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famous mineral localities:

Bishes, Arizona

by Richard W, Graeme
P.O. Box 440
Hanover, New Mexico 88041

isbee, Arizona, ranks among the most famous and prolific of

all American mineral localities. Vast numbers of exceptional
specimens populate museums and private collections around the
world. Though most famous for azurite, malachite and other copper
minerals, Bisbee has produced more than 200 different mineral
species since the first claim was filed over 100 years ago.

Introduction

Bisbee is located in the Warren mining district of Cochise Coun-
ty, Arizona. Situated in the Mule Mountains at an average eleva-
tion of 4950 feet, this picturesque community has grown up along
the steep canyon walls. Once a city of 25,000 (Cox, 1938), it is
today the home of some 8,000 people.

Typical of the basin and range province, the Mule Mountains rise
about 3250 feet above the surrounding broad valley plains, achiev-
ing a maximum elevation of 7300 feet. This provides a very temper-
ate environment with the summer temperatures seldom above 95°F
while the winter minimums are infrequently below 25°F. Rainfall
has an annual mean of 18 inches, most of which falls during July
and August in brief but often violent thunderstorms.

The hills, once stripped of their growth, are now sparsely covered
with oak and low brush grading into juniper and pifion pine with a
few isolated stands of ponderosa pine at the higher elevations.
Deer, javelina and game birds are common in the areas surrounding
the town.

Active mining began late in 1877 and continued with only minor
interruptions until mid-1975. During the last century, hundreds of
millions of tons of ore and waste were removed from two open pits
and nearly 2000 miles of underground workings. All of this was
within a zone approximately 2 by 3 miles, with an overall depth of
4000 feet . . . roughly 4.6 cubic miles.
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Copper was by far the most important metal, however, zinc,
lead, silver, gold and manganese have all been economically signifi-
cant. Indeed, Bisbee has produced more zinc, lead, silver and gold
than any other district in Arizona.

Gold and silver production was not significant in the district until
the early years of this century with the advent of electrolytic refin-
ing. Manganese was, for the most part, mined only during the two
Wars.

Metal production through 1975 is listed below for copper, zinc,
lead, silver, gold (Stanley Keith, personal communication) and
manganese (Mills, 1956).

Copper Zinc Lead
7.7 billion pounds 355 million pounds 324 million pounds
Silver Gold Manganese

100 million ounces 2.7 million ounces 10,989,900 pounds

The amount of copper produced, nearly 8 billion pounds, is dif-
ficult to imagine. It would form a cube of solid copper 241 feet on
an edge, nearly the length of a football field. Copper is still being
produced by leaching of the pit, dumps and underground mines.
This should continue for many years.

Ownership of all the important mines remains in the hands of
Phelps Dodge Corporation. The workings and hills containing
them are quite hazardous and therefore closed to all entry.
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The settling of the many mining districts of the American West is
filled with stories of men and women of exceptional courage and
foresight; Bisbee is no exception. Perhaps even greater quantities of
these rare virtues were required of those who chose the desert
Southwest. An unforgiving
land, it claimed more lives than fd
all of the Indians and outlaws &
combined. The Mule Moun- |
tains and their main canyon,
Mule Gulch, at least, were a bit
more hospitable. Here was
water and abundant game
among the great oaks, willows _
and tangled wild grape vines lin-
ing the stream.

A search for water (and
hostile Apaches) brought John
Dunn and his party to this can-
yon. A member of a govern-
ment scouting party from Camp
Bowie, Dunn camped with his |
group at the first spring they
found. The next day, the water
being disagreeable, Dunn went £
further up the canyon until he
found a fine spring near what is
now known as Castle Rock.

Returning to his group along
the rough, south side of Mule

Gulch, he found a piece of cer-
ussite float. He traced it to an

outcrop at the base of a huge ’
pinnacle of hematite, later -
known as the Iron Monster -
(Duncan, 1911). Along with '
Lieutenant J. A. Ruckerand T. - s
D. Bryne, Dunn located the s
first claim in the district on \
August 2, 1877, calling it the Rucker claim.

On the way back to Camp Bowie, Dunn met
George Warren, a prospector. Dunn told him of
his find and grubstaked him. Warren was sup-
posed to locate as many claims as possible, naming Dunn in each.
This agreement was never honored by Warren.

As a young boy, George Warren was wounded and captured by
the Apaches when they killed his father. For 18 months, he re-
mained their prisoner. Prospectors, upon seeing a white boy with
the Indians, traded 15 pounds of sugar for him. Warren then stayed
with the prospectors for some time, learning the “art” himself
(Hart, 1926).

Many of the claims located in the district during the next six
months had Warren as either the locator or a witness. In spite of his
early work, George Warren, for whom the district is named, is bet-
ter remembered for his folly. Legend has it that he lost his share in
the Copper Queen mine in a foot race with a horse and rider over a
short course . . . a loss that ultimately was worth more than
$20,000,000 (Duncan, 1911). The remainder of his property was
taken into “protective custody” by some unscrupulous associates.

Penniless, Warren went to Mexico and sold himself into peon-
age. Judge G. H. Berry, hearing of this, paid his debt and returned
him to Bisbee in 1885. With a small pension from the mining com-
pany, George Warren spent the remainder of his life sweeping

o
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Figure 1. John Dunn, discoverer of
the first ore near Bisbee in 1877.

saloon floors and cleaning cuspidors in exchange for drinks of rot-
gut whiskey. He died in about 1895, disdained and soon forgotten
(Hart, 1926).

The early years in Mule Gulch, as Bisbee was then known, were
uncertain ones. The cerussite outcrop found by Dunn was very
small and soon gone. A second and much larger prospect had been
found in Hendricks Guich, large enough to warrant building a

i small smelter, but this venture
too ended in failure. Bisbee was
struggling to survive,

The copper stain long known
to exist on the Copper Queen
claim had, to this point, been of
little interest. Silver, often
found mixed with lead, was the
most sought after metal, not
copper. Then, with just a little
development, the rich ores that
became so famous were un-
covered.

In the spring of 1880, Ed-
ward Riley optioned the Copper
Queen claim for $20,000. Hav-
ing no money himself, he sold
half interest in the mine for the
same amount to Messieurs
Martin and Ballard through
the mining firm of Bisbee,
Williams, and Company in San
Francisco. With this action
came the formation of the Cop-
per Queen Mining Company.

Until then, the ore had been
carried by 24-mule team wagons
to the West Coast, then shipped
to Wales for smelting. To
eliminate this terrible expense a
smelter was soon erected under

. the direction of Lewis Williams
. while his brother Ben took
Bisbee Mining and Historical Museum Charge of the mining. Opera-
tions began in earnest and at a profit.

In June of 1881, D. W. James and W. E.
Dodge, the principals of Phelps, Dodge, and
Company, asked Dr. James Douglas to examine
the Atlanta, a claim adjoining the Copper Queen mine. This claim
had been offered to the company for $40,000. Douglas was chosen
because he had previously been in Mule Guich to visit the Copper
Queen (Douglas, 1909).

Making the requested examination, Douglas emphatically rec-
ommended the purchase, but cautioned ‘““that the risks were too
great to be taken by a purchaser who was not able and prepared to
lose all that he had invested,” (Douglas, 1909). The risks were ac-
cepted. Thus entered an old established mercantile firm into min-
ing, an entry that was to build one of the greatest copper companies
in the world.

Douglas himself was placed in charge of exploration on the
Atlanta claim. An anomaly in this rough, primitive camp, he was
well educated, cultured, and sensitive to the needs of others.
Though often monetarily poor, he was a man of exceptional integ-
rity. When asked about his fee for examining the Atlanta and given
the choice of cash or a share of the mine, he reflected, “the cash
was greatly needed, but I told them that as | had advised them to
take more than an average risk, | would share it with them. And on
that sudden impulse and hasty decision depended my whole subse-
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quent career—successful beyond anything | had ever dreamed of ,”
(Langton, 1940).

For over 2 years Douglas searched and explored, sinking pros-
pect holes on small bunches of ore wherever they could be found:
two years of vexation and disappointment. Having spent $80,000 in
these effects, James and Dodge were thoroughly disheartened —not
a single car of ore had been produced.

it was now the spring of
1884, the neighboring Copper
Queen orebody had suddenly
pinched out and only 90 days of
ore remained. All efforts at the
Copper Queen to find an exten-
sion of the ore failed. Douglas
still could not believe that only
one orebody was here—surely
others were nearby. So it was
that James and Dodge, with
much misgiving, committed a
final $15,000 for a 400-foot
shaft on James Douglas’s faith.
Douglas reflected, “John Prout
and | selected the site where the
shaft was to be sunk. But long
before it reached the 400-foot
level, the gloom which hung
over both companies had been
dissipated, for at 210 feet from
the surface the shaft penetrated
a very rich orebody, which was
almost simultaneously entered
by the level being driven east
from the foot of the Copper
Queen incline. The Atlanta
shaft was sunk for 200 feet
through ore,” (Douglas, 1909).

After some months of negoti-
ations, the terms of amalgama-
tion were arrived at and, in
1885, the Copper Queen Con-
solidated Mining Company was
formed (hereinafter referred to simply as the
Copper Queen Company). This precluded, for
the time being at least, the bitter litigation over
ownership of the apex of the ore that was so
common in many of the western mining camps.

During these years the camp, now called Bisbee after Judge
DeWitt Bisbee of San Francisco (an investor in the mines and
father-in-law to Ben Williams), had its problems. The threat of In-
dian attack was still very real. Often were the times when the mine
whistle would sound the warning: Apaches had been sighted! Men
would grab their rifles while the women and children sought safety
in the Copper Queen mine (commonly just called “the Queen™)
where supplies of food and water were kept for such emergencies.

While the town itself was never attacked, many of the nearby
ranches were. In June of 1885, Billy Daniels, a deputy sheriff of
Bisbee, and several other men were ambushed at the mouth of Mule
Guich. Daniels was killed but the others escaped (Duncan, 1911).

The often savage acts by the Indians were no match for the
heinous crimes the early citizens of Bisbee suffered at the hands of
their own. From its first murder in August 1880 until the formation
of a citizens vigilance committee for public safety, the “Forty-five-
sixty” in March of 1891, nearly two dozen people were shot down.
The “Bisbee Massacre” of December 8, 1883, was the most tragic
of these crimes:
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Figure 2. George Warren, itinerant
prospectior who filed many of the separated. Daniels, after a discussion with a
early claims in the mining district
that was later named for him.

In hopes of getting the mine payroll, five masked men robbed the
Goldwater and Castaneda store, where it was to be deposited upon
arrival. While three men went into the store, the others remained
outside guarding the street. Johnny Tappiner, a splendid young
man, stepped unawares from the Bon Ton Saloon and was shot.
Coming out of Joe May's saloon at the same time, a man named
Howard was shot. Tom Smith, a deputy, immediately commanded

 » that the shooting stop. He was
shot twice and killed. Mrs.
Annie Roberts, an expectant
mother, was killed when the
outlaws fired through the open
doors of her restaurant. Run-
ning out of the Azurite Saloon,
J. A. Nally was shot and so
seriously wounded that he died
within a few days (Duncan,
1911).

For all their violent actions,
very little reward was to be had;
the payroll had not yet arrived.
Taking all they could find, $600
and a gold watch, they fled to
the east. The stage with some
$7000 in payroll money arrived
less than an hour later.

A posse was formed and the
trail of the outlaws found. Just
outside of Mule Guich, one
John Heath, an early volunteer
to the group, tried to persuade
Deputy Sheriff Billy Daniels
that the bandits had turned
north. Daniels, unconvinced,
led the posse across the Sulphur
Springs Valley to the Chiricahua
Mountains, while Heath and
another man went north.

The outlaws had returned to
a prospector’s cabin where just
Arzona Historical Socety @ few weeks earlier they had

planned the crime. Dividing the loot, they then

prospector, was told the names of these desper-
ados and learned that the man who master-
mined the whole affair had not returned with them, his name—
sohn Heath. Daniels sent word to arrest Heath and continued on in
pursuit of the others.

The outrage that followed the crime united many people in the
effort to capture the remaining five. Within a few weeks, their work
was finished and all were confined in the Tombstone jail. One was
captured in New Mexico; two near Clifton, Arizona; one in Chi-
huahua, Mexico; and the last in Sonora, Mexico.

All five of the outlaws were tried together, found guilty of first
degree murder, and sentenced to be hung. Heath was tried separ-
ately, found guilty of second-degree murder, and sentenced to life
imprisonment. This so angered the people of Bisbee that a group
went to Tombstone, removed Heath from the custody of the
Sheriff, and lynched him from a telegraph pole. To the end, Heath
swore his innocence. The general acceptance of this action is shown
by the coroner’s jury verdict that: “We the undersigned, a jury of
inquest, find that John Heath came to his death from emphysema
of the lungs—a disease common in high altitudes— which might
have been caused by strangulation, self-inflicted or otherwise,”
(Hankin, undated).
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I -
EXECUTION OF

DANIEL ERLLY, OMBER W. SAMPLE, JAS. ROWARD,
DANIEL DOWD acd WILLIAM DELANET,

AT THE COURT HOUSE, TOMBSTONE, ARIZONA,

March 28, 1884, at .. J ... 0'clock p. m

Admit Mr. 77(}7 ‘;7’(,);,/1;'_1 "
f_//\_/;"f}éf/_

NOT TRANSFERABLE SHERIFF.

Figure 3. Invitation to a hanging. The men listed
on the invitation had been convicted of murder
in the “Bisbee Massacre’” and sentenced to
hang. Their ringleader, however, received a life
sentence instead.

Arizona Historical Soclety

Figure 5. Dr. James Douglas, called to Bisbee
by Phelps, Dodge and Company in 1881 to con-
sult on the possible purchase of the Atlanta
claim. Douglas had previously worked at the
famous Wheatley mine, Phoenixville, Pennsyl-
vania. In lieu of a fee, Douglas accepted part in-
terest in the Atlanta claim, and subsequently
became a major influence in the progress of
mining at Bisbee (from Langton, 1940).

Figure 4. Incensed by the lack of a death
sentence for John Heath, ringleader of a group
the rest of whom were hung for murder, Bisbee

townspeople formed a lynch mob and hung him e e - | —

from a telegraph pole. An inquest following his
death found that his demise “might have been

caused by strangulation, self-inflicted or other-
m'ii
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Figure 6. Gambling was a favorite pastime in
the saloon of Downs, Walsh and Whaley in Bis-
bee. The man at left is Tony Downs (great-great
uncle of the author).
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Another lynching by the citizens of Bisbee had an unusual and
lasting effect. Hung for the killing of a defenseless man in the Can
Can Restaurant over the affections of a woman, the body of the
murderer was still dangling from a tree at the base of Castle Rock
when a New York director of Phelps, Dodge, and Company came
to see the mine. The director was horrified and convinced that such
barbarism could only be the result of unenlightened minds. After
returning to New York he sent books and a librarian to Bisbee,
Thus Bisbee’s library was started, in the hope of encouraging a
more cultured, civilized community. Phelps Dodge continued to
render this service for 90 years.
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Figure 7. Bisbee in 1887, The large opening at
the right is the open cut of the Copper Queen
mine, where Bisbee residents barricaded

themselves when Apache Indian raids were
threatened.

Figure 8. Brewery Guich, Bisbee, in 1898. The

stack of the Copper Queen smelter lays across
the hillside in the distance.

By the very early 80’s, the ground for a great distance around the
Queen had been located (claimed). However, besides the Copper
Queen mine, only the Copper Prince had produced any ore to
speak of, and even it closed before 1885 because of a depressed
metal market.

The price of copper continued to fall and, by 1886, the metal
from the Queen was selling for only eight cents a pound, down
from 20 cents when the mine first opened. There was little profit in
the 500,000 pounds a month the mine produced. At this same time,
James and Dodge purchased those interests in the Queen held by
Martin and Rielly, thereby achieving control of the mine. Not only
did they have the courage to buy, but also to advance the company
adequate funds with which to build a new smelter with a capacity of
1,000,000 pounds a month. The hope was that increased produc-
tion would enable the Copper Queen Company to make a profit.
For almost a year the mines were shut down until the new smelter
became operational. Only some exploration work and de-watering
were carried on at this time.

Even the new, more efficient plant was not the total answer. The
need for cheap transportation was even more pressing. Finished
copper from the smelter had to be transported out, and 10,000 tons
of coke and more than a million board feet of timber for the mines
needed to be brought in each month.

Late in 1887, Douglas called upon a Mr. Nickerson, then Presi-
dent of the Atchison, Topeka and Santa Fe Railroad, in hopes of
bringing a railroad to Bisbee. Douglas was treated with supreme in-
difference. Only one course remained: the Copper Queen Company
must build its own railroad.
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Figure 9. The Copper Queen mine glory hole in
the early 1880’s.

Before the close of 1888, the Arizona and Southeastern Railroad
stretched from Fairbanks, Arizona, to the mouth of the Bisbee
Canyon, some 40 miles. The cost of freight dropped from $6.00 per
ton to about $1.00, a significant savings on the 100 tons handled
each day (Douglas, 1909). A futher dispute with the Santa Fe over
the remark “that it was not running its railroad for the benefit of
the Copper Queen” pushed the A. & S.E. to Benson where it tied
into the Southern Pacific Railroad (Myrick, 1975).

A legislated change in 1901 moved control of the road from the
Copper Queen mining company to a holding company, the El Paso
and Southwestern Railroad. True to its name, the railroad tied into
El Paso, then to the Rock Island Line at Tucumcari, New Mexico,
and finally to Tucson for a full 772-mile route (Myrick, 1975).

The El Paso and Southwestern Railroad came to a voluntary end
in 1924 with a favorable merger with the Southern Pacific Railroad.
The shareholders of the E.P. and S.W. received stocks and securi-
ties worth more than $60,000,000 (Myrick, 1975).

More than economics and transportation troubled Bisbee. With
the growing population crowding into the narrow canyons came
sickness and disease, the insidious offspring of poor sanitation.
From 1888 to 1890, hundreds died from typhoid fever. Stricken
miners lay on canvas cots in Brewery Guich and along Main Street,

their uneasy but brave partners fanning them to reduce their fevers
(Cox, 1938).
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It was several years before the source of contamination was
found. One of the shallow wells was the cause of this disaster. For-
tunately, one well in upper Brewery Guich was found to be free of
contamination. So for more than a dozen years the precious fluid
was sold house to house, carried on the backs of burros in canvas
bags, and priced at 5¢ a gallon. Shortly after the turn of the cen-
tury, water was pumped to the camp from a fine well field about 9
miles away at Naco, Arizona. The city, to this day, is served by this
same system.

The hills, once covered with oak, juniper and manzanita, were
stripped to feed the fires of industry and home. With each summer,
came heavy rains and floods. Gone was the vegetation that once
held the water in check. The sudden torrential flows of water car-
ried everything in its path in the narrow canyon bottoms. Many
lives were lost before a subway was built to channel the angry
waters.

In 1892, James Douglas and his son Walter went to Europe to in-
vestigate the Mankes-Bessemer smelting process. So impressed with
the principle was he that immediately upon his return he had one
designed for the Copper Queen Company. By 1894, after a number
of modifications, Douglas had perfected a method of smelting
sulfides that forever changed the way these difficult ores were
handled. To a large degree, this method is still basically the one by
which most of the world’s copper is smelted.
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Figure 10. Surface fissures formed by sub-
sidence due to the oxidation and later mining of

copper deposits below, in the Copper Queen
mine.

After the change in techniques, copper production doubled in
two years and by 1899 more than 3,000,000 pounds per month were
being produced. Unfortunately though, the crowded conditions at
the smelter site next to the Czar shaft precluded any expansion.

A new smelter was a must; the flow of ore from the Copper
Queen mines seemed limitless and quite able to support a new facil-
ity. The principal owners of the Copper Queen mine had also
acquired the mines near Nacozari, some 70 miles south of the Mex-
ican border. Therefore, the logical place for a new smelter was
where it would handle the ore from both mines. A site in the lower
end of the Sulphur Springs Valley, right on the Mexican border was
selected. Here was limitless water and space. A townsite was laid
out to support the new facility and it was appropniately named
Douglas in honor of the man who had so ably led the Copper
Queen Company for 20 years. The new works had a capacity of
10,000,000 pounds per month and cost $2,500,000 to build
(Douglas, 1909). Late in 1903 it was blown in, and the old Bisbee
facility was completely scrapped.

While Dr. Douglas had always been a proponent of an aggressive
acquisition policy in the district, there was one opportunity that was
lost, though under peculiar circumstances. The Irish Mag claim,
named for a woman of the red-light district in upper Brewery
Gulch, lay far to the east of any known ore and was generally con
sidered to be of little value. A group of eight other claims and the
Irish Mag were owned by a miner named Daly. Evidently of un-
sound mind, he had threatened the life of Ben Williams and told
Douglas that he had been hired by a group of conspirators to kill
him. Shortly afterwards, Daly offered his claims to Douglas for
$10,000, a proposal which Douglas was anxious to accept.
Williams, however, thought it would look like they had succumbed
to blackmail and threatened to resign if the purchase was made; so
it was declined.

Soon afterwards, in April of 1890, Daly shot and killed W. W,
Lowther, a deputy sheriff who was trying to arrest him for assault.
The last seen of Daly was when he fled up the side of Sacramento
Hill (Douglas, 1913).

As Daly was a fugitive, there was little chance that he would
return to claim his property, so a host of claimants suddenly ap-
peared including a “wife” and “son.” Daly's common-law Mex-
ican wife, Angela Diaz, had advanced him money to do assessment
work; for this reason title was vested by the Supreme Court of the
United States to her in 1899. During the long legal battle, she had

Figure 11. Ore teams of Jimmy Carr, returning
to Bisbee with a load of coke. Early 1880's.
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Bisbee Mining and Historical Museum

Figure I2. Drilling holes underground around
1905. Note candieholders.
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sold her interest to Martin Costello, a Tombstone saloon keeper,
for $1,800 (Cox, 1938). After the favorable decision, Costello sold
the property for $500,000 to the Lake Superior and Western
Development Company.

Long before the legal battle was over for the “Mag’s” owner-
ship, the potential value of Daly’s claims became well known.
Development on the 800 level of the Spray shaft had found fine
orebodies near the Irish Mag sideline. Captain Jim Hoatson came
to the district looking for a good property to purchase on behalf of
the Lake Superior and Western Development Company. Nothing
looked as good to him as the barren, hard limestone knob called
“Mag Hill.”

In the Calumet, Michigan, area, everyone knew Cap’n Jim and
respected his knowledge, so before long he had the money to buy
the claim and sink the needed shaft. But for all his knowledge,
Hoatson failed to realize just how deep the ores really were, and
that it would cost much more to mine the Arizona limestones than
it did the rocks in Calumet. On the ragged edge of bankruptcy,
Cap’n Jim went back for more money, money to sink just a little
deeper, where the ores must surely lie. So it was, on the faith of an
uneducated miner, that some of the great names in the steel and
iron business invested many thousands more. Their confidence in
Jim was rewarded. After finding small bunches of ore on the 850
and 950 levels and building a modest smelter, a fabulous orebody
was cut on the 1050 level in 1902 by the Northeast drift (C. & A.,
1916). Before the story of the Irish Mag was finished, nearly
$10,000,000 in dividends were paid from the 15 acres that made up
the claim.

The Calumet and Arizona Mining Company absorbed the Lake
Superior and Western Mining Company and set about to develop
its vast holdings of favorable ground. It could all have been for
naught save for the wisdom and absolute honesty of James Douglas
and the partners of Phelps, Dodge and Company.

The law of the apex had been firmly established in the west by the
famous Eureka and Richmond ruling. This law, simply put, means
that whoever owns the apex of a continuous vein, lode, or forma-
tion, has the right to claim ownership of all ores on its dip, even if
the vein passes under other claims at depth. There is little doubt
that the Copper Queen Company could have claimed for its own all
of the ore found by C. & A. and been upheld in court. This would,
of course, have been allowed only after bitter litigation at enormous
expense. But Douglas said, “We must decide which industry is to
prosper here—that of mining or that of lawyers” (Langton, 1940).

So the common boundary law was mutually agreed upon and
Bisbee was spared the grief and hatred that so scarred many other
districts. Along with the agreement, free access to each other’s
mines was granted so that the discoveries of one could help the
other. Thus began the cooperation between companies and their
respective engineers which was heretofore, unknown. Those in the
profession today are still reaping the benefits of the shared tech-
nical progress that this spirit has brought to the industry. Perhaps
this is the greatest contribution Dr. James Douglas made.

Once the future of the Calumet and Arizona Company had been
assured by the riches that flowed from its mines, Tom Cole, its
president, set out to buy all the ground he possibly could. Douglas,
not to be outdone, paid a fortune for property he could have had
for a trifle just a few years earlier. In the ensuing scramble, abso-
lutely undeveloped ground went for as much as $40,000 an acre.
Stakes were high in this copper game; even after purchase, hun-
dreds of thousands of dollars had to be spent sinking a shaft of up
to 2000 feet before the value (or lack of) could be determined.

With no more land to buy, the mining companies set about
building the fortunes of their investors. They also spent large
amounts building the community and developing safer working
places until the camp had no parallel.
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To this point, Bisbee had been singularly free of labor troubles,
due principally to the efforts of the mining companies to provide a
safe work environment, a pleasant community to live in, and wages
comparable to what miners elsewhere were receiving. But in early
1917, just 2V months after America’s entry into World War |, a
group known as the “Industrial Workers of the World"” called a
strike in Bisbee without a vote of the miners. Under threat and in-
timidation, by the third day about 80 percent of the 4,500 men
employed underground were staying off the job (Loyalty League of
America, 1917). However, members of the mechanical trades never
gave any support to the agitators from the |.W.W., and within a
few weeks half of the men were back at work underground. But the
“Wobblies,” as they were called, persisted in their efforts to stop
the mines with increased amounts of harrassment. At this same
time, most of the other mines in Arizona and Butte, Montana, had
also been closed by this group.

With the vital war requirements of the red mewal threatened by
the effects of the strikes, it was obvious that nothing short of
drastic action would end the work stoppage. Convinced that a
strike in a time of unprecedented national crisis could only be
directed and supported by people of treasonable inclinations, a
deportation plan was conceived. Secretly, 2,000 men from every
profession in the camp gathered before dawn on July 12, 1917, to
begin what they truly saw as their patriotic duty. At the same time,
the telephone exchange and Western Union were occupied by inter-
ests favorable to the “Loyalty League,” as the group called itself.
The morning edition of the Bisbee Daily Reivew delivered to all
homes in the pre-dawn hours, warmned that women and children
should stay off the street that day.

