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FOREWORD  

Bisbeeôs indisputable position as Americaôs best and most important source of fantastic minerals 

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 about these unusual caves, which 

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

caves are largely forgotten. Because of the continuing movement of the overlying rock during 

mining and the need to backfill all openings for safety reasons; none of Bisbeeôs many caves 

remain accessible today. The intent of this book is to bring together as much of the history and as 

many of the firsthand accounts as possible, to record the grandeur of these extraordinary caves.  

At the same time, an effort is made to explain the unusual oxidation origin of the caves in Bisbee 

and to describe their distinctly uncommon beauty. 

A sense of the greatness of Bisbee's 

oxidation caves can be had by looking at 

the specimens recovered prior to mining, 

notably those incorporated in oxidation 

cave reproductions. Today, a very fine 

recreation of a typical, small, oxidation 

cave from Bisbee is on display in the Janet 

Hooker Mineral Hall of the U.S. National 

Museum of Natural History (Smithsonian) 

in Washington, D.C. A second, and 

equally fine, oxidation cave display can be 

seen in the Bisbee Mining and Historical 

Museum in Bisbee. Both displays were 

developed using a number of fine 

specimens recovered from some of these 

caves, often more than a century ago. All 

of the authors served as consultants to both 

museums during the design and 

construction of these important exhibits. 

Our interest in the oxidation caves in 

Bisbee began long before being asked to 

assist in the design of the two displays 

noted above. All of the authors were born 

in Bisbee, Richard III in 1941, and 

Richard IV and Douglas, often referred to 

as the twins, in 1968.  The family ties to 

this fascinating community extending back to 1883 when Charles Keeler, Richard III's maternal 

grandfather, first came to here to work in the mines. Charles collected minerals from the mines, 

Figure F-1:  Recreated oxidation cave in the Bisbee Mining and 

Historical Museum.    Courtesy of Bisbee Mining and Historical 

Museum photo by John Harris. 



6 

 

but most importantly, his mining stories were inspirational, if not catalytic to the process of the 

family's continuing passion for Bisbee, its history, minerals and unique geologic features. 

Richard Graeme III began exploring the Bisbee mines and collecting minerals in 1948, at a very 

young age and visited many oxidation caves over the years. Then, in 1960, Richard III began 

working underground as a miner in Bisbee, which he did for a dozen years before becoming the 

resident geologist at the Copper Queen Branch in 1972.  This came with a BS degree in 

geological engineering earned at the University of Arizona in Tucson in 1972, all the while, 

working full time as Bisbee miner.  

In 1974, a mineral species new to science from Bisbee was named ñgraemiteò for Richard III to 

acknowledge both its discovery and his contributions made to the science of mineralogy. Since 

that time, several important articles on Bisbee minerals (Graeme 1981 and 1993) were published, 

both with the assistance of the other authors, Douglas Graeme and Richard Graeme IV. 

Douglas and Richard IV began to venture underground in Bisbee at 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 Southwest Orebody, which are discussed in detail in 

Chapter Seven of part one. Over the next 30 years, we made innumerable trips 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 as in the gold fields of Nome, Alaska while pursuing their education.  Today, Douglas is the 

manager of the Queen Mine Tours in Bisbee while Richard IV teaches science in the nearby 

Sierra Vista schools. 

Over the last 60 plus years, the authors have cooperatively assembled the most comprehensive 

scientific collection 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 ahead of mining, 

from the early 1880s through the first three decades of the 20
th
 century.  The importance of this 

research base to 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 found while mining the rich oxide copper ores in Bisbee. Often these 

openings were beautiful beyond description, as they were typically well decorated, but there was 

more. In many of the caves, some of the speleothems, such as stalactites, stalagmites and other 

cave formations, were stunningly tinted in varying hues of blues and greens by the ever-present 

copper. On rare occasion, nearly the whole cave contained formations so colored (Beasley, 

1916). This remarkable coloring was invariably complemented by a striking red-brown hue in 

some speleothems because of iron oxide inclusion, creating a handsome contrast with the other, 

mostly white formations.     

