

v.22/#6 Wagholi cavansite (India).
Kombat mune (Namibia), Madan
munes (Bulgana). Beltana $i0

v.2V#1 Dohrmann Gold collecton
Gallette quarry (CT), Span. fluorie
Houston Mus. ( atalog 12

Postage $1 per copy-
Order 10 copies or
more and we pay

all postage.

All issues n
vol. 22 are
still available
@ $10 each

Order From: Circulation Manager

Mineralogical Record

P.O. Box 35565

Tucson, Arizona 85740

Supplies
are
Limited
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MINERAL
SHOWS

Not to miss!

May 15-16-17, 1992 — WEST COAST GEM AND MINERAL SHOW

A NEW SHOW IN THE RIGHT PLACE AT THE RIGHT TIME @ NO ADMISSION
FEE @ A gathering of dealers with quality gem, mineral specimens and fossils
designed to attract serious collectors, wholesale buyers, dealers, and the

general public @ Located across the |-405 Freeway from the South Coast Plaza
Shopping Center @ Free shuttle service to / from John Wayne Airport

® 10 am to 8 pm on Friday and Saturday @ 10 am to 5 pm on Sunday

SPRINGFIELD - Springfield, MA. Civic Center

August 14-15-16, 1992 — EAST COAST GEM AND MINERAL SHOW

Held in the AIR CONDITIONED Springfield Civic Center, 120 State Street

® The largest and most comprehensive gem, mineral and fossil show in the
east ® SEPARATE WHOLESALE SECTION @ 80 top dealers from all parts of
the U.S.A. @ Exhibits from major museums @ Guest speakers @ Door prizes
hourly @ 1992 Theme is Minerals of California @ NEW SWAP SECTION @
® Kids Pan for Gold Free @ Gold Nugget Giveaway @ Discount Parking @
® 10 am to 7 pm on Friday and Saturday @ 10 am to 5 pm on Sunday

DENVER - Holiday Inn-Denver North

September 16-20, 1992 — COLORADO MINERAL AND FOSSIL SHOW

Held at the Holiday Inn-Denver North, 4849 Bannock St. (where 1-25 meets

I-70) @ Free shuttle service to other Denver shows @ 170 of the best mineral
and fossil dealers ® DEALERS ON THREE FLOORS OF THE HOTEL AND IN
THE HOTEL BALLROOM @ Held in conjunction with the Denver Gem & Mineral
Show at the Merchandise Mart ® 10 am to 10 pm Wednesday thru Saturday,

10 am to 5 pm on Sunday @ FREE ADMISSION @

Museum Benefit Auction on Wednesday, 5:30 pm to 7:00 pm at the pool

TUCSON - Executive Inn

February 3-13, 1993 — THE ARIZONA MINERAL AND FOSSIL SHOW

Held at the convenient Executive Inn Hotel, 333 W. Drachman, Tucson, AZ 85715
® 150 of the top quality mineral and fossil dealers, including 50 international
dealers ® PLENTY OF FREE PARKING ® FREE SHUTTLEBUS TO
OTHER SHOWS @ Open to the public — registration is not required @

® Wholesale and retail ® Numerous good restaurants within

walking distance @ 10 am to 10 pm daily @ THE SPECIAL GATHERING
PLACE FOR MINERAL & FOSSIL ENTHUSIASTS ©

For show information: Martin Zinn Expositions, P. O. Box 999, Evergreen, CO 80439-0999




WEST COAST GEM & MINERAL SHOW

| MAY 15-16-17, 1992  HOLIDAY INN - BRISTOL PLAZA

® OPENTO THE PUBLIC e FREE ADMISSION e FREE PARKING e
e ACROSS THE 405 FREEWAY FROM THE SOUTH COAST PLAZA SHOPPING CENTER e
® WHOLESALE AND RETAIL e U.S. AND FOREIGN DEALERS e
- GREAT LOCATION * FOSSILS * GREAT TIME *

* SHOW HOURS: 10 AM -8 PM FRIDAY and SATURDAY, 10 AM -5 PM SUNDAY =

3131 SOUTH BRISTOL STREET—IS EASY TO FIND |
r

1992 DEALERS INCLUDE:

ALEX STOLTZ LUIZ MENEZES MINERALS - BRAZIL
ANTERO MINERALS & JEWELRY METRO MINERALS

CAL GRAEBER MINERALS MIDWEST MINERALS & MINING
COAST TO COAST RARE STONES NEVADA MINERAL & BOOX COMPANY
COLLECTOR'S EDGE NORTH STAR MINERALS
CONTINENTAL DRIFTER PALA INTERNATIONAL S THE COLLECTOR
COOGAN GOLD COMPANY PALED IMPRESSIONS

CRYSTAL SYSTEMS ROBERATS MINERALS

CRAYSTALLINN INTERNATIONAL ROCKS OF AGES

D.J "DOUG” PARSONS AUNNER MINERALS

DENIS BRAND RAUSTAM

DOMNALD K OLSON & ASSOC SCOTT WILLIAMS MINERAL COMPANY
DYCK'S MINERALS SEIBEL MINERALS

EVAN & BOB JONES Sl & ANM FRAZIER

FOOTHILLS WHOLESALE MINERAL BOXES STEVEN WOLFE GEMS
FOSSILSOURCE - LARRY MARTIN TC00 SCHOWALTER FOSSILS
FREEDOM VALLEY GEMS TOM WITHERSPOOMN FOSSILS
GEMINI MINERALS TOM WOLFE MINERA!_S
GEMMOLOGICAL CENTER - BRAZIL TRADEWELL

HARVEY GORDON MINERALS VALADARES MINERALS . BRAZIL
KON MINING & EXPLORATION VICTOR YOUNT

INDIA NATURE S STATEMENT WAYNE THOMPSOMN FINE MINERALS
INTERNATIOMAL MINERAL EXCHANGE WHITMIRE WHOLESALE MINERALS
IRISH ROVERS WILLIAMS MINERALS

JENDON MINERALS WILLIS EARTH TREASURES

JEWEL TUNNEL IMPORTS WRIGHT S ROCK SHOP_ INC

JONTE BERLON ZEOLITES - INDiA

KRISTALLE

INFORMATION & ROOM RESERVATIONS: MARTIN ZINN EXPOSITIONS, P.O. Box 999, Evergreen, CO 80439-0999
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THE BEST OF THE MIDWEST
Two GREAT SHows Just For You!