From house to house, combing every street and alley, the armed
and deputized forces of the “Loyalty League of America™ swept
the whole camp. Every known striker, agitator, or sympathizer was
removed and marched to the Warren Ball Park. Here a court ques-
tioned each man: “Are you working? Do you want to work? Who
can vouch for you?"” A great many answered the questions appro-
priately and were released. However, 1186 men were detained,
loaded into cattle cars, and taken to a siding near Columbus, New
Mexico. They were left with the warning that, should any return to
Bisbee, they would most certainly be killed. The strikers were then
abandoned by their guards.

For almost a month, the “Loyalty League” controlled the town
until it was completely purged of the anarchistic “Wobblies."”
There was then and is now little doubt that what was done was for
the best: a truly patriotic act. A subsequent investigation ordered
by President Woodrow Wilson and conducted by Felix Frank furter
found no federal offense, while the Supreme Court of the United
States determined that the participants had acted to enforce “the
law of necessity.”

During the post-WWI years, Bisbee continued to hold its posi-
tion as the greatest of copper camps. This was helped by the devel-
opment of the Sacramento pit. One of the earliest open pits in the
world, it produced for most of the 1920’s.

The great depression found the two main companies in markedly
different positions. The Copper Queen Company, now known as
Phelps Dodge Corporation, after mining for some 45 years, had
nearly depleted its reserves and had less than one year's-worth of
ore left. However, because of its high standard of operating effi-
ciency it was in a very good cash position. On the other hand, the
Calumet and Arizona Company had incredible reserves; the Camp-
bell orebody was just being delineated. But because of a too-liberal
dividend policy, insufficient funds were availabl: to carry them
through this difficult time.

A merger between the two great companies was effected in 1931,
with Phelps Dodge Corporation the survivor. Even though copper
hit price levels as low as those of the late 1880’s, the richness of the
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Figure 13. Square-set timbering in the southwest
stope of the Copper Queen mine.

sulfide bodies in the Junction and Campbell mines kept the camp
alive.

By the late 1900’s, production was again up to pre-Depression
levels. Lessees who had played a significant role in production since
1912 were producing as never before. Several years after the
merger, Phelps Dodge leased much of the remaining tonnage in the
mines that they themselves had operated for so long. Areas in the
Southwest, Czar, Holbrook, and other mines were being exploited
by low-overhead lease operations, often at a very handsome profit.

When World War II's need for copper arose, Bisbee was pre-
pared. Though the mines were already operating at near capacity,
contracts were entered into with the government on the ‘‘Metals
Reserve Account’’ to augment production by mining lower grade
ores. Manpower shortages were partially alleviated when several
hundred soldiers with mining experience were assigned to work in
Bisbee.

With the end of the War, came a sharp drop in copper demand.
Lead and zinc ores had often been exploited during the life of the
district, but now they became the life’s blood of the camp. While
important amounts of copper were recovered (some 123,500,000
pounds from 1945 through 1950), it was the rich lead-zinc ore-
bodies in the Junction, Campbell, and the newly-acquired Denn
that made the profit. During this time, 1,152,000 tons of mixed ores
were mined yielding 105,400,000 pounds of lead and 235,000,000
pounds of zinc (Mills, 1958).

The last significant mining development in the district was the
Lavender pit. Stripping started in April of 1951, but it was not until
July, 1954, that any ore was shipped to the concentrator. The pit,
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which was closed in December of 1974, is still a source of copper.
Water is continually sprayed into the pit and collected in the nearby
Junction shaft for use in a leach operation, a process that will con-
tinue to provide copper for many years.

Soon after production from the Lavender pit ended, all opera-
tions stopped. The end to this truly great mining camp came in
mid-1975 when the underground workings were closed. After near-
ly a century of providing mankind with one of its most essential
elements, Bisbee fell, an early victim to problems never before en-
countered by the industry. The regulatory zeal that swept the coun-
try adding cost after cost, killed her. And too, the flow of cheap
copper from half a dozen other countries was also responsible.

But what of Bisbee’s future? Hundreds of millions of pounds of
copper are still in the ground, as are lesser amounts of lead, zinc,
and other metals. Whether they will be mined is doubtful, at least
under today’s conditions. However, leaching has long been an im-
portant aspect of the Bisbee operation. Now this clean, efficient,
but painfully slow hydrometallurgical process is still recovering im-
portant amounts of copper from the Lavender pit, the dumps, and
the underground mines. How long this will continue to be
economic is anyone's guess, but perhaps it will last for many years.

Bisbee today remains the quiet picture of a small town, lost in
time. Those colorful memories of days gone by hover among the
winding streets. Lingering shadows of past mines creep up the steep
hillsides, and nature carefully disguises her secrets of what might
remain.

With Bisbee’s new approach, catering to tourism and retirees, its
survival seems assured, but only after near Herculean efforts by
many of the residents. The most impressive fruit of their labor and
cooperation is the “Queen Mine Tour.” Winding through these
tunnels and stopes, one quickly becomes part of the exhilarating en-
vironment the early miners once experienced. So it seems that
Bisbee remains determined to continue activity in the subterranean
world of Queen Hill, where more than a century ago the legend

began.

Mining Methods

The ores and their host rocks in the Warren mining district were
remarkably variable in character. To a large degree, this was a func-
tion of supergene action; rocks which had undergone more oxida-
tion were softer. In some areas, notably those near the Czar and
Holbrook mines, the rocks were so soft and plastic that they defied
all attempts to mine them underground.

For the softest ores that could be mined, a technique developed
in England called “top slicing” was used (Hodgson 1914). Starting
at the top of the ore, a horizontal slice was mined and heavily tim-
bered. Once all the ore was recovered from this slice, the timber
would be blasted, causing the area to cave in. Then a second slice
below the tangled mat of timber would be taken, and the new
timber blasted again. The resulting timber mat was usually strong
enough to support the increasing weight as mining progressed
downward. One distinct disadvantage of this method is that the
country above is badly broken. So it must first be ascertained that
no ore is above such a stope.

The vast majority of mining was done using what is known as the
“square set” method. It was continually used from 1881 until the
mines closed in 1975. This name was derived from the configura-
tion of the timber. As each 6 x 6 x 8-foot block was mined, a recti-
linear set of timber was installed to support the opening. After a
predetermined number of sets had been mined, the stope would be
gobbed (backfilled with waste rock) for additional support.

Many of the primary sulfide ore bodies were very competent, and
could be mined with considerably less timber, perhaps even none.
Cut and fill mining was important in the extraction of such ores
from 1916 (Wilson, 1916) through mid-1975. Here, the usual ap-
proach was to start at the bottom of the ore and remove as much as
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conditions would allow, then gob the hole and start over on top of
the fill.

Shrinkage mining was only of limited value in Bisbee because of
the generally irregular shape of the ore bodies. But when used a
considerable savings in labor and timber was experienced. With this
method, the ore would be broken, but only part of it removed, so
that the remaining material would serve as a floor for mining. Once
all the ore had been blasted, the stope would be emptied and usual-
ly gcbbed.

Block-caving is an approach whereby a large block of ground is
developed with numerous raises and closely spaced parallel drifts.
Then, using large amounts of explosives, the entire block is shat-
tered. The many raises funnel the broken ore down from the block.
This technique is successful only under a limited set of circum-
stances; most important are homogeneity of both the rock and ore
grade. The porphyry of Sacramento Hill met these criteria and was
mined by this method with limited success.

Mining Equipment

A full cycle in mining consists of drilling, blasting, mucking,
timbering, and (in drifts) advancing track and pipelines. The evolu-
tion of the equipment used to perform these steps is in itself an in-
teresting story.

Drilling blastholes in the workings was originally done by hand-
steel. This involved using chisel-bit steel bars of varying lengths,
starting with the shortest, and a hammer. A one-man set-up in-
volved using a single jack (4-pound hammer) and drilling a short
hole. Most drilling, however, involved two men and a double jack
(8-pound hammer), usually drilling a 6-foot hole.

Handsteel drilling was a very popular competition in all of the
western mining camps. Intercamp competition soon developed,
with granite from Gunnison, Colorado, as the standard medium.
On the 4th of July, 1903, the world’s record of 38% inches in 12
minutes was set in Bisbee by a two-man team from the Copper
Queen Company (Cox, 1938).
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Figure I4. Construction of a semi-shrinkage
stop (Lavender, 1930).

Figure I5. Timbering scheme used in the Camp-
bell mine. The square sets are tightened with
wedges. (Lavender, 1930).
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Figure 16. Three men double-jacking. The
center man holds and turns the drill steel while
the other two strike it with 8-pound hammers.

The first pneumatic drills were introduced in 1905. While cum-
bersome by today’s standards, they completely replaced handsteel
by 1908.

Blasting in the underground changed very little for many years.
Dynamite and fire fuses were used until the mid-1960’s when a
pneumatically loaded ammonium nitrate and fuel oil mixture came
Into use.

Mucking, or the moving of broken rock, was done totally by
hand before 1933. The ore was manually shoveled into half-ton

mine cars. In stopes these were trammed (pushed) by hand to a cen-
tral raise and dumped for transfer to haulage cars on the level
below. In small or irregular stopes wheelbarrows were in common
use.

These time and labor intensive techniques were replaced by slush-
ers. A slusher is a two-drum (or more) winch arrangement that pulls
a bucket-like rake back and forth over the muck pile, carrying small
amounts to wherever needed, usually a raise. A few years before
closing, several small, rubber-tired, front-end loaders were used in
some of the larger stopes.

The transition from hand to mechanical mucking in the tunnels
and drifts occurred in 1934 (Mills, 1958). Pneumatic loaders were
introduced that traveled on rails and would literally throw the rock
into a coupled mine-car.

Prior to 1907, all movement of the mine-cars, both loaded and
empty, was by hand; then mules were brought into the mines
(Mills, 1958). While a man could only tram a single car, a mule
could pull five. Often treated like pets, these animals were well
cared for. Each level had a “mule barn™ in a dry, well-ventilated
area.

Electric trolley haulage was introduced in 1908; however, it was
not until 1930 that the mules were totally displaced. From then on
trolley and storage battery locomotives (or motors, as they were
called) moved all rock and supplies.

Electric lights were put in all of the main haulage drifts in 1907,
but personnel lighting was by candle as it had been for 30 years.
The holders for these candles were commonly works of art in them-
selves. Consisting of a spike, a hook, a handle, and a candle-
holding loop, they were usually forged from a single piece of steel.
The thumb-tab for loosening the grip of the candle-loop came in
various designs; birds and animals were common motifs, but the

Figure 17. Mules such ss this one in the Czar
mine, 1908, pulled ore cars at Bisbee for many

ing and Historical Museum
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Figure 18. Miners' candieholders used at Bisbee.
The small one was found in the attic of a mining
family in Bisbee; old-timers questioned about it
confirmed that such small holders were used,
either stuck in a notch in the cap or into a
timber (Melvin Elkins collection). The Varney-
style candieholder (center) was made for the
Copper Queen Consolidated Mining Company
by a local blacksmith, and bears the initials
“C.Q.CM.C0." (R. Graeme collection). The
upper holder is inscribed “L.M. BARBAROS.,
BISBEE. ARIZ. 1995.” and was probably a
presentation item to honor a miner (Richard
Hauck collection). The holder with the trian-
gular thumb-tab (bottom) s marked “D.E.
DAVES,” who was a Comish “cousin jack”™
miner in Bisbee (Wendell Wilson collection).
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Figure 19. A mint-condition example of the
famous Copper Queen carbide lamp. When the
Justrite Manufacturing Company in Chicago
received an order for several hundred lamps in
1912, they removed the usual name “Little
Giant” from their cast aluminum lamp and
replaced it with “Copper Queen™ for the Cop-
per Queen Consolidated Mining Company.
(Nancy Van Scriver collection.)
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Bisbee Mining and Historcal Museum

Figure 20. This electric trolley was introduced at
the Holbrook mine in 1909; it is now on display
in front of the Bisbee Mining and Historical

Museum.

most popular was a well-shaped woman’s leg, complete with
bloomers and shoe.

The use of candles began to fade in 1911 when carbide lamps ap-
peared. Late in 1912, the Copper Queen Company ordered several
hundred large, cast aluminum lamps from the Justrite Manufactur-
ing Company, each of which had “Copper Queen” embossed on its
side. These make interesting collectors’ items today. However, it
was not until 1916 that the transition to carbides was complete.

Miners were responsible for purchasing their own lamps and
seemed to prefer brass to the cast aluminum type. Two styles of
brass lights were in general use: a small cap lamp that would last 2
hours before recharge, and the larger stope lamp that was made to
hang from timber on the wall. The latter would usually burn for
about 4 hours before refilling was necessary.

Electric cap lamps were first introduced in Bisbee at the Junction
and Campbell divisions in 1938 (Mills, 1958). Here again, it took a
number of years for one lighting method to replace another. While
these lamps were provided by the company, it was not until late in
1944 that all of the miners were using the Edison lamps.

Mines

During the years that Bisbee sent forth its impressive flow of fine
minerals, more than 30 separate mines were involved. A great many
specimens are improperly labeled as far as actual locality is con-

cerned. Undoubtedly, the majority of those labeled “Copper
Queen mine” or “Calumet and Arizona mine” are actually from
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some lesser known mine.

This problem developed because all of the mines operated by the
Copper Queen Consolidated Mining Company, as well as its suc-
cessor Phelps Dodge and Company and Phelps Dodge Corpora-
tion, have continually been referred to as the Copper Queen mines.
By the same token, all of those developed by the Calumet and
Arizona Mining Company have been called by the name of the con-
trolling company.

In an effort to help collectors who wish to be more specific in
their labeling and to know the general time-frame during which
specimens were recovered, the following summary of mines is of-
fered. The characteristics shown by various minerals from many of
these mines are described further on, in the section on minerals.
Together these sections may assist collectors in attributing more
specific locality details to their Bisbee specimens, and will provide
background for those lucky collectors whose specimens already
have detailed but unfamiliar notations on the labels.

Atlanta shaft, Atlanta claim, 400 feet in depth, sinking started in
1884. It was this mine that sent Phelps Dodge on its way to becom-
ing a major force in domestic copper. The Atlanta orebody was cut
from just below the 200 level to the 400 level. Because it was in ore
and a small shaft, it was abandoned in 1886 and replaced by the
more efficient Czar. In 1917, dumps from the Southwest, 5th level,
covered the Atlanta shaft.

Baxter tunnel, Baxter claim, started in 1889. Dniven by the Cop-
per Queen Company into Queen Hill from the east side to the pros-
pect above the Southwest orebody. Unstable ground and only
modest amounts of ore forced abandonment about 1900. Lessees
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Figure 21. Major mines in the Warren district.

removed a small amount of highgrade ore in the mid-1930’s.

Boras shaft, Boras claim, 1034 feet in depth, sinking started in
1917. Developed by the Copper Queen Company for lessees, sub-
stantial reserves of carbonate ores were opened up on the 400 and
600 levels in 1919. Operations continued until 1926 when it was
closed. A small amount of mining was done by lessees from 1938
until 1944, most of this below the 800 level.

In the early 1950’s, it was reconditioned for an emergency escape
way and ventilation shaft for the Cole shaft. It served in this capac-
ity until the cessation of operations.

Briggs shaft, Hard Cash claim, 1630 feet in depth, sinking started
in 1902. Named for Charles Briggs, a banker in Calumet,
Michigan, and president of the Lake Superior and Western
Development Company, part of the Calumet and Arizona. No ores
were shipped from here until 1910 because of water problems. Dur-
ing 1908 and 1909 work was suspended until a drainage drift from
the Junction was completed (C and A, 1916). Mostly supergene
ores were mined with a few primary sulfides. Operations were
suspended in 1922 until 1935 when it was leased. This lasted until
mid-1944 when it was permanently closed. The shaft was filled and
the dumps leveled in 1949 to make room for a company housing
development.
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Campbell shaft, Regular claim, 3332 feet in depth, sinking
started in 1927. Developed by the Calumet and Arnizona Mining
Company, it was named for Gordon R. Campbell, an early investor
in the company. The original purpose of this shaft was to serve as a
ventilation opening in the mining of the ores, east of the Junction
shaft. This all changed when in 1929 the magnificent Campbell ore-
body was discovered; it was the largest mass of ore ever found in
the district, containing well over a million tons. Stretching from
above the 1600 level to below the 2200 level, this orebody helped
make the Campbell the most productive mine in the district. Also,
this is the only mine that operated without interruption. The deep-
est mine in Bisbee, it produced vast amounts of lead and zinc, in
addition to copper.

Cole shaft, Triangle and John P. Jr. claims, 1563 feet in depth,
sinking started in 1902. The Lake Superior and Pittsburg Develop-
ment Company, an arm of the Calumet and Anzona Company,
sank this shaft. Named in honor of Thomas F. Cole, a heavy in-
vestor in the mines of the district. At the time he was manager of
the Oliver Mining Company, a subsidiary of United States Steel.

A truly great mine, its first ores were shipped in 1905 and the last
in 1975. During this period, it was closed from 1929 until 1934 and
again from 1944 through 1947. Operations were resumed at full
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Figure 22. Vertical sections through the Copper
Queen mine (from Douglas, 1899). The famous
open cut or glory hole shown in the upper dia-
gram is still in existence, though partially filled

in. Note the limestone cavern overlying ore in
the lower diagram.

scale in 1953. Ores from the Oliver, Powell and White-tailed Deer
areas were tapped from the Cole.

Copper Prince mine, Copper Prince claim. A contemporary of
the Copper Queen mine, mining began there in 1882 and lasted
through early 1884. Both a shallow shaft and a tunnel were used to
exploit the near-surface ores mined by the Arizona Prince Copper
Company. This property was acquired by the Copper Queen Com-
pany in 1885 to preclude trespass litigation against the Prince for
their mining excusions onto Copper Queen Company ground. The
portal to the tunnel is visible today just above the post office, while
several stopes have been cut by the highway that bypasses Bisbee.

Copper Queen mine, Copper Queen claim, 400 feet on inclined
depth, sinking started 1881. The original work was done through
an open cut and two very shallow vertical shafts in 1880 by the
Copper Queen Mining Company. These were replaced by the
45-degree inclined shaft, cut some 200 feet to the east of the original
discovery site. Mining through the Copper Queen ceased in 1888
when workings from the Czar reached the Atlanta and John Smith
orebodies. It was re-opened in 1913 for exploration and a little min-
ing and closed again that same year (Mills, 1958). A fire destroyed
the upper 150 feet of the shaft in 1958. Today the Queen Mine Tour
affords a good view of the lower portions of the shaft.
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Cuprite shaft, Brother Jonathan claim, 911 feet in depth, sinking
started about 1905. Designed to replace the older Uncle Sam shaft,
the Cuprite shaft was sunk by the Copper Queen Company. Only
modest amounts of ore were removed from here, with most of it
hauled to the Czar for hoisting. Closed in 1929, it was turned over
to lessees in 1934 and was mined sporadically until 1942. From then
until mid-1944, low grade ores were exploited for the “metal
reserves contract” using furloughed soldiers (Mills, 1956). The
shaft was filled in 1968 and covered with dumps from the Lavender
pit.

Czar shaft, General claim, 440 feet in depth, sinking started in
1885. This shaft was the first sunk by the Copper Queen Company.
During its nearly 60 years of production, this shallow mine yielded
more fine mineral specimens than any other in the camp. Little
other than carbonate ores were mined from here and its proximity
to the Dividend fault zone as well as the stock afforded it a unique
geologic environment.

Operated by Phelps Dodge until 1931, it was then leased. In
1942, as at several other shafts, the company resumed operations to
support the war effort. The final closing of this very wet, cold mine
was in 1944,

In an effort to stop trespassing, a concrete cap was poured over
the shaft in 1961. This also stopped the flow of air needed to
preserve the shaft timbers from decomposition. As a result, in 1973
the head-frame collapsed and the shaft was filled. The site of this
mine is 250 feet east of the main building of the Queen Mine Tour.
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Figure 23. Sacramento Hill, Bisbee, as it ap-
peared in 1904. Today virtually the entire hill
has been removed and the site taken over by the
Lavender and Sacramento open pits, as shown

in Figure 26. The Holbrook shaft buildings are
in the foreground.

Dallas shaft, Des Moines claim, 2032 feet in depth, sinking
started in 1911. Production from 1913 until 1916 was significant,
but only modest amounts were mined from 1920 through 1929; it
served as the main hoisting shaft for the Gardner and Lowell ores
while the Sacramento pit was in operation. The shaft was recondi-
tioned in the late 1940’s and re-opened in 1950. The Dallas become
an important producer and remained in use until all operations
ceased in 1975.

Denn shaft, Robert E. Lee claim, 3157 feet in depth, sinking
began in 1907. The Denn and Arizona Copper Company, later part
of Shattuck Denn Company, was the developer of this mine. It was
named for Maurice Denn who, along with Lem Shattuck and
Joseph Muheim, owned the 13 claims developed by this working.

Sunk along the Dividend fault, water was a problem from the
start. By 1909 a fine series of oxide ores was found extending from
just below the 1000 level to the 1800 level, parallel to the Mexican
Canyon fault. Production was continuous until 1920, when large
amounts of water were hit by development headings on the 1800
level and the mine was flooded (Bronson and Wilcox, 1930).

Because of depressed metal prices, no attempt was made to de-
water the mine until the merger with Shattuck and Arizona in May,
1925 (Mills, 1956). From then, production was continuous to 1944,
including large tonnages of zinc-lead silver ores. Phelps Dodge pur-
chased the property in March 1947 and mined some 95,000 tons
(Mills, 1956). Later, the shaft was deepened and used to serve the
development of the 3100 level.
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Gardner shaft, Gardner claim, 1457 feet deep, sinking started in
1890. Purchased by the Copper Queen Company with some reser-
vation in 1890 (Douglas, 1909). Early development work soon dis-
pelled any concerns when it was found that the limestones and the
associated halo of ore extended farther to the east than anyone had
thought. Also, it was here that the first important primary lead-zinc
ores were found. Mining was continuous until the merger with the
Calumet and Arizona Company in 1931. Reopened by lessees in
1935, mining continued on a reduced scale until its final closure in
1944. The shaft site was assimilated by an expansion of the
Lavender pit in 1968.

Goddard shaft, Goddard claim, 510 feet in depth, sinking started
in 1887. Only a modest producer during its short life, it was named
for John Goddard of New York who was the owner. The property
was acquired in 1888 by the families who controlled Phelps Dodge
and was transferred to the Copper Queen Company in 1892. In
1900, when workings from the nearby Holbrook reached the ores
developed by the Goddard, it was abandoned. The exact location
of this shaft is unknown. Because of the poor ground, the shafl
soon caved, and all surface signs were gone by 1909,

Hoatson shaft, Del Norte claim, 1500 feet in depth, sinking
started in 1905. Captain Jim Hoatson was a man of unusual faith
and mining expertise. It was on these qualities that the early in-
vestors in the Irish Mag put their money. To acknowledge that suc-
cess, the Hoatson was so named. Most of the ores mined here were
rich oxides from the great Hoatson orebody that reached from the
1200 level to below the 1400. By 1912, all mined matenals were
taken to the Junction for hoisting, and the Hoatson became just a
service shaft. The mine was closed in 1922.

Higgins mine, Webster claim, shaft 300 feet in depth, collared in
1902, tunnel started 1904. Originally stated by Thomas Higgins, for
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whom it is named. Early development work was discouraging and
the mine was closed in 1906. However, it was leased in 1914 and
good ore was found in July of that year (Elsing ef al., 1922). Leas-
ing continued until 1916, when mining was taken over by the Hig-
gins Development Company, the owners of the property.

The mine was closed in 1920, when the reserves were nearly
depleted, and was sold to Phelps Dodge in 1922 (Mills, 1956).
Subsequent work by the new owners developed additional ore, and
mining by the company was carried out until 1927. Leases were
then given to several individuals who mined it until 1930. The mine
again operated under lessees from 1934 to 1944 when it was finally
closed. In 1933 the shaft burned; the remaining hole was filled in
1962. The tunnel entrance in Uncle Sam Gulch caved in about 1955
and the Bisbee side was sealed in 1980 to stop trespassing.

Holbrook shafts, old Goddard claim, 525 feet in depth, sinking
started in 1889, new Baxter claim, 645 feet in depth, sinking
started in 1906. The original shaft was sunk by the Holbrook and
Cave Development Company, a group owned by the families that
controlled Phelps Dodge. The properties were transferred to the
Copper Queen Company in 1892, A producer of principally oxide
ores, the Holbrook yielded a great many fine mineral specimens.
Before sinking was completed the soft, ever-moving ground caused
problems with the shaft alignment. By early 1906 it had become im-
possible to keep open so it was abandoned and a new shaft was
started some 400 feet to the south.

The New Holbrook, as it was called, was a much better and
deeper facility providing access to ores below the 500 level. While it,
like its predecessor, produced many fine specimens, all of the ores
were hoisted at the Sacramento, so an obvious chance for confu-
sion as to source exists. Both shafts were swallowed by the
Holbrook extension of the Lavender pit in 1969.

Irish Mag shaft, Irish Mag claim, 1393 feet in depth, sinking

started in 1900. The first venture in the district by the Calumet and
Arizona Mining Company, this was an incredibly rich though
short-lived mine. The main orebody was hit in 1902 on the 1050
level, with some 325 feet of 9-percent copper ore being cut (C and
A, 1916). Work was then continuous until 1913, when it was turned
over to lessees. In 1917, the mine was closed and the surface
facilities removed. The site was covered by dumps from the
Lavender pit in 1968.

Junction shaft, Waddel claim, 2727 feet in depth, sinking started
in 1903. A Calumet and Arizona property, it was one of the most
productive mines in the district. Early in its life, many oxide-zone
minerals were mined here, including some very fine specimens.
Later only sulfides were produced including substantial amounts of
zinc and lead. The Junction was an extremely efficient mine with
five concreted compartments and a very fast hoist. For many years
it was the central hoisting and pumping facility for the other mines.
It still serves as the pumping shaft for most of the district with
pump stations on the 2700 and 2200 levels for normal waters and
one on the 1800 level for handling acid waters. Active mining and
hoisting was stopped in 1958 with the remaining Junction ores
being mined through the Campbell. The massive headframe for the
operation still stands on the eastern edge of the Lavender pit.

Lavender pit. Harrison Lavender began his career with the
Calumet and Arizona Mining Company as a miner in Bisbee. By
the time of the merger with Phelps Dodge in 1931, he was the chief
engineer. Retained by Phelps Dodge, he eventually became respon-
sible for all of their western operations. He was instrumental in the
development of the porphyry ores that resulted in the pit named in
his honor following his death.

