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FOREWORD

Bi s biereddissput able position as Americads dest al
was established, in no small part, by the specimens recovered from the many caves found during

the first 50 years of mining. Yet very little has been written abouethegsualcaves, which

were formed by the oxidation of the sulfide mineral deposits. Indeed, timépeely beautiful

caves are largely forgotten. Because of the continuing movement of the overlyinduroak

mining and the need to backfill all opening®r safetyreasonsn one o f Bi sbheeds m
remain accessible today. The intent of this book is to bring together as much of the history and as
many of the firsthand accourds possible, to record the grandeur of these extraordinary caves.

At the sare time, an efforts made to explain the unusuadidation origin of the caves Bisbee

and to describe their distinctly uncommon beauty.

A sense of the greatness of Bisbe
oxidation caves can be had by lookiag
the specimens recovered prior to minin
notably those incorporated in oxidatid
cave reproductions. Today, a very fi
recreation of a typical, small, oxidatio
cave from Bisbee is on display in the Ja
Hooker Mineral Hall of the U.S. Nationa
Museum of Ngural History (Smithsonian)
in Washington, D.C. A second, an
equally fine, oxidation cave display can [
seen in the Bisbee Mining and Historic
Museum in Bisbee. Both displays we
developed using a number of fi
specimens recovered from some of the
caves, often more than a century ago.
of the authors served as consultants to b
museums during the design a
construction of these important exhibits.

jsbec’s | .
Crystal Laves

Our interest in the oxidation caveas |
Bisbeebegan long beforbeing asked to B
assist in thedesign of thetwo displays '
noted aboveAll of the authorswere born

in Bisbee, Richard Il in 1041and [6e7, Recaieg oucaion o e ibes e
Richard IV and Douglas, often referred iMuseum photo by John Harris.

as the twins, in 1968.The family tiesto

this fascinating communitgxtending back to 1883 when Charles Keeler, Richard Ill's maternal
grandfatherfirst came tohereto work in the mines. Charles collectednerals from the mines,
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but most importantly, his mining stories were inspirational, if not catalytic to the proctdss of
family's continuing passion for Bisbee, its history, minerals and unique geologic features.

Richard Graeme lIbeganexploring the Bsbee mines and collecting minerals in 1948, at a very
young age and visited many oxidation caves over the years, ith&860, Richard Ill began
working underground as a miner Bisbee which he did for a dozen years before becoming the
resident geologt at the Copper QueeBranchin 1972. This came with a BS degree in
geological engineering earned at the University of Arizond@uoson in1972, all the while,
working full time as Bisbee miner.

In 1974,a mineral speciesew to science frorBisbee washamedi g r a efariRichard Il to
acknowledge both its discovery aht contributions made to the science of mineralogy. Since
that time, several important articles on Bisbee minerals (Gra88tand 1993) were published,
both with the assistance ¢fe other authors, Douglas Graeme and Richard Graeme IV.

Douglas and Richard IV began to venture undergronr@isbeeat the age of six in 1974. The

first place they visited contained oxidation caves. Soon thereafter, we all began the exploration
of the caves associated with the New Southv@stbody which are discussed in detail in
Chapter 8ven of part oneOver thenext 30 years, we made innumeratips into these mines
observing the mineralogy and studying the geology.

Both Douglas and Richard IV worked as underground miners in Colorado and New Mexico as
well asin the gold fields of Nome, Alaska while pursuirgir education. Today, Douglas is the
manager of the Queen Mine ToursBisbee while Richard IV teaches science in the nearby
Sierra Vista schools.

Over the last 60 plus yearthe authordhave cooperatively assembled the most comprehensive
scientific cdlection of Bisbee ores and minerals in existence (Moore, 2006). An important
segment of this research collection is composed of minerals recovered from many of the
oxidation caves. Most of these specimens were salvaged from the caves, just aheaagof mini
from the early 1880s through the first three decades of the@tury. The importance of this
research bas® this and similar works cannot be overstated as it provides a ready and well
documented source of study material.
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INTRODUCTION

Hundreds of caves were foumdhile mining the rich oxide copper ores Bisbee. Often these
openings were beautiful beyond description, as they typreally well decorated, but there was

more. In many of the caves, some of the speleothsuth astalactites, stalagmites and other

cave formatbns were stunningly tinted in varying hues of blues and greens by thepmsant

copper. On rare occasion, nearly the whole cave contained formations so colored (Beasley,
1916). This remarkable coloring was invariably complemented by a strikirigrogah hue in

some speleothems because of iron oxide inclusion, creating a handsome contrast with the other,
mostly white formations.

Figure 1-1: Calcite stalactites tinted green by copper. Minor malachite is also on and included within the calcite &vel,
Southwest Mine, viewi 14 inches.

In part one of this book, firsthand accounts of these incredible bawvesbeen collecteahd put
in their historical context. In this context, we discuss the fascinatitimthese caves at the time
of their disovery and the mystery which originally surrounded their orggirwell aghat of the
rich copper ores found beneath the caves. And too, the reasthre fezcessary destruction of
these caves will be put in tiperspective anthe context of the time ian effort to separate the
sad realityof destructiorfrom the impractical ideal of preservation.

As will be detailed in the second part of this book, the authors are convinced that the origin of
these caves is absolutely a function of the complete,-sugtace oxidation of the sulfide
replacement deposits in the several limestone formations. Beo#ubkées, oxidation caves
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occurred above large bodies of thoroughly oxidized copperQarees were also found above
huge masses of iron oxides, with little if any copper ore present. This is a reflection of the
original, largely pyritemineralogy of thesulfide masses prior to oxidation.