The Official 2nd Annual

at The Carrousel Inn
May 1-3, 1992

* Gems, Minerals, Fossils and Jewelry
*Free shuttle to Main Show ¢ Retail & Wholesale
Open to the Public ¢ Free Parking
*Indoor & Outdoor Pools ¢ Special Low Rates
*Restaurant, Coffee Shop & Lounge
*A Full Service Hotel «Airport Limo Service
eJust 2 miles from the Main Show e
eBallroom Spaces Availablee

For reservations call: 1-800-543-4970 or
1-800-582-7121 (Ohio only). Be sure 10 mention the Gem Show
to receive the special $49 rate.

For show reservations write or call;

The Harness Group, Inc.
P.O. Box 31211 Cincinnati, Ohilo 45231
(513) 521-8718

Cincinnati Mineral Society 28th Annual
Cincinnati Gem, Mineral

& Jewelry Show
May 2 & 3rd, 1992

* International Dealers * Demonstrations * Large

Swap Area with Swap Dollars * 100 Displays from
Museums and Private Collections ¢ Benefit
Auction for The Harvard Mineralogical Museum
*FM & MInMAC Meetings ¢ Silent Auction
e Children's Activities

Featured Speakers:
Dr. Carl Francis, Bob Jones, Paul Pohwat,
Dr. R. A. Davis and Dr. Greg McDonald

For show information write:
John & Lin Felertag
5669 Sprucewood Drive
Cincinnati, Ohio 45247

Two Greai Teams Working for You!

MIDWEST DEALERS

The Outcrop
Pete & Nancy Olson
P.O. Box 2171
Springfield, Illinois 62705
(217) 787-6149
Fine Minerals

By Appt.

Red Metal Minerals Gemini Minerals
Richard Whiteman Joe & Diane Kielbaso
P.O. Box 45 P.O. Box 52
Hancock, Michigan 49930 Tipp City, Ohio 45371
(906) 482-9560 (513) 667-8111
Michigan native copper; Wholesale Only

mine owner: wholesale, Illinois fluorite; Tristate
retail minerals; pyrite suns,
elc.

North American Minerals
& Keweenaw Agate Shop

Les & Sandra Tolonen

P.O. Box 581

Baraga, Michigan 49908-0581

(906) 353-7285

Cave-in-Rock fluorite &
associated minerals: Mich.

Copper Country Minerals

HAWTHORNEDEN

FINE MINERAL SPECIMENS
Micromount to Cabinet Size

WANTED TO PURCHASE — OLD COLLECTIONS

Just V: hour
South of Bancroft,
in Bannockbum

BANCROFT

BANNOCK BURN |

HWY 7 OTTAWA

Open Mid-May to September
(Otherwise By Chance or By Appointment)

Wendy & Frank Melanson (613) 4734325
Mailing Address: R. R. #1, Eldorado, Ontario, KOK 1Y0

MONTREAL

TORONTOD BELLEVILLE

The Mineralogical Record, volume 23, March-April, 1992




Caviano Mineral Gallery
5910 South University
Littleton, CO 80121
303-798-6696
Mon-Sat 10-5:30, Sun call first
Quality Minerals from the
Ray Thompson Collection

Collector’s Edge
Bryan & Kathryn Lees
402 Gladiola Street
Golden, CO 80401
303-278-9724
We Buy Collections

Collector’s Stope

Jim & Patti McGlasson

7387 S. Flower Street

Littleton, CO 80123

303-972-0376

Fine Minerals, Species, Micromounts

Columbine Mineral Shop

Benjy & Liz Kuehling

633 Main Street, Ouray, CO 81427
303-325-4345, 9 a.m. t0 9 p.m.
Open 7 days, May 1-Oct. 31
Off-season by Appointment

Fine Minerals for Collectors

Crystal-Linn International
Martin Zinn
P.O. Box 2433
Evergreen, CO 80439
303-670-1960
Display Quality Minerals

Genesis Epoch
Mel & Pam Bersch
2417 Sandridge Court
Grand Junction, CO 81503
303-242-3134 (call for appt.)
Fine Minerals & Fossils

Glacier Peak Gems & Minerals

Joseph & Susan Domis

Box 4

USAF Academy, CO 80840
719-685-4479 (by appointment)

Top Minerals —Colo., Pakistan, Mex.
Write for Mail Order List

Golden Minerals

Don E. Knowles
13030 West 6th Place
Golden, CO 80401
303-233-4188

Largest Comprehensive Stock in Colorado

Green Mountain Minerals

Stanley Korzeb

13812 W. Dakota Avenue
Lakewood, CO B0O228

303-988-2642 (Call for Appt.)
Species, Fine Minerals, write for List

Colorado Mineral &
Fossil Show

September 16-20, 1992
Holiday Inn-North Denver
4849 Bannock Street

THE SATELLITE SHOW!
10 a.m. to 10 p.m. Daily

NOW OPEN SUNDAY

Bill Hayward Minerals
Bill & Christopher Hayward
3286 Quitman Street
Denver, CO 80212
303-455-1977 (Call for Appt.)
Colorado & Pikes Peak Minerals

L & T Creations
Lee A. McKinney
1800 Winfield Dnive
Lakewood, CO R0D215
By Appt. Only 303-232-6451
Colorado Amazonite

LJP — Colorado
Larry & Carmen Piekenbrock
P.O. Box 1758
Boulder, CO 80306
303-666-6926 (by Appt. only)
Colorado & Western Minerals

Mike Madson Minerals

Mike & Sharon Madson
3201 Snowberry Court
Grand Junction, CO 81506
303-243-2234

Wholesale Minerals

Mineral Treasures
Dee Belsher
9250 W. 100th Circle
Westminster, CO 80021 (Denver area)
303-466-4128 (by appointment)
Fine Mineral Specimens

Mountain Minerals

International

Dudley Blauwet

P.O. Box 302

Louisville, CO 80027-0302
303-665-0672, Buy/Sell/Trade
Minerals, Gems, Gem Rough

Red & Green Minerals, Inc.