Initial stripping began in 1950, with the first ores milled in 1954
(Mills, 1956). Continually mined until its closure in 1974,
94,400,000 tons of ore and 281,600,000 tons of leach material and
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waste were removed for a total of 376,000,000 tons (Phelps Dodge,
personal communication, 1975).

The Holbrook extension to the pit was started in 1967 and was so
named because it encompassed the area of the Holbrook mines.
Many truly fine mineral specimens were found during the mining of
this segment of the pit.

Lowell shaft, Galena claim, 1603 feet in depth, sinking started
about 1903. The Lowell exploited a group of claims that was pur-
chased by the Copper Queen Company from Senator Clark of
Montana in 1903 duning the race with Calumet and Arizona for
property. No ores were cut in the first 1000 feet and those found
later were almost all sulfide. This mine had the questionable distinc-
tion of having the first sulfide mine fire in the district. Such fires
plagued the Lowell for most of its productive life and a few fires
continued to smolder for many years after its closure in 1931. From
1935 to 1940, this mine was operated by lessees. No work was done
after 1940 in the Lowell itself; however, some ores were mined from
the Dallas. The site was covered by Lavender pit dumps in 1969.

Neptune tunnel, Neptune claim, started in 1881. Actually an
adit, not a tunnel, it was the most important producer for the Nep-
tune Mining Company during its short life. The property was sold
at a Sheriff’s sale in 1886 to interests favorable to the Copper
Queen Company and title was transferred to the Queen in 1892,
Mining was done only during the years 1881-1882 and again in
1913. The exact location of this mine is uncertain. However, it is
believed that it was situated on the western flanks of Sacramento
Hill.

Nighthawk shaft, Nighthawk claim, 749 feet in depth, sinking
started about 1911. This mine was developed by lessees and from
1923 to 1930 produced significant amounts of mostly oxidized ores.
A very modest and unsuccessful operation was undertaken in the
mid-1930’s. The mine’s final closure came in about 1938.

Osakland shaft, Oakland claim, 1380 feet in depth, sinking
started in 1916. Developed by the Calumet and Arizona Mining
Company to prospect areas east of the Briggs shaft. Even though
some ore was found, most was exploited through the larger and
more efficient Briggs or hauled to the Junction for hoisting. The
Oakland served as a ventilation shaft until 1947 when it was filled to
control the exhaust gases from the Campbell fire.

Oliver shaft, Senator claim, 1477 feet in depth, sinking started
1903. An early development of the Calumet and Arizona Mining
Company, the mine was named for Henry W. Oliver, a principal
investor in the company. Mining was continuous from 1904 to 1922
when it was closed for several years. Re-opened by lessees, the
Oliver operated sporadically until 1940. Many types of ore were
mined here, using several mining systems (C. and A., 1916). In 1965
the headframe was dismantled and the shaft was filled. Dumps
from the Lavender pit covered the mine site in 1969.

Sacramento pit. One of the earliest open pit copper mines, strip-
ping for the Sacramento started in 1917. Mining was done using
3V4-cubic-yard steam shovels that ran on standard gauge railroad.
Haulage was all on rail with 0-4-0T Porter locomotives pulling
20-cubic-yard cars (Ziesmer and Mieyr, 1923). Ore production
started in 1923 and continued through most of 1929 with some
9,000,000 tons delivered to the smelter or mill. Waste and leach
materials totaled 23,000,000 tons, for an overall production of
32,800,000 tons (Phelps Dodge, 1938). The resulting pit was just
over 700 feet in depth. Mining in the Holbrook extension of the
Lavender pit assimilated the Sacramento pit.

Sacramento shaft, Stars and Stripes claim, 1795 feet in depth,
sinking started in 1904. Sunk on the eastern flank of Sacramento
Hill, the “Sac” was one of the most important mines developed by
the Copper Queen Company. For many years, it served as the main
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Figure 24. A portion of a stope in the Copper
Queen mine, excavated in the 1880’s.

hoisting facility for all of their operations. While it produced most-
ly sulfide ores, important amounts of oxides were also mined. It
operated from 1904 until the merger with the Calumet and Arizona
Company in 1931 when operations were suspended. Mining re-
sumed in 1935 and lasted through 1944 with low grade ores being
mined for the wartime ““metals reserve account™ during the last two
years (Mills, 1956). The mine was consumed early in the operations
of the Lavender pit.

Shattuck shaft, Iron Prince claim, 1139 feet in depth, sinking
started in 1904. One of the most productive and profitable opera-
tions in the district, it was named for Lem Shattuck, the owner of
the group of claims it exploited. This mine was developed by the
Shattuck and Arizona Copper Company. Ores from the Shattuck
were transported to a railroad loading bin near the Holbrook by a
3300-foot aerial tramway on an 18-degree slope. Principally oxides
were produced including large amounts of lead. Operations by the
company continued until 1925 when lessees took over. They mined
it until 1947 when it was closed. A fire set by children in 1952
destroyed the surface plant and burned out the shaft.

In 1973 Phelps Dodge purchased the property and erected a
headframe that had been moved from the Cochise and Calumet
shaft. A hoist was installed and the shaft opened up to about the
800 level by the time work was suspended in early 1976.

Silver Bear shaft, Silver Bear claim, 1052 feet in depth, sinking
started in 1912. Originally intended to prospect the ground south of
the Spray, this Copper Queen Company project was only moder-
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ately successful. Small amounts of oxide ore were developed and
mined from the 400, 600, 700 and 800 levels. Most of this was near
the Irish Mag claim. Mining was discontinued in 1922 and the sur-
face facilities removed in 1942. The site was covered by dumps
from the Lavender pit in 1968.

Southwest mine, Atlanta claim shaft, 493 feet in depth, sinking
started in 1911. The Southwest, a Copper Queen Company prop-
erty, was used to exploit Queen Hill above the collar of the Czar
shaft. Three principal adits and two interior shafts, one a replace-
ment of the other, serviced this expansive mine.

The Southwest mine is unique in the district in having its levels
designated according to elevation above sea-level. The bottom level
was the Queen tunnel at an elevation of 5300 feet; thus it was called
the 3rd level. Correspondingly, the Southwest tunnel at the
5§500-foot elevation is the Sth level and so on upwards to the 10th
level at 6000 feet. All other mines in the district have levels
numbered according to the depth in feet, measured from the collar
at the surface downward.

An incredibly rich mine, it exploited the New Southwest orebody
which contained nearly a million tons of 10-percent copper ore, all
oxides. The ground was unusually competent, and the resulting
opening was referred to as “the ballpark.”

Mining was continuous in the Southwest until 1931 and was
resumed by lessees in 1934 who worked into mid-1944. Important
amounts of lead were mined in addition to the copper during all
phases of its operation. Today, the Queen Mine Tour uses part of
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Figure 25. Headframe of the Shattuck shaft on

Bisbee Mrmné-md Historical Museum

the Iron Prince claim, opened in 1904,

the 3rd level as its pathway. The newer of the Southwest shafts is
visited in the course of the tour.

Spray shaft, Silver Spray claim, 1060 feet in depth, sinking
started in about 1889. Development was started by the Holbrook
and Cave Mining Company and turned over to the Copper Queen
Company in 1892 before any ore had been found. By 1894, the
Silver Spray, as it was then known, was a major producer. It was
the impressive orebodies developed east of the shaft that inspired
Jim Hoatson, on the advice of John Graham, to purchase the Irish
Mag and start the C. and A. Company on its way.

Reserves were depleted in the Spray by 1913 and it was leased
until 1918 when all of the surface facilities were removed. The shaft
was bulkheaded at the collar and covered by dumps from the Sacra-
mento pit. During the early 1930’s, a lessee reclaimed the lower part
of the shaft from the Holbrook, then raised up through 80 feet of
loose dump material, an extraordinary feat. A small wooden head-
frame served the mine until its final closure in 1940. The site was
covered by the Lavender pit dumps in 1968.

Sunrise shaft, Golden Gate claim, 734 feet in depth, raising
started in 1919. A unique facility in many ways, the Sunrise was
developed by the Copper Queen Company to service the Southwest
mine. This shaft was a series of connected raises from the Queen
tunnel or 3rd level to its collar at 6000 feet in elevation.

Because the hillside it surfaced on was so steep, no conventional
headframe hoist system could be used. So a four-storied structure
was erected over the opening with the hoist on the top floor situated
over the shaft. The cage was the only one in the district large
enough to accommodate a mule. This interesting structure still
stands on the south facing slopes of Queen Hill. Its periods of
operation are the same as those of the Southwest mine.
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Uncle Sam shaft, Uncle Sam claim, 932 feet in depth, sinking
started about 1893. Originally developed by the Copper Queen
Company to prospect favorable horizons south of the Holbrook.
However, nothing of interest was found, principally because of in-
sufficient work, and the mine was abandoned in 1895.

Encouraged by finds in the nearby Shattuck, exploration was
resumed by the company in 1905. Ore was found later that same
year. Mining continued from that time through early 1923 with the
last few years under lessees. The shaft was reconditioned in 1934
and lessees resumed mining off and on until 1942 when the mine
was abandoned. Its headframe was removed and sent to Tyrone,
New Mexico (Mills, 1958). The shaft was filled with waste from its
own dump in 1966.

Wade Hampton shaft, Black Hawk claim, about 400 feet in
depth, sinking started in 1913. Sunk on a small showing of lead,
silver and gold, only very minor amounts of which were recovered;
the mine was abandoned by 1915.

White-Tailed Deer shaft, White-Tailed Deer claim, 602 feet in
depth, sinking started in 1911. A Copper Queen Company mine, it
was sunk on the strength of encouraging finds in the southern por-
tions of the nearby Cole. By 1913 it was producing a significant
amount of ore, principally oxides. Mining by the company con-
tinued until late 1920, when it was turned over to lessees who did
relatively well. In 1941 Phelps Dodge resumed control of the mine
and brought it into production once more to assist in the war effort.
The shaft was filled during the summer of 1964.

Wolverine shafts, both on the Broken Promise claim, number |
was 670 feet in depth and number 2 was 700 feet in depth. Sinking
started on number 1 in 1903 and on number 2 about 1912. The sole
property of the Wolverine and Arizona Mining Company, it was
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Figure 26. The Lavender pit (foreground) and
connected Holbrook extension behind it today
occupy the site of the former Sacramento Hill

operated only during times of high metal prices. Most of the ores
mined were oxides from a southern extension of the Shattuck
deposits. A lease on the Higgins tunnel was secured from Phelps
Dodge in the late 1920’s and the remaining Wolverine reserves were
removed through this opening using an interior shaft. Phelps
Dodge acquired the property in 1949 for its ““nuisance value”
(Mills, 1956). The number 2 shaft burned in 1974.

Unsuccessful exploration mines. As in every district a number of
mines were developed in the never-ending search for new ore. Many
of these were successful while others were not. Sometimes, though,

even the latter produced a few fine specimens. For that reason they
are listed here:
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(and have assimilated most of the Sacramento
pit), as seen in this serial photo taken from the
opposite direction as Figure 23.

Bisbee Queen shaft

Bisbee West shafl

Cochise shaft

Cochise and Calumet shaft (developed by Phelps Dodge for
water to be used in the Sacramento concentrator)

Congdon shaft Ivanhoe shafl

Contact shaft and adit Kentucky tunnel

Copper King shaft Lake Superior and Boston shaft

Galena shaft Lone Star shaft

Glance shaft Powell shaft

Hedberg tunnel Saginaw shaft

Houghton tunnel Warren shaft
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Figure 27. Aurichalcite, 1% inches across, from

the S5th level of the Southwest mine. Lawrence
Banks collection.

Figure 28. Azurite, about 4 inches across, from

the Junction shaft, 770 level. Sorbonne collec-
tion.

Figure 29. A very sharp azurite rose 1 inch
across, from the Czar shaft. Richard Bideaux
, collection.
Nelly Bariand
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Figure 30. Azurite “pinwheel” growth, com- inches across, from the Sacramento shaft. Nnu-

posed of seven individuals offset from each that the interior of the crystals is a malachite
other by rotation approximately about the ¢ psendomorph, overlain by a thin secondary
axis. Sketch at left shows a top view. About 3  growth of azurite. Graeme collection.

Figure 31. Azurite crystals on a matrix 4%, inches
tall, from the Sacramento shaflt.
Sonora Desert Museum collection.
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General Geology

The geology of the Warren district has, over the years, received
several very fine treatments. For the most part, the interpretations
and hypotheses of these workers have stood the test of time. Ran-
some’s classic professional paper (1904) is still the basis for most of
the work done in the area. Other important papers that have ex-
panded on Ransome’s work include Bonillas, Tenney, and
Feuchere, 1916; Trischka, 1938; and Bryant and Metz, 1966.
Because of these fine discussions of the district, only an overview
will be presented here.

The rocks of the district consist of a basement Precambrian
quartz sericite schist overlain by 55006500 feet of generally calcar-
eous Paleozoic sediments. These were all intruded during Jurassic
times and subsequently mineralized. Erosion then removed an
unknown thickness of the sediments and instrusives, bringing the
upper mineralized zones in both units near the surface. At this time,
supergene enrichment occurred along a relatively level plane.

During lower Cretaceous times, some 5000 feet or so of prin-
cipally clastic sediments were deposited on this surface. Later,
tilting of about 30° to the east and erosion again exposed the west-
ern end of the mineralized area to a supergene environment, result-
ing in what exists today.

Rock Units
Precambrian Rocks

Pinal schist

This Precambrian basement unit is of unknown thickness and
has been dated at 1.7 billion years old. Essentially a fine-grained,
fissile, quartz-sericite schist, it is probably metamorphosed sedi-
ments. Most of the hills north and west of the stock are composed
of this unit. While locally mineralized, the Pinal schist has never
been known to host ore.
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Figure 32. Generalized geologic section (from
Hogue and Wilson, 1950; after Ransome, 1904).
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Paleozoic Sediments
Bolsa quartzite
Cambrian in age, the oldest member of this unit is a basal con-
glomerate grading into arkosic grits and finally into crossbedded
quartzites. Locally it achieves a thickness of 430 feet. The Bolsa

may be pyritic in some areas, but has never been an ore-bearing
horizon.

Abrigo limestone

Also Cambrian in age, the Abrigo limestone rests conformably
on the Bolsa with a total thickness of 770 feet. It is a thin-bedded,
cherty, impure limestone with some calcarous shales and local man-
ganese oxide staining. During the early years of mining, the Abrigo
was considered to be of limited potential. Only the top 100 feet or
so were explored to any degree. It wasn’t until the mid-1950’s that
its true value as a host for ore was realized. From then until the

cessation of mining it was the mainstay of the underground opera-
tion.
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Parting quartzite

This unit rests atop the Abrigo with no apparent unconformity
below or above. Only an average of 8 feet thick, its value lies in its
use as a marker bed. Bonillas er al. (1916) felt it represented the
Silurian, while Ransome (1904) assigned it to the Abrigo.
Martin limestone

While this Devonian unit is only 340 feet thick, it has produced
more ore than any of the other limestones. It is a dark gray, dolo-
mitic, compact, fossiliferous unit of moderately thick beds.
Escabrosa limestone

The second most productive horizon in Bisbee, this unit is some
700 feet thick and is of Mississippian age. Generally light in color
and thick-bedded, the Escabrosa rests conformably on the Martin
and is often a cliff-former. The separation between the overlying
Naco and this horizon is indistinct. Based on fossil evidence, the
contact is imperceptable in the field.
Naco limestone

Of Pennsylvanian-Permian age, an average of 1500 feet remains.
It rests conformably on the Escabrosa and a pre-Cretaceous ero-
sional surface forms its top. This limestone is moderately thick-
bedded and quite fossiliferous. Only modest amounts of ore have
been discovered in the Naco.

Mesozoic Sediments

Cretaceous sediments, Bisbee group

These units rest on an uneven erosional surface of schist, Paleo-
zoic sediments and granite. They include the Glance, a basal con-
glomerate; the Morita sandstone; and nearly pure Mural limestone;
and the Cintura sandstone-shales for a total thickness of at least
4900 feet. Because these units are post-ore, they are of little
relevance and will not be discussed.

Intrusive Rocks

Juniper Flat granite

This unit is most prominent to the north and west of the pro-
ductive zone. The rock is a coarse-grained mass, pink to purplish
gray in color, composed principally of two units: a quartz mon-
zonite and a granodiorite. Microcline, or orthoclase and quartz as
well as a little biotite and plagioclase are the most common constit-
uents. Usually fresh and free of alteration, it has been dated at 177
million years (Creasery and Kistler, 1962). Economically, only a
few small but rich pockets of gold have been found in it. These
were in quartz veins associated with fluorite.
Sacramento stock

This intrusive mass is actually composed of two distinct units.
They are known as the granite porphyry and the younger granite
porphyry. The older unit is a highly altered quartz porphyry. It was
intensely silicified and pyritized by early hydrothermal fluids and is
almost totally devoid of ore minerals. This, perhaps, was a result of
being effectively sealed during early alteration, rendering penetra-
tion by later, ore-bearing fluids impossible.

The younger granite is described as a quartz-feldspar porphyry.
It has been moderately altered by both hypogene and supergene
fluids. This same unit also occurs as numerous dikes in the under-
ground mines and was the ore host for both the Sacramento and
Lavender pits. Both intrusions comprising the Sacramento stock
are dated at about 180 = 3 m.y. (Phelps Dodge, personal com-
munication, 1972). However, Lowell and Guilbert (1970) have
ascribed an earlier date of 163 m.y. to these units.

Breccias
Breccias are included here because of their wide distribution and
their important relationships to the ores. Many types of breccias are
recognized in the district. In decreasing order of respective vol-
umes, the terms applied to them are: intrusion, intrusive, silica,
igneous, fault, and protoclastic. Of these, only the first three are of
major significance and are all pre-ore.
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Figure 33. Silica breccias (SiBx) and their rela-
tionship to copper and lead orebodies in the
Southwest mine. Note their apparent restriction
to the upper Paleozoic units.

Intrusion breccia

This is the contact breccia of some of the early workers. Most
commonly it occurs in the contact zone between the older granite
porphyry and the sediments. It appears to have been formed by the
active intrusion of the earlier porphyry. It is composed of angular
to rounded fragments that represent every pre-Cretaceous umit
except the intrusives, showing varying degrees of transport. The
breccias usually grade into undisturbed wall rock along the edges.
The matrix of this unit consist of a siliceous rock-flour containing
small fragments of the brecciated units and commonly significant
sulfides. Sufficient sulfides are commonly present as a replacement
of the matrix or fragments or both to be of ore grade. This usually

occurs in the more siliceous parts of these breccias (Bonillas er al.,
1916).

Intrusive breccias
These breccias are found throughout the district ranging in thick-
ness from less than a quarter inch to 500 feet. They are a hetero-

Figure 34. Generalized surface geology showing
2 projection of the orebodies mined under-
ground. (After Ransome, 1904; Bonillas er al.,
1916; Trischka, 1938; and Bryant and Metz,
1966; supplemented by recent field work.)
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Dane Penland

Figure 35. Azurite on malachite, about 3 inches

across, most likely from the Sacramento shaft.

Smithsonian collection. Figure 36. A group of blocky azurite crystals 2
inches across, from the Czar shaft. Originally
part of the Kunz-Tiffany collection, later the
Arthur Montgomery collection; now in the
Richard Bideaux collection.

Figure 37. Azurite on malachite, about 27

inches across, from the Czar shaft. Graeme col-
lection.
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geneous mixture of all pre-Cretaceous units in a matrix of rock
flour. Amazingly free of alteration, the fragments are angular to
rounded and have been found up to 100 feet in diameter, fre-
quently, hundreds of yards from their closest known source. The
breccias are usually quite continuous over long distances, and pinch
and swell, readily changing from dikes to sills. Bryant (1968)
ascribes a fluid intrusion origin and estimates they have a total
volume of 800 million cubic feet.
Silica breccias

As the name suggests, these are highly siliceous units. Composed
of angular fragments of completely replaced limestone, they have a
matrix of cryptocrystalline quartz and specular hematite. Relict
fossils representing all of the fossiliferous units can, on rare occa-
sion, be found. Judging from these, movement of the units appears
to have occurred downward as well as upward. Indications of
lateral movement are found in fragment orientations along their
edges. These units are invariably pipe-like and physical connection
with porphyry dikes is common (Bonillas ef al., 1916). Also, they
appear to have been restricted to the Shattuck, Southwest, and the
Higgins ore zones. Their importance to ore implacement, because
of their permeability, cannot be overstated. Trischka (1932) felt
that over 90 percent of the ore mined in the aforementioned areas
was in physical contact with the silica breccias. The accompanying
illustration shows the typical relationship between these breccias
and the associated oxide ores of both copper and lead. The origin
and mechanics of these units are still uncertain. Trischka (1928)
proposed that they are limestone breccias of fault origin that were
later silicified. They closely fit the solution and replacement brec-
cias described by Butler (1913) and Kuhn (1941). As they are
restricted to the post-Cambrian Paleozoic sediments, the silica may
well represent a remobilization of their abundant cherts (Keith
Coke, personal communication, 1973).

Structural Geology
The Dividend fault is the most important fault zone in the

district. It is an ancient structure that has experienced numerous
periods of activity. A normal fault, it trends northwest with a
southwesterly dip of from 60° to vertical. Displacement ranges
from 4900 feet at its eastern most exposure, to in excess of 2000 feet
near its western end. Underground, this zone is from 39 feet to
more than 240 feet thick. It divides the Mule Mountains along their
major axes from the mouth of Mule Guich to the beginning of
Tombstone Canyon, where it terminates against the Quarry fault.

The Quarry fault is the westernmost and one of a series of north-
northeast trending fault zones that are more or less perpendicular
to, and south of, the Dividend fault. Among these faults are: the
Quarry, Escacado, Shattuck, Czar, Silver Bear, Mexican Canyon,
and Campbell. Most terminate at the Dividend zone. Generally
these faults dip steeply to the west. Some 2'2 miles to the south and
sub-parallel to the Dividend zone is the Escabrosa fault zone. It is
here that most of the north-northeast faults end. A few sinuous
structures with a generally northwest trend complete this summary
of the important breaks in the productive zone. The end result of
all this faulting is a series of blocks bounded by major fault
structures.

Geologic History
Little can be reconstructed of the Precambrian other than to say

that, after metamorphism was complete, the schist was intruded by
several basic dikes and then peneplained. Onto this level surface
were deposited nearly 1200 feet of Cambrian sediments as it sub-
sided, rapidly at first, then at a much slower rate.

Then there is a hiatus, leaving no record from the late Cambrian
until Devonian times. The record resumed as the Devonian seas
deepened and dolomitic sediments developed. During the Missis-
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sippian period and deposition of the Escabrosa limestone, the seas
were much more shallow, as indicated by numerous reef forma-
tions. Deposition of limestone lasted through Pennsylvanian into
Permian times when uplift occurred. The Paleozoic sediments had
by then reached a total thickness perhaps greater than 6500 feet and
were undergoing erosion. At some point during late Triassic or
early Jurassic times, while still relatively flat lying, the sediments
underwent extensive faulting, and activity along the Dividend fault
zone occurred.

How quickly intrusion followed is unknown, but about 180
million years ago a quartz porphyry followed the Dividend fault
through the schist into the overlying sediments. Extensive periph-
eral breccias were formed along the contact with the wall rocks.

Subsequently there came intense silicification of both the intru-
sion and the sediments. The Paleozoic rocks were locally silicified
as much as 2%: miles from the locus of intrusion. This was closely
followed by heavy pyritization in the porphyry, schist, and silicified
sediments. Large replacement bodies of pyrite were scattered
throughout the limestones.

Following the same path along the Dividend fault and close in
time came a second intrusion. It forced its way through the schist,
earlier porphyry, and the now-silicified sediments. Numerous dikes
intruded the limestones, commonly for great distances. Soon there-
after, intrusive breccia dikes and sills also invaded the sediments,
while an irregular pipe-like mass of breccia 500 feet in diameter
pushed its way into the stock. The silica breccias probably also
formed during this time.

As a result of the intrusive and breccia complex nearly a mile
across in their midst, the adjacent sediments became irregularly
metamorphosed for a short distance. Replacement by garnet, diop-
side, wollastonite and vesuvianite near the porphyry shortly gives
way to tremolite, actinolite, and edenite indicating only minor
effects of high temperatures. This assemblage in turn soon grades
into recrystallized limestones followed by unaltered rock. In all, a
contact metamorphic halo of little inore than 1500 feet developed
around the stock.

Metamorphic effects in the limestones are also noted along
many, but not all, of the porphyry dikes. Generally, quartz is the
most abundant mineral, followed by epidote and garnet. No truly
definitive pattern is obvious in these instances because of the over-
lapping nature of the aureoles, and also the irregular and erratic
development.

g .

When the mineralizing fluids were introduced is still being
debated. Bain (1952) suggests 104 million years ago, Bryant (1968)
130 m.y., while others (Anthony ef al., 1977) feel the mineralization
is quite close in age to the porphyry or 180 m.y.

Following the oft-used channels in the limestones, the fluids
formed hundreds of widely-scattered replacement bodies without
evident connection. The size of the replacement orebodies was
quite variable, ranging from several thousand tons to a few excep-
tional masses of more than a million tons. Bryant and Metz (1966)
report that possibly two-thirds of the ores mined came from masses
of 25,000 tons or less.

Ground preparation was the key to their deposition. Aside from
structures, silicification was the most important of the controlling
features. The immense aureole of ore around Sacramento Hill in
the contact zone illustrated this. Here, replacement by ore is appar-
ently restricted to the more siliceous areas. In the limestones away
from the contact influence, large barren zones are found with every
feature of ore areas except silicification. Yet, seldom are silicified
masses of any size found that are not mineralized.
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Other features found in areas hosting ore include intersecting
structures, breccias and/or porphyry, and alteration minerals such
as epidote and garnet. Massive pyrite, and recrystallization of the
country rock are also common.

In spite of all of these clues, prospecting for new orebodies has
always been exceedingly difficult. While, as stated, many of these
features are present in ore zones, the breccias, porphyry, and struc-
tural characteristics are much larger and far more widespread than
the ore. Therefore, their presence simply indicates a favorable area
with no guarantee of economic mineralization. Alteration is much
the same. Finding it only indicates that mineralizing fluids could
have been there, not that they have been or, if so, that any ores
were deposited. So elusive are the orebodies that just inches away
from them there is little if anything to betray their presence.
Because of this a continual prospecting program was essential. At
no time in the near-century of mining has there ever been more than
just a few years of ore in sight.

PYRITE
CHALCOPYRITE
BORNITE
CHALCOCITE
SPHALERITE e
GALENA

s

TIME »

Figure 38. Hypogene (primary) paragenetic
sequence.