Economic geologist and miners, like ourselves, have long held the opinion that thencaves
Bisbee formed in this mannerin 1927, the economic geologist, Edward Wisser, went to great
lengths to convincingly demomate what others had long known regarding the formation of
these cavesHowever, thismechanism focave development remains a controversial topic in the
science of cave formation (speleogenesis) with many-nwsflected cave scientists skeptical of
the msition.

Several illustrations after Wisser (1927) are presented below to fvamgosition. First is a
comparison betweethe typical way anormalcave develops by surface wasalutiors and one
developed through sulfide oxidation (Figur)l Seconly, is an idealized cross section of an
oxidation cave with many of the more important features related to the development illustrated
(Figure +3). Above all, note the position of the oxidation cave over the oxidized orebody. The
fracturing of overlyingimestone with marginal cracks and the separation and opening up of the
rock layers obeds along doming cracks. All of these are discussed in detail later.

’
ack

Margwor!

margina! crack

Secondary

Jumbled ground

Figure 1-3: Features typically found with an oxidation
cave development, notably the oxidizedrebody
below the cave, marginal cracks, slumped ground,
doming cracks and jumbled ground. After Wisser

- (1927).

Figure 1-2: Comparison of a normal solution
developed cave (A) with an oxidation cave (B). After
Wisser (1927).



The total number of oxidation caves discovered during mining is not kndoh&.authors
estimate that hundreds and perhaps in exota thousand oxidation caves were found in Bisbee
between the start of mining in 1880 and exhaustion of completely oxidizenh @atasut 1930.

Even thoughhesecaves wereeommon, their splendor was always appreciated by all who saw
them; miners andisitors alike Occasionally the splendor of a cave wascorded bywritten
descriptionsor photographs. Herein are a few of thecountsas written by those who visited
them as well as period photographs of sevefdahe caves describeghd others As was often

noted, itwasimpossible to adequately describe the wonder of these caves with words, but they
attempted to do so, as best they could. Thesm@gesare shared later in this book.

Colorful stalactites and otheaveformations were collectedn truth, salvagedby the mining
companies, the miners themselves, museums and mineral dealers. Under most circumstances, it
would have been completely inappropriate to remove formations from these caves, much less
completely ruin them. Indeed, it would ateen nothing short of vandalisas recorded by

some tasked with this salvage effoflowever, for a number of safety and economic reasons,
these caves were destroyed. Essentially the caves were destroyed because the great majority
either contained orazurred over substantial amounts of ore. Had the ore not been mined and
left in place to preserve even one cave, the costs in both economic and social terms would have
been enormous, indeed, unacceptably highd too, this would havereated a potentiaafety

hazard.

The obvious loss of revenue from the large amounts of ore fy@bhdot mined to preserve a
single cave would have placed the mine in an economically precarious pdgiéiomay have
lost their jobs.This would have had huge economic eequssions well beyond Bisbee. The
Copper QueeMine was the economic engine of southern Arizona at the time.

Also, the high costs associated with maintaining access to the cave would have been
unsustainableMaintaining safe access through the nshdts andotheropenings (crosscutg)

these soft, ore areaghere the caves occurredould have been both difficult and inordinately
expensive Huge amounts of support timber and constant maintenance would have been
required. For example, 30 board fexdtsupport timber was required for every ton of ore
removedfrom the mineand this was just to keep the mine workings open on a-tdrartbasis

while the ore was being extracted (Bisbee Daily Review, 1904).

During mining operations, oxidation caves adiyl presergéd a significant hazard. lanstable

rock conditions such as those found at Bisbee, @blenings of any size must be backfilled
(tightly filled with mined waste rocklo prevent the movement and collapse of gro(rodk).

Such movementould dangerously affect nearby areas. Also, as these caves formed, natural
subsidence fractured the rolksting the cavéor up to hundreds of feet above, making the area
surroundingthe caverelatively weak and largelynstable. This pervasive fracturing is clearly
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illustrated by Figure-B (Wisser, 1927). He further notes that #ffects of subsidence extended
as much as 1000 feet above the oxide orebodies and associated cave.

For these reasons, the cave areas wanedrand theemainingopenings backfilled. Today, the
only records that remain of these caves include theirspéred descriptions written by those
fortunate enough to see themistoric photographs, mostly in black and whind themany
specimens rewered before the caves wédost during mining.

5

Figure 1-4: Stalactites and helictites tinted by copper and iron. Calcite is colored green by copper or rHedown
by iron, while aragonite is tinted bluegreen by copper, 100 level, Holbrook Mine, view 15 feet.

This discussiorwill start with a chronicle othe stories about the cavé®m the time they were
first discovered. Our historicakview will include descriptions by those who saw them and
corresponding photographywhen available. Gher period references from mining trade
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publications and mineral collecting journals of the tiare also included The historical
information is presented in chronological ordgr decadefrom the 1880s to the 1930s.

By the early 1930s, very few caweverebeing found due to the fact that mining had passed
through the zone where oxidation was complete enough to allow for cave development.
Nevertheless, the authors wdogtunateenough to visit a number of the remaining caves over a
period ofnearly60 years, a few of which will be discussasl to their characteristics and their
individual features

The second part of this book is devoted tonare technical discussion on the formation of
oxidation caves and a review of the minerals found assoaiatedhe caves. The intent here is

to set out the argumenwith supporting evidengehat the Bisbee caves were indeed formed as
the result of the complete oxidation of sulfide replacement deposits and not preexisting caves
into which later ores were degited, as some believe.
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PART 1: A HISTORICAL OVERVIEW OF THE OXIDATION CAVES IN BISBEE,
ARIZONA.