In part one of this book, firsthand accounts of these incredible caves have been collected and put 

in their historical context. In this context, we discuss the fascination with these caves at the time 

of their discovery and the mystery which originally surrounded their origin as well as that of the 

rich copper ores found beneath the caves.  And too, the reason for the necessary destruction of 

these caves will be put in the perspective and the context of the time in an effort to separate the 

sad reality of destruction from 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, near-surface oxidation of the sulfide 

replacement deposits in the several limestone formations.  Because of this, oxidation caves 

Figure I-1: Calcite stalactites tinted green by copper.  Minor malachite is also on and included within the calcite, 5th level, 

Southwest Mine, view ï 14 inches. 
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occurred above large bodies of thoroughly oxidized copper ore. Caves were also found above 

huge masses of iron oxides, with little if any copper ore present.  This is a reflection of the 

original, largely pyrite, mineralogy of the sulfide masses prior to oxidation.    

Economic geologist and miners, like ourselves, have long held the opinion that the caves in 

Bisbee formed in this manner.   In 1927, the economic geologist, Edward Wisser, went to great 

lengths to convincingly demonstrate what others had long known regarding the formation of 

these caves.  However, this mechanism for cave development remains a controversial topic in the 

science of cave formation (speleogenesis) with many well-respected cave scientists skeptical of 

the position.  

Several illustrations after Wisser (1927) are presented below to frame our position. First is a 

comparison between the typical way a normal cave develops by surface water solutions and one 

developed through sulfide oxidation (Figure I-2).  Secondly, is an idealized cross section of an 

oxidation cave with many of the more important features related to the development illustrated 

(Figure I-3).  Above all, note the position of the oxidation cave over the oxidized orebody.  The 

fracturing of overlying limestone with marginal cracks and the separation and opening up of the 

rock layers or beds, along doming cracks.  All of these are discussed in detail later. 

 

 

 

Figure I-3: Features typically found with an oxidation 

cave development, notably the oxidized orebody 

below the cave, marginal cracks, slumped ground, 

doming cracks and jumbled ground.  After Wisser 

(1927). 

Figure I-2: Comparison of a normal solution 

developed cave (A) with an oxidation cave (B). After 

Wisser (1927). 
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The total number of oxidation caves discovered during mining is not known. The authors 

estimate that hundreds and perhaps in excess of a thousand oxidation caves were found in Bisbee 

between the start of mining in 1880 and exhaustion of completely oxidized ores in about 1930.  

Even though these caves were common, their splendor was always appreciated by all who saw 

them; miners and visitors alike. Occasionally, the splendor of a cave was recorded by written 

descriptions or photographs. Herein are a few of the accounts, as written by those who visited 

them as well as period photographs of several of the caves described and others. As was often 

noted, it was impossible to adequately describe the wonder of these caves with words, but they 

attempted to do so, as best they could. These stories are shared later in this book. 

Colorful stalactites and other cave formations were collected, in truth, salvaged, by 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 have been nothing short of vandalism, as recorded by 

some tasked with this salvage effort.  However, for a number of safety and economic reasons, 

these caves were destroyed. Essentially the caves were destroyed because the great majority 

either contained or occurred 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 high.  And too, this would have created a potential safety 

hazard.  

The obvious loss of revenue from the large amounts of ore found, yet not mined to preserve a 

single cave would have placed the mine in an economically precarious position. Men may have 

lost their jobs. This would have had huge economic repercussions well beyond Bisbee. The 

Copper Queen Mine was the economic engine of southern Arizona at the time.   