Hypogene Paragenesis

Lead and zinc mineralization seem to have occurred during
several separate periods. Additionally, it is often highly localized.
Consequently the overall hypogene (primary) paragenesis may be
confusing, with the apparent sequence dependent upon the area
being studied. Bain (1952) suggests that the sequence was: pyrite —
galena — sphalerite —chalcopyrite — bornite. Schwartz and Park
(1932) found it to be: pyrite —chalcopyrite — bornite — chalcocite —
sphalerite — galena, while Tenney (1913) indicated pyrite —sphaler-
ite — galena — chalcopyrite — bornite to be the sequence. No doubt
each of these workers is correct in the context of the specimens
examined. Perhaps, then, a combination of all of these more
closely represents the actual sequence.

CHALCOCITE -
COPPER .
CUPRITE
BROCHANTITE
AZURITE

MAL ACHITE
CONNELLITE
SPANGOLITE
CHALCOALUMITE
SMITHSONITE
ANGLESITE
CERUSSITE
SIDERITE
GOETHITE
HEMATITE

TIME »

Figure 39. Generalized supergene (secondary)
paragenetic sequence.

Supergene Paragenesis
At some point in pre-Cretaceous times activity along the Divi-
dend fault was renewed. The north or footwall side was uplifted an
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unknown amount and all the sediments were removed. There is no
reason to suspect that they had not been mineralized to the same ex-
tent as those that remain. What may have happened to that copper
has long been debated. Some suggest that perhaps the unusually
rich supergene deposits along the Dividend may well be relics of
these ores (Bonillas ef al., 1916).

Also during this period, enough of the overlying units were
removed from the hangingwall or south side to subject these sul-
fides to supergene (secondary) enrichment. A deep canyon was cut
along the Dividend fault line from the stock to the east, giving even
further access to fluids which caused enrichment. By Cretaceous
times, an enriched zone more or less parallel to the surface had
formed. Boulders of gossan and stream-worked secondary minerals
in the lower Glance conglomerate confirm this enrichment period.
The deposition of more than 3900 feet of sediments in the shallow
Cretaceous seas effectively sealed the ores from further attack.
Later uplift, almost doming, around the old Juniper Flat intrusicn
tilted the beds about 30° to the east. Erosion again uncovered some
mineralized areas. This time, only the western part was exposed.

An interesting aspect of many of Bisbee’s supergene minerals is
that their source within the district is easily determined. So distinc-
tive are they, that not only the mine but the ore zone and frequently
even the stope can be recognized. No two areas were subjected to
the same set of conditions so specimens from each area are some-
what different. The principal differences are morphology, associ-
ated species, color and hue, and paragenetic sequence.

Because of their significance to the mineralogy of the district, a
discussion of some of the supergene characteristics is instructive. A
marked difference is apparent between those areas that underwent
more than one period of supergene activity and the sections that did
not. If a north-south line were drawn in the vicinity of the Spray
shaft it would come very close to separating the two areas.

Supergene assemblages vary in the relative proportions of miner-
als they contain. For example, to the west malachite is by far the
most abundant secondary product, followed by azurite, cuprite,
copper and chalcocite. Here, chalcocite is very much in the minor-
ity when compared with any of the other minerals. In the eastern
sector, exclusive of the porphyry ores, chalcocite is the most com-
mon, then cuprite, copper, azurite and malachite. This, of course,
is a function of the degree of supergene activity.

A comparison of the morphologies of azurite in the two areas
reveals that western specimens are most frequently massive, reni-
form and stalactic. While large crystals are unusual, pseudomorphs
of malachite after azurite up to 12 inches were not uncommon. To
the east, very few reniform or massive groups were found. Here,
almost all azurites were well crystallized, commonly exceeding 2
inches. Well-formed pseudomorphs of malachite after large azurite
crystals abound in this area.

A few stalactites of azurite in the Sacramento shaft and mala-
chite in the Campbell shaft, when found, had a non-vertical orien-
tation indicating formation prior to tilting. Conversely, in the
western area stalactites, horizontal fluid level lines and precipitated
minerals inevitably show a post-tilting growth orientation.

The depth to which the supergene fluids penetrated was, of
course, a function of permeability. Along major structures sec-
ondary minerals were found at unusual depths. In the Campbell
shaft, wulfenite has been found in the 2566-foot level along the
Campbell fault. This is some 1170 feet below the pre-Cretaceous
surface, No primary ores were cut in the Denn shaft, along the
Dividend fault, above the 2000-foot level, or 975 feet below the old
surface (Bronson and Wilcox, 1930). To the west, the Hoatson ore-
body was oxidized for over 1365 feet below the present surface
along the Junction fault.

In the areas affected by post-Cretaceous supergene action, nearly
total oxidation took place at depth. In the Shattuck, for example,
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no sulfides, primary or secondary, were found above the 800-foot
level.

Supergene gangue minerals

Enormous volumes of acids were generated by alteration of
pyrite during supergene activity. One of the several features attrib-
utable to this is the huge amount of clays, principally halloysite and
kaolinite. Derived, for the most part, from the porphyry and meta-
morphic feldspar minerals, tens of thousands of tons were formed.
So pervasive are the clays that along the west and south sides of the
stock, erosion developed low-lying areas, indicating the lack of
resistance to weathering.

Quite plastic in nature, these clays were both a boon and bain to
the miners. Almost always heavily iron-stained, they would fre-
quently contain enough disseminated copper minerals to constitute
an ore. While easily removed, keeping the workings open often
proved impossible. Ground opened one day would be completely
closed the next, crushing the largest of timbers. The Holbrook shaft
was lost in 1906 to these clays.

A common product of early supergene activity was siderite.
Commonly found in large masses with boxwork structure, it fre-
quently occurred under or adjacent to chalcocite orebodies. Car-
bon dioxide filled the voids in the boxwork. Further exposure to
supergene fluids altered the siderite to limonite (Trischka, er al.,
1929).

Oxidation Caves

Perhaps the most interesting, yet least known, oxidation feature
15 the caves accompanying many of the secondary orebodies. A
significant reduction in volume accompanied the total oxidation of
the primary sulfides. This, coupled with lesser amounts of lime-
stone removed by the acids generated during this process, has left
voids above the oxides.

The host limestones compensated for the removed support in
several ways. If the beds were thin or broken, they would slump
and fill the opening with rubble that usually became cemented with
calcite. Numerous crystal-filled pockets would in some areas
develop between the broken limestone boulders. These effects can
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Southwest mine.
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Figure 40. Calcite cave growths, probably in the

often be identified as much as 1000 feet above and have served as
guides to ore (Wisser, 1927). When slumping occurred less than 300
feet from the surface, a roughly conical depression formed. Such
features dot the hills in the Czar, Southwest, and Shattuck areas.

In the thicker bedded, more competent horizons where most of
the district’s ores occurred the effects were somewhat different.
Instead of complete collapse the beds would spall off leaving a
stable, often somewhat domed ceiling. Many hundreds of such
caves were found in the district. Typically of very large size, they
would have a floor of limestone boulders immediately overlying an
oxide orebody. The accompanying illustration from Douglas (1899)
shows these features (Fig. 22).

The largest of these caves was in the Shattuck mine. Crescent-
shaped, it curved around a silica breccia, attaining a maximum
height of 275 feet, a width of 340 feet, and a total length of 600
feet. It contained many large boulders. One end of the cave was
over copper ore, while the other was over cerussite. So closely asso-
ciated with the ores were the caves that Wendt (1887) was of the
opinion that the copper carbonates in the Queen and Atlanta areas
had been deposited as such in pre-existing openings.

Associated with both the complete filling by rubble and the
doming structures were sag caves. Formed as the beds sagged over
the openings or rubble, they are usually small. Seldom more than 6
feet high, they may be as much as 100 feet in length and width.
Because they invariably occur peripheral to the other openings,
only very rarely do they contain any minerals other than calcite and
aragonite.

As a source of fine minerals, Bisbee's caves were exceptional.
Ransome describes some of them in his 1904 paper: “The walls of
these caverns were covered with velvety moss-green malachite and
sparkled with the blue crystals of azurite, while from the roofs hung
translucent stalactitic draperies of calcite, delicately banded and
tinted with the salts of copper.”

An equally fascinating account of a small cave hit in the South-
west orebody before 1900: “A room, not too big, perhaps 50 feet in
curved length and 20 feet high and 15 or so feet wide. The walls
were all manner of irregular lumps of black azurite dotted with
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malachite. From the back (ceiling) hung limonite stalactites with
azurite crystals here and there on them. The floor was mostly a thin
crust of blue on malachite” (M. J. Cunningham, personal com-
munication, 1952).

In 1907 a cave-like opening 20 feet in diameter, with drusy stalac-
titic cuprite, was hit above the 1050-foot level of the Irish Mag
shaft. The Junction shaft has a series of caves up to 65 feet across
between the 2200 and 2566 levels. These are filled with iridescent
stalactitic and botryoidal siderite.

The most common cave minerals are calcite, aragonite and gyp-
sum. The carbonates are commonly tinted by copper and iron. It is
in these caves that their loveliest forms are attained. Occasionally, a
cave would fill with calcium carbonate-rich water after stalactites
and other growths had developed. The result would be single-
crystal stalactites of up to 20 inches and oriented crystal over-
growths on many of the formations. At the water line, sunburst-
like crystal groups of up to 3 feet across would develop around the
tips of the stalactites.

Other minerals found in Bisbee’s caves include cerussite, coni-
chalcite, descloizite, goethite, hematite, mimetite and smithsonite.

III ]

Herein lies the enduring fame of Bisbee. There are at least a
dozen copper deposits worldwide whose metal production has or
will exceed that of the Warren mining district. But no mine or
district other than Tsumeb can claim such an abundance of remark-
ably fine specimens. In spite of the simplicity of the mineralizing
fluids and the relatively modest effects of hydrothermal alteration,
an impressive assemblage of minerals developed. A total of 214
species have been confirmed. In addition, 17 more are either
reported but unconfirmed or are represented by specimens whose
identity or origin is in question. Of the confirmed species, para-
melaconite, shattuckite, bisbeeite, chalcoalumite, graemite and
almost certainly spangolite were originally described from Bisbee.

In a general way, all of the minerals found can be categorized by
origin. These categories are: rock forming, alteration, hypogene,
supergene, and post-mining. Obviously there is some room for

overlap between the classes. But it seems most beneficial to list such

minerals only in the group that most typically represents their mode
of occurrence.

Table 3. Hypogene (primary) minerals at Bisbee.

aikinite
alabandite
altaite
bornite
canfieldite
chalcopyrite
cinnabar

cosalite
digenite
djurleite
enargite
famatinite
galena
gold

greenockite
marcasite
molybdenite
polybasite
powellite
pyrite
rickardite

sphalerite
stannoidite
stromeyerite
tennantite
tetrahedrite
uraninite
wittichenite

Table 4. Supergene (secondary) minerals at Bisbee.

anglesite
antlerite
aragonite
atacamite
aurichalcite
azurite
bayleyite
beudantite
bindheimite
bisbeeite
boehmite
braunite
brochantite
bromargyrite
carbonate-
cyanotrichite
cerussite
cesarolite
chalcoalumite
chalcocite
chalcophanite
chalcophyllite
chalcosiderite
chlorargyrite

chrysocolla
claringbullite
conichalcite
connellite
copper
covellite
cuprite
cyanotrichite
delafossite
descloizite
devilline
dioptase
embolite
fornacite
gibbsite
goethite
graemite
graphite
groutite
gypsum
hausmannite
hematite
hemimorphite
hetaerolite

hisingerite

pyrolusite

hydrohetaerolite pyromorphite

hydrozincite
ilsemannite
jarosite
langite
leadhillite
lepidocrocite
linarite
malachite
manganite
mimetite
minium
mottramite
murdochite
osarizawaite

paramelaconite

paratacamite

rosasite
sengierite
shattuckite
siderite
silver
smithsonite
spangolite
stibiconite
stolzite
sulfur
szomolnokite
teineite
tenorite
tilasite
turquoise
tyuyamunite

pharmacosiderite vanadinite

plancheite
plattnerite

variscite
willemite

plumbojarosite wulfenite
pseudomalachite

“psilomelane™

Table 1. Rock-forming minerals at Bisbee.

albite
allanite
andesine
apatite
augite
biotite

calcite
celadonite
dolomite
enstatite
hornblende

labradorite
microcline
muscovite
oligoclase
olivine

Table 2. Alteration minerals at Bisbee.

orthoclase
rutile
sanidine
titanite
tourmaline
zircon

(This group includes both hydrothermal and metamorphic prod-

ucts.)
actinolite
allophane
alunite
anatase
andradite
anhydrite
antigorite
barite
bixbyite
brucite
chamosite
chromite
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chrysotile
clinochlore
clinochrysotile
clinozoisite
diaspore
dickite
diopside
edenite
epidote
fluorite
forsterite
grossular

halloysite
illite
kaolinite
laumontite
magnesite
magnetite
natrolite
prehnite
pumpellyite
pyrophyllite
pyrrhotite
quartz

rhodochrosite
scapolite
scheelite
sepiolite
stevensite
talc
thomsonite
tremolite
vesuvianite
wollastonite
zoisite

There is little doubt that most of the minerals classified as post-
mining in their formation have also formed in some places prior to
mining. However, because of their known readiness to form as
post-mining minerals their earlier, supergene formations have prob-
ably gone unrecognized as such.

Table 5. Post-mining minerals at Bisbee.

anthonyite epsomite
basaluminite
bianchite
botryogen
chalcanthite
copiapite
coquimbite

rhomboclase
roemerite
rozenite
siderotil
voltaite

kornelite
fibroferrite lime

goslarite
halotrichite
hexahydrite
hydrobasa-
luminite

melanterite
matavoltine
pickingerite
ransomite

Catalog of Occurrences

The following catalog of Bisbee mineral occurrences is based
principally on field observations made by the author over the last 25
years, coupled with a study of thousands of specimens in collec-
tions both great and small. Nearly all of the species identifications
resulting from this work have been confirmed by X-ray analysis,
and such confirmation is indicated by an asterisk (*) following the
locality of the analyzed specimen under each species heading. This
information has, of course, been augmented by the extensive
literature as cited and as listed in the bibliography. Perhaps the
most important and perishable data preserved through this study
are the accounts of occurrences, environments and associations
which have been so freely given by those miners and professionals
who personally collected many of Bisbee’s finest specimens.
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Figure 41. Natural limestone cavern in the
Southwest mine, 7th level, opened in 1914, This
cave, in Devonian Martin limestone, formed as
a result of oxidation and shrinkage of a sulfide

orebody below.

Unfortunately there are numerous gaps in the information avail-
able, particularly for those mines operated by the Calumet and
Arizona Company from 1907 until they were acquired by Phelps
Dodge in 1931. Additionally, very few data have been preserved
regarding occurrences in the mines developed by the Wolverine and
Arizona Company. Also, numerous minor and some major finds in
the other mines have either gone unrecorded or have been forgot-
ten.

This catalog, then, should not be considered a final work, but
rather a beginning in the development of a more complete under-
standing of Bisbee's mineralogy. In the countless surviving speci-
mens there lies a wealth of unrecorded information, both in terms
of unrecognized species and locations. It is hoped that such infor-
mation will eventually come to light.
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Actinolite Ca,(Mg,Fe):Si,0,;(OH),**

A common mineral in the district, but especially in the contact
metamorphosed sediments peripheral to the Sacramento stock. In
these it is found as black to green fibrous masses with diopside,
tremolite and epidote.

Aikinite PbCuBiS,

Reported from the district (Anthony ef al., 1977).
Alabandite MnS

This mineral has been identified in only two mines. Its intimate
association with, and rough similarity to, sphalerite in the Junction
occurrence indicate that it may well have been much more com-

**Formulas are taken from Fleischer (1980).




mon. Hewett and Rowe (1930) further speculate that alabandite
may well have been the source of the many manganese oxide ore
bodies exploited in the area.

Higgins mine —tunnel level, 3 crosscut, as minute grains dissemi-
nated in dolomitic rocks (Hewett and Rowe, 1930).
100 level, as massive material in a manganiferous dolomite with
rhodochrosite (Hewett and Rowe, 1930).

Junction shaft—2300 level,* as massive brown-green material
with rhodochrosite in massive iron-rich sphalerite.

Albite NaAlSi,0,
Found as a minor constituent of the Sacramento stock (Notman,
1913), and in the Juniper Flat granite (Bonillas er al., 1916).

Allanite (Ce,Ca, Y):(Al Fe)y(S10,);(OH)
Reported from the district (Anthony ef al., 1977).

Allophane (amorphous hydrous aluminum silicate)
In the Sacramento stock, found as a hydrothermal alteration
mineral (Schwartz, 1947).

Altaite PbTe

Campbell shaft—2200 level, as small (to %, inch) blebs inter-
grown with canfieldite interstitial to granular pyrite (Sidney
Williams, personal communication, 1981).

Alunite KAl,(SO,);(OH),

An extremely common mineral, occurring as a hydrothermal
product in both the stock and sediments, and usually found adja-
cent to sulfide bodies. Only a few occurrences are noteworthy:

Cole shaft—1200 level, as large, irregular, light green masses.

Denn shaft—3100 level,* deep green masses encasing euhedral
pyrite.

Lavender pit,* as large, irregular boulders with halloysite.

Lowell shaft—1300 level, as attractive white to green banded
specimens with kaolinite and halloysite (Tenney, 1913).

Anatase T10,

A common alteration product of titanite in partially altered
(sericite-chlorite) Juniper Flat granites (Sidney Williams, personal
communication, 1981).

Andesine (NaAlSiO,0,)/(CaAl;Si;0,), 70-50 percent / 30-50 percent

As small, but abundant phenocrysts with labradorite and horn-
blende in several surface dikes near the Shattuck, Wade Hampton,
and Wolverine mines (Bonillas er al., 1916).

Andradite Cﬂ;FC;"(SiDJJ

A hydrothermal alteration product with only two verified occur-
rences; however, it is certain to be more common.

Lowell shaft—800 level, 806 drift, as brown, fine-grained
crystals with quartz (Tenney, 1913).
1000 level, found in the mule barn as green-brown crystals with
sphalerite, pyrite, tremolite and quartz (Tenney, 1913).

Anglesite PbSO,
An important ore of lead that is widely-distributed in the district.
Campbell shaft— 1800 level, as large, black to gray crystals with

cerussite. Also, as spearhead-shaped crystals with leadhillite
(Anthony ef al., 1977).

Gardner shaft, black to gray bands surrounding galena.

Shattuck shaft—200 level, occurring as grains and large masses,
mixed with cerussite sands.

Anhydrite CaSO,

Junction shaft— 1800 level, several small, light brown veins in a
porphyry dike with pyrite.
Anthonyite Cu(OH,Cl),+3H,0

Cole shaft—1300 level, * in a raise some 40 feet above the track,
in an area between the Lowell and Dallas shafts. Occurs as a violet
crust of corroded crystals to % inch on crumbly, cupriferous pyrite.
This occurrence was on the edge of a sulfide stope that had burned
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many years before and was being re-opened. The mine walls were
washed before much material could be collected.
Antigorite (Mg, Fe),Si,0s(OH),

Found near the numerous porphyry dikes and not uncommon in
the Sacramento contact zone.

Cole shaft—1400 level, as a white-green, flaky material with
pyrite.

Holbrook shaft—500 level, 555 drift, banded pink and green
layers of platy antigorite with calcite, pyrite and hematite (Tenney,
1913).

Lowell shaft—1300 level, 13-9 stope, green radiating plates and
needles with pyrite and chalcocite (Tenney, 1913).

Figure 42. Antlerite from Bisbee (Palache,
1939).

Antlerite Cu,(SO)NOH),

First described from Bisbee by Palache (1939a).

Cole shaft—700 level, 99 stope, * translucent, deep-green acicu-
lar crystals of up to % inch with large cuprite crystals in a siliceous
goethite.

Lavender pit,* small, radiating groups with carbonate-cyanotri-
chite and copper.

Shartuck shaft, equant crystals on fine-grained brochantite.

Apatite Cay(PO,),(F,OH,Cl) (probably fluorapatite)

A very common constituent of the stock and numerous dikes,
usually found as microcrystals with quartz, some feldspar, biotite
and sericite.

Aragonite CaCO,

One of the more spectacular minerals from the district, aragonite
has been found in all of the major oxide zones. Occurring princi-
pally in the numerous caves associated with the larger oxidized ore
bodies, it has several common forms. Stalactitic masses of incredi-
ble size are not unusual. Most attractive, however, are the other
habits such as flos ferri, coralloidal, acicular and bladed. Common-
ly colored by compounds of copper and iron, these large groups are
perhaps the finest known outside of Styria, Austria. Because of the
wide-spread occurrence of this mineral, only a few important loca-
tions will be noted.

Cole shaft—800 level, as green acicular crystals on white calcite.

Czar shaft—200 level, white with red-brown flos ferri groups of
a yard or more; colorless blades of 0.4 by 24 inches, in large
groups on iron-stained massive aragonite.

Shatruck shaft—300 level, oriented blades of 0.4 inch on helicitic
calcite.

Southwest mine—4th and 7th levels, as colorless blades of up to
2% inches in groups or oriented on botryoidal calcite. 6th level, a
unique area with helical intergrowths much like machine screws,
with both right and left-handed twists on the same specimen. Some
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Peter Kresan

Figure 43. White aragonite crystal group 5
inches across, with minor brown dolomite, from
the 7th level of the Southwest mine. Graeme
collection.
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Figure 44. Spiral aragonite cave formations, 7'
inches tall, from the 6th level of the Southwest
mine. The cavern was discovered in the 1920's,
and recently nine unusual specimens of spiral
aragonite were collected there. The spiral
growths occurred randomly mixed with other
more common habits, and generally projected
downward from the ceiling and horizontally
from the walls. Both left and right-handed
spirals are known, averaging 4 inches in length,
o a maximum of 8 inches. Associated with
minor rosasite and in some cases stained brown
by iron oxides. Cause of the habit is unknown.
(Graeme collection.

Figure 45. A single spiral growth of white
aragonite from a limestone cavern on the 6th
level of the Southwest mine. Flecks of blue-
green rosasite are associated; the aragonite
growth is 3 inches tall. Graeme collection.

of these were in excess of 8 inches in length and speckied with
rosasite.
Atacamite Cu,COH),

Cole shaft—700 level, 110 stope, * as fibrous tufts up to 0.1 inch
with cuprite and hematite.

Czar shaft, blocky, 0.2 inch crystals with malachite on chryso-
colla.

Shattuck shaft—400 level, very small crystals on siliceous hema-
tite.
Augite (Ca,Na)(Mg,Fe, Al Ti)(Si,Al);O,

As a fine-grained constituent of a Precambrian diabase dike in
the Pinal schist with olivine and hornblende (Bonillas er al., 1916).
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Figure 46. Calcite with malachite inclusions,
probably from the Southwest mine. Arizona-
Sonora Desert Museum collection.

Figure 47. Calcite with malachite, 4 inches
across, from the Southwest mine. Arizona-
Sonora Desert Museum.

Aurichalcite (Zn,Cu),(CO,),(OH),

Common as large, fine specimens. The most significant locations
are:
Cole shaft—1200 level, 26J stope, as radiating, banded, reni-
form masses to 22 inches thick with hemimorphite.

Copper Queen mine, in beautiful tubes lining cavities (Kunz,
1885).

Shattuck shaft, fibrous crystals up to 2 inches with dioptase.

Southwest mine—5th level, as acicular crystals in growths over a
yard across with lace-like calcite that it frequently colors.

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

No other mineral is more closely associated with the mines in
Bisbee than azurite. From its beginning, this district has almost
continuously produced fine specimens. At no time during the
almost 100 years of mining was there a span of more than just a few
years when azurite was not being mined. The array of forms, range
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of hues, and the wide variety of associations, combined to produce
Bisbee’s most breathtaking masterpieces. Among the most com-
mon forms are: reniforrmn masses, ranging from a very pale blue to
near black; drusy or velvet; pisolitic sprinklings on malachite box-
work; spherical aggregates of crystals showing no point of attach-
ment (rosettes); stalactites of up to 4 inches; tabular crystals to 3.1
inches; and bladed crystals to 4% inches.

A point of interest: the author has never seen a large (over 3
inches) crystal that is not actually a parallel, secondary growth on a
pseudomorph of malachite after azurite. While a great many of the
crystals appear to be single-generation azurite incompletely altered
to malachite, a close examination of the interface between the
azurite and malachite will show that the azurite is simply an in-
complete overgrowth on a previous generation of azurite crystal
that had been completely altered to malachite.

The list of associated minerals runs the gamut of secondary
species, but the more common ones are malachite, hematite,
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Figure 48. Calcite crystals, some with limonite
inclusions, 4%, inches across, from the 2700 level
of the Campbell shaft. Arizona-Sonora Desert
Museum collection.

Figure 49. Coiled calcite crystal aggregates from
the 7th level of the Southwest mine, 2 inches
across. Arizona-Sonora Desert Museum collec-
tion.

“limonite,” “psilomelane,” smithsonite, cerussite, cuprite, copper,
chalcocite, calcite, quartz and chrysocolla.

Because every producing mine in the Warren district yielded
good quality azurite, only the more prolific and classic locations are
noted below.

Atlanta shaft—300 and 400 level. The great Atlanta orebody
gave up deep blue, reniformm masses commonly with equal amounts
of malachite. These masses frequently weigh up to 220 pounds.

Campbell shaft— 1600 to 2000 levels, found in the oxidized por-
tions of the Campbell orebody along the Campbell fault. The area
produced thousands of sharp singles and groups with individual
crystals to 4 inches. Almost black, they always have the appearance
of heavy alteration and are on, or have included, angular, siliceous
fragments. Associated minerals include fine cerussite, smithsonite
and hematite.

Cole shaft—800 level, as small rosettes to 2 inches.

1000 level, bladed groups with malachite and minor cuprite.
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1200 level— 141-F stope, as numerous, deep blue groups with later
malachite and occasionally yellow, % to %-inch smithsonite crystals.

Copper Queen mine, a prolific producer until its closure in 1888.
400 level, from the great Southwest orebody came masses of tabu-
lar crystals, intergrown to form small, open spheres dusted with
tiny octahedra of malachite-coated cuprite. It occurs also as large
plate-like groups of tabular crystals of up to 2 inches. They usually
had a preferred orientation on limonitic matrix. Additionally,
many botryoidal specimens with malachite were obtained.

Figure 50. Arurite collected from the “deep
workings” of [one of] the Copper Queen mines
in 1909. The specimen consisted of 2-inch azur-
ite crystals on malachite pseundomorphs after
azurite to 2% inches (Palache, 1927).