Chapter One: The 1880s

The serendipitougdiscovery of mineralizationn

what would become Bisbee, in the summer o -J'.—‘ - i
1877 did little to foretell of the great beaytst & &, y
below the surface of thiemote,desert canyon. f%:jv\ . R

The first hint came in.880 with the accidental 5.
discovery ofextraordinarily rich copper ores o
the Copper QeenMining Claim, werebrush was
being removedDouglas, 1881). Mining began
in earnest, soon thereatfter.

on the Copper Queen akaiwere rare andatthe
time, thegeologywaspoorly understood. No one\ TN
could conceive of a way for such rich ores to ha - ‘"-,": .
formed in otherwiseseeminglybarren limestone. i _ ok
Ideas regarding the replacement of limestone -;5'¢~-’:~‘7'§;" o . L ', oy :’ﬁ
mineralizing fluids, such as happaeh at Bisbee, Figure 1.1.1: Working in the open cut of the Copper
were just evolving and the concept of {1 Quieen Mine, 1881.

oxidation of sulfides and related processes was far from universally understood or accepted.
The early views of how the Copper Que@rebodyformed werefounded in geologic concepts

of very different deposit types. Dr. James Douglas, a man of some note in the copper business of

the erawrote the first account of these ores and of a cave.

Dr. Douglasfirst cameto the remote ming camp of Bisbee early February 1881He arrived
soon after serigs mining began to examine the Copper Quigkme for a potential investor.
Douglascould not explain what he saw geologicallgy now, themine opening was cavelike
with smooth walls where the ore had once been held (see Figure dnil.1his undoubteyll
influenced his thinkingWhile attempting to describe the geology, Dr. Douglas wrote:

Al n the | i mest oifreitless]agemptahave peerbnadettd opes s
mineson carbonate[malachite, a copper carbonat@pppings, which, promised
fair; but led only to small deposits, filling apparently such cavities as are common
in all limestone formations.

Copper glancgchalcocite, a copper sulfided also in places sparingly scattered,
thro the limestone, but has where'been found in large or regulabodies. |
think that it was a cave, only a very large one, which received, this mineral, that
now makes the Copper Queen a mine, and that its occureenaearbonate, is
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due to the limestone, which originally camiét and from which it filtered into
this reservoir. This conjecture be correct, there is no reason to suppose that
sulphuretdsulfides]jwi | | b €Dofigtas) 1881) 0

No doubt, the presence of caves in association with the Copper Quebadyhelped fom
Douglasdéd opinion of the genesis of tMnélyy depos
reporting:

AAt 40 feet from the mouth of this drift,
18" wide. The same cavern has been struck, as | shall sh&@®,faet below the

level of this drift, and | was able to scramble up it for about 20 feet. This south

drift follows it for 42 feet. At the point where this cave was struck levels were

started to east and west. That to West[sic] follows the cave for Bfeet in a

Northeast and Southwest direction, aisdthroughout in good ore. The ore in

contact with the stalactite casing of the cave is partly cuprite. The level to the
eastrunsfos54 f eet i(Dougtps ©881) or e O

Dr . Dougl as 0 the origie of these ores wasonnorrextf but then he had so little to
guide him. He saw the Copper Queen deposit in the context of limestonehoated ore
deposits being mined in the mikst at the time. Within a few years and with a good deal more
information, Dr. Douglas correctly interpreted both the origin of the ores and of the caves so
often associated with the oxide ores.

Over the next several years, few accounts were recorded of the cavesnfd®isbee. Those
reported were but brief notesererally in efforts to publicize new ore finds. The hope was to
attract the interest of potential investors in the propersythese small mines were always in
need of additional capital. Most of the notes were printedhe Engineering and Mining
Jourral (E&MJ). It was the most widely circulated and most reputable mining trade magazine
then, as it is today. In the March 26, 1881 issue of this prestigious magazine, it was reported that
in the Copper Queen Mine:

ARnAt 40 feet, a cave was struck branching ¢
this point both ways, 63 feet west and abo

It is almost certain that this cave is the same one Douglas visited, but after additional ewhing h
been carried out by extending the workings in both directions.

In January 1883 he Engineering and Mining Journabted the occurrence of substantial ore in
t h e fMreMateorenamed the Holbrook, with the following:

"From Bisbee, it is reportedhat in this ming[Cave] on the eastern slope of
Copper Queen Hill, a large cave containing considerable ore has been
di scovered. o

14



In 1886, the noted geologist ArthWendtvisited Bisbeeas well as other southwestern copper
deposits. He, like James Dglas, became convinced that the ores had been deposited in pre
existing caves because of the close association of the ore with these caves (Wendt, 1887). Wendt
had much more to see than Douglas saw five years earlier as more caves had been found and the
first sulfide ore discovered, but these did seem to havenfluence his view. Wendt did
describe two Bisbee caves, including what he considered an unusual one as it was not associated
with ore. He wrote:

il n ot her ( ‘ .
have evidetly been vugs .;.i-‘_

and caves in the bedde
limestone have been filleg 48
by the ore. Not all cavedh¥
near the ore bodie ki
contain ore. A notable )
one, east of and near thé
big Copper Queen ofe &
body, has  perfectl
smooth and roundec
waterworn sides; and in
the bottomof this cavity,
round boulders, gravel,
and sand of limestone an
guartz are found, as if thi
cavity had formally been
the seat of intense geyse
action and the materials
now lying in the bottom o

’

“({‘f: ¥

Figure 1.1.2: Wal |l ddfthe Copper@QaecereMine
the cave were forma"ydescribed by Wendt, (1887). Note the rounded, clearly solutieshaped
vi ol ent | y c hfeatures as discussed by Wendt. Some minor, local botryoidal calcite
coating is evident as well, vertical view 11 feet.