Denzil Wiggins

7595 W. Flonda Avenue
Lakewood, CO B0227
303-985-5559

Custom Jewelry, fine mineral
specimens, lapidary & jewelers’
tools & supplies

The Rock Huut

Jim & lrene Witmer

706 Harmison Avenue

Leadville, CO 8046]
719-486-2313

Specimens, Unique Gifts, Jewelry
Open 7 days/week

The Sunnywood Collection

Bill & Elsie Stone

12068 E. Amherst Place
Aurora, CO B0O14
303-696-0044 (by Appt. only)
Fine Minerals & Fossils,
Mounted on Exotic Hardwoods

Williams Minerals
Keith & Brenda Williams
P.O. Box 1599
Idaho Springs, CO B0452
W: 303-567-4647, H: 303-567-4647
Dealers of Fine Mineral Specimens,
Mining Artifacts and Antiques

Worldwide Resources
Dennis . Belsher
P.O. Box 636
Golden, CO 80402
303-322-4748
South Amernican Minerals
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Museum of Geological
Sciences, V.P.1.

Curator:

Dr. Susan C. Enksson

Tel: (703) 231-6029
2062 Derring Hall
Virginia Polytechnic Inst.

& State University
Blacksburg, VA 24061-0420
Hours: 8—4 M-F, 10-2 Sat.
Specialty: Virginia and

worldwide minerals & fossils

Montana Tech Mineral

Museum
Curator:
Richard Berg
Adjunct Curator:
Lester G. Zethen
Tel: (406) 496-4414
c¢/o Montana Tech
Butte, MT 59701-9981

Hours: 8-5 daily June-Labor Day;

M-F & Sun afternoons
Lflbnr ”Jﬁ.'—."v“l.l}
Specialties: Montana &
Idaho minerals; systematics

Glenbow Museum
Curator (mineralogy):
Michael S. Evick
Tel: (403) 264-8300

Glenbow Alberta Institute

130 Ninth Avenue S.E.

Calgary, Alberta

Canada T2G 0P3

Hours: 106 Tues-Sun

Specialties: W. Canadian and
worldwide minerals & gems

Harvard Mineralogical

Museum
Curators:
Dr. Carl A. Francis
William Metropolis
Tel: (617) 495-4758
24 Oxtord Street
Cambridge, Mass. 02138
Hours: 9-4:30 M=Sat; 1-4:30 Sun
Specialties: Systematic
Mineral Collection

William Weinman

Mineral Museum
Curator:
Kim B. Cochran
Tel: (404) 386-0576
P.O. Box 1255
Cartersville, GA 30120
Hours: 10—4:30 Tue-Sat,
2—4:30 Sun.
Specialty: Georgila &
worldwide minerals & fossils

Geology Museum
Colo. School of Mines

Curator:
Virgima A. Mast
Tel: (303) 273-3823
Golden, Colorado
Hours: 94 M-5at, 1-4 Sun.
(closed on school holidays &
Sundays in the summer)
Specialties: Worldwide
minerals; Colorado mining
& minerals

Museums listed alphabetically by city

A. E. Seaman

Mineralogical Museum
Curator (mineralogy):
Stanley |. Dvl 1l
Tel: (906) 487-2572
Michigan Technological Umyv
Houghton, Michigan 49931
Hours: 9-4:30 M-F
Specialty: Michigan minerals,
copper minerals &
worldwide minerals

Houston Museum of
Natural Science

Curator (mineralogy)

Joel Bartsch

Tel: (713) 639-4673

Fax: (713) 5234125
| Hermann Circle Drive
Houston, Texas 77030
Hours: 9-6 M-Sat; 12-6 Sun
Specialty: Finest or near-finest

known specimens

Natural History Museum
of Los Angeles County

Curator (mineralogy):
Dr. Anthony R. Kampf
Tel: (213) 744-3328
900 Exposition Blvd
Los Angeles, CA 90007
Hours: 10-4:45 Tu-Sun.
Specialties: Calif. & worldwide
minerals, gold, gem crystals,
colored gemstones
Support organization:
The Gem and Mineral Council
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Sterling Hill Mining
Museum
Curators:
Robert Hauck
Richard Hauck
Tel: (201) 209-7212
30 Plant Street
Ogdensburg, NJ 07439

Hours: 10-5 M-Sun, Mar.-Dec.

Specialty: Local mining &
minerals

Carnegie Museum of
Natural History

Collection Manager:
Position currently
open
4400 Forbes Avenue
Pittsburgh, PA 15213
Hours: 10-5 Tues-Sat,
10-9 F, 1-5 San,
closed Mon. & holidays
Specialty: Worldwide
minerals & gems

Musée de géologie

de I’Universite Laval
Curator:
André Lévesque
Tel: (418) 656-2193
Geology Dept., 4th floor
Adrnien-Pouliot Building

Québec, Que., Canada G1K 7P4

Hours: 8:30-5 M-F

Specialties: Quebec and
worldwide minerals and
fossils; Miguasha fishes

Jurupa Earth Science

Museum
Curators:
Dr. Jack Nieburger
Wilham Hudson
Tel: (714) 685-5818
7621 Granite Hill Dr. (Hwy 60)
Riverside, CA 92509
Hours: 1-4 Tues-F, 10-5 Sat.
Specialty: Crestmore &
worldwide minerals & fossils

New Mexico Bureau of
Mines & Mineral
Resources

Mineral Museum
Mineralogist/Curator:
Marc L. Wilson
Tel: (505) 835-5246
Campus Station
Socorro, NM 87801
Hours: 8-5 M-F & by Appt.