Czar shaft, the most prolific and important locality in the
district. It also exploited the Southwest orebody and produced
groups similar to those of the Copper Queen mine.

100 level, in the Dividend zone, yielded numerous, small (8 inches)
pockets of drusy crystals.

200400 level, in a heavy, plastic, hematitic clay, many dark blue
glassy rosettes of up to 6 inches. Often, a dozen of these were in a
single shovelful of muck.

300 level, as huge masses of many tons with malachite and psilo-
melane. The pockets within these masses frequently contained sta-
lactites and well-defined solution level lines commonly indicated by
malachite deposition, a change in azurite hue and/or habit.
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Figure 51. A slab of azurite crystals, no matrix,
probably from the 200 level of the Czar shaft.
About 4" inches tall. Formerly Don Olson col-
lection, now in the Arizona-Sonora Desert
Museum collection.

Holbrook shaft; because of its proximity to the Czar, many
similar samples were produced.

300 level, as thin, bright-blue, reniform specimens typically with
malachite (zincian).

400-500 levels, as pisolitic deposits with some siliceous inclusions on
boxwork malachite. Also found as faithful replacements of fossils
in the Martin limestone.

500-600 level, 2 1o 2V1-inch crystals on a siliceous goethite.

Irish Mag shaft—I1050 level, numerous groups of sharp,
brilliant, %-inch crystals.

Junction shaft—770 and 900 levels, bright blue partial over-
growth of reniform malachite in masses of up to 110 pounds. These
striking specimens were on psilomelane which, when removed,
revealed some unusual forms of exceptional beauty.

Lavender pit, large groups of pisolitic azurite on boxwork mala-
chite and numerous reniform masses. Also, as % to %-inch rosettes
on yellow smithsonite and fine %-inch crystals with malachite and
cuprite in siliceous goethite boulders.

Sacramento shaft; the largest and finest crystals from the district
came from this mine in a series of small, unconnected orebodies,
from just above the 1200 level to areas below the 1400 level. While
the groups were seldom large, and the crystals were usually poorly
secured to the matrix, many specimens were recovered. These crys-
tals were either tabular or bluntly terminated blades to 6 inches,
always with the appearance of altering to malachite. The most com-

mon matrix was a very compact and somewhat siliceous limonite or
hematite.
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Shattuck shaft, highly crystalline reniform masses with later
malachite.
Barite 33504

Occurred as a vein and gangue mineral in the many near-surface
manganese deposits.

Higgins mine—tunnel level, rough white to brown, bladed crys-
tals of up to 4 inches. Also as a wide (3 feet) vein on the surface.

Lavender pit,* %-inch, amber blades with azurite and malachite.

Bﬁlhllﬂillut M;{SO.){DHL::'SH:O

Lavender pit,* radiating spheroids with copper and hydro-
basaluminite.

Southwest mine—7th level,* white earthy dehydration product
of hydrobasaluminite, with which it is associated in a heavy fault
zone.

Bayleyite Mg,(UO,)CO,);«18H,0
Cole shaft—800 level, * bright, yellow crust on compacted fault
gouge near the Cole interior shaft.

Beudantite PbFe; *(AsO)(SO,)(OH),

Southwest mine—6th level, * very small pseudocubic crystals and
massive material, apple-green in color. Found associated with cal-
cite in a calcite-cemented jarosite-silica breccia.

Bianchite (Zn,Fe)SO,«6H,0

Noted only as a post-mining mineral.

Campbell shaft—2000 level,* white crust on broken iron-rich
sphalerite and chalcocite.

Junction shaft— 1600 level, * small, colorless stalactites.

Bindheimite Pb,Sb,0,(0,0H)

Campbell shaft— 1800 level, * white, wart-like crust on malachite
and chalcocite.

Biotite K(Mg,Fe),(Al, Fe)Si,0,(O0H,F),

Widely distributed as a major constituent of most of the intrusive
rocks and as an alteration mineral in the younger porphyry.
Bisbeeite CuSiO,+H,0

A species of questionable validity. The Shattuck mine is the type
locality (Schaller, 1915).

Shattuck shaft—200 level, 174 prospect, blue-white, acicular
pseudomorphs of shattuckite with malachite and quartz.

Bixbyite (Mn"*,Fe"?),0,

Shattuck shaft—500 level, as nearly pure, course grained masses
(Sidney Williams, personal communication, 1981).

Boehmite AIO(OH)

A minor constituent of the pervasive alumina clays, it occurs
with gibbsite and hematite.
Bﬂ'"l"t CU;FCS¢

A very important ore mineral, usually massive and found
associated with chalcocite, chalcopyrite, pyrite, and galena. Only
several outstanding occurrences are noted.

Campbell shaft—1600-2000 levels, as incredible masses in the
Campbell orebody. Often consisting of several thousand tons, they
also contained chalcopyrite, chalcocite and pyrite.

2500 level, granular masses of poorly-formed crytals to % inch.

Cole shaft—1400 level, 39A stope, superb crystals of almost ¥%

inch in groups. A few specimens were attractively associated with
gold.

Junction shaft—2500 level, in masses of several hundred tons or

greater; coarsely textured and highly colorful, half-inch-sized inclu-
sions of chalcopyrite occur in these masses.

Botryogen MgFe"*(SO,),(OH)+7H,0
Campbell shaft—2200 level,* a post-mining orange crust with
copiapite.

Brllln.“ﬂ 3Mn:0'1'MnSi03
A common mineral in the many scattered manganese deposits.
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Higgins mine, 300 feet above the tunnel level in an open cut with
manganite, barite, quartz and conichalcite.

White-tailed Deer mine, large (1 inch) rough crystals in irregular
replacement pods in limestone; a surface exposure (Anthony er al.,
1977).

Figure 52. Brochantite crystals from the Shat-
tuck mine (Palache, 1939).

Bisbee has produced what may well be the finest brochantite
known. It was so common in several of the mines that it was an im-
portant ore. While it has been found in every mine in the district, it
is seldom recognized because of its marked similarity to malachite.
The most significant occurrences are listed below:

Czar shaft, very large, spongy masses of tiny crystals. The overall
color of these pieces is a medium green, much lighter than the color
normally associated with the mineral.

Holbrook shaft,* fine groups of small (% inch), prismatic crystals
with cuprite and malachite. Also as acicular groups filling voids in
goethite with azurite.

Irish Mag shaft, groups of prismatic crystals to % inch on
hematite with minor malachite.

Lavender pit, acicular crystals and small prisms, filling pockets in
a siliceous hematite with azurite, malachite, and cuprite.

Shattuck shaft; Bisbee's finest examples of this mineral came

from this mine (Palache, 1939b).
300 level, superb groups of crystals of 3 by Y4 by % inches in jack-
straw intergrowths. These came from large masses of this mineral
found adjacent to, or within, silica breccias. Consequently, the
specimens are frequently united with specular hematite and sili-
ceous breccia fragments.

Southwest mine—4th level, as spherical aggregates of prismatic
crystals typically with specular hematite.,

Uncle Sam shaft—""N" level, large amounts of a brochantite
sand in a silica breccia.

Bromargyrite AgBr

Cole shaft—700 level, 99 stope, * sharp lemon-yellow crystals of
%o inch on brilliant cuprite.

Shartuck shaft—200 level, * partial replacements of silver.
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Brucite Mg(OH),

Czar shaft—300 level, 293 drift, pale green, very small tabular

crystals with chalcedonic quartz, kaolinite, limonite and copper
(Tenney, 1913).

Figure 53. Calcite crystal from Bisbee (Guild,
1911).

Calcite CaCO,

An extremely abundant mineral throughout the district. It is
common as a hydrothermal mineral in veins cutting all rock types.
However, the fine calcites for which Bisbee is noted are principally
of secondary ornigin. Crystals are found as growths and linings in
the several thousand caverns, water courses, and pockets discov-
ered during mining. They exhibit a seemingly never-ending series of
forms, habits and associations. The range of colors is incredibly
varied with more than a dozen other species as inclusions known to
impart their color to the calcite. Occasionally, several species will
combine to give a multicolored crystal. Only the more significant
locations are listed.

- - ] Vot TN

Figure 54. A colorless, 1-inch calcite crystal on
matrix from the Cole shaft, 1200 level. Melvin
Elkins collection.

Campbell shaft— 1600-1900 levels, in the oxidized portions of
the Campbell orebody.
1800 level, between the Dallas and Junction mines, as white,
translucent, tabular blades of 2 to 4 inches on yellow-stained
quartz.
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Figure 55. Copper with cuprite, about 2 inches
tall, probably from the Irish Mag mine. Richard
Bideaux collection.

Figure 56. Copper pseudomorphs after cuprite
to about % inch, from the Cole shaft. Richard
Bideaux collection.

Figure 57. Cuprite with copper, about 3
inches acrogs, from the Dallas mine, 1400 level,
10-D stope. Graeme collection.
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2200 level, near the Warren shaft, as amber-colored, 2% to 4-inch
modified scalenohedrans lining a 65 by 33 by 3-foot watercourse.,
2500 level, colorless, complex 1% to 2%-inch crystals scattered
across masses of %-inch rhombs. A spectacular (11 by 26 by 5 feet)
pocket was found containing pseudohexagonal tabular crystals,
randomly oriented in unusual abstract forms and lightly coated
with goethite.
2700 level, large complex crystals coated with goethite, lining a
number of voids in the Denn sideline area.

Cole shaft; this mine has yielded a wide variety of forms and
associations.
500 level, 1%-inch scalenohedrons in limestone near the Powell
shaft.
800 level, groups of small, tabular blades with malachite. Also, as
green-tinted stalactites.
1000 level, small, equant crystals over cuprite with azurite.
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Figure 58. Chalcoalumite on azurite and mals-
chite, 3V, inches across, from the Lavender pit.

Figure 59. Chalcoslumite pseudomorphs after
azurite crystals to % inch, with octahedral cup-
rite crystals, from the Lavender pit. Richard
Bideaux collection.

1200- 1400 level, an unusually wide array of forms with malachite
and copper from the 26-J, 26-K and 26-L stopes.

Copper Queen mine; the original Copper Queen orebody had an
unusually large amount of calcite. A myriad of small, cave-like
openings were encountered which contained calcite formations
tinted with malachite. Also, colorless blades over malachite were
common as were scalenohedrons with inclusions of fibrous
malachite.

Czar shaft—200 level, with inclusions and overgrowths of cop-
per, the encased copper being bright; inclusions of chalcotrichite-
coated copper formed brilliant red groups to 10 inches.

300 level, as complex, colorless to amber crystals to 4 inches. Large
(10-foot) copper and iron-tinted stalactites as well as pure white
botryoidal masses.

Dallas shaft— 1400 level, small crystals filled with bright copper.

Denn shaft— 1700 level, elongated water-clear groups on copper.
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Shattuck shaft—200 level, superb helictic groups of 10 inches or
more. As stalactites of up to 10 feet with smaller ones, many
colored by iron and copper. Also as small but lovely crystals with
inclusions of both malachite and shattuckite.

300 level, gray lustrous groups with inclusions of cerussite sand.

Southwest mine; this extensive mine was the largest source of fine
calcite. This is mainly because of the number of the large caves
encountered.

10th level, complex groups overgrowing rosasite and hemi-
morphite.

7th level, multicolored formations in the many caves. Translucent
green blades were colored with conichalcite. In the new Southwest
orebody, botryoidal groups with individual spheres up to 2V
inches were found. Also as highly contorted growths of stcked
rhombohedrons to 4 inches. Some of these form rings, others form
spirals which change from right-handed to left-handed in the same
stack. Additionally exceptionally large crystals (10 inches) were
found in pockets lined with small scalenohedrons.

Figure 61. Cerussite crystal group 4 inches
across, darkened with manganese oxides, prob-
ably from the Shattuck mine. Richard Bideaux
collection.

Figure 60. Calcite crystals in curved, oriented
aggregates, 2', inches tall, from the 7th level of
the Southwest mine. These coiled or curved
composites occurred in cavities in a silica breccia
over 2 zone extending from 20 feet above the
Tth level to 15 feet above the 8th level. Typically
the pockets would contain all normal rhombo-
hedral crystals, except for one or two of these
curved composites. The pockets were common-
ly up to 1 foot in diameter, but three pockets
measured 6 feet across. The composites reach 20
inches in length and % inch across. Cause of the
habit is unknown. Graeme collection.

Canfieldite Ag,SnS,

Campbell shaft—2200 level, occurs with stannoidite and altaite
interstitial to granular pyrite (Sidney Williams, personal com-
munication, 1981).

Carbonate-Cyanotrichite Cu,Al;(CO,,SO,)(OH),;+2H,0

Cole shaft—1200 level, 141F stope,* %-inch fibers on goethite.

Lavender pit,* small, radiating aggregates with copper and
antlerite.

Celadonite K(Mg,Fe™*)(Fe"’,Al)Si,0,4{OH),

Reported from the district (Anthony er al., 1977).
Cerussite PbCO,

Common in the area and important as an ore mineral; however,
good specimens are unusual.

Atlanta shaft, cerussite sand in Hendricks Guich on this claim.

Campbell shaft—1800 level, colorless to white sixling twins,
often with anglesite, as groups or singles.

1900 level, small (% inch) crystals with copper; also as %-inch crys-
tals with azurite and malachite.
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Cole shaft—1200 level, several fine V-twins 2 inches on each leg,
colored a light red-brown.

Shattuck shaft—200 level, several hundred tons of cerussite sand
with a few unattached, black sixling twins and boulders of anglesite
with galena cores.
Cesarolite PbH,;Mn,0,

Reported from the district in the upper Paleozoic limestone
(Hewett and Fleischer, 1960).
Chalcanthite CuSO,+5H,0

Widely-distributed as a post-mining mineral; undoubtably,
though, it has also occurred as a legitimate supergene product, but
because of its common post-mining occurrences it remains
unrecognized as such.

Campbell shaft, stalactites and crust in the abandoned workings
on all levels.
2400 level, a stalagmite of several yards in diameter and almost 3
feet high was found in an old stope.

Cole shaft—800 level, compact fibrous growths 4 inches thick, in
old stope fill.

Junction shaft — 1500 level, stalactitic growths completely closing
42 crosscut,
1800 level, tabular crystals of up to 1% inches in an old crosscut.
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Figure 62. Chalcoalumite from the Sacramento
pit {nl’l_tr Williams and Khin, 1971). Left: twin
on (136) and (010); right: twin on (100).

Chalcoalumite CuAlL(SONOH),,+3H.,0

Bisbee is the type locality for this species and has produced the
finest specimens known (Williams and Khin, 1971; Larsen and
Vassar, 1925).

Copper Queen mine, large botryoidal crusts on limonite or as
layers on malachite.

Czar shaft, found as crusts on malachite and azurite; probably
formed at their expense.

Holbrook shaft—300 level,* possibly the source for the type
material. Found as crusts on malachite, as pseudomorphs after
azurite and malachite, and as small stalactites in boxwork mala-
chite,

Lavender pit,* crusts on reniform azurite, often altered to gibbs-
ite; as fine aggregates of very small crystals in siliceous goethite with
cuprite; and in pockets with malachite (Williams and Khin, 1971).
Chalcocite Cu,S

A widely distributed and important ore mineral, both in hypo-
gene and supergene occurrences; the latter were much more impor-
tant economically. Many underground orebodies were profitable to
mine because of this mineral; the Sacramento pit as well as the later
Lavender pit were dependent upon it. Chalcocite may well have
been the most significant ore mineral in Bisbee. Because of its wide
distribution and usually nondescript occurrence, only a few
localities are mentioned here.

Campbell shaft—1600-1800 levels, several scattered locations
with silver, malachite and chlorargyrite.
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Figure 63. Chalcocite crystals to %, inch, from
the 2566 level of the Campbell shaft. Melvin
Elkins collection.

2100 level, % to % inch, steel-gray prisms (Carl Trischka, personal
communication, 1960).

2500 level, Ye-inch pseudohexagonal twins on massive bornite.
Cole shaft—800 level, massive with pockets of chlorargyrite.
1000 level, a pocket of crystals to 1% inches. Only two specimens
were saved, as a curiosity, by the miners who did not recognize the

significance of their find.

Junction shaft—1500 level, as massive material with malachite
and silver.

Lavender pit, as the principal ore, coating pyrite and, occasion-
ally, completely replacing crystals of up to % inch.

Figure 64. Black chalcophanite 3': inches
across from the 14 crosscut, 1400 level, Cole
shaft. Lawrence Banks collection.



Figure 65. Dodecahedral cuprite crystal with
azurite crystals, the whole specimen about 2
inches across, possibly from the Sacramento
shaft. Richard Bideaux collection.

Figure 66. Octahedral cuprite crystals to % inch
on malachite, with azurite, from the Lavender
pit. Graeme collection.

Chalcophanite (Zn,Fe**, Mn"*)Mn;‘0,+3H,0
Recognized in three occurrences only, all in the Cole shaft.
Cole shaft—1300 level,* as % -inch, sharp crystals on leached
Martin limestone, 50 feet above the level. Also in 26-K stope as in-
clusions in hemumorphite and a coating on copper.
1400 level, 7 crosscut, * with goethite as drusy, reniform and stalac-
titic groups in a small cave.

Chalcophyllite Cu,,Al;(AsO,),(SO,);(OH),,+33H,0
Widely-distributed, but always in very small amounts (Palache
and Merwin, 1909).

Figure 67. Figure 71. Cuprite crystals to ¥ inch
from the Dallas mine, 1400 level, 10-D stope.
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Cole shaft—700 level, 110 stope,* sharp, blue-green hexagonal
blades on several 2 to 2%-inch specimens with cuprite and con-
nellite.

1200 level, 202 stope, as numerous, scattered, bladed crystals with
spangolite, connellite, cuprite and malachite.

Czar shaft—100 level, a thin crust of small crystals with con-
nellite on cuprite and limonite.

Irish Mag shaft—1050 level, the most prolific source in the
district. From an orebody of nearly pure cuprite, copper and limo-
nite came specimens as scattered % to %-inch blades with cuprite
and connellite.

Chalcopyrite CuFeS,

The most common hypogene ore mineral. Found as near-pure
masses of many thousands of tons, associated with pyrite, bornite,
chalcocite and quartz. In spite of its abundance, good crystals are
exceedingly rare.

Campbell shaft—2966 level, 55 stope, iridescent sphenoidal
crystals of % inch on small colorless quartz.

Chalcosiderite CuFe; (PO,){(OH),+4H,0

Cole shaft— 1200 level, in small amounts of green bladed crystals
with quartz.

Shartuck shaft, reported from this mine (Anthony er al., 1977).
Chiorargyrite AgCl

Widely-distributed throughout the district, and probably the
source of most of the silver in the supergene ores.

Briggs shaft—1300 level, as microcrystals along fractures in a
malachite, chalcocite and hematite ors.

Campbell shaft—1600-1800 level,* common in small amounts
with malachite.

Cole shaft—800 level, with malachite on massive chalcocite.

Junction shaft—1500 level, colorless cubes to % inch on
malachite with silver and chalcocite.

Shattuck shaft, as cement in a silica breccia (Anthony er al.,
1977).
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Figure 68. Cuprite psendomorphs after dela-
fossite, about 4 inches across, from the Czar
shaft. Graeme collection.

Figure 69. Cuprite, variety chalcotrichite, 34
inches across, from the 1000 level of the Cole
shaft. University of Arizona collection.
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Figure 70. Conichalcite (originally described as
“higginsite”) from the Higgins mine (Palache,
1920).

Chamosite (Fe** Mg, Fe*?);Al(Si,A)O,(OH,0),
Reported from the district, as delessite (magnesian chamosite) by
Anthony er al. (1977).

Chromite Fe**Cr,0,

Reported from the district (Anthony ef al., 1977).
Chrysocolla (Cu,Al),;H,Si;0,(OH),+nH,0

Ubiquitous in the oxidized ores, though seldom found as attrac-
tive specimens. It is known to occur with all of the principal oxide
minerals. Apparently it is one of the last secondary minerals to
form. Pseudomorphs of chrysocolla after malachite and azurite are
common, azurite probably having been replaced by malachite first.
Chrysocolla has been observed forming as a post-mining mineral of
gelatinous character.

Cole shaft— 1300 level, near the shaft, as a post-mining mineral.

Copper Queen mine, common in the ores and as remarkably
pseudomorphs after azurite (1% inches).

Czar shaft—300 level, as attractive specimens with tenorite and
cuprite and as pseudomorphs after fibrous malachite.

Shattuck shaft, possibly more common here than at any other
mine.

200 level, with shattuckite and as pseudomorphs after malachite.

Probably somewhat common as the asbestiform serpentine
found throughout the contact zone. However, only one location
has been confirmed:

Gardner shaft—700 level, 748 drift, as 1%-inch fibers along a
33-foot zone flanked by tremolite and diopside (Tenney, 1513).
Cinnabar HgS

A slight dusting with pyrite on schist in a prospect on the south-
west side of upper Tombstone Canyon.

Claringbullite Cu,Cl(OH),+V:H,0

From a single specimen; as one or two small crystals in a pocket
in massive cuprite (Sidney Williams, personal communication,
1981).

Clinochlore (MgFe"*),Al(Si,Al)O,(OH),

Common throughout the district as an alteration mineral with
serpentine. Found with sericite north of the Dividend fault and also
as matrix for a breccia in Brewery Guich (“penninite,”” Anthony er
al., 1977). As a replacement of quartz in the contact zone around
Sacramento Hill (“penninite,” Bonillas ef al., 1916).

Cole and Dallas shafts, as coarse crystals formed during retro-
grade metamorphism of garnet-epidote tactites; commonly found
in the deeper levels (Anthony er al., 1977).

Chlinochrysotile Mg,Si,O,(OH),

Lavender pit—Holbrook extension, as scaly micaceous inter-

growths with stevensite (Anthony ef al., 1977).

Clinozoisite Ca,Al,(Si0,),(OH)
Reported as pseudomorphs after biotite with chlorite, sericite,
sphene, quartz and muscovite (Schwartz, 1958).
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Conichalcite CaCu(AsO)NOH)

Found in almost all of the many scattered surface manganese
deposits associated with braunite, psilomelane and calcite.

Higgins mine—300 feet above the tunnel level, in an open cut on
the Twilight claim. As exceptional dark yellow-green prismatic
crystals up to % inch. As a yellow-green fracture filling in massive
braunite. At one time (Palache and Shannon, 1920) conichalcite
from the Higgins mine was described as a new species named ““hig-
ginsite” but was later recognized as conichalcite.

Shattuck shaft—200 level, * bright, transparent % inch crystals
with chrysocolla.

Connellite CUHCL{SO‘KOH)H"jl'{:O

An uncommon, but surprisingly widely distributed mineral inev-
itably associated with cuprite. Bisbee has produced the finest con-
nellite known in remarkably attractive specimens.

Cole shaft, several locations have produced fine specimens in this
mine, the most important on the 1200 level.

700 level, 99 stope, and 110 stope, as radiating groups in massive
cuprite with spangolite and minor chalcophyllite.

1000 ievel, free-standing acicular crystals to % inch in vugs in
massive cuprite.

1200 level— 202 stope, as several near-pure masses of radiating con-
nellite of up to 22 inches in diameter, and in masses of cuprite with
pockets of acicular crystals with spangolite and chalcophyillite.
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Figure 71. Connellite from Bisbee; left: from
the Copper Queen mine (originally described as
“footeite” by Koenig, 1891); right: from the
Lowell shaft (originally described as “ceruleo-
fibrite” by Holden, 1922).

Copper Queen mine, as unusually large acicular crystals with
paramelaconite. Free-standing, radiating crystals to % inch on
malachite-coated cuprite.

Czar shaft, with aurichalcite (Roberts er al.,, 1974). In large
nodules of cuprite and tenorite with spangolite.

Irish Mag shaft—1050 level, (Ransom, 1904).

Lowell shaft, as blue, fibrous crystals originally described as a
new mineral, “ceruleofibrite,” but subsequently recognized as con-
nellite (Holden, 1922; Holden, 1924).

Southwest mine—5th level, as impressive aggregates of radial
crystals in nodules of cuprite with tenorite and chrysocolla.
Copiapite Fe"'Fe *(SO,),(OH),+20H,0

Observed only as a post-mining mineral.

Campbell shaft—2100 level,* bright yellow crystals on pyritic
limestone walls of a crosscut.

Czar shaft—400 level, near the Gardner, as a yellow crust with
coquimbite.

Junction shaft—1500 level, as a heavy crust with roemerite.
Copper Cu

Copper, as the native element, was found in important quantities
throughout the district, apparently always of supergene origin. It
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Figure 72. Copper crystal, about 4'; inches
long, from the 2200 level, Campbell shaft.
Graeme collection.

has long been recognized as an ore mineral, commonly
disseminated in hematitic clays with cuprite. Almost always it is the
oxide-zone mineral in closest proximity to sulfides. It is most often
found below the carbonate and oxide ores as discussed by Douglas
(Douglas, 1899).

Campbell haft, as crystals coated with silver (Schwartz, 1934),
1900 level, 105 stope, as arborescent groups with numerous crinoid
buttons.

2100-2200 level, as large orebodies of massive copper in hematite.
Some 14,000 tons of the element were mined in these two stopes.
Found as skeletal crystals of up to 4 inches and as groups of smaller
skeletal crystals. Also found as highly crystalline masses with
¥-inch crystals.

2966 level, as post-mining, crystallized specimens with cuprite and
gypsum. Formed in copper-rich solutions, not as a replacement of
scrap iron.

Cole shaft—600 level, as small, unusually bright, well-
crystallized specimens.

1000 level, with cuprite and delafossite as cubic pseudomorphs of
copper after cuprite.
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1200-1300 levels, with malachite and calcite, some of which are the
most attractive specimens ever recovered. Here crystals of up to 63,
inches were found in the 26k stope.

Copper Queen mine, common as arborescent groups.

Czar shaft—300 level, in the Southwest orebody as large, well
crystallized masses (Douglas, 1899). An unusual occurrence of large
crystals, some coated with silver, was noted by Petereit (1907).

Dallas shaft— 1400 level, 10 stopes, in masses that exceeded 220
pounds; as small crystals in calcite.

Denn shaft—1700 level, common in groups of large, sharp
crystals.

Hoatson shaft—I1400 level, as spongy, malachite-coated
specimens near the bottom of the Hoatson orebody.

Irish Mag shaft, as pseudomorphs after cuprite with cubes modi-
fied by octahedral and dodecahedral faces in cavities in limonite
(Emmons, 1917).

1250 level, as fine crystalline groups with cuprite.