The cavewith no ore describedboveby Wendt i s | ocated on the fAAC
Mine and has been visited several times by the authors. It is closely associated with barren iron
oxides and manifests the characteristics common to oxidation cavesrolineed boulders,

pebbles and sand noted by Wendt (1887) are not common in oxidation caves, but some do
contain these materials such as that shown in Figure 1.1.3. These are in a small cave in the
nearby Copper Prince Mine. Boulders, pebbles and sandalggrenoted in oxidation caves by

Douglas (1900) when he wrote:

fethere is abundant evidence that, through
surfaced et ri tus has been carried to considerahb
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The cracks and fissures referred to by Douglav@lyeere the marginal cracks associated with
the oxidation subsidence as explained by Wisser (1927) and as shown in Rguil&isser,
(1927) also noted that sand, gravel and conglomeritic material was common in the caves.

Figure 1.1.3Stratified sand, pebbles and boulders, deposited by surface inflow, in the bottom
a small cave, Copper Prince Mine. A wide range of rock types is present in this detritus,
horizontal view i 15 feet.

Also, smooth walls such as found in the cavé'Ahlevel are a very common feature in many
oxidation caves and not necessarily the product of abrasion from running water.

Wendt continued with a hypothetical description of the Copper QOeelnodybeing deposited

in a preexisting caveas he supposdthd happened. Examples of the ores from this orebody are
illustrated in Figures 1.4 and 1.15 to show, at least in part, how he might have arrived at his
conclusion.
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In Figure 1.1.4, the top, left surface of t
malachite was in contact with the smivo
limestone wall of the Open Cut with but
thin layer of yellowish clay between th
limestone and the malachite. This w3
typical for this orebody at the
ore/limestone boundary. The plumos
growth patterns of the malachite indica
several periods of inits deposition,
starting on the limestone wall rock, as t
apparently high copper sulfides oxidize
Calcite was deposited last, lining mo
open spaces in the malachite and cover
the outer most surface.

ATo those who
deposition of ores in the district
there can be no doubt that there
some relation between th
existence of these cavities in t
limestone and the deposition of t
ore. When the Copper Queen we *
first opened, a horizontalrift and
open cut was run in on the beddi
of the limestone, following the® B oL -

Figure 1.1.4: Example of malachite ore witHater calcite from of

outcrop of the copper ore. Only ithe wall of the Open Cut of Copper Queen Mine, of the type
described by Wendt, (1887), vertical view 4 inches.

little while in, the ore began to
rise, and the work eventually
formed what is now the great ope
cut of the Copper Queen Mine.

Formerly, no doubt, a huge cave
occupied this place the bottom a
sides of which were rgdually
covered with ore. From the roof o
this cave, stalactites ofacbonate
of lime were dependentand in

parts of the cave these stalactite

contained not only carbonate = Figure 1.15 Stalactites of malachite covered by calcite in the
. manner described by Wendt, (1887) from the Copper Queen
lime but carbonate of copper a wine Open-Cut, view - 1.7 inches. Gene Wright collection.
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well, the ore occurring in the shape of aissrof concentric rings, the carbonate
of I'ime always finally covering the copper

Fortunately, numerous specimens are available for staglyhe discovery and the mining of
copper deposits at Bisbee occurred during a time of a great curiosityadbitings naturallt

was an age of scientific discovery and interest in the minerals and the caves, which held them,
was universally high. There was a desire by many to collect these lovely, natural curiosities, and
thus a market developed for minerglesimens. This led to the recovery and preservation of
many specimens from the caves before their inevitable destruction. It was also most fortuitous
that Dr. James Douglas was in charge of what was now the Copper Queen Consolidated Mining
Company (CoppeQueen), because he had an appreciation for the importanceesiceational
minerals found at Bisbee. Douglas saw to the recovery of many thousands of specimens from
Bisbee's caves by using company employees to collect them for distribution to in&itution
worldwide. Importantly, e also encouraged commercial collecting of the cavisveverand
perhaps most significantly, the Copper Quesdways allowed the miners to collect these
minerals as well, so long as they did so without neglecting their dutigsking undue risks.
Bisbee's miners collected thousands and thousands of mineral specimens from the many mines
the districtduring the near century of operatibacause of this enlightened policy

Perhaps the earliest report of cave specimens Bisbee being appreciated as collectable
mineral specimens is recorded in Fransactions ofhe New York Academy of Sciernnel889.
Theminutesof the regular business meeting for January 7, 1889 note that:

nDr . James J. Fr i e dadisamnb remaxkhbie lmingradsdroma nd de s c
the copper district of Arizona, as follows:

| wish to present a few specimens from Bisbee, Arizona, viz.

(1) a beautiful green calcite and (2) an aragonite stalactite: The calcite is
imbedded in a mass of malachite; in thentre of the stalactitic columns, fine
apertures are observed, around which silky fibers of malachite are arranged
concentrically Through these apertures malachite penetrated the columns,
coloring them in some instances only in the centre, while in ablemns the
whole mass of the calcite is penetrated and tinted. The most beautiful coralloidal
specimens of aragonite come from the Silver Spray Mine, which is at present not
accessible; private collections in Tombstone contain very fine large specimens,
resembling a good sized coral stem, with its branches perfectly white and
translucent. In this region of the carbonates, it is very natural that pseudomorphs
and imitative shapes should be very frequent; and the one mineral which is best
adapted for the pyose is azurite. Pure massive azurite, translucent and bearing
in its crystallized form a close resemblance to epidote, is rarely found. This
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specimen (3) in point | obtained at the Silver Bear Mine, at which mine
exclusively chalcocite also occurs.