Specialty: New Mexico minerals

M.Y. Williams

Geological Museum
Curator: Joe Nagel
Tel: (604) 822-5586
University of British Columbia
6339 Stores Road
Vancouver, B.C.,
Canada V6T 1Z4
Hours: 8:30-4:30 M-F
1:30—4:30 W (Collector Sho
Specialty: B.C., Pacific NW,
Canada; Exhibit Quality

P)

Private Museums

Hampel Mineralogical

Museum
Curator:
Lance T. Hampel
Tel: (414) 255-4540
P.O. Box 39
Germantown, W1 53022
Hours: by Appt.

Specialty: Midwest minerals

Museo Mineralégico

M. Romero
Curator: Jorge Dfaz de Ledn
Tel: (238) 3-00-07
7 Norte #356
Tehuacdn Puebla, México 75700
Hours: 10-12 noon M-=Sat
46 p.m. M-F & by Appt
Speaialty: Mexican Minerals

Additional listings
welcome!

Send vital information, as
shown, to the editor.
There 1s 2a modest annual
fee (lower than our regu-
lar advertising rates).
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Bitner’s, Inc.

42 West Hatcher
Phoenix, Arizona 85021
(602) 870-0075

Wholesale Minerals &
Fossils, by the piece,
pound or flat, since 1945

Cureton Mineral
Company

Forrest & Barbara
Cureton

P.O. Box 5761

Tucson, Arizona 85703

(602) 743-7239

Rare Minerals

Meteorites, Old Classics,

Wholesale & Retail.

By Appt.

\ ” -
}‘f%fx ﬂ GILBERT % .,
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Les & Paula Presmyk
P.O. Box 1273

Gilbert, Arizona 85234
(602) 892-0779
Retail/Wholesale
Specializing in

fine Arizona
Specimens

Em’s Gems

Plus Three

Em & Ogle Love

8846 E. 35th Circle
Tucson, AZ 85710

(602) 886-6942

Fine moderately

priced (<$600)
specimens for collectors
and museums.

Shows only.

Fosters

Sarah Foster

& Wayne Richards

1511 E. Edgemont Ave.
Phoenix, Arizona 85006
(602) 265-1567

No List. See us at
Major Shows.

Kino Rocks &
Mineralis

6756 S. Nogales Highway
Tucson, Arizona 85706
9-11:15/Noon-5:30
(Closed Sun.)

(602) 294-0143

David Shannon
Minerals

David & Colleen
6649 E. Rustic Drive
Mesa, Arizona 85205
(602) 985-0557

Maudine & Bob
Sullivan

3202 Saguaro

West Trail
Tucson,

Arizona 85745
(602) 743-0081
See us at the major
shows only
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Call for an appointment to visit our mineral showroom when you're in Tucson

Specializing in Old Classics
and Fine Display-Quality Specimens

% CASH PAID FOR MINERAL COLLECTIONS

Western Minerals

GENE & JACKIE SCHLEPP « P.O. BOX 43603 » TUCSON, ARIZONA 85733
+ NO LISTS -
CALL COLLECT: (602) 325-4534




* P. O. Box 816, Redondo Beach, CA 90277 % . .
||/(213) 372-6149 e s (213) 372.5969\| g.“tl[]llﬂl'lﬂ“
o “ - (Ans & Fax) -

No. 1 Schmiedel’s Erz .‘if:qﬁi'n und
Berg Arten (1753) with 46 color
plates. [SOLD OUT]

No. 2 Hebenstreit's Museum Rich-
terianum (1743) with 14 color
plates. [SOLD OUT]

No. 3 Grew's Musaeum Regalis Soc-
ietatis (1681) p]us De Boate's
Rare and Excellent Discourse on
Minerals (1653) [SOLD OUT]

No. 4 Gautier d'Agoty’s Histoire
Naturelle Regne Mineral (1781)
with 78 color plates.

Two Copies left: $325 ppd.

¢ Book Catalog #1: $2.00 «
Mining, mineralogy, gemology & jewelry

e Book Catalog # 2: $2.00 « GET ON OUR MAILING LIST!

Early science, technology & scientific instruments The Mineralogical Record
o Scientific Instrumenis Calalog #3: $5.00 « 4631 Paseo Tubutama
lglh & Iqlh EEI‘I[U!‘}-‘ mamfmﬂiﬂal, Phllﬂso‘i'“ca] and nplii:a] instruments of all kinds T‘l:i‘ﬂ_(}ll‘ Az' Ha_l,-' ] _.-_i.

Tel: (602) 299-5274

HARDCOVER

of this issue on the

SPECIAL
/‘iﬁi@\ \ LEATHER-BOUND EDITION

Bound in
brown

bonded is available from
leather with i

: the Circulation Manager
copper stamping, : .
all advertising \ WHILE SUPPLY LASTS

, suad. _

Fg\iﬁt;,:c;::;:j 2 2 $38 plus $1 postage (U.S. & Can.)
to 500 copies. — —_ (foreign orders add $1)

Allow 4-6 weeks - -

for delivery.

\ MicHIGAN COPPER COUNTRY
\

Mineralogical Record, P.O. Box 35565, Tucson, Arizona 85740
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Michael Dennis
Cohan

BOOKSELLER
Out-of-Print & Rare Books
Specializing in Geology,
Mining ¢ Related Subjects

X

502 W. Alder St. - Missoula, MT
59802 - (406) 721-7379

OLD & RARE BOOKS

Mineralogy * Gemology
Geology * Mining

GOLDSCHMIDT'S
WORLD

MINERAL LOCALITY
INDEX

A cross-index by locality to the
23,606 crystal drawings in
Goldschmidt’s famous Arlas der
Krystallformen * An invaluable
reference on mineral localities
worldwide. $11 postpaid
Foreign Orders Add $1 per vol.
Mineralogical Record
P.O. Box 35565
Tucson, Arizona 85740

BOOKS

USED, RARE AND
OUT-OF-PRINT BOOKS

OUT-OF-PRINT BOOKS

Send $2.00
for latest catalog listing 100's on
minerals, mining, geology, fossils, gems.

P.O. Box 9996
San Diego, CA 92169-1996

Tel.: 619-488-6904

OLD STOCKS & BONDS

‘Autographs -Scrip
$3 NORAICO INC.  [Siiustrated Guide to

Prospecting Localities, Minerals, Gems,
Fossils, Geology, Mining, Archeology,
Meteorites. Send $2 for current
catalogue of several hundred items.