Lavender pit, found as large blackened masses, often with mala-
chite and cuprite. Also fist-sized irregular masses with a radiating
structure. Formed as a post-mining occurrence, filling cracks in and
covering old mine timbers near the bottom of the pit.

Coquimbite Fe,(SO,),*9H,0

Campbell shaft — 1800 level, originally yellow-green but colorless
following dehydration, in needle-like crystals with roemerite.

Cole shaft—700 level, * yellow-green crust with voltaite.
800 level, * green crust of an inch or two thick, covering large arcas
of massive pyrite with halotrichite.

Czar shaft—400 level, as exquisite lavender crystals on copiapite.

Cosalite Pb,Bi,S,

Campbell shaft, as exsolutions in galena with aikinite, chalcopy-
rite, pyrite, and sphalerite (Fabien Cesbron, personal communica-
tion, 1981).

Covellite CuS

A widely occurring important ore mineral most often of super-
gene origin. Although common, attractive specimens are exceed-
ingly rare.

Junction shaft—2000 level, a hypogene occurrence with one
small pocket of %-inch bladed crystals with pyrite.

Lavender pit—Holbrook extension, in the hanging wall of the
Dividend fault. Large amounts of massive, deep blue-black covellite
were mined with silver along many of the fractures.

Cuprite Cu, O

Cuprite is one of the most common secondary minerals in the
district. It was possibly the most economically important non-
sulfide mineral. Bisbee's cuprites are among the finest in the world,
and the acicular variety chalcotrichite is unequalled anywhere. Only
those areas that produced outstanding specimens will be covered
here.

Cole shaft— 1000 level; Bisbee's finest chalcotrichite. Specimens
of up to 26 inches across with free-standing, hair-like crystals of 14
inches on limonite were recovered in quantity. Also found were
mats of coarse, intergrown, elongated cubes. Pseudomorphs of
cuprite after delafossite on goethite were abundant. An unusual oc-
currence of elongated cubes with delafossite in quartz-lined fossils
was found in the Naco limestone.

Czar shaft—300 level, as %-inch cubes covering and seemingly
oriented on sharp crystals of copper.

400 level, crystal-lined pockets in small, irregular pods (8 inches) of
cuprite. These crystals were typically Y4 inch or larger and brilliant,
frequently associated with connellite.

Dallas shaft— 1400 level, 10 stopes, as % to %-inch brilliant cubes
on wire-like copper with numerous siliceous fragments.

Denn shaft, fine groups of simple cubes to % inch in massive
hematite with copper.
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Holbrook shaft, nice specimens of chalcotrichite with calcite.
Fine cubic crystals on hematite and pockets of crystals in massive

cuprite and copper were found.

Irish Mag shaft, this is the district’s locality for the finest
cuprites. Fine, modified cubes to % inch on goethite and 1%4-inch
simple cubes in massive cuprite-hematite ores. Occurred as large
arborescent masses of copper completely covered with drusy
cuprite. Often found as large crystals filling voids in spongy copper.

Lavender pit—Holbrook extension, as boulders of 10 tons or
more of massive cuprite and copper. These large masses contained
many pockets of small (“4 inch) crystals as cubes, elongated cubes
or dodecahedrons. Some of these pockets reached 8 inches in size.
Also as brilliant, sharp octahedrons to % inch in a siliceous goethite
with azurite, malachite and chalcoalumite.

Southwest mine—5th level, as irregular pods of massive cuprite
within tenorite, chrysocolla and kaolinite. Voids in these masses
commonly contained fine crystals ¥ to ¥% inch in size.

C}"nﬂ't’tmu CU;M:{SO}){OH}H'ZHIO
Lavender pit,* as bright blue, acicular growths covering mala-
chite and azurite, sprinkled with later azurite crystals.

Delafossite CuFeO,

Common in small amounts.

Cole shaft—1100 level,* as superb specimens of brown-black,
tabular, hexagonal plates to % inch with small cuprite crystals.

Hoatson shaft—1400 level, with kaolinite, copper, cuprite and
hematite (Rogers, 1913).

Descloizite PbZn(VO)(OH)

Dallas shaft, reported from here in small amounts (Bonillas er
al., 1916).

Higgins mine—tunnel level,* as tabular, red-brown blades in a
breccia.

Shattuck shaft, noted in considerable amounts (Bonillas er al.,
1916).

304

Figure 73. Gold crystals on guartz matrix about
2 inches tall, from Shattuck mine. Arizona
Bank collection, Bisbee.

300 level, as brown drusy crusts from a cave. As stalactites of a few
inches in length (Anthony er al., 1977).

Sacramento shaft, in minor amounts (Bonillas er al., 1916).

Devilline CaCu,(S0,):(OH),+3H;0
Reported from the district (Anthony er al., 1977).

Diaspore AIO(OH)
As a microscopic constituent of sericitized quartz monzonite
(Anthony et al., 1977).

Dkutt M;Sl;O}(OH}i
Lavender pit, as a dense, white, earthy material cementing
massive pyrite (Anthony er al., 1977). Also as a white to gray

Figure 74. Green graemite pseudomorph after a
prismatic teineite crystal % inch long, with red
cuprite, from the 1200 level of the Cole shaft.
Graeme collection.
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material encasing euhedral octahedrons of pyrite (% inch).

Digenite Cu,S,

Reported from the district with djurleite (Roseboom, 1966).
Diopside CaMgSi,0,

An extremely common alteration mineral in the contact zone
around Sacramento Hill. Associated with epidote, garnet, magne-
tite and tremolite.

Dioptase CuSiO,(OH),

Known from one location only:

Shattuck shaft, as small crystals on massive aurichalcite with a
matrix of specular hematite and breccia fragments.

Djurleite Cu,,S,,
Associated with digenite (Roseboom, 1966).
Dolomite CaMg(CO,),
Occurs district-wide as dolomitic beds in the Martin limestone.
Campbell shaft—2833 level, 9 crosscut,® as pockets of tiny
crystals in very pure, massive dolomite.
Southwest mine—7th level,* as white to tan overgrowths on the
tips of large aragonite crystals.

Eﬂl“! NaCl;{Ms, FE}gSi-;mu{Ol'n;
Lowell shaft—800 level, 820 drift, as fibrous white to gray
material with tremolite and kaolinite (Tenney, 1913).

=20

Figure 75. Delafossite crystals from the 14th
level, Hoatson shaft, found with kaolinite, cop-
per, cuprite and hematite (Rogers, 1913).

Embolite Ag(Cl,Br)

Campbell shaft, as yellowish modified cubes on malachite
(Roberts ef al., 1974).

w& CU).AES;

Campbell shaft—1700 level, as small, rounded spots in chalco-
cite with tetrahedrite, tennantite and minor famatinite in chalcocite
veins cutting bornite (Schwartz and Park, 1932).

Enstatite Mg,Si,0,
A rock-forming mineral in the district (Anthony er al., 1977).

Epidote Ca,(Al,Fe),(SiO,);(OH)

Pervasive in the contact zone around Sacramento Hill and in
dikes in the limestones. Commonly medium green-yellow to black;
crystals small and unusual. Associated with garnet, quartz and
tremolite.

Epsomite MgSO,+7H,0

Campbell shaft—2700 level, 47 crosscut, * as colorless prismatic
crystals of up to 2 inches on cuprian melanterite. Also associated
with hexahydrite and siderotil.
Famatinite Cu,SbS,

Campbell shaft, minor inclusions in chalcocite with tetrahedrite,
tennantite and enargite (Schwartz and Park, 1932).
Fibroferrite Fe**(SO)NOH)+5H,0

Known only as a post-mining mineral.
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Shattuck shaft—700 level, as pulverulent crust on mine walls
(Sidney Williams, personal communication, 1980).

Fluorite CaF,

Widely distributed in the district. Occurs most commonly as an
accessory mineral in the Juniper Flats granite.

Campbell shaft—2966 level, as small green cubes at the contact
between the Abrigo limestone and Bolsa quartzite.,
3233 level, 42 crosscut, as %-inch, lime-green cubes on milky
quartz.
Formacite (Pb,Cu),|(Cr,As)O, :(OH)

Shattuck shaft—200 level,* as very small yellow-green crystals
with mimetite, hematite, chrysocolla, quartz and shattuckite.

Of contact metamorphic origin in the Martin limestone around
Sacramento Hill.

Spray shaft—500 level, 27-3 stope, as green, euhedral, small
crystals with zoisite, tremolite, pyrite and minor epidote (Tenney,
1913).

Galena PbS

An abundant and economically important mineral. Usually
massive; crystals are small, rough and dull when found. Associated
with pyrite, sphalerite and, to a lesser extent, chalcopyrite.

Campbell shaft—2300-2700 levels, as large orebodies with
sphalerite near the Denn shaft.

Junction shaft—2000-2100 levels, with sphalerite.

Shattuck shaft—200 level, as anglesite-coated boulders in
cerussite sand.

Gibbsite A(OH),

Observed as an alteration product of chalcoalumite (Palache er
al., 1944),

Lavender pit—Holbrook extension,® as pale blue crusts on
azurite, a probable replacement of chalcoalumite.

Goethite FeO(OH)

One of the most common gangue minerals in the oxidized ores,
being the principal constituent of “limonite.” While abundant,
good specimens of goethite are unusual. Only these locations that
have produced such pieces are noted.

Cole shaft—1400 level, botryoidal masses with %-inch pseudo-
morphs of goethite after pyrite.

Junction shaft—2700 level, as many lustrous, botryoidal and
stalactitic specimens of large size on a porous siliceous limestone.

Shattuck shaft—600 level, as bright, botryoidal masses with
calcite.

Gold Au

Disseminated throughout the ores, but seldom found in visible
amounts. Gold has been of significant economic importance since
the turn of the century when electrolytic refining came into wide
use. Some placer gold was recovered on the eastern fringes of the
district, but that associated with the copper ores was of the greatest
importance from an economic standpoint.

Cole shaft—1400 level, 39A stope; small spots of gold on
massive bornite and a few specimens of gold on bornite crystals
have been found.

Shattuck shaft—300 level; small specimens of crystalline wire
gold were found on heavily iron-stained quartz.

400 level, large amounts in a silica breccia.

Uncle Sam shaft—“M" level, as very small flakes with a lightly
iron-stained quartz sand in the bottom of a small cave adjacent to a
silica breccia.

Goslarite ZnSO,+7H,0

Campbell shaft—1700 level,* as a crust on timber in an aban-
doned stope.

1800-1900 level,* as stalactitic growths composed of numerous
crystals with an overall length of 20 inches.
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Junction shaft—1600 level, as antler-like stalactitic groups of
rough %-inch crystals.

Figure 76. Graemite crystal, from the 1200 level
of the Cole shaft (Williams and Matter, 1975).

Graemite CuTeO,+H,0

Bisbee is the type locality for this species. Only a single specimen
is known from here (Williams and Matter, 1975).

Cole shaft—1200 level, probably 202 stope,* blue-green blades
found on and replacing teineite and as pseudomorphs after teineite
with malachite and cuprite. (Ed. note: this species was named In
honor of the author, who found the only known specimen.)
Graphite C

An unusual supergene occurrence:

Dallas shaft— 1400 level, * found as a metallic-lustered veneer on
hematite with copper along a fault.

Greenockite CdS

Found in very small amounts with most of the sphalerite in the
district as a yellow powdery coating or, rarely, as microcrystals.
Much, if not all, of the greenockite reported from Bisbee is prob-
ably hawleyite, though this has never been confirmed.

Grossular Ca,Al,(SiO,),

An abundant alteration mineral, most notably around Sacra-
mento Hill. Found as granular masses of % inch, yellow-green
crystals with diopside, quartz, idocrase and tremolite.

Groutite MnO(OH)

Campbell shaft— 1800 level,* found with pyrolusite in a solu-

tion-enlarged fault.

2000 level, as small, black-brown crystals on soft manganese oxide
with calcite.

Gypsum CaSO,+2H.0

Common as both an accessory mineral in some of the supergene
ores and as a post-mining growth.

Campbell shaft—I1300 level, large areas (16 feet) of 2-inch
radiating crystals of post-mining origin.
2200 level, Denn sideline area, fine specimens of colorless, 1%-inch
crystals on post-mining copper.

Dallas shaft, as 1V4-inch, colorless crystals on malachite.

Junction shaft— 1400 level, as composite crystal stalactites up to
6 inches.
2000 level, light-brown crystals to 3 inches, of post-mining origin.

Southwest mine—4th level, as ram’s-horn growths to 12 inches
and as large, porous blocks; also as copper-stained, prismatic
crystals to 8 inches,
6th level, ram’s-horn growths to 3 feet in length and flower-like
growths, often iron-stained, in a small cave. Also as colorless, thin,
bladed crystals.
Halloysite Al,Si,O,(OH),

A common mineral in the contact zone around Sacramento Hill.
Noted from both hydrothermal alteration and supergene origins.

Holbrook shaft, a translucent material with flakes of silver as in-
clusions and minor malachite.

Lavender pit,* as large pieces, often copper or iron-stained. Also
as greenish gray crusts and pods (““metahalloysite’’) resembling im-
pure chrysocolla (Anthony ef al., 1977).
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Halotrichite Fe' 1”;(501];'221'110

Widespread as a post-mining mineral.

Campbell shaft— 1800 level, * ram’s-horn growths of 3 inches in
diameter and 18 inches in length on massive pyrite.

1900 level, hair-like growths covering large areas; as attractive
multi-ram’s-horn growths.

Junction shaft, as attractive, multi-ram’s-horn groups to almost
3 feet across.

Hausmannite Mn,0,

White-tailed Deer mine, on the surface replacing limestone, in
association with braunite (Anthony ef al., 1977).

Hematite Fe,0,

A ubiquitous gangue mineral of both hypogene and supergene
origin. The specular variety has been found in every mine in the
district as an alteration product, particularly in the Abrigo lime-
stone. Specularite is pervasive in the silica breccias of the South-
west /Shattuck areas, commonly being the principal constituent of
the matrix. Supergene hematite is, of course, very widespread and
common. The most obvious occurrences are the gossens that cover
the Sacramento stock. In the secondary orebodies it is the most
common gangue mineral and commonly contains enough dissemi-
nated copper and/or cuprite to constitute ore.

Only areas that are of special interest are noted:

Cole shaft—1400 level; specularite replaced 4-inch beds in the
Abrigo limestone with %-inch foliated crystals.

Lavender pit, as a vein of compact “needle ore” 12 inches thick,
and as large, handsome, iridescent specimens.

Shattuck shaft—200 level, 45 raise, as compact reniform and
stalactitic specimens with minor malachite.

400 level, as large amounts of unconsolidated specularite sand adja-
cent to a silica breccia.

Southwest mine—~6th level, as unusually brilliant, iridescent
specimens.

Figure 77. A group of colorless hemimorphite
crystals 2% inches tall, from the Cole shaft,
1200 level, 26-J stope, Melvin Elkins collection.
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Hemimorphite Zn,Si;O(OH),+*H,0
Cole shaft—1300 level, as fine, large crystals to 4 inches with
chalcophanite, rosasite and copper on hematite.
Sourhwest mine—]0th level, ®* with rosasite and calcite.
Sth level, as small crystals with rosasite.

Hetaerolite ZnMn,0,

Probably much more common than the few confirmed locations
would indicate:

Campbell shaft— 1900 level, * as very fine botryoidal to stalactitic
groups.

Junction shaft, as numerous, small, reniform specimens.

Cole shaft—1300 level,*® in large drusy overgrowths of goethite.

Hexahydrite MgSO,+6H,0

Campbell shaft —2700 level, 47 crosscut, * a dehydration product
of epsomite, with siderotil.
Hisingerite Fe; *Si,;O,(OH),+2H,0

Reported from the district (Anthony er al., 1977).

Hornblende group (Ca,Na,),.s(Mg,Fe** Fe** Al)(Al,Si),0,,(0OH),
A minor constituent of several andesite dikes; exact species
undetermined.
Galena shaft—1300 level, as phenocrysts to % inch.

HM AL(SONOH),,+36H,0

Lavender pit—Holbrook extension, white flakes with basalumi-
nite (Anthony et al., 1977).

Southwest mine—7th level,* white to colorless % to 1%-inch
blades along a fault in a sulfide stope.

Hydrohetaerolite Zn,Mn,0,+-H,0
Campbell shaft—1900 level, 105 stope,* in limestone with
hetaerolite and calcite.

Hydrozincite Zn(CO,),(OH),

Campbell shaft— 1600 level, * as a white crust or film on zincian
malachite.
Iite (K,H,ONAl ,Mg,Fe),(Si,Al),O,,[(OH),,H;0]

In altered granite with sericite, kaolinite, allophane and alunite
(Anthony ef al., 1977).

lisemannite Mo,0,+nH,0

Blue stains on intensely silicified, brecciated limestone with
fluorite and scheelite (Anthony ef al., 1977).

Lavender pit,* blue crust on porphyry in a dike from near the
concentrator.

Jerosite KFE;{SO;}:(OH)I-

Possibly the most abundant secondary mineral in the district. It
has been recognized in vast quantities in all of the producing mines.
Only the most significant occurrences are noted:

Hoatson shaft— 1200 level, 0.04 to 0.08-inch crystals on mala-
chite.

Lavender pit, 0.08-inch crystals on heavily oxidized porphyry.

Shartuck shaft, as hexagonal scales on massive hematite (Palache
et al., 1944).

Southwest mine—5th, 6th, and 7th levels, very large earthy
masses of several thousand tons, probably relics of massive pyrite
bodies.

Kaolinite Al,Si;O,(OH),

Large plastic masses, some nearly pure, more commonly iron-
stained. Most common in the Czar and Holbrook mines. Also as an
alteration product of feldspar in the Sacramento stock (Anthony er
al., 1977).

Kornelite Fe; *(SO,),*7TH,0
Reported as a post-mining crust on massive pyrite in some of the
old mine workings (Merwin and Posnjak, 1937).
Campbell shaft, as pale pink fibers with copiapite and voltaii-
(Fabien Cesbron, personal communication, 1981).
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Labradorite (NaAlSi,0,)/(CaAl,Si;O,), 50-30 percent /50-70 percent

Phenocrysts with andesine and hornblende in several surface
dikes near the Shattuck, Wade Hampton, and Wolverine mines
(Bonillas er al., 1916).

Langite Cu (SO )NOH),+2H,0

As a thin, sky-blue crust of small tabular crystals on fractures in
or near chalcopyrite. Occurs with greenish films of brochantite. An
uncommon mineral but widely distributed in the deep workings of
the district (Anthony er al., 1977).

Laumontite CaAl,Si,0,,-4H,0

Reported from the district as a product of hydrothermal altera-
tion (Anthony er al., 1977).
Leadhillite Pb (S0 )CO,),(OH),

Campbell shaft— 1800 level, with malachite and silver on chal-
cocite (Anthony et al., 1977). Also as small, white to gray, tabular
crystals on quartz fragments.

Cole shaft, reported from here (Anthony ef al., 1977).
Lepidocrocite FeO(OH)

Reported from the district, with goethite (Anthony er al., 1977).
Lime CaO

Campbell shaft—1300 level, in calcined limestone walls in the
main vent for the Campbell fire.

Linarite PbCu(SONOH);

Cole shaft—700 level, 110 stope,* as %-inch spots in hematite
with malachite. Easily confused with azurite.
Magnesite MgCO,

In small amounts as an alteration product in the Martin lime-
stone near the Sacramento stock.
Magnetite Fe*'Fe;'0,

As masses with hematite, garnet and epidote in the contact meta-
morphic zone (Tenney, 1913).

Campbell shaft —2500 level, as an accessory mineral in a porphy-
ritic dike.

Malachite Cu,(CO,NOH),

Bisbee has produced some of the finest specimens of malachite in
the world. The wide variety of forms and associations, particularly
with the closely related carbonate, azurite, have enhanced the ap-
peal of this already attractive mineral.

As a source of ore, malachite contributed heavily to the
economic success of the early mines and continued to provide cop-
per up to the last day of operation. When mined as an ore this
species was seldom exploited as large masses or highly attractive
specimens, but rather as myriads of thin veinlets and acicular tufts
disseminated in messive hematite. Malachite has been found as
exceptionally faithful pseudomorphs after azurite, brochantite,
calcite, copper, cuprite and delafossite. Shattuckite, chrysocolla,
chalcoalumite and limonite are known to have replaced malachite.

Because of the number of important localities for malachite and
the many fine pseudomorphs it has formed, the two habits will be
treated separately.

Non-pseudomorphic Malachite

Atlanta shaft—300-400 levels, as the principal ore mineral in the
Atlanta orebody. Found as specimens, of medium green partial
overgrowths on dark drusy azurite and as fibrous crystals with
calcite.

Campbell shaft—1600 level, thin but attractive plate-like
specimens of reniform and stalactitic malachite.
2000 level, as large, irregular pods of radiating zincian malachite in
limestone adjacent to an oxidized orebody.

Cole shaft—600 level, large specimens of loose, fibrous, zincian
material.
1200 level, as unusually attractive, compact, lustrous, erratic forms
encased in soft, spongy, highly zincian material from the 26J srope.
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1400 level—26L stope, lustrous crystals to % inch on white calcite.
Only five specimens were recovered.

Copper Queen mine, the original Copper Queen orebody was a
surface outcrop of massive malachite that was unique to the district
with respect to its size and purity. For the first 100 feet of depth,
this 65-foot-diameter irregular mass, was nearly all malachite.
Diluted as it was with calcite and the wall rock taken with it during
mining, it averaged 24 percent copper (pure malachite is 62 percent
copper). This malachite was massive with a radiating structure and
had a silky luster. Individual pieces were often found to be over 6
inches thick.

400 level, as a light green material on azurite.

Czar shaft; this mine was undoubtedly the producer of Bisbee's
finest malachites.

200 level, pockets lined with botryoidal and stalactitic growths.
300 level, lustrous, radiating specimens in soft manganiferous clays
that ring like fine crsytal when struck. Also as reniform masses of a
yard or more and up to 6 inches thick with velvet-like surfaces, and
as stalactites.

400 level, as botryoidal pieces 20 to 30 inches across.

Holbrook shaft—200 level, as a light green zincian material on
pale azurite.

300 level, as numerous, velvety pocket linings scattered throughout
the hematitic clays.

400 level, hugh blocks of a ton or more in a decomposed breccia.
Here the malachite was up to 2 feet thick in banded, reniform
masses.

Junction shaft—770 level, recovered as pieces of a yard across
and 4 inches thick, partially covered with light blue azurite.

1600 level, radiating aggregates of brilliant crystals on massive
chalcocite.

Lavender pit—Holbrook extension; in November of 1969 a
wedge-shaped mass of compact, banded malachite of 39 by 3 feet
and 8 to 24 inches thick was encountered. Including intermixed
manganese oxides, an estimated six tons of material were recov-
ered. Early in 1970, boulders of box-work malachite with azurite
were found. One of these weighed 1500 pounds.

Shartuck shaft—3500 level, as thin shells in manganese oxides
with velvet interiors.

700 level, as 2¥4-inch thick reniform masses.

Southwest mine—5th and 6th levels, in pockets in hematite with
acicular crystals of up to % inch, with calcite.
4th level, as stalactites to 4 inches and botryoidal groups with
acicular overgrowths from a small cave in the manganiferous
Martin limestone.

Uncle Sam shaft—““N"’ level, as thin plates of coarsely crystalline
intergrowths with small, colorless cerussite crystals.

Malachite Pseudomorphs

Campbell shaft; this mine produced the greatest number and the
best quality pseudomorphs of malachite after azurite.
1300 level, near the Briggs shaft; the last round in a short raise
opened up a 6-foot by 3-foot by 10-inch pocket dipping about 30°
to the east. This void was filled with very sharp blades to 6 inches
on an irregular surface of hard, yellow-white limonite. Many hun-
dreds of specimens were recovered from this area. The best of these
are 10 inches across and have more than 60, 3 to 4-inch crystals
oriented in pinwheel fashion.
1600 level, Campbell orebody, as numerous intergrown wafer-like
crystals, some of which are up to 4 inches on an edge.
1800 level, as somewhat rough, prismatic groups with 2%-inch
crystals found to be common. Commonly these include siliceous
fragments.
1900 level, as spectacular, highly lustrous, equant, composite
crystals of up to 2% inches on bright unaltered azurite. Also as
rough blades of up to 4 by 7 inches.
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Cole shaft—1200 level, as large (2 feet) pseudomorphs after cop-
per, with calcite.

Copper Queen mine, as sharp blades of malachite after azurite to
2 inches, commonly altered to chrysocolla.

Czar shaft—300 level, as numerous small pseudomorphs of
malachite after cuprite on azurite.

400 level, as sharp blades of malachite pseudomorphs after azurite
to 1% inches on a dark, siliceous goethite.

Sacramento shaft— 1200-1400 level, as both bladed and tabular
pseudomorphs of malachite after azurite, typically of large size.
Many show a partial parallel overgrowth of azurite. In some cases
this overgrowth has been altered to malachite as well.

Shattuck shaft—300-400 level, as remarkable pseudomorphs of
malachite after brochantite; found as intergrown groups of crystals
with individuals to Y4 by 2% inches.

Southwest shaft—4th level, as an interesting replacement of cal-
cite scalenohedrons.

Manganite MnO(OH)

Possibly common in the massive manganese orebodies scattered
throughout the district; however, only one confirmed occurrence is
known:

Lowell shaft, in a veinlet cut by the shaft near the 1000 level, with
pyrolusite, as distinct needle-like crystals (Tenney, 1913).

Marcasite FeS,
Cole shaft, as concretions in unmineralized Abrigo limestone.

Melanterite FeSO,+7TH,0

Common in many of the old mine workings.

Campbell shaft—2700 level, 42 crosscut, * as remarkable cuprian
melanterite crystals, pseudo-octahedral in form, of up to % inch,
with epsomite.

Cole shaft—900 level,* as almost colorless, acicular growths.

Czar shaft—400 level, as thick, greenish crusts on pyritic
limestone.

Metavoltine K;Na,Fe"*Fe, (S0,),;0,+18H,0
As a post-mining mineral, abundant in the one known locality:
Campbell shaft—2100 level,* greenish yellow, hexagonal plates
on pyritic limestone. Associated with copiapite, coquimbite, volta-
ite and roemerite.
Microcline KA]Si;Ol
Reported from the district (Anthony ef al., 1977).

Campbell shaft— 1800 level, with wulfenite, copper and mala-
chite on hematite,

Cole shaft—600 level, reported from here (Anthony et al., 1977).

Shattuck shaft—200 level,* in minor amounts with shattuckite
and malachite.