(4.) The next specimen is a perfect pseudomorph of azurite after calcite; |
procured it from a dealer in San Francisco, who would not tell me the locality
where it was found, but | presume it to be from Black CoMNwhere fine
specimens of azurite are matre.

(5.) These specimens are oolitic in structure; the material generally found to build
up the different layers of the concretions are tenorite, malachite and azurite. The
same construction is seenNv.6in stalactitic shapes and incrustations. Nos7 |
one of the most instructive specimens exhibiting all the various degrees of
metamorphism. This piece of ore shows in its totality the structure of fibrous
aragonite the principal mass is penetrated by azurite, but at the same time one
may observe noduled tenorite; patches of malachite, in some instances coarsely
fibrous, and in one place a bluiglteen concentration, which forms a new
mineral, the secalled calcemalachite, of which you have here (8) a larger and
handsomer specimen. No. 7, above desdj is therefore a truly representative
specimen of the Bisbee copper region.

These are not by any means the handsomest specimens obtained from Bisbee; fine
minerals from this locality are by no means rare; still, | succeeded in getting
some choice matexd from old excavations, such as a very beautiful malachite
stalactites, etc., which may compete with any Bisbee specimens ever exhibited.

The cave specimens described above seem almost too extraordinary to comprehend. They were
however undoubtedly very similar to the calcite coated, malachite stalactites illustrated in Figure
1.1.5. It is surprising that the Silver Spray and Silver Beaesnare noted as sources of good
specimens.By late 1883, the Silver Spray had operated only briefly and was closed because of a
lack of ore, while the Silver Bear was almost totally barren of ore. A few years later, the Copper
Queen purchased both tBdver Spray and Silver Bear mines. With more exploration work, the
Silver Spray became a very important mine, but the Silver Bear remained a disappointment.

Friedrich's comment about specimens from Bisbee being in private collections in Tombstone,
notablycave type coralloidal aragonite, is interesting. At the time these specimens were acquired
by Dr. Friedrich (188), Tombstone was a larger and far more important mining community than
Bisbee. No doubt, many of its residents appreciated and collectedalmiiégarby Bisbee
would have been a convenient sourkso, it is possible that the stalactitic malachite specimen
mentioned by Friedrich also came from a Bisbee oxidation. @de was a common occurrence

for malachite at Bisbee during the early years.
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Chapter Two: The 1890s

Bisbee becampustifiably famous for its fine and strikingly beautiful minerals soon after mining
began. It produced some of the best examples of malachite and ,dpurmig anywhereThe
quality of the azurite, malachite, chrgsdia and cuprite found here is described in Figure 1.2.1,
which are several excerpts from fBeorgeEnglishCatalogue of Minerals for Salérom 1890.

Azurite, Arizona,—The finest azurites from any locality in the world
(not even excepting Chessy) have been recently secured from the celebra-
ted Copper Queen Mine at Bisbee. Both in size, perfection and brilliancy,
they are unsurpassed. As we have personally visited the locality, and as
one of our own collectors is constantly on the alert for the best Arizona
minerals, we have been able to secure a few of the most remarkable crystals,
and large numbers of exceedingly beautiful groups of smaller crystals
The finest crystals brought 810.00.

Malachite, Arizona.—At Bisbee we secured a lot of superb velvet
malachites,r and light masses composed of aggregations of rich glossy tufts
of erystals, the most beautiful we have ever seen. A few specimens still
remain at 25 cents to $2.00; museum specimens $5.00 to $10.00.

Chrysocolla, Arizona.—From Morenci, Bisbee, Globe and other places
in Arizona, we have good specimens of Chrysocolla. The Bisbee speci-
mens are made up of layers of botryoidal masses of a very light blue
color and have been quite popular. 10 cents to 81.50.

Cuprite, Arizona,—Bishee has so far produced the finest groups of
large cuprite erystals of any American locality, a few of them being fully
as good as the best Cornish specimens,

Figure 1.2.1: A collage of excerpts fronCatalogue of Minerals forSale (English, 180).

Mineral specimens of all types, including cave specimens, from Bisbee were in great demand by
museums and collectors alike. The U. S. National Museum Report for the year ending June 30,
1890 notes the museum received:

ATwo hundr spikcimems of malackite, yazurite, cuprite, calcite crystals
and stalactite from the Copper Queen Mine, at Bisbee, Arizona. (22897).
Coll ected by (@@mithsowan, 1891) Jenny. O

Many collectors and other museums wanted to acquire similar pieces ifoowimecollections.

Thus, mineral dealers were eager to get whatever they could and many made the difficult trip to
this remote settlement in the distant Arizona Territory in search of such material. Some dealers
sent field agentsn their behalfto seekout and purchase the minerals for them to sell. Most
prominent among these was the noted New York mineral dealer George English who sent
William Niven to Bisbee in late 1890.
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William Niven collected and purchased numerous mineral specifoeiyr. English but it was

the cave minerals he collected that gained the most attention. MNds@reredspecimens from a

cavein the CzarMine, beneath Queen Hill.In doing so, B gave us the earliest detailed
description of one of B ptdrameaediter heohad sdnato English c a v e
waspublished in the July 1891 issueMi ner al o g i ad difeved Me follovhing:y

nlt is 80 feet wide at the mouth, 270 feet
at the end, and is 500 feet in length. From the mouth of the cave to the end it is at

least 150 feet high. There are four chambers, each of which has its own peculiar

habit of crystal form. In No. 1 are to be found the acicular crystals of aragonite.