The Hannum Company
P.O. Box 1505
Ardmore, OK 73402
(405) 223-4826

Bought & Sold
Latest Catalog $2

Frederick Blake

* Bookseller *

12 Hempstead Ave., Rockville Centre,
NY 11570 = Tel: (516) 678-4810

Handbook of

MINERALOGY

Anthony * Bideaux * Bladh « Nichols

NOW AVAILABLE: VOLUME [ —Elements, Sulhdes, Sulfosals
Comprehensive descriptions of 588 mineral species.

Complete through December 1988,

588 pages + vii, 7 x 10 inches, Hardcover

ISBN 0-9622097-0-8

$82.50 + $5 shipping & handling (surface mail)

Prepaid orders only. Credit cards not accepted.

MINERAL DATA PUBLISHING
P.O. Box 37072, Tucson, Arizona 85740 USA
Richard A. Bideaux, General Partner (602) 297-4862
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erman - Dealers

I he next time

you're traveling in
Germany, visit us
for some German
hospitality & see
some exceptional
specimens!

Baumstark
Mineralien &

Edelsteine
Dipl. Min. M. Baumstark
Geppertstr. 20
D-7580 Biihl/Baden
Tel: 07223-1503
Fine Worldwide Minerals —
esp. Bulgaria & USSR

Bode-Verlag GmbH
Rainer Bode
Diirnberg 2
D-4358 Haltern 4
Tel: 0049-2364-16107
Emser Hefte, Mineralien-Welt,
Fine Books

Exclusive Mineralien

Briickner
G. Briickner
Box 1342
D-7840 Miillheim-Britzingen
Tel: 07631-12801
Fine Classic Minerals,
By Appt. Only

FREISING@®
MUNICH®
TEGERNSEE @

.-l-‘i'_"
kT
Ea

Old classics &

recent discoveries,
display specimens
& rare species,
fossils, meteorites,
books & other
collectibles.

Fleck Mineralien
Gisela & Klaus Fleck
D-8023 Munich-Pullach
Tel: 089-793-1793
Top Quality Specimens,

Rare Species (list),
By Appt. Only

Kristalldruse GmbH
Chrisian Weise
Oberanger 6
D-8000 Munich 2
Tel: 089-260-4018
FAX: 089-260-3499
Over 1,000 species; Ranties
Bought & Sold; All German

Books on Minerals, etc. [List];
M-F, 9:30-6, Sat., 9:30-1

Mineral Exquisit

Karin & Ul Burchard
Schlosstrasse 6
D-8050 Haindlfing-Freising
Tel: 08167-8567
Top-quality minerals, antique
mineralogical instruments

Weerth Edelsteine u.

Mineralien

Andreas Weerth

Hochfeldstr. 37

D-8180 Tegernsee

Tel: 08022/4330

Gem matenal from central Asia,

Minerals from the Alps

Wilke Mineralien

Krsvstaﬂos
Paul Meienberg
Ainmillerstr. 13
D-8000 Munich 40
Tel: 089-34-1338
FAX: 089-349-789
Only high-quality crystals for
aesthetes, collectors, healers;
>120 tumbled stones:
T-W-Th, 10-6 and by Appt.

Dr. H. J. Wilke & Else A. Wilke

Hindelstr. 5

D-6116 Eppertshausen

Tel: 06071-31394

Exclusive Minerals, Classic
Localities, Rare Species

Many of us have booths at the Munich Show—See you there!




Bourget Bros.

1636 11th Street

Tel: (213) 450-6556
FAX: (213) 450-2201
Wholesale and Retail

Ed and Kay Coogan
P.O. Box 1631
Turlock, CA 95381
Tel: (209) 634-5222

S1 and
Ann Frazier

Si and Ann Frazier

Galas Minerals

Chris and Agatha Galas
6000 Fulkerth

Tel: (209) 634-4292

Anthony Chavez, Leonard Bourget

Santa Monica, California 90404

Coogan Gold Company

Suite 306, 6331 Fairmont Ave.
El Cerrito, California 94530

Turlock, California 95380

Jewel Tunnel Imports

Rock H. Currier

13100 Spring Street

Baldwin Park, CA 91706-2283
Tel: (818) 814-2257

FAX: (818) 338-4617
Wholesale Only

Kassionas

John and Dolores Kassionas
P.O. Box 578

Alviso, California 95002

Tel: (408) 263-7784

Kristalle

332 Forest Avenue, #8
Laguna Beach, California 92651

IrNa
alers

D. J. (Doug) Parsons

1119 S. Mission Road
Suite 243

Fallbrook, CA 92028
Tel: (619) 728-8251
FAX: (619) 728-8255
TELEX: 710 111 5543

Roberts Minerals

P.O. Box 1267
Twain Harte, California 95383
Tel: (209) 586-2110

Mark & Jeanette Rogers

P.O. Box 1093
Yucaipa, California 92399
Tel: (714) 797-8034

Tel: (714) 494-7695

Lustig International

Hal & Shirlee Lustig

14270 Doolittle Drive

San Leandro, California 94577
Tel: (415) 351-4444

Minerals & Stands

Wholesale Only

Pala International &
The Collector

912 So. Live Oak Park Road
Fallbrook, California 92028
Tel: (619) 728-9121

US Wats 1-(800)-854-1598

Bruce & Jo Runner

13526 South Avenue
Delhi, California 95315
Tel: (209) 634-6470

Micromount List $2
TNs, MIN, CABINETS

Silverhorn

Mike Ridding

1155 Coast Village Road
Montecito, California 93108
Tel: (805) 969-0442
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)

CAE (GRAEBER MINERALS
Cal & Kenith Gracber
P.O. Box 47
Fallbrook, CA « 92028
Tel: (619) 723-9292
by Appt. Only

f IxON
r Jim Walker & Mary Fong Walker
A P.O. Box 602
&@ Fallbrook, CA « 92028
/0 Tel: (619) 723-3484
by Appt. Only