Southwest mine—7th level,* as up to %-inch crystals with platt-
nerite and calcite in a large cave.
Minium Pb,0,

Southwest mine—6th level,* as earthy, red-orange material with
jarosite and plumbojarosite.
Molybdenite MoS,

Campbell shaft—3100 level, a film on quartz and schist in the 15
crosscut.,

Lavender pit, somewhat massive with bornite.

Mottramite PbCu(VO,)(OH)

Higgins mine, as crystals (“psittacinite” of Taber and Schaller,
1930).

Shattuck shaft—400 level, as drusy, botryoidal specimens.
Murdochite PbCu,(O,Cl,Br),

Higgins mine,* as black, drusy crusts on siliceous fragments in a
breccia with hematite and plattnerite.
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Figure 78. Botryoidal velvet malachite 3 inches
across, from the Shattuck shaft. Graeme collec-
tion.

Muscovite KAl (Si,ANO,{OH),

As some of the “sericite” in the Sacramento stock (Schwartz,
1947).
qu NE;M;Si,OM'ZH;O

Lowell shaft—1300 level, as white, fibrous, needle-like crystals,

being replaced by quartz; also with calcite. The occurrence is in an
andesite dike (Tenney, 1913).

Oligoclase (NaAlSi,0,)/(CaAl,Si;O,). 90-70 percent/10-30 percent

Lowell shaft—1300 level, 1314, in a pegmatitic dike as large
(%-inch) crystals with euhedral quartz and biotite (Tenney, 1913)
Olivine (Mg, Fe),SiO,

As a constituent of several Precambrian dikes in the Pinal schist,
with hornblende and augite (Bonillas er al., 1916); composition
(fayalite or forsterite) not indicated.

Orthoclase KAISi,0,

A common rock-forming mineral, notably, in the Juniper Flats
granite.

Osarizawaite PbCuAl,(SO,):(OH),

Copper Prince mine,* known only from dump specimens (put on
the surface in 1882). Associated with malachite and hematite.
Paramelaconite Cu; 'Cu; "0,

Bisbee is the type locality for this exceedingly rare mineral. While
the district has produced the finest known specimens of paramela-
conite, the mineral has not again been encountered since the
original find:

Copper Queen mine, as very large crystals on goethite with con-
nellite, cuprite, copper, malachite and tenorite (Koenig, 1891).

Figure 79. Hard botryoidal (or possibly stalac-
titic) malachite 5 inches across from the Crar
shaft. Arizona-Sonora Desert Museum collec-
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Figure 80. A large paramelaconite crystal (A) of
purplish black color and metallic adamantine
luster, on deep blue acicular connellite (B), with
limonite (C, D) and copper (F) on cuprite/
limonite matrix (E) from the Copper Queen
mine (Koenig, 1891).

Paratacamite Cu,(OH),Cl

Cole shaft—700 level, * with cuprite, hematite and malachite as
Yio-inch crystals,

Holbrook shaft,* with cuprite, malachite and azurite in a dump
specimen containing numerous Y%-inch crystals.

Pharmacosiderite KFe,(AsO,),(OH),+6-7H;0

Lavender pit,* as minute octahedrons on psilomelane in leached
quartz-feldspar porphyry.
Pickeringite MgAl,(SO,),+22H,0

Shattuck shaft—500 level, as long, clear prisms with rounded,
corroded surfaces. This is a post-mining occurrence (Sidney
Williams, personal communication, 1981).

Phlltbﬂlt Cu.ShO::{OH};*H;O
Shattuck shaft—400 level, as botryoidal crust on guartz and
hematite (Sidney Williams, personal communication, 1981).

Plattnerite PbO,

Southwest mine—7th level,* Y.-inch crystals on altered Martin
limestone with mimetite and calcite. This occurrence is in a large
cavern.

Plumbojarosite PbFe, *(SO,)(OH),,

Undoubtedly more common than the few confirmed occurrences
would suggest:

Atlanta shaft, as samples from the dump.

Southwest mine—=6th level,* in an oxidized lead-zinc stope that
daylights in Hendricks Gulch. With hematite, cerussite and mala-
chite near the Sunrise shaft.

Polybasite (Ag,Cu),.Sb,S,,

Identified as a few grains in massive galena from an unspecified
mine (Bonillas er al., 1916).
Powellite C&M(ﬂq

Bisbee Queen shaft, from this exploration shaft on the east edge
of the district (Anthony ef al., 1977).

Prehnite Ca,Al,Si,0,/(0H),

Cole shaft—800 and 1000 levels, occurs as small but well formed
crystals with quartz, epidote and grossular in meta-limestones
(Fabien Cesbron, personal communication, 1981).
Pseudomalachite Cu,(PO,),(OH),+H,0

Lavender pit,* as a crystalline crust on massive malachite with
azurite and quartz.

“Psilomelane” BaMn “*Mn; *0,,(OH),

An extremely abundant secondary mineral associated with most
of the supergene species, and the principle ore in the many mangan-
ese deposits in the district. Exact species uncertain but wet chemical
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analyses revealed Ba and Mn.

Pumpellyite Ca,MgAl;(SiO,)(Si;O,)(OH),+H,;0
Reported from the district (Anthony er al., 1977).

Pyrite FeS,

Uniquitous in the district as masses of incredible size. Mining
operations have exposed bodies of tens of thousands of tons.
Bryant estimated that several hundred million tons were deposited
(Bryant, 1968).

Pyrite has been of major importance to the district as the host for
supergene chalcocite which formed the ore for the Sacramento and
Lavender pits. In spite of the vast amounts of this mineral avail-
able, very few specimens of any quality have been found.

Campbell shaft—2100 level, large plate-like specimens of bright,
complex, %-inch crystals.

Cole shaft— 1200 level, many hundreds of single euhedral pyrito-
hedrons to 3 inches in chloritic zones in the Abrigo limestone.
1400 level, as groups of large pyritohedrons (4% inches) in sericite
on the edge of a massive pyrite body.

Czar shaft—400 level, as faithful replacements of fossils in un-
mineralized Martin limestone.

Pyrolusite MnO,
Common in the many widely scattered surface manganese
deposits. Usually associated with psilomelane, barite and braunite.

Pyromorphite Pb,(PO,),Cl
Reported from the district (Anthony er al., 1977).

With barite, common in the Sacramento stock (Anthony ef al.,
1977).

Pyrrhotite Fe,..S

An uncommon mineral in the district, restricted to the contact
zone and around the Sacramento stock.

Gardner shaft—900 level, 909 drift, as massive material with
magnetite, hematite, pyrite, sphalerite and chalcopyrite (Tenney,
1913).

Sacramento shaft— 1400 level, with magnetite and hematite in
tremolite (Tenney, 1913).

Quartz SiO,

One of the most common and significant alteration minerals.
Found as an important constituent in all of the intrusives. Ubiqui-
tous in the altered sediments around the contact zone, as hydro-
thermal veins and as fossilized wood in the Cretaceous sediments,
and as chert nodules in the Paleozoic sediments. Tremendous
amounts of quartz are tied up in the silica breccias in Queen Hill.

Campbell shaft—3100 level, 15 crosscut, as milky crystals to 3
inches with light green fluorite.

Cole shaft—1100 level, in large groups of pale amethystine
crystals to ¥% inch each.

Junction shaft—2700 level, in an unusual large pocket of fine
amethyst crystals to % inch, ranging from near colorless to almost
black as a function of their location in the void. Those near the
bottom are darker and larger.

Ransomite CuFe; (SO,)*6H,0
A post-mining mineral.
Campbell shaft— 1800 level, * as a blue crust of acicular crystals

commonly covering large areas of cupriferous pyrite; associated
with roemerite.

Cole shaft—700 level, as radiating acicular groups to % inch on
pyrite.

Rhodochrosite MnCO,

Higgins mine— 100 level, with alabandite (Hewett and Rowe,
1930).

Junction shaft—2300 level, as pale, tabular crystals in vugs in
alabandite.
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Rhomboclase HFe*(S0,),+*4H,0

Common as a yellow-white crust in a great many workings.

Czar shaft—400 level, as small, white, bladed crystals.
Rickardite Cu,Te,

Junction shaft, as small purple fragments in a sulfide pulp
(Crawford, 1930).

Roemerite Fe**Fe; (SO,)+14H,0

One of the most common post-mining minerals in the district.

Campbell shaft—1800 level, as a thick crust on the floors and
walls of several abandoned workings.

Junction shaft—1500 level, * as spongy crusts of up to 16 inches
thick on the floor of the 44 crosscut.

Rosasite (Cu,Zn),(CO,OH),

Cole shaft—1200 level, 26J stope; this locality has produced
some of the world’s finest rosasite. As pieces of reniform and sta-
lactitic material in excess of 12 inches, some totally free of matrix.
Typically associated with colorless calcite and jarosite.

Copper Queen mine— “A" level, as numerous %-inch spheres of
deep blue-green material on hematite.

Southwest mine—5th level, inclusions in calcite.
10th level, * with hemimorphite and calcite.

Rozenite Fe'*SO,+4H,0

Known only as a post-mining mineral.

Campbell shaft—2700 level,* as a thin white crust on pyritic
limestone in the 42 crosscut. Associated with hexahydrite.

Rutile TiO,

As an accessory mineral in the Juniper Flat granite and in the
Sacramento stock (Schwartz, 1947).

Sanidine (K,Na)AISi,O,
Reported from the district (Anthony er al., 1977).

Scapolite group (Na,Ca,K),Aly(Al,Si),Si,0,,(C1,S0,,C0,)
Holbrook shaft—500 level, near the Spray shaft, identified in a

thin section of metamorphosed Abrigo limestone with tremolite

and wollastonite (Tenney, 1913); exact composition and species

(marialite or meionite) not given.

Scheelite CaWO,

Near Warren, on silicified limestone with fluorite and ilsemann-
ite (Anthony ef al., 1977).

Sengierite Cu,(U0O,),(VO,);*6H,;0

Cole shaft—800-1300 level, found in what is known as the
“Gash Country,” as large, bright yellow spots on massive chalco-
cite, with malachite and chlorargyrite (Hutton, 1957).

Sepiolite Mg,Si,0,s(OH),+6H,0

Cole shaft—1000 level, with talc and antigorite in epizonally
altered dolomitic limestones (Fabien Cesbron, personal communi-
cation, 1981).

Southwest mine—6th level,* as small spongy pieces and numer-
ous compact nodules in a small cave. Commonly overgrown with
reniform dolomite, this sepiolite is most probably residual material
from the dissolution of moderately altered limestone.
7th level, as many tons of light, popcorn-like pieces in an occur-
rence similar to that on the 6th level, but here associated with
aragonite and a chalk-like dolomite. The two occurrences of sepio-
lite in this mine are separated from each other by about 3000 feet.

Shattuckite Cuy(SiO,)(OH);

Bisbee is the type locality for this attractive mineral (Schaller,
1915).

Shattuck shaft—200 level, 174 prospect, * as light blue radiating
masses that are pseudomorphs after malachite. Found as large,
compact masses with acicular tufts in the voids; associated with
malachite, quartz, bisbeeite (?) and calcite.

Siderite FeCO,
A very common, early-stage supergene mineral. Trischka ef al.
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(1929) has discussed its relationship to ore and its use as a prospect-
ing guide. In spite of its abundance, good specimens are limited to
the Junction occurrence.

Czar shaft—400 level, as inidescent drusy boxwork, in part alter-
ing to smithsonite.

Gardner shaft—800 level, as pseudomorphs after pyrite in lime-
stone.

Hoatson shaft—1400 level, as %-inch transparent rhombs on
massive boxwork.

Junction shaft—2200-2566 levels,* a most remarkable occur-
rence of this mineral. In an area from just above the 2200 level to
near the 2566 level, a series of interconnected voids and small caves
were found filled with irridescent stalactites and botryoidal masses
of siderite. Specimens of incredible size and beauty were recovered
from here. This area contains an estimated 30,000 tons of siderite.
Associated with quartz, and commonly encasing fresh, euhedral
pyrite, this occurrence was derived from a large body of pyrite.

Siderotil Fe**SO,+5H,0

Campbell shaft—2700 level, 42 crosscut,® a cuprian variety
replacing melanterite, associated with hexahydrite.

Junction shaft— 1600 level,* as crystal-terminated stalactites to
1% inches.

Silver Ag

Widely distributed but seldom abundant; always of supergene
origin.

Campbell shaft—1600-1800 levels, common in the secondary
ores of the Campbell orebody with malachite and chlorargyrite on
chalcocite.

Cole shaft—800 level, on chalcocite with malachite and chlorar-
gyrite.

Czar shaft—300 level, as large, thin pieces interlaid with fault
gouge in the Dividend zone.

Holbrook shaft, as %-inch flakes in massive, translucent halloy-
site with minor malachite.

Junction shaft—1500 level, on chalcocite with malachite and
chlorargyrite.

Lavender pit—Holbrook extension, with massive covellite in the
hanging wall of the Dividend fault.

Smithsonite ZnCO,

Common in the oxidized ores as boxwork (Trischka, 1929). Most
Bisbee smithsonite is yellow, ranging in hue from a pale to a vivid,
lustrous, lemon-yellow. The color is a result of included cadmium.

Campbell shaft— 1900 level, as rough, %-inch, yellow crystals on
zincian malachite with azurite.

Cole shaft—1200 level, 141F stope, as vivid % to %-inch crystals
on azurite.

Copper Queen mine—"“A" level,®* as blue-white reniform
specimens with cerussite (pseudomorphs after calcite) and rosasite.

Czar shaft, as boxwork with siderite.

Holbrook shaft—300-400 levels, boxwork with azurite and mala-
chite.

Lavender pit—Holbrook extension, large boulder-like masses of
boxwork, some with reniform surfaces and associated with %-inch
crystals of azurite or rosettes to % inch.

wll CI-IAJ(SOJIOHL:CI-?'H:O

Bisbee is the most probable type locality for this handsome
mineral (Palache and Merwin, 1909). In any event, the district has
produced the finest known specimens of this rare species. While the
mineral is widely distributed, it is nowhere abundant.

Czar shaft, as crystals of remarkable size (% by % inch) in vugs of
massive cuprite with minor amounts of connellite.

Holbrook shaft—300 level, as % by %-inch hexagonal crystals
lining vugs in crystalline cuprite with an unidentified black mineral.
Irish Mag shaft—1050 level, as %-inch crystals on brilliant
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Figure 81. Acicular malachite from the
Lavender pit. Graeme collection.

Figure 82. Malachite sprays to 1% inches from
the Czar shaft. Graeme collection.

Figure 83. Non-pseadomorphous malachite
crystal group 1% inches across, on calcite from
the Cole shaft, 1400 level, 26-L stope. Melvin
Elkins collection.
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Figure 84. Malachite pseudomorphs after azur-

ite, 6'4 inches across, from the 1900 level of the

Campbell shaft. Arizona-Sonora Desert
Figure 85. Malachite pseudomorph after azur- Muscam collection.
ite, 1% inches tall, from the 1900 level of the Figure 86. Malachite psendomorph after azur-
Campbell shaft, 105-C stope. Graeme collec- ite, 12 inches tall, from the 1300 level, Camp-
tion. bell shaft. Richard Bideaux collection.
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Figure 87. Spangolite crystal from Bisbee
(Frondel, 1949).

cuprite. Also as VYi-inch crystals with malachite on cuprite and
hematite.

Sphalerite (Zn,Fe)S

A very common mineral in most of the district’s mines. Impor-
tant amounts were mined from the Campbell, Denn and Junction
shafts. Always massive and iron-rich, it commonly appears to have
been one of the earliest ore minerals to form.

Campbell shaft, as large orebodies on the 2566, 2700 and 2833
levels; commonly triboluminescent.

Junction shaft —2200, 2300, and 2566 levels, as orebodies with
galena.

Stannoidite Cu,(Fe,Zn),Sn,S,;

Campbell shaft—2200 level, very fine grained, interstitial to
pyrite (Sidney Williams, personal communication, 1981).
Stevensite Mg,S1,0,,(0OH),

Lavender pit—Holbrook extension, from the oxidized ores; inti-
mately intergrown with clinochrysotile (Anthony er al., 1977).
Stibiconite Sb**Sb; *O,(OH)

Cole shaft—1000 level, found with chalcocite (Anthony er al.,
1977).

Stolzite PbWO,

Campbell shaft— 1800 level, as very small, yellow-gray to tan
crystals on chalcocite with silver, malachite and chlorargyrite

(Arizona-Sonora Desert Museum collection).

Stromeyerite AgCuS
Campbell shaft, as blades in chalcocite with tetrahedrite and ten-
nantite (Schwartz and Park, 1932).
Cole shaft—800 level, as irregular intergrowths with chalcocite.
Junction shaft, with chalcocite (Schwartz and Park, 1932).
1500 level near the Hoatson shaft, with chalcocite, malachite and
silver.

Sulfur S
Frequently found but never in large amounts.
Campbell shaft— 1300 level, as briliant, translucent crystals to %

inch on calcined limestone crosscut walls in the main vent for gasses
from the Campbell fire.

Junction shaft— 1500 level, reported from here (Anthony ef al.,
1977).

Lavender pit, dull, earthy material in leached porphyry.
Wolverine shaft—600 level, as sandy material with hematite,
above an oxidized orebody (Tenney, 1913).
Szomolnokite Fe**SO,+H,0
Lavender pit, as brown, warty crusts enclosing pyrite grains
(Anthony ef al., 1977).
Tale Mg,S51,0,40OH),

Boras shaft—900 level, common in epizonally altered dolomite
(Fabien Cesbron, personal communication, 1981).

Spray shaft, formed as a result of contact metamorphism (Ten-
ney, 1913).
Teineite CuTeO,+2H,0

Cole shaft— 1200 level, * as bright blue crystals to % inch, altering
to graemite with cuprite and malachite.
Tennantite (Cu,Fe),;As.S,,

Campbell shaft— 1700 level, as rounded grains in chalcocite with
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tetrahedrite, enargite and minor famatinite, all of this in bornite
(Schwartz and Park, 1932).

Denn shaft—3100 level,* as a massive argentiferous occurrence
with quartz.
Tenorite CuO

Abundant in all of the district’s mines as an important ore
mineral. It occurs in its most pure form as rinds on cuprite nodules.

Commonly found disseminated in hematitic and manganiferous
masses.

Tetrahedrite (Cu,Fe),,Sb.S,,

A widely distributed mineral as minor inclusions in some of the
primary copper sulfides.

Campbell shaft—1700 level, as rounded spots with tennantite,
enargite and minor famatinite in chalcocite (Schwartz and Park,
1932).

2700 level, * near the Junction shaft with massive bornite and minor
pyrite. In this occurrence it is argentiferous.

Cole shaft, reported from here (Anthony ef al., 1977).

Oliver shaft—1350 level, as rounded inclusions in bornite (Ten-
ney, 1913).

Thﬂmnitf NﬁC&;M;Si;O;g"&H;O
Reported from the district (Anthony ef al., 1977).

Figure 88. Tilasite crystal from the White-Tail
Deer mine (Williams, 1970).

Tilasite CaMg(AsO,)F

In an outcrop near the White-Tailed Deer mine. Found as com-
plex crystals up to Y inch with braunite, conichalcite, and calcite
(Williams, 1970).

A common accessory mineral in the Juniper Flat granite; some-

times as well formed crystals in vugs with chlorite and quartz
(Anthony et al., 1977).

Tourmaline group (NE,CEHMS,FC+2,F+"',M,Li)}ﬁh(%]):{Siaou}
(OH,F),

As a nest of small, prismatic crystals in muscovite northwest of
Bisbee (Anthony er al., 1977); exact species not indicated.

Tremolite Ca,(Mg,Fe)sSis0;:(OH),

One of the most common minerals in the contact metamorphic
zone around Sacramento Hill. Also found throughout the district
adjacent to the many dikes. Typically, it occurs as white to green
fibrous laths associated with quartz, epidote, magnetite and any of
the garnets.

Turquoise CuAl,(PO,)((OH),+5H;0

Perhaps the source of the world’s finest turquoise, Bisbee has
produced this mineral commercially only relatively recently; the
first turquoise was found in 1953.

Cole shaft— 1200 level, as minute stringers in massive pyrite.

Lavender pit; this mine was the source of all of the district’s
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finest material. Found in the Glance conglomerate on the east side
of the pit, it was commonly in large pieces associated with quartz,

Tyuyamunite Ca(U0,),(VO,),;+5-8H,0

Campbell shaft, reported from this mine (Anthony ef al., 1977).

Cole shaft, * as large yellow patches on massive chalcocite.
Uraninite UO,

Campbell and Denn shafts, as microscopic inclusions, usually
euhedral, in some of the primary sulfide ores. Associated with
pyrite, galena and quartz (Bain, 1952).

Czar shaft—400 level, as a light dusting of 0.02-inch cubes on
fine-grained massive pyrite.

Vanadinite Pb«(VO,),Cl

Shattuck shaft;* known only from specimens found on the
dump. Found as the variety endlichite in thin crystals to % inch fill-
ing voids in a calcite-cemented jarosite breccia.

V ariscite MPO;'ZH;O

Cole shaft— 1200 level; occurred as compact masses of up to 33
pounds in colors, ranging from a pale green to a deep green. Asso-
ciated with minor pyrite.
Vesuvianite Ca, Mg, AlL(S10,):(S5i,0,),(OH),

A common contact metamorphic mineral in the zone around
Sacramento Hill (Bonillas er al., 1916).

Voltaite K,Fe: Fe;(SO,),;+18H,0
A common post-mining mineral in many of the old workings.
Campbell shaft—2100 level, * as exceptionally large, % to %-inch,
deep green to black octahedrons on massive pyrite with copiapite.
Cole shaft—700 level, as spongy aggregates of small crystals in
groups up to 4% inches across.

Willemite Zn,SiO,

Campbell shaft— 1500 level, as a fluorescent variety (Anthony er
al., 1977).
Wittichenite Cu,BiS,

As a primary mineral in some of the mines, observed as exsolu-
tion blebs in bornite (Anthony ef al., 1977).

Wollastonite CaSiO,

A widespread but not abundant product of contact metamorph-
ism. Found typically as white to greenish fibers with epidote,
tremolite, magnetite and grossular.

Waulfenite PbMoO,

Campbell shaft— 1800 level, 59 stope, as %-inch, zoned, straw-
colored to colorless crystals with calcite and minor anglesite. Also
from east of the Campbell fault as attractive, yellow-orange, %-inch
crystals with copper, malachite and mimetite on hematite.

2566 level, as bright orange, %-inch crystals on hematite in an oxi-
dized fault zone.

Holbrook shaft, as %-inch yellow-brown crystals on azurite and
malachite.

Zircon ZrSiO,

As small crystals in Pinal schist with tourmaline in granite, north-
west of Bisbee (Anthony er al., 1977).

Zoisite Ca,Al(S10,),(OH)

An uncommon contact metamorphic mineral in the district
(Schwartz, 1956).

Spray shaft—500 level, 27-3 stope, as fibrous gray groups with
tremolite, talc, forsterite and pyrite (Tenney, 1913).

Uncle Sam shaft—"M" level, near the shaft with epidote,
quartz, pyrite and chalcopyrite (Tenney, 1913).

Reported but Unconfirmed

The following minerals have been reported from the district, but
lack confirmation regarding species or locality.
Acanthite, Ag,S (Esker Mayberry, personal communication, 1962).

Algondonite, Cu,As (Kuhlmeyer collection).
The Mineralogical Record, September— October, 1981

Aluminite, Al,(SO)NOH),+-TH,0.

Beaverite, Pb(Cu,Fe,Al),(SO,);(OH), (Graeme collection).
Bournonite, PbCuSbS, (Kuhlmeyer collection).
Cornwallite, Cuy(AsO,),(OH),+H;0 (Mayberry collection).
Domeykite, Cu,As (Kuhlmeyer collection).
Ferrimolybdite, Fe,(M00O,),+8H,0 (Trischka collection).

Franklinite, (Zn Mn"* Fe**)(Fe*’ Mn*"),0, (Kuhlmeyer, oral com-
munication).

Litharge, PbO (O. D. Brown collection).

Manganosite, MnO (Kuhlmeyer, oral communication).
Matlockite, PbFCI (French collection).

Molybdite, MoO, (Trischka, personal communication).
Nickeline, NiAs (Schwartz and Park, 1932).

Pyrope, Mg,Al(SiO,); (Tenney, 1913).

Spinel, MgAl,O, (Bonillas er al., 1916).

Sternbergite, AgFe,S, (Tenney, 1913).




Figure 90. Amethystine quartz group 52 inches
across from the 2700 level, Junction shaft.
Arizona-Sonora Desert Museum collection.

Figure 91. Polished turquoise 12 inches across
from the Lavender pit. Melvin Elkins collection.
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e ———
i

Wanted to Buy or Exchange

s O
CRYSTAL CAVERN MINERALS| eromims
‘) 391 Valley Itm, ‘u':’lc D::m,w 07060
WHOLESALE MINERALS, /9.2 .
1800 Arnold Palmer Dr. Wi/ s From Al Pars

/s 7 - Good Minerals From All Parts of the World
A &

e '.
e LR Y Specializing in Hagendorf Minerals
EI Pasﬂ. TEXHS 79935 " S \‘/ pecializing 1n Hagendor ne
2 ~ G ; 2,
- \

969 Downing, Apt. 509
Denver, Colorado BO218
Tel. (303) 861-7973
By Appointment Only

915-593-1800
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Herbert
Obodda

Fine Mineral Specimens

Specializing in
Classics from
Worldwide Localities

PO, Box 51, Short Hills,
New Jersey 07078
(201)-467-0212

MINER'S
s =, SAFETY LAMPS

Flame safety lamps, on the Davy
. principle, are still in use in the
-+ British collieries. The Cambrian

Lamp Works in Glamorgan (Wales),

established in 1860, Is still manu-
| é. -__* facturing lamps to the original
101 1 specifications.
| 1 THE 1860 DESIGN “"CAMBRIAN"' LAMP
N (left) available in four versions:
& 1 b Type A: All brass (ca. 1.5 kg)
~ ' Type B: Brass with mild
o 9 steel bonnet
i Type C: Brass with stain-
_ less steel bonnet
v ccamen  Type D: Brass with
(airmail sur- copper bonnet Y
Charge: $8) Specify Type desired /NN

Also available to the
Original specifications,

All-brass Davy lamp (right), 1816 design. E 2
New micromount list now available, ¢
mainly Laurium slags and gossan super -
genes. 30¢ In pictorial stamps for list

| Cash or Check with Order g
LYTHE MINERALS i
2. Wellsic Lane, Rothley ko

Leicestershire, LE7 70B England .

RARE SPECIEY
BASIC MINERALS?
COMMON ROCKS?