No. 2 consists mainly of flos ferri. No. 3 is the grandest of all, and looks like a

magnificent cathedramost of the stalactites and stalagmites are colored green

with the coppe and they look like immense organs, while hanging from the roof

is a bunch of stalactites which looks like a gigantic chandelier. In some places the

form is like roses, again like fringe, coral, palm leaves, trees, toadstools; in others

great slopes oflgciers and fields of ice. . . . In one place more is a great number

of sheets of aragonite from 3 to 4 feet long and 2 to 3 feet wide, about 1/2 to 3/4

inch thick, beautifully translucent, showing alternate layers of green, white and

blue and resemblingapestry when a light is placed behind it. . . . | spent 14 days
in this vast cavern. ¥/ R, AT ) N

While | was selecting §:

specimens | had a

photographer  takef§ |
pictures; you can
imagine the singular
scene the main
chamber presented
with 200 candles
burning. It was a
scene of dazzling
beauty. ... Countless
stalactites of every
conceivable shade of
green, Dblue, red
intermingled by o
snowwhite, hanging ;,},4
from the roof and =&

sideswhile rising £

:

. P g : W
from the ground N3 R R AN
great ghostike Figure 1.2.2: william Niven (left with tie) in a cave in the Czar Mine, 1890.
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stalagmites stood silent sentinels guarding this incomipar workshop of
nature's laboratory o

Unfortunately, no copies of the photographs mentioned in the above quote are known to have
survived, but there is one photograph of Niven with two men in a cave in thé/@mafFigure

1.2.2). Presumably, these massisted him in the recovery of the many hundreds of the
specimens during the two weeks he spentigdive.

WHAT MR. NIVEN HAS SECURED ALREADY.

From Arizona: A wonderful strlke of magnificent cave
specimens at Blshbee, consisting of ** stalactites tinted green ; stal-
actites of distorted, curious forms; Flos-Ferri: acicular crystals of
Aragonite, similar to the English, only snow-white ; a few remarkable
turquois-color stalactites ; rhombohedral crystals of Caleites on the
stalactites.” We secured the exclusive right to all the specimens in
this new cave and have laid in nearly a ton of the most exquisite speci-
mens imaginable, Mr. Niven baving devoted no less than two weeks®
time to securing and packing the specimens. The find is worthy of an
elaborate description.

Azurite crystals, some of the very finest we ever had (2-inch ¢rystals),
vo{’y bright and perfect.

elvet Malachite, a fine lot! Cuprite Crystals, very brilliant group,

100 page Illustrated Catalogue, 13¢. ; cloth bound, 25¢.

GEO. L. ENGLISH & CO,, Mineralogists,
733 & 735 Broadway, New York.

Figure 1.2.3: Excerpt from an 1891 George L. English ad for Bisbee cave specimens (aftee American Journal of
Science 1891).

Figure 1.2.4: Copper tinted cave formations collected by Niven in the Czar Mine in 1890 and sold by George Englist 22
10.5 inches (left) 11.2 inches (center) 9.1 inches (right)



In all, Niven shipped some 29 boxes to Gedegglish, containing 1,870 pounds of specimens
from the cavern. These were sold through George English's mineral business and were much in
demandas nothing like thesgpecimensiad beemliscoveredefore.

Figure 1.2.5: Czar Mine with smelter (left),and the Copper Queen Mine (center right), 1888.
This is very much like what Niven saw when he arrived in Bisbee in late 1890, a rough, frontier mining camp.

The 1880s through the early 1900s werenee tof worldwide industrial fairs and exhibitions.

Most states and territories, even otleuntries would send displays of their natural resources
andexamples of theindustrial mightto these important eventslineral specimens from Bisbee

were exhibied at most of these faidaring this time both in the U.S. and in Eurap&his began

with the Denver Exhibition in 1882 where both the Copper Prince Mining Company and the
Copper Queen Mining Company were well represented with the latter displaypegimen that
weighed 1,150 pound and assayed 27.8 percent copper (Chicago Daily, 1882), (Reno Evening
Gazette, 1882). Thenin 1884 the New Orleans Exposition receivea remarkable silver
specimen from the Copper Queen Mining Company (Engineering & Midougnal, 1884).

This presentation of Bisbee ores and minerals continued at least until the FRafica
International Exposition at San Francisco in 1915. Howeher most impressive collection of
Bisbee minerals ever assembled was displatetthe Wor d 6 s Co | umb iofalB93,EX p 0 s i
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held in Chicago. The "Worldbés Fair," as it we
seven million people attending. All of tiseatesandterritoriesin the Union had sent examples of
their best to demonstrateeir naturalwealth and economic prowess.

Arizona provided a huge mineral display, consisting of several hundred specimens that were
placed in the Mining and Metallurgyuilding. Appropriately, the Bisbee specimens were at the

center of this stunnindisplay (Figure 1.2.6). Arizona desperately needed to impress Americans

with its mineral wealthas it was struggling to achieve statehcadne andndependent of New

Mexico. The importance of the role Bisbee minerals would playAini zonads ul ti
achieving statehood cannot be over stated. The Copper Queen Consolidated Mining Company,
long a proponent of statehood free of New Mexico, understood this very well and began
preparing for the event early.