',h

T CTTTRTENEL

FALLBROOK

b

(“u IFORNIA |

& -‘ - to RIVERSIDE
i P
(}{nﬂ
< & THE COLLECTOR E
— Kemt Brucker & Bull Larson

@ 912 So. Live Oak Park Road @ )J
0 Fallbrook, CA » 92028

T T T T

(619) 728-9121

. LS (800) 854-1598
" o ;‘ﬁzzm'

¥ o

AT R

DONALD K. OLSON &
ASSOCIATES
Donald & Gloria Olson
PO. Box 858
Bonsall, CA « 92003
Tel: (619) 758-2388

* i
', D] “DOUG”” PARSONS Py
OCEAHS[DF_ ;’;;& 1119 S. Mission Rd., Suite 243

7% miles | Fallbrook, CA « 92028
2 Q Tel: (619) 728-8251

Fax: (619) 728-8255
Telex: 7101115543

EsconNpipo
and SAN DiEGO

NIRRT .

FOR THE VERY FINEST IN MINERAL SPECIMENS,
GEMSTONES, AND WHOLESALE MATERIALS, VISIT
FALLBROOK ON YOUR NEXT TRIP WEST.

YOU WON'T BE DISAPPOINTED.

O T I T T T
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Direct Source from

MADAGASCAR

CELESTINE

Top Quality Crystals

Rough Cutting Material * Tour-
maline * Aquamarine * Orthoclase
* Danburite, etc. * More than 50
Different Kinds of Rough Material
* Eggs & Spheres up to 10 inches
from CLEAR to PURE Rock Crys-
tal » Dark Rose Quartz « Labra-
dorite * Amazonite * Fine Quartz
with Inclusions * Solitaire Games
(various sizes)

DENVER SHOW » HOL. INN RM. 123

— SOGEMA -

MADAGASCAR
MINERALS CO.

BP-5020-ANTANANARIVO

call, write or FAX:

USA: A. de Bodisco
P.O. Box 333, Lake Geneva, FL 32160
Tel /JFAX: (904) 473-2111

FRANCE: Paul Obeniche
1 rue Paul Cezanne, 75008 Paris
Tel: (331)4562-6929
FAX: (331)4225-8560

Finp

Mineral Specimens

¢ ®reatl Glassirn, -

-"!.l'gh:u-& ,lhllll;l_

lisle lomured. — —= _

Box 51
Short Hills, N.J. 07078

(201)467-0212

FLUORESCENT
MINERALS

y —"" -

ENJOY the magic of
minerals that create the
colors of the rainbow.
“Wow" your friends with
magic minerals and a
Mineralight® lamp.

WRITE OR PHONE

FLUORESCENT MINERALS CO.
(formerty UVP Minerals Department)

5106 Walnut Grove Ave. D-13

San Gabriel, CA 91776
800-833-6757

Rare Species?
Common
Minerals?

Our customers say: "Quality material,
accurate labels, excellent wrapping.”
Find out why! $1 brings 20 pages of
listings. $2 puts you on our mailing list
for a year

NMinerals Unlimited

P.O. BOX 877-MR
RIDGECREST, CALIF. 93555

Fine Australian &
Worldwide Specimens —
Micro to Museum Sizes
Rare Australian Species,
Meteorites & Tektites

L/-’_ |
Robert Sielecki pstemmeniy
Expjﬂrannn EH}JDRFS.PU See You In

. Denver
Janine Rea

ich |
mine geologist MFI;mI.( h
aris

42 Hex 5t., Tottenham "
Melbourne, Victoria 3012 \ ucson
Australia (phone (03)314-9612 I 1991-1992

Lapel Pin
Polished

cast-bronze
1.8 cm
$12 postpaid

Mineralogical Record
P.O. Box 35565

Tucson, Arizona 85740
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Mar. 20-22 Hickory, NC*

Mar. 20-22 San Antonio, TX

Mar. 21-2 Manhattan Beach, CA
Mar. 28-29 Holyoke, MA

Apr. 45 Columbus, OH

Apr. 10-11 New Orleans, LA
Apr. 17-18 Jackson, Ml

Apr. 25-26 Wayne, N

Apr. 25-26 Memphis, TN*

May 2-3 Cincinnati, OH

*Indicates
ROCKSMITHS

SOUTHEAST




The first new edition of
Glossary of Fleischer's Glossary in

MINERAL four years. Fully updated; 262

pages; with tough Lexotone covers
SPECIES for long wear. An indispensible
reference to currently accepted
mineral names and formulas.
Includes crystal system, group
relations, literature references.

RN

$15.00

Plus $1 postage

Annual updates will be published & packaging
in the Mineralogical Record. ($2 foreign)

Order from: Mineralogical Record

P.O. Box 35565, Tucson, AZ 85740 Tel: 6(2-297-6709

Prepaid orders only. Wholesale discount to dealers
on 10 copies or more.

Fleischer * Mandarino

The

DEEP CLEANING GUN

The gun, due to its high pressure spray, is particularly
useful in cleaning mineral specimens, fossils, carv-
ings etc. with the use of tap water only. The tank may
also be filled with acid solution, cleansing solutions
or other liquids. With the gun at maximum perform-
ance, at a distance of 50 cm, it is possible to obtain
optimal cleaning; by moving the spray close to the
object, the effect will be deep cleaning and will even
remove oxidation, incrustations and coatings.

V/4V/4 S
alfredo ferri

FINE MINERAL SPECIMENS — WHOLESALE
AND RETAIL — RUBY IN ZOISITE from
TANZANIA (ROUGH, CUT, POLISHED and as
FINISHED CARVINGS). SEE US AT THE
DESERT INN, Room 123.