Also, the high costs associated with maintaining access to the cave would have been 

unsustainable.  Maintaining safe access through the mine shafts and other openings (crosscuts) in 

these soft, ore areas where the caves occurred, would have been both difficult and inordinately 

expensive.  Huge amounts of support timber and constant maintenance would have been 

required.  For example, 30 board feet of support timber was required for every ton of ore 

removed from the mine and this was just to keep the mine workings open on a short-term basis 

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

During mining operations, oxidation caves actually presented a significant hazard. In unstable 

rock conditions, such as those found at Bisbee, all openings of any size must be backfilled 

(tightly filled with mined waste rock) to prevent the movement and collapse of ground (rock). 

Such movement could dangerously affect nearby areas. Also, as these caves formed, natural 

subsidence fractured the rock hosting the cave for up to hundreds of feet above, making the area 

surrounding the cave relatively weak and largely unstable.  This pervasive fracturing is clearly 
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illustrated by Figure I-3 (Wisser, 1927). He further notes that the affects of subsidence extended 

as much as 1000 feet above the oxide orebodies and associated cave. 

For these reasons, the cave areas were mined and the remaining openings backfilled.  Today, the 

only records that remain of these caves include the awe-inspired descriptions written by those 

fortunate enough to see them; historic photographs, mostly in black and white, and the many 

specimens recovered before the caves were lost during mining.   

    

This discussion will start with a chronicle of the stories about the caves from the time they were 

first discovered.  Our historical review will include descriptions by those who saw them and 

corresponding photography, when available. Other period references from mining trade 

Figure I-4: Stalactites and helictites tinted by copper and iron.  Calcite is colored green by copper or red-brown 

by iron, while aragonite is tinted blue-green by copper, 100 level, Holbrook Mine, view ï 15 feet.  
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publications and mineral collecting journals of the time are also included.   The historical 

information is presented in chronological order, by decade, from the 1880s to the 1930s.   

By the early 1930s, very few caves were being 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 were fortunate enough to visit a number of the remaining caves over a 

period of nearly 60 years, a few of which will be discussed as to their characteristics and their 

individual features.  

The second part of this book is devoted to a more technical discussion on the formation of 

oxidation caves and a review of the minerals found associated with the caves. The intent here is 

to set out the argument, with supporting evidence, that 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 deposited, as some believe. 
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PART 1: A HISTORICAL OVERVIEW OF THE OXIDATION CAVES IN BISBEE, 

ARIZONA.  

Chapter One: The 1880s 

The serendipitous discovery of mineralization, in 

what would become Bisbee, in the summer of 

1877 did little to foretell of the great beauty just 

below the surface of this remote, desert canyon.  

The first hint came in 1880 with the accidental 

discovery of extraordinarily rich copper ores on 

the Copper Queen Mining Claim, were brush was 

being removed (Douglas, 1881).  Mining began, 

in earnest, soon thereafter. 

Rich mineral deposits in limestone such, as found 

on the Copper Queen claim were rare and, at the 

time, the geology was poorly understood.  No one 

could conceive of a way for such rich ores to have 

formed in otherwise seemingly barren limestone.  

Ideas regarding the replacement of limestone by 

mineralizing fluids, such as happened at Bisbee, 

were just evolving and the concept of the 

oxidation of sulfides and related processes was far from universally understood or accepted.   

The early views of how the Copper Queen Orebody formed were, founded in geologic concepts 

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

the era, wrote the first account of these ores and of a cave. 

Dr. Douglas first came to the remote mining camp of Bisbee in early February 1881.  He arrived 

soon after serious mining began to examine the Copper Queen Mine for a potential investor.  

Douglas could not explain what he saw geologically.  By now, the mine opening was cavelike 

with smooth walls where the ore had once been held (see Figure 1.1.1) and this undoubtedly 

influenced his thinking. While attempting to describe the geology, Dr. Douglas wrote: 

ñIn the limestone also many bootless [fruitless] attempts have been made to open 

mines on carbonate [malachite, a copper carbonate] croppings, which, promised 

fair; but led only to small deposits, filling apparently such cavities as are common 

in all limestone formations. 