Several years before the 1893 Chicago World's, faé Copper Queen went to extraordinary
lengths make sure that the Bisbee portion of the Arizona exhibit was outstanding. Mineral
specimens of exceptional size and quality were collected specifically for the Fair. Because of the
importance of this fairhtese efforts were published in national newspapers. The identical article
about collecting of an enormous block of azurite (blue copper carbonate) and malachite from the
200 level of the CzaMine appeared in both th€hicago Daily Tribunen its March 13, 1891
edition and thé.os Angeles Timesn March 30, 1891 as the following:

AThe Copper Queen Company will exhibit at
specimen of ore from their mines. The work of chiseling it out has been going on

for some timeand great care is being taken in its extraction. It is estimated that

when ready for shipment it will weigh five tons and be in the shape of a brick. The

specimen is from the big stope from which such beautiful specimens have been

taken and will, withoul oubt , be the most attractive spe

A number of specimens for the World's Fair were also collected from oxidation caves. While
collecting samples of ores with the renowned economic geologist M. N. Bateman in 1914, a
miner recountedthdgte had recovered specimens for the V
mentioned that, in one case, he entered the cave easily by crawling through a small hole, but
when he attempted to crawl out, he met an unexpected problem. Sharp calcite crystals were
oriented such that the crystadointed into the cave. As he tried to get out,gharp crystalsore

his clothes and cut him, making taeit both difficult and painfu(Bateman & Murdoch, 1914)

The authors have had similar experiences and can attesséowith which such crystals can

deliver painful cuts.

Bancroft, in hisTheBook of the Fair (1893Jescribed the Arizona mineral display at the World's
Fair as:

Ari zonads exhibits, adjoining the Colorad:
advantage ora raised platform, in the center of which is a monument of copper
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ore, in rich colors of blue and green, one of the specimens which it is composed
weighing nearly 7,000 pounds, and the smallest exceeding 800 pounds. Around it
are cases of cuprite, azuritmyalachite, and other minerals of brilliant hue, some

of the samples from the Holbrook miisec], where there is a cave of stalactites,
being coered by incrustations ofsiver ( Bancroft, 1893a)

An anonymous author wrote a bit more about the cave nién@nadisplay in the April 24, 1893
edition of theChicago Daily Tribunenoting:

In the Holbrook copper mingsic] is a cave 1,200 feet long in which has been
found remarkable formations of stalactite and stalagmite, several specimens of
which give variet to the collection of copper minerals in the various show
cases. o0

pe—

.

& A= _l
"h-l' ——

Figure 1.2.6: The Arizona mineral exhibit in Mining

in Chicago. Specimens collected from the Bisbee caves were amtmgnumerous Bisbee minerals on display. The large
block of azurite and malachite from the Czar Mine is in the tall, center caseThe Engineering and Mining Journal, 1893
Bancroft, (1893b) also noted that Arizona had an additional, small display efaisirin the
Arizonai New Mexico- Oklahoma, Territorial Building. The Territorial Building display was a
small duplication of the exhibit in the Mining and MetallurByilding. This second display
contained a number of cave specimens from Bisbee, Wwaidlbeen collected by Niven in 1890.

Foll owing the Worl ddéds Columbian Exposition, m
Mining and Metallurgy Building were donated by the Copper Queemseumshroughout the
US and Canada. Phelps Dodge & Compaime owner of the Copper Queen Consolidated
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Mining Company,
retained a good
number of fine
specimens for a
display in their
offices in New
York.

The huge block of
azurte and
malachite was
presented to the
American Museum
of Natural History
in New York where
today it isthe
centerpiece in the
mineral hall, as
shown in Figure
1.2.7.

Figure 1.2.7; Right,
the five foot tall, four
ton block of azurite
and malachite
removed from the
200 level of the Czar
Mine in 1891 for
exhibition at the 1893
Worl ddés Co
Exposition, as it now
appears in the
American Museum
of Natural History in
New York.

During the 1880s
and 1890s, it wasg
common to find
superb specimens o
several other
mineral species in
and near the
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oxidation caves. Many of these specimens occurred in stalactitic forms. Malachite was by far the
most common of these while goethite was the second abostdant Stalactites of azurite were

rare and typically occurred withirzarite and or malachite/azurite masses in the orebodies below
the caves and not in the oxidation caves, per say.

Just as the calcite and aragonite from the oxidation caves were in great demand, so were these
more unusual specimens, particularly malachite stalactites.

Figure 1.2.8: Above goethite stalactites with minor malachite
and halloysite, Copper Queen Mine, view 6.5 inches.

. .' ' <
Figure 1.2.10: A group of malachite stalactites, 15 inche
high, covered with malachite pseudomorphs after
azurite and associated botryoidal halloysite, reavered
Figure 1.2.9: Calcite with minor aragonite, Czar Mine, Bisbe from a cave in the Holbrook Mine.
Mining and Historical Museum specimen, view 4 inches.

27



Cave formations from Bisbee, particularly those tinted by copper remained in demand for many
years. Thus, they were collected and sold by a number of mineral dedleGasrge English
advertising in 1896:

fiCopper stained stalactiteBom Bisbee are the most beautiful ever found. We
have a new and | ar ge(THeMinerabQollestq, /1896 i d s peci

Some of the larger stalactites were sliced and the polished slabs sold by other dealers. These
slabs are quite scarce today and remain highly desirable, as do all of these early specimens.

Figure 1.2.11: Right, polished,
copper tinted, calcite stalacite,
labeled Bisbee, Arizona,

view - 6.5 inches,
USNMNH specimen.

CorpER QUEEN MINE.
15¢c. to 25¢., postpaid.