Via Guido d’Arezzo, 11

20145 Milano, ITALY

Phone: +39-2-435000
Fax: +39-392-4694517

The Mineralogical Record, volume 23, March—-April. 1992




*Be sure to ask for
special admission to
“The Blue Room”

PENAWRENCE H. CONKLIN

showroom:
% <O 2 West 46th Street
PR\ 2
ngkﬁc’:qﬁ New York, New York 10036
S e Tel: (212) 382-0304

A%
HOURS: TUES-FRI 9:30-4:30
SAT 10-2:30, except July & August

OTHER TIMES BY APPOINTMENT

Now Europe's greatest journal for minerals and gems.
Articles on Minerals, gems and their localities all over the world —
with special emphasis on Germany, Austria and Switzerland

Monthly information for the Dana collector, on all that's new in
the mineral and gem market, on books, and on the latest events

Lapis helps establish business and trading contacts all over
Europe through your ad

one year subscription Note: Now you can pay
DM 80.40 for your Lapis

surface mail postage subscription through
included the Mineralogical Record!

Donald K. Olson

and Associates

DoNnALD K. OLsON
P.O. Box 858 * BonsALL, CALIFORNIA 92003 * TEL: (619) 758-2388
WORLDWIDE MINERALS

African

minerals

GrLoriA K. OLsonN

The Mineralogical Record, volume 23, March-April, 1992
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SCHNEIDER'S

rocks & minerals

13021 Poway Road
Poway, California 92064
619-748-3719

Minerals, Fossils, Facet Rough

Since 1960
In the San Diego Area
EEEn

NOW BY APPOINTMENT ONLY,
OR SEE US AT THE SHOWS

fine minerals & gems
Direct from Brazil

OCERNISIDE GEM ITPORTS, .

P.O. Box 222
Oceanside, N.Y. 11572

Phone (516) 678-3473
Hours by Appointment

" a—-

GEMS AND MINERALS

Belen, New Mexico 87002
505-B64-2145
« SEND SASE FOR LIST #

kristalldruse

Kristalldruse is the largest mineral shop
in Munich.

Send us your want list or visit us
when you're in Munich.

Mon.-Fri. 96, Sat. 91 p.m.
Downtown Munich near the
Stadtmuseum, 2 minutes from
the Marienplatz in the Dultstrasse

OBERANGER 6, D-8000 MUNCHEN 2
Tel. 089-260-4018

o T
= IURES

|l

Looking for

Meteorites?

Swiss Museum offers free sales list.
Swiss Meteorite Lab.
Museum Bally-Prior

Kreuzackerstr. 16a
CH-5012 Schoenenwerd
Switzerland
FAX: 064-41-63-44

We also buy meteorites!

P.O. Box 6214
Rome, Georgia 30162-6214

Tel: 404-291-4618
No List. Please write for specific requests.

Schooler’s

Minerals & Fossils

Quality Specimens
for the Collector

At Shows & By Appointment

P.O. BOX 1032, BLUE SPRINGS, MO 64015
(B816) 931-1576

ey

TREASY

i -
P.O. Box 10136 [I

wh
Torrance, CA 90505
Fine mineral specimens in
all sizes and prices from
world-wide localities.
Always something new.
Send for list.
(310) 373-3601

ZEQDIYRE SIINIDIA

Specializing in GREEN APOPHYLLITE, MESOLITE
sprays and sunbursts, NATROLITE in vugs, CALCITE
varieties, CAVANSITE, STILBITE bow ties, OKENITE
geodes, PREHNITE stalactites, colorful GYROLITE
balls, HEULANDITE, SCOLECITE, MORDENITE
THOMSONITE. EPISTILBITE. AMETHYST, QUARTZ
RUBY in matrix

Rarities: POWELLITE, YUGAWARALITE, GOOSE-
CREENITE. ILVAITE, LEVYNE.

Leolites India » D-311 Manju Mahal
35 Nargis Dutt Rd.. Bandra (West)
BOMBAY 400 050. Tel: 6462284, 547422
FAX: 287-1441 Attn. MTNLAO10

Jeanne’s Rock & Jewelry
5420 BISSONNET

N
BELLAIRE TX 77401

Southwest Houston (713) 664-2988
FAX (713) 664-1714

Minerals for Collectors —
Decorators — Educators
Fluorescent Specimens —
Staurolite — Vera Cruz
Good Specimens from Mexico, Peru,
India, & U.S.A.
By the Piece — By the Flat

HOUSTON GEM & MINERAL SOC. SHOW
GEO. BROWN CONV. CTR. June 5-7

LUIZ
MENEZES

We have a large selection of
Brazilian minerals, includi

superb RUTILATED QUAR

crystals, blue phantom
quartz, amethyst rosettes,
pegmatite minerals, rare min-
erals from the Jacupiranga
mine, and many others. Visit
our showroom in S3o Paolo

.

R. Eng. Agenor Machado 108
CEP 04710 - Sdo Paolo, BRAZIL
Phone (011) 521-0538
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INTERNATIONAL
MINERAL EXCHANGE

—r—

Buying Quality Specimens & Collections
Sales by Appointment & Selected Shows

GERALD AND JEANNINE CLARK

PO. Box 11090 Costa Mesa. CA 92627
Tel: (714) 5400810

His Royal Majesry Announces

@yﬁﬂnﬁ’ SR, rimmns

fine mineral specimens P iﬂﬁ'ﬁina y
- SN anéfNuggets
- From Romele and qudon Mines

- Assay gﬂlce g
_it | MarshaliMint | = _
%' 98North C'Street [
.. P O.Box8ss .