RICHARD A. KE)?)_P\_IAR
“ Mineral Classics

Otlenng
the finest gquality worldwide
mineral specimens

Specializing in Colorado Minerals
and minerals for competitive displays

—————

P.O. Box 982

IF YOU ARE SIMPLY FASCI-
NATED WITH MINERALS
YOU SHOULD HAVE OUR
LISTS

OUR CUSTOMERS SAY

QUALITY MATERIAL,
ACCURATE LABELS, EX-
CELLENT WRAPPING . FIND
OuUT WHY

26¢ STAMPS BRINGS 20
PAGES OF LISTINGS. $1.00
PUTS YOU ON OUR MAILING
LIST FOR A YEAR

Rhodochrosite — Colorado

Inguiries invited
no list available

Minerals Unlimited, Dept. MR S N
MINISS UNwmees, : Golden, Colorado 80401
P.O. Box 877 (127 No. Downs) (In Scemic Golden Gate Canyon)
Ridgecrest, California 93555 Tel: (303) 642-7556

Hawthorne, CA. 90250

Fine mineral specimens in
all sizes and prices from
world-wide localities
* Rare minerals
* Museum pieces
* Single crystals
Always something new
Send 25¢ for list
Dealer inquiries invited
No cutting materals
We also buy
fine collections

s % 9% 9

D. Weber, Owner

(By appointment only)

Hours by appointment
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Mineral Kingdom

irnam & Julius Zweibel

from India,

Africa and
Colombia with

new stock.

these shows:

Sep. 12-14 Denver, CO

| Sep. 18-20 Houston, TX
e Oct. 911 Detroit, Ml
Nov. 1415 Dallas, TX

We specialize in fine mineral
specimens from Zimbabwe
(Rhodesia), India, Southwest Africa
and Colombia.

166 Bank Street (in Greenwich Village) New York 10014 (212-691-1966)
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Wright's

ROCK SHOP

Route 4, Box 462, Highway 270 West, Hot Springs, Arkansas 71901

We Buy Collections

Don
Hines

Fossils, Equipment, Books, Faceted stones, Cutting material
Catalog SI

SHOW SCHEDULE

Winston-Salem, NC ~ Sept. 17-19 NEW ACQUISITIONS!
Detroit, Ml Oct. 8-10

West Palm Beach, FLL Nov. 27-28

gty ol New find of Florida calcite rosettes and stalactites, 100
i : i Pakistani aquamarines, morganite from Pakistan,- Moroccan

In Tucson we will be BUYING azurite, Nevada cinnabars, 1200 Bolivian vivianites, thumbnail

from our ROOM 113 in the Desert : : : . . , avelli
Inn from Feb. 3-10. We will be to cabinet Spanish fluorite, excellent new Arkansas wavellite,

SELLING ALL material at the 400-500 Peruvian rhodochrosites, and top-quality fossils,

Tucson Community Center, main skulls, rays, trilobites, etc. Over 150,000 specimens.
floor, Feb. 12-14.

Telephone: 501-767-4800
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JEWEL TUNNEL
IMPORTS

*WHOLESALE ONLY*

Each year | spend two
to four months traveling
the world in search of
specimens for my dealers.
Usually | buy them direct-
ly in the various mining
! districts. Few dealers
have visited more countries or do business in as
many as | do.

Hmm .. ., that does make me better off than them,
doesn't it?? Perhaps my insecurity stems from my
already legendary pile of empty Kaopectate bottles.
Anyway, BUY! BUY!! BUY!!! I've got a lot of stuff!

See me or my toadies at the following shows:

DETROIT

* RARE FACETED GEMS FOR THE 7?77
* NICE BOXES TO PUT THEM IN

* AGATE MARBLES & EGGS FOR THOSE FEW
DEGENERATES AMONG YOU

* A HARD WAY TO GO FOR DEADBEATS
* LIST ON REQUEST

* ENJOY!
ROCK H. CURRIER
1212 S. MAYFLOWER AVE.

ARCADIA, CALIFORNIA 91006 (near L.A)
213-357-6338

Mathiasen
Minerals

* CHOICE Minerals for collection
and display.

* RARE and NEW SPECIES for

reference and systematic
collections.

* Showroom by appointment.

* See us at major western U.S.
Shows.

* Current catalogs — 30¢.

Gary & Carol Mathiasen
41149 St. Anthony Dr.
Fremont, California 94538
415-657-0994

HANSEN
SMINERALN

Dr. Gary R. Hansen
1223 Port Royal, St. Louis, Missouri 63141

Mineralogical specimens
for museums, private collectors
Reference sets

Investment Gemstones

Azurite, Touissite mine,
Morocco. New price
list available

Office — 314-569-0842
Residence — 314-432-2882

W. D. CHRISTIANSON - MINERALS
200 Napier Street, Barrie,
Ontario, Canada 1.4M IWS
Felephone: 705-726-8713

All types of mineral specimens, from
Beginner to Advanced

— New species added constantly

— Rare species a specialty

— Micromount to cabinet sizes

— Inquire about our Advance Approval Service
for savings of up to 1/3 off regular list prices

— Write for free list

— Special reductions available on overstocked
species when ordered in quantity. See our lists.

Your Satisfaction is Guaranteed

Showroom now open— Appointment recommended

|
QUALITY - VALUE

INTEGRITY Mastercharge &
VISA accepted

Ty Gomie easdirn piu 0 Duw eein o el s
A OCAE GEN L B RAL SUPTLIEED ALIOC
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» Cabinet specimens
* Miniatures
+ Thumbnails

6451 West 84th Place
Los Angeles, Cal. 90045

Telephone: 213-645-1175

A. L. McGuinness

WHOLESALE MINERAL SPECIMENS

DEALER INQUIRIES INVITED
By Appointment Only No Lists
4305 Camden Ave., San Mateo, CA 94403
Tel: (415) 345-2068

SCHNEIDER'S

rocks & minerals
13021 Poway Road

Poway, California 92064
Phone (714) 748-3719

10 to 5 Wed. thru Sun.
We sell San Diego County pegmatite
specimens — Himalaya mine tourma-
lines, Ramona spessartines, etc., and

California benitoites.
[TI11]

please visit our shop in the
San Diego area or see our
booth at major shows

Colorado Gem
and Mineral
Company

Specializing in
Pegmatite Specimens
Jock Lowell (602) 966-6626

Post Office Box 424, Tempe, Arizonc 85281

Hpper Canada *
* Minerals
Specializing in Canadian Minerals
Patrick and Barbara Collins
Suite 1028, 150 Metcalfe St
(Mtawa. Ontario, Canada K2P 1P
Tel: i613) 238-5497

(open Tuesday-Saturday 9:30 10 5:30)

V/2V/4

di
alfredo
ferr|

Fine mineral specimens

from Europe and worldwide
locales

Dr Altredo Ferri

Show room
C so Vercelli, i
20144 Milano, Italy

tel 435000

When in the Philadelphia area
stop in and visit

the mineral collection

2 locations

Academy of Natural Scences
Museum Gift Shop

19th and the Parkway
Philadelphia, PA 19103
(215-576-56139)

721 West Avenue
Jenkintown,
PA 19046

(215-576-56139)

Worldwide
Specimen
Minerals,
Seashells,

Fossils

collection

EXOTIC MINERALS

OF INDIA
Apophyllite, Stilbite, Heulandite, Okenite,
Gyrolite, Mesolite, Scolecite, Prehnite, Ruby
in matnx, Gamet in matnx, el

MINERAL DECOR: 72 Casa Grande, Little
Gibbs Road, Bombay 400 0D6. INDIA
!'.'.“l H:‘H_‘l‘- - |
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ONE of the FINEST
and LARGEST SELECTIONS
of MEXICAN MINERALS
in the WORLD

Available to you by Mail

or in Person
Write for list or send
us your wants.

McGREGOR & WATKINS
Rt. 8 Box 487
Hot Springs, Arkansas 71901
7 Mi. West on U.S. 70

FINE MINERAL
SPECIMENS

TN's to cabinet size
Write for Free list
New Showroom

1002 So. Wells Ave

HARVEY m. GORDON_ IR
WILDLIFE LIMITED. INC
200 Dallentyne Way
Reno Nevada 89502
162-329-8765—(0
7102-329-4866—(H

MICROMOUNT
BOXES
HIGHEST
QUALITY

All hlack or clear. wo
PECT | ivnsIiructawn
supcrived gualmy lowr
e FoviMia s nt
SPeCImen

ol her
wlawl @il

Pieawr allow 1 N N fow
« inch--%$15/100 UPS shipping Nom-L'SA4 59
« inch--$19/100 W Aoy Farvn wll §
o mch--324/ 100 refunded

bS5 B SEW [TEM?

a® LY kar lad

MALNIFIER BOXES
High guality e
Clear plastic, 2-peece

o ORI T i en

Seandard vize

o imch--S00 VD

ims
8 D
Shyppeng 5250 1D L'SA
551 Foreign

Send WE postage for illusirated prce st of more Thar
S dilferem $ye = and sares ol Hj-.'il-. .flll."".'ll'hﬂl Py
White, cotton-himed bones available 1on' Non-LISA
werd B or 1wo Inernatonal Reply Coupon
Ouantiy  Dasoowants

Mineralogical Research Company
A Diviseion of the NMarca O orporataon
MM harcot Ayenue
san Jose, CA 95131 1 .S.A

To place Mastercard or Visa orders phone:
DAYS 408-263-5421, EVENINGS 408-921-6800




DrDavid H. Garske

Mineralogist

P. O. Box 83 New species, Worldwide
(No. 3 0.K. Street) Rare minerals Localities
Bisbee, Arizona 85603 Reference specimens Write for free
Tel. (602) 432-3362 Micros to cabinets periodic lists.

Glossary of

Mineral Species
00 1980

plus S0¢ per copy Michael Reischer
postage and handling

Send vour order to:
Glossary 20% Discount

to clubs

Min. Record ordering 10

or more

P.O. Box 35565 copies.

Payment must

Tucson, Arizona 85740 accompany
L

order,

W R

(Standard wholesale discount available to dealers only.)

¢ ﬂm’P gpff P85 — New discoveries and type locality specimens from
B8 f A worldwide sources, thumbnail to cabinet sizes.

¢ mmminl’ t"dlﬁ — Photographic quality specimens from the extensive
reference collection of Julius Weber.

® Blﬂh mimmlﬁ — For researchers, universities, and foreign or
domestic specimen dezlers.

One dollar brings you our periodic lists for at least a year.
Please state your interests. Dealer inquiries invited. Satisfaction guaranteed.

JL Excalibur MHlineral Co.
M{a =>
M 7 Grover Road

Dover, N.J. 07801
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BANCROFT AREA

BANCROFT
BANNOCKBURN

ELDORADO HWY 7 OTTAWA

HWY 401
BEELLEVILLE MONTREAL
FINE MINERALS

HAWTHORNEDEN

RR #1 Eldorado
UOntano, Canada KOK 1YD
613-473-4325) Frank & Wendy Melanson

TORONTO

Notes on the Mineral Occurrences of the
1°x2° Montrose Quadrangle, Colorado.
Location, geology, mineralogy and impor-
tant references for over 500 occurrences.
254 Xeroxed pages: $30.00.

| Alpine Exploration
P.O. Box 227, Crested Butte, CO 81224

G.P.O. Box 762 ® Bombay 400-001 India
Tel: 240503

EXPORTER of INDIAN ZEOLITES
and other minerals, rough, semi-
precious stones, agate necklaces and

R. MIRCHANDANI '

Donald A. Zowader

Specializing in the finest
thumbnails, miniatures and
cabinet specimens for
competition and display

Write or phone for
current list

Individual requests

Silver invited
Georgetown, Colo

MOUNTAIN GEMS
AND MINERALS

6455 Kline St., Arvada, Colorado
(303) 420-1657 80004

SOMETHING NEW
IN MINERAL MOUNTS

High-density styrofoam. It's solid. Sample,
wholesale and retail price lists available
Pedersen’s Minerals, 3443 Burritt Way,
La Crescenta, CA 91214

eges.

LIDSTROMS

Box 518
Prineville, Ore. 97754
(503-447-7104)

Now
Wholesale
Exclusively

by appointment only

Store - Handle - Display with
Clear, Durable Plastic Boxes

Hundreds of sizes and shapes n stock lor guick
delivery from 13/76 Square and up. »mcluding
Thumbnail and Micromounts Ideal for LAPIDARIES

MINERALOGISTS and GEOLOGISTS

Write for Free List MR

ALTHOR PRODUCTS

496 Danbury Road » Wilton. Connecticut 06897

Si & Ann Frazier

Minerals, Gems, Books,
Out-of-print copies of
the Mineralogical Record

1724 University Ave., Berkeley, CA 94703
(415) 8B43-7564

Hl (TIERALS
HllD
GEMOIONES

Direct from Brazil

OCEANSIDE GEM IMPORTS, .

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

Phone (516) 678-3473
Hours by Appointment

703-347-5599

NEW ADDRESS!
744 Lee's Ridge Rd
Warrenton,
Virginia 22186

VICTOR YOUNT

FINE MINERALS

THORNHILL
MINERALS

— from worldwide locations
— write for periodic lists
P.O.Box 3
Marshall, Missouri 65340

OUT—0F
PRINT

BOOK

Send $1.00 for latest catalog
listing 100's on minerals, min-
Ing, geology, fossils, gems

PERI LITHON BOOKS
P.O. Box 9996

9372 Van Nuys Court

San Diego, Calif. 92109

CAROUSEL

GEMS & MINERALS
FINE SIZES
MINERAL TN'S
SPECIMENS 10

’1 CABINET

1202 Perion Drive
Belen, New Mexico 87002
505-864-2145

By Appointment Only

SEND SASE FOR LIST

SALT
MINERALS

Worldwide Specimens
Free List

540 Beaverbrook St
Winnipeg, Man. R3N 1N4
Canada

METERSKY'S MINERALS

SPECIALIZING IN CRYSTALS
T/N's AND MINIATURES
SPECIMENS YOU CAN AFFORD

SEND FOR FREE LIST
725 CHERYL DR., WARMINSTER, PA 10974

——

MINERAL COLLECTORS

b smlunte sour collection wpecimens [betermine (air prices Tor
buving, sliling, trading. | s the 1982 STANDARD MINER-
ALODGMOAL CATALMMALE, & price reference guide lsting
spprovimaiels 21 000 reference prices, croms refleremor
evaluation tips and more. 55.50 ppd. 1981 s 53.50. 1978,
1979 imwes 51.50 ench. Minerslogical Studies, 1145 Foxfiee,
Kermersville, N.C., 27204
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P.O. Box 1267

TI'wain Harte, California 95383
(209-586-2110)

Quality &ﬁj
Mineral %
Specimens
for the
Collector
and the
Curator

Showroom
by Appointment
Write or
Phone for
List, Photos,
Specimens
on Approval

See us in

DETROIT!

13449 Beach Ave., Marina Del Rey, CA 90291
(213) 823-1219 8216632

We collect miner’s lamps!
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THE

DETROIT

SATELLITE MINERAL SHOW

at the Flying Dutchman Motor Inn
11777 E. Eight Mile Road, Warren, Michigan

Artrox (El Paso, Texas)
Petrified Wood, Inc. (Lebanon, Oregon)

Carousel Gems and Minerals (Belen, New Mexico)
Colorado Gem and Mineral Co. (Tempe, Arizona)
David Crawford (Rockford, Illinois)
The Crystal Cellar (Evanston, lllinois)
Cariton Davis (Columbus, Ohio)
Den’s Petrified Critters (Rocx~

~1 shopping is half the fun of
cuimning to Detroit — Don’t miss it!

3 miles
| —— e
FLYING DUTCHMAN
EIGHT MILE RD. MOTOR INN

LIGHT
GUARD
ARMORY

Free Parking « Free Shuttle to Armory Show
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Carolina
Biological

. now your headquarters for the finest
in rock and mineral materials

Carolina Biological has led in supplying biological
materials to science educators since 1927. We now offer
hundreds of spectacular rock and mineral specimens, plus
rare fossils and other geologic oddities, from collecting
sites throughout the world. This extensive supply network
now gives individual collectors, as well as science
teachers, easy access to some of the finest geologic
materials available anywhere.

Our skilled staff is ready to serve you. Customers who
have been searching for hard-to-get items are encouraged
to contact us directly; we can probably obtain the needed
specimens. Write us today, or call 800 334-5551, and we’ll
send you a free catalog of top-quality earth science

materials.

2700 York Road
Burlington, North Carolina 27215

Box 7
Gladstone, Oregon 97027




e R -

More than a show . . . it's an event!

TEE 28tk muu

Gem & Mineral Show
February 12,13,14 |

Exhibits and Retail dealers:
Friday, 10-8; Saturday, 10-8; Sunday, 10-5 \
Wholesale:
Thumday. Frid.ay, Snturdnv, 10-7. Sunday 10-5

atthe

TUCSON COMMUNITY CENTER

Downtown at 260 S. Church Avenue

‘-}pectamﬂar exhibits of mineral specimens from museums and
private collections . . . Gem, jewelry, lapidary and fossil exhibits . . .
Lectures and pmg;rams by eminent Curators and Mineralogists . .
Competitive Exhibits . Best-of- Species competition: MALACHITE
. . . Annual meetings of Friends of Mineralogy, Mineral Museums
Advisory Council, and Species Collectors . . . Neal Yedlin Memorial
Micromount Symposium . . . Selected Retal and Wholesale Dealers
from world-wide locations with best available specimens and
materials . . . Demonstrations.

Admission: $1.50 per day, or $3.00 for 3 days. Children 14 yrs.
and under free with paying adult.

N Pllill“l“. ), Convenient to Bus Routes.
Claim Jlm"“ o address correspondence 1o:

{ Gigar Smokers Permitted ;| Tucson Gem & Mineral Society Show Committee
(2 &5 P.O. Box 42543, Tuecson, Arizona 85733

L

e r], y\ MINERAL SPECIMENS
@J : L—! FOR THE COLLECTOR

Mineral specimens & gemstones

THE PROSPECTOIR

CURRENT Bringing Competitive Minerals

: n : to the Northw
Mike and Carol Ridding : R LISTS 25 € PR S
' FREE LIST
— P.O. Box 3306
215 Banff Avenue : : Kent, WA 98031
P.O. Box 1407 The phlk)SOthI'S SIOI]G (206) 878-1716
Banff, Alberta, Canada JAMES P. MCKINNON Show Room by Appointment Only

(403) 762-3918 T aaats 9% €02 Ponss tom ™

MICROS ONLY

finest worldwide microminereds
SATISFACTION GUARANTEED
FREE genersl & sdvenced collector lsts

SIMKEV MINERALS, 942 Chewrolet,
Oshews, Ontario, L1G 448, Caneda
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w MSSHE Golden Anniversary

Hosted by the

Mineralogical Society
of Southern California

Sat. Nov. 14, 10 AM—8 PM
Sun. Nov. 15, 10 AM—5:30 PM
at
PASADENA CENTER
30 East Green St.
Pasadena, California
Information:

M.S.S.C.

P.O. Box 811
Arcadia, CA 91006

.;“ A .

llllul‘l"’

Nov. 12-15

The Pasadena Show has long
been a leader in quality mineral
displays, attracting over 100 of
the finest museum and private
collections from around the
world. Renowned speakers, 43
top dealers, a must for all mineral
collectors! See for yourself why
the Pasadena Show ranks with
the country’s best,

Hotel and Transportation: Write
for information and discount
coupons.

Back issues of

the RECORD

AVAILABLE ISSUES:

$3 each

The Deluxe Magazine File The Blade-Lock Binder

HOW TO ORDER:

Both the file boxes and the binders are 3 inches
thick. One box or one binder will hold Volumes 1-4
(22 issues] Volumes 5-7 (18 issues). or Volumes
B-9 (12 issues). (You can see that the Record has
grown consistently thicker over the years!

NOTE: Each binder comes with 12 blades to hold
12 issues. You must order extra blades if you wish
to put more than 12 issues in a binder Extra blades
come in packages of 12

Please specity catalog number and
Record when you order

VOL. 8 (1977)
VOL. 9 (1978)
VOL. 10 (1979)
VOL. 11 (1980)

VOL. 12 (1981)

(#95)

(#2, 3, 4, 5,
(w1, 2 3, 4,
(#1, 2, 5, 6)

(#1, 2, 3, 4)

Mineralogical 6)
Title: The 5' B:I
Record

85 20 each postpaid
$4.83 each for 3 or more
Title card: The Mineralogical
Record
Gray only (# AS2-5T2A $ 14.05 each postpaid
Package of 12 extra blades
(# AS52-565A

Deluxe Magazine File Mineralogical
Black only (# 23-220A

Blade-Lock Bindar

$3.00 per package

Send Order Directly To
and make checks payable to

THE HIGHSMITH COMPANY
P.O. Box 25M
Fort Atkinson, Wi 53538

(a catalog of other items is available on request)

DON’T DELAY.

Order from: Mineralogical Record
P.O. Box 35565
Tucson, AZ 85715

Record DINDERO
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RESENTS

EATER DETROIT

GEM AND MINERAL
SHOW
DETROIT LIGHT GUARD ARMORY

GAN MINERALOE(®\NTe el ) 4
4400 E 8 MILE - DETROIT, MICHIGAN

10 10 am)jE: AL

O
C
T
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20% Discoun
to clubs
ordering 10
or more
copies of the
Glossary of
Mineral

Species
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Qualty Crystal Specimens
ot Reasonable Prices

Send for Qur List

MINERAL ENTERPRISES

1938 Rizzo Dr. Sporks, NV. 8943)

Russell E. Behnke
" Mineral Musterpicces”

QUALITY DISPLAY
SPECIMENS

Chinese minerals including
fine, Bisbee-like azurites,
splendent stibnite reminiscent
of the Japanese, and classical
cinnabars ... a specialty.

LT mlm Invited eee
Wholesale Lots
Sometimes Available
eses No Lists #oe

161 Sherman Avenue
Meriden, Connecticut 06450
(203) 253-5467

eee By Appointment Only eee

FRANKLIN
SPECIES

STUDY PIECES
MUSEUM SPECIMENS

Only 20 minutes from New York
Showroom open | ues. to Sat
Call or wrnite lor wholesale appt
733 Rte. 23, Wayne, N.J. 07470
(201) 6280277

JIM'S GEMS




MINERAL
LISTS:

lists

SPECIMEN
BOXES:

NEW
MICROMOUNT
BOXES:

EDINGTONITE

ICE RIVER, NEAR GOLDEN, B.C., CANADA

New locality for EDINGTONITE, occurring as numerous white xis. from 1 to 8 mm long. on xline

Cailcite or rock matrix. Some specimens have double terminated xls. which show the unusual
hemimorphic habit of the species.

Although EDINGTONITE is found in S different areas of the world, all of the other localities are
depleted or have produced only a limited amount of non-terminated xIs. The EDINGTONITE crystals

from Ice River are among the finest examples of the mineral found in the world, and this is certainly
a major find for the species!

MICRO to 3/8” 54, §7, $10 2
2" 1o 1" $12, $15, 518 Z
IX 1 525, 530, 535 3
1%2 X 1" $60, $70, $80, $90, $100. 4

Please add $2.00 to your order for UPS shipping within th
mail. Excess postage will be refunded

§70, $85, $100, 5125, $150.
$100, 5125, $150, $175, §200
$200, $250, 5285, $300, §325
$425

SA. Non-USA orders add $3.50 for aqir-

Send for our bimonthly lists of thumbnail, miniature, and cabinet specimens. First quality mineral specimens for
collection and display, plus rare species for systematic collection, reference, and research. Send 30¢ postage for

A separate listing is available detailing prices and sizes of micromount, Perky Boxes, plastic magnifier boxes,
white cofton lined specimen boxes, elc. Send 30¢C postage for this list

Opaque black base with clear lid. Same quality construction as our present micro box. 1 X 1 X 34"

$20.00 per 100 boxes. Add $2.00 estimated UPS shipping within the USA, $5.00 airmail shipping for non-USA
orders. Excess postage will be refunded

aeep.

LOOK FOR OUR BOOTH AT MAJOR WESTERN SHOWS — SHOWROOM OPEN BY APPOINTMENT ONLY

MINERALOGICAL RESEARCH COMPANY

“Division of the Nazca Corporation”

704 CHARCOT AVENUE, SAN JOSE, CALIFORNIA 95131 US.A.
PHONES: DAYTIME 408-263-5422  EVENING 408-923-6800

TOPAZ-MINERAL EXPLORATION

DEPT. M
1605 HILLCREST
GRAND HAVEN, MI. 49417

WORLD-WIDE MINERALS
PSEUDOMORPHS

WHOLESALE MINERAL SPECIMENS

Direct purchasa al mine owner's prices. Green apophyllite
white apophyllite, natrolite, scolecite, mesolite, okenite puff
green, while and brown gyrolite. prehnite, pink, yellow and
white stlilbite, heulandite, laumontite, calcite. Also ruby cor
undum crystals in gneiss matrix, blue kyanite bladed crys-
tals in quartz. Write your interests in detail. Ask for price list
on cutl gems, bead strings, mineral specimens

GEM INDIA CORPORATION, 50, SHAMSETH ST,
BOMBAY - 400 002 (INDIA) Phone: 330819

INDUSTRIAL BARITE

Mine owner offers to import barite for use
in petroleum and other industries. Contact:
Dr. K. S. Murthy, 43 Lakshmi Talkies
Road, Madras 600 030, INDIA

Telephone 611736, Madras, India
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Earth Resources opened their
new professionally designed

showroom. Featured are high
- ‘ ‘
Ld Ou now quality gemstones, jewelry,
minerals and objets d'art.

Earth Resources can furnish you
with top quality, bi-colored,
Bolivian amethyst called 7Tristine;
by the kilo, rough or faceted
stones in all sizes, in thousands
of carats, at wholesale.

Sar™
RESOURCES

DIVISION OF SANCC

Twin City Savings & Loan Bidg., 2000 S. Memorial Drive @ Appleton, Wisconsin 54911 414-739-1313/7350202




Pala International

Azuril
ancl Malachute
Hishw
The Collector -
912 South Live Oak Park Road
Fallbrook, California 92028
7 days a week, 10-5 every day
William F. Larson ' .- TLX-695491 (PALA FALB)
David D. Fidah! CABLE Palagems

HAROLD € ERICA VAN PELT Bank of America, P.O. Box 367,
(7 14) 728'9] 2 ] PHOTOGRAPHERS LOS ANGELES Fallbrook, CA. 92028



2t g ——— -

P e e T TR l.._._....ﬂ.ﬁ-ﬂrdrlult -

"
i

- e o

T Al &