A. CHAMBERLAIN,
237 N. Tth St,, Newark, N. J.

’
~ vy ‘

Figure 1.2.12: Polished, copper tinteohragonité - ] - B
stalactite, Czar Mine, view- 10 inches, Figure 1.2.13: Top adi The Mineral Collector i 1896b.

USNMNH specimen.

Figure 1.2.14: Bottom adi The Mineral Collector i 1898.
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It is worth noting again that by allowing, if not encouraging commercial collecting, Dr. B®ugl
demonstrated great foresightfostering thepreseration Bisbe® snineral specimens. Douglas
and othersafter him at the Copper Queen often went to extraordinary lengths to save the
wonderful specimens found in the mines and allowed numerous vigitasse the beautiful
caves before they wer® be mined As a result, todaye havebeautiful and scientifically
valuable mineral collections from many of the oxidation cagesvell as written records and a
small number of photographs of these wonders.

In a few instances, the Bisbee caves were particularly rich with copper minerals, particularly
malachite and, to a much lesser degree, azurite. Perhaps the most important and prolific azurite
occurrence ever found, anywhere in the world, was in an oxidatwe at Bisbee, yet it has

gone unrecognized as such. It was also one of the most unusual caves found anywhere. This
small cave in the SouthweStebodyof the CzaMine, hit in early 1895 was described as:

AA room, not too bi dengthpardr26 faghtigh &d 15fore et i n
so feet wide. The walls were all manner of irregular lumps of black azurite dotted

with malachite. From the bac]ceiling] hung limonite stalactites with azurite

crystals here and there on them. The floor was mostlynacthi of blue (azurite)

on mal a&cabmetl081 (

No doubt, hundreds of fine and often very large azurite specimens were collectatisroave

in the SouthwedDrebodyof the CzaiMine. Numerous azurite specimens exceeding several feet
across from this caveontinue tograce collections worldwide. Fine, smaller pieces are relatively
abundantyet highly treasured by their owneeserywhere

This cave occurred in massive, impure goethite onlaleer edge of the very large Southwest
Orebody The opening most probably formed along a marginal crack related to oxidation
subsidence of the encasing limestone. Additional goethite was deposited wétlwavih as the

ore was oxidizing and occurredas typically small stactites andargerbotryoidal forms. Intie

lower portions of the cayevere collapse materi@ccumulategdwere smallish pieces of impure
goethite, which had fallen from the cave wallsd ceiling during oxidation and cave formation.
All served as a base for azurite

Azurite was deposited on the cave walgl floor as well asfor some distance into the porous,
brecciated goethite wall rock. From a study of numerous specimens etdnen the cave, it is
apparent that it was filled with copper rich solutiomgich deposited azuritext least twice

during the cave development process with a period in between when it was air fitidd. B
episodes ofazurite deposition occurredh a subaqueous (below solution level) environment
only, as no specimens reflecting azurite formed in subaerial (open air) depositional environment
are known from thigarticularlocality.
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Azurite crystals of up to three inches were the first to be depositgdat became the upper part

of this cave. These were subsequently altered to malachite (pseudomorphs of malachite after
azurite) in an oxygen rich, subaerial environment. At the time when the cave was air filled,
malachite was deposited in the lowertpaf the cave as irregular masseseveral inches thick.

Figure 1.2.16: Malachite from the cave floor showing the thir
layer of goethite staining followed by a thin azurite crust on
top and tiny cuprite crystals, Czar Mine, viewi 3.4 inches.

Figure 1.2.15: Azurite; seconégeneration overgrowth on
malachite pseudomorphs afterazurite and malachite on Figure 1.2.17: Left, azurite overgrowth on goethite
goethite, Czar Mine, view- 3.75 inches. stalactites, specimeri 8 inches, Czar Mine.

Figure 1.2.18: Above, malachite coating cuprite
on azurite and on goethite coated malachite, vie
i 2.5 inches, Czar Mine.

v



This malachite was exceptionally lustrous @hdtoyant as illustrated in Figure 1.2.14t some

point following the nalachite deposition, the lower portions of this cave appear to have been
submersed with low pH, iron rich solutionsA thin veneer of goethite or at least surface
alteration orstaining from the irons presenton all of the malachite ais evidence of mmor
corrosion of the malachitey these mildlyacidic solutions.

The second period of azurite deposition appears to have been responsible for the majority of the
azurite found in this cave. Two forms of azurite deposition are apparent; one form is second
generation over growths dhe existingmalachite pseudomorphstefazurite (Figure 1.2.15).

The other is a composite forandis the dominate type. In this case, azurite occurregpas
sphericaklusters of small, tabular crystals (see Figure 1.2.19).

Interestingly, not one of these distinctive crystal groupingsuiwed as overgrowths othe
earliermalachite pseudomorpladter azurite Ratherhere a thin veneer of azurite was deposited
in an oriented fashioonn these large pseudomorph crystélecausethis layer ofazurite was
quite thin, a much lighter blue cot than would normally be seen in a large azurite crystal
resulted.

Lastly, small amounts of tiny cuprite octahddcaystalswere deposited osomethe azurite,
malachite and goethite. These tingcatteredcrystals are invariably altered partially or
completely to malachite as shown in Figure 1.2.18.

Figure 1.2.19: Azurite with minor malachite as coatings on cuprite on goethite, Czar Mine, specimei0.6 inches.
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Fine examplesof cave speleothems were fouind another cave associated withis same
orebodyat much the same timand recoveredor sale All of these were noted by Bates in the
February 1896 issue dhe Mineal Collector,as shown in Figure 1.2.20 below.

Figure 1.2.20: Note on the occurrence of the previously described mineraftsthe Mineral Collector, (Bates, 1896).
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