Rod & Helen Tyson
10549 133rd Street |
Edmonton, Alberta
Canada T5N 2A4

(403) 4525357

~(800) 3216374

7

<
UYTENBOGAARDTITE %%,

Black metallic specs 100’s of times bigger than lz,
ever found. Sliced specimens, rich with gold. ‘9}-

Over 900 Mineral Listings plus Boxes & Supplies
— Send three stamps for complete catalog —

DAVID SHANNON MINERALS
6649 E. RUSTIC DR., MESA, AZ 85205 (602) 985-0557
TUCSON IS COMING: MAKE PLANS NOW TO BE THERE

BOB & VERA TURNER '\
Ilaiuml (Zonnection

WHOLESALE MEXICAN MINERALS

Flats Mixed Minerals

Sta. Eulalia, Naica or Mapimi

Your choice: $75 ea. postpaid
* Satisfaction Guaranteed "

BY APPOINTMENT ONLY « NO LIST
520 MARTHMONT WAY
EL PASO, TEXAS 79912
(915) 581-1926

( suows

Tucson, AZ Exec. Inn 202
New Location! Feb 5-15
Jackson. MS Feb 29-Mar |
Raleigh, NC April 57
New Orleans. LA April 11-12
Wayne, NJ April 25-26

"

Dan & Jill Weinrich
16216 Copperwood Lane
Grover, MO 63040 (Sr. Lowis Area)
314-230-8323 » Fax: 314-256-6540
Dealers in fine mineral specimens
Showroom open by appowntment
Free quarterly lists * Rarities, Aesthetics, micro o
cabinet. Wholesale and retail
DENVER — HOLIDAY INN Rm. 311

MONTEREGIAN MINERALS
MICROMINERALS AND RARE SPECIES

Specializing in Mt. St-Hilaire and
other Canadian localities. List available

P.O. Box 2096, Dorval, Quebec
HES 3K7 CANADA

EASTERN SHOWS OR BY APPT
NEAR WASHINGTON, DC

C. CARTER RICH

- MINERALS -

P.O. Box 91 |
Aldie, VA 22001 (703) 327-6373

———

&

SILVERHORN

® MICHAEL J. RIDDING

gdye/h( and Sellors

of fine gem crysdals
and gem malerials

1155 Coast Village Road
Santa Barbara, California 93108
Tel: (805) 969-0442

WRIGHT'S ROCK SHOP

ROUTE 4, BOX 462, HOT SPRINGS. ARK. 71913

SHOWS .\

Costa Mesa. CA May 1517
Bristol Plaza Hol Inn rm. 113
Houston. TX June 57
Arlington, TX June 13-14
Springtield. MA  Aug 14-1¢
Denver, CO Sept 16-20
Holiday Inn room 283 J
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G. Carlo
Faoravants

mineralogist

MMI is on the move again:
Kansas City, MO (K.C. Market Ctr.) .... March 13-15
Rochester, NY (Symposium)| April 9-12
Wayne, NJ (Wm. Paterson College) April 25-26 = P
Cincinnati, OH (Cincinnati Gardens) Apatite T g

19/20 Via Pie di Marmo
Rome, Italy

MOllIltaiﬂ Minerals Intemational 'LUC;I[_L‘d between Piazza
P.O. Box 302 e Louisville, Colorado 80027-0302 _venezia and the Pantheon

Tel./FAX: (303) 665-0672 Mon. 5-8 pm; Thurs. & Fri.,
11-1 pm, 5-8 pm; Sat. 11-1 pm

.,

Phone: 06-6786067

N

" VALADARES

minerals
Edson & Laercio Endrigo

* fine mineral specimens
from Brazil

* Wholesale & Retail
* Call or write for information

RUA CAPOTE VALENTE, 513
AP. 133 CEP 05409 PINHEIROS
SAO PAULO-SP, BRAZIL

Tel: (011) 64-5317

N

josep barba
N wholesaler of minerals and fossils |

AQ specialized in Spain and Bolivia
$40 postpaid A(S)

Our offer of twenty-five (25) thumbnail-sized specimens includes rare species, attractive specimens,

loveable uglies and common minerals, too. Some will be mounted in standard perky boxes, some =

loose, all individually labelled and all different! Each selection will include old collection material, 7T p G

specimens with micro potential, unusual localities from worldwide sources, etc. These collections 'hl: E* arag ems

are great bargains! Twenty-five (25) different TNs for $40.00 postpaid’ @; i géﬁ?‘indij%ug? g Cu;ﬂﬁemf.
UFod Sad ecklaces; Indian Minerals

Excalibur Mineral CO‘ *a‘,fa{“..:?;j Send want-list on Letterhead

- e M4/15-A SUNDER MAGAR, S.V. ROAD
5 Louis Lane, Crugers, New York 10521 MALAD (W) BOMBAY-400064 INDIA 1§

Tet 672-6874 (By Appointrment) |

loreto, 8 - 08029 barcelona - spain
tel. (3) 430 33 81 - fax (3) 226 18 15
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cril @zﬁgﬁm

We've cornered?, cajoled?, finagled? well, anyhow,

we've brought some fine specimens out of Eastern
Europe, Tsumeb & India. Come ogle?, admire?,
drool?, well just come and visit with us at the next
big mineral show.

TUCSON SHOW!
Tucson Convention Center

*We are interested in acquiring collections

February 12-16

MIRIAM & JULIUS ZWEIBEL
812 N. Ocean Blvd., Suite 204 ® Pompano Beach, FL. 33062 ® (305) 7819860

Mineralogical Record Inc.
Board of Directors
Ronald E. Bentley
6 Claremont St.
Enfield, CT 06082
Abraham Rosenzweig
(Pres.)
P.O. Box 16187
Temple Terrace, FL 33617
Patricia A. Carlon (Secr.)
1110 E. Emerson
Bloomington, IL 61701
Thomas M. Gressman (Treas.)
W330-N5570 Linden Cir. E.
Nashotah, W1 53058
Anthony R. Kampf
Mineral. Section,
Natural History Museum
900 Exposition Bivd.
Los Angeles, CA 90007
Mary Lynn Michela
7413 N. Mowry Place
Tucson, AZ 85741
George W. Robinson
Mineral Sciences Div., NMC
1926 Merivale Rd.
Ottawa, Ontario K1A OM8
Marshall Sussman
618 Hartrey
Evanston, IL 60202
Terry C. Wallace
Dept. of Geosciences
Univ. of Arizona
Tucson, AZ 85721
Wendell E. Wilson
4631 Paseo Tubutama
Tucson, AZ B5715

Volunteer Coordinators
Eastern U.S.
Charles & Marcelle Weber
1172 West Lake Ave.
Guilford, CT 06437

Advertising Information
All advertising in the
Mineralogical Record must be
paid in advance of the closing
date. Telephone orders not
accepted. Write to the editor for
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“Mnn engine” in the Quincy mine, ca. 1895,
(MTU Archives)
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