Copper glance [chalcocite, a copper sulfide] is also in places sparingly scattered, 

thro the limestone, but has nowhere 'been found in large or regular' bodies. I 

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 occurrence as a carbonate, is 

Figure 1.1.1: Working in the open cut of the Copper 

Queen Mine, 1881. 
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due to the limestone, which originally carried it and from which it filtered into 

this reservoir. This conjecture be correct, there is no reason to suppose that 

sulphurets [sulfides] will be found.ò (Douglas, 1881) 

No doubt, the presence of caves in association with the Copper Queen Orebody helped form 

Douglasô opinion of the genesis of this deposit.  He noted a cave in the Copper Queen Mine by 

reporting: 

ñAt 40 feet from the mouth of this drift, a stalactite cavern was struck. It is about 

18" wide. The same cavern has been struck, as I shall show, at 59 feet below the 

level of this drift, and I 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 the West [sic] follows the cave for 31 feet in a 

Northeast and Southwest direction, and is throughout in good ore. The ore in 

contact with the stalactite casing of the cave is partly cuprite.  The level to the 

east runs for-54 feet in good oreò (Douglas, 1881). 

Dr. Douglasô interpretation of the origin of these ores was incorrect, but then he had so little to 

guide him. He saw the Copper Queen deposit in the context of limestone cave, hosted ore 

deposits being mined in the mid-west 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 caves found in Bisbee. Those 

reported were but brief notes, generally in efforts to publicize new ore finds.  The hope was to 

attract the interest of potential investors in the property, as these small mines were always in 

need of additional capital. Most of the notes were printed in The Engineering and Mining 

Journal (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:  

ñAt 40 feet, a cave was struck branching east and west. They have drifted from 

this point both ways, 63 feet west and about 60 feet east, both in good ore.ò  

It is almost certain that this cave is the same one Douglas visited, but after additional mining had 

been carried out by extending the workings in both directions. 

In January 1883 The Engineering and Mining Journal noted the occurrence of substantial ore in 

the ñCaveò Mine, later renamed the Holbrook, with the following: 

"From Bisbee, it is reported that in this mine [Cave], on the eastern slope of 

Copper Queen Hill, a large cave containing considerable ore has been 

discovered.ò  
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In 1886, the noted geologist Arthur Wendt visited Bisbee, as well as other southwestern copper 

deposits. He, like James Douglas, 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 not seem to have influence his view.  Wendt did 

describe two Bisbee caves, including what he considered an unusual one as it was not associated 

with ore. He wrote: 

ñIn other places, what 

have evidently been vugs 

and caves in the bedded 

limestone have been filled 

by the ore. Not all caves 

near the ore bodies 

contain ore. A notable 

one, east of and near the 

big Copper Queen ore-

body, has perfectly 

smooth and rounded 

water-worn sides; and in 

the bottom of this cavity, 

round boulders, gravel, 

and sand of limestone and 

quartz are found, as if this 

cavity had formally been 

the seat of intense geyser 

action and the materials 

now lying in the bottom of 

the cave were formally 

violently churned in it.ò 

The cave with no ore described above by Wendt is located on the ñAò level of the Copper Queen 

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 caves. The rounded 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 sand were also noted in oxidation caves by 

Douglas (1900) when he wrote: 

 ñéthere is abundant evidence that, through cracks and fissures in the limestone, 

surface-detritus has been carried to considerable depth.ò  

Figure 1.1.2: Wall of the cave on the ñAò level of the Copper Queen Mine 

described by Wendt, (1887).    Note the rounded, clearly solution-shaped 

features as discussed by Wendt. Some minor, local botryoidal calcite 

coating is evident as well, vertical view ï 11 feet. 



16 

 

The cracks and fissures referred to by Douglas above were the marginal cracks associated with 

the oxidation subsidence as explained by Wisser (1927) and as shown in Figure I-3.  Wisser, 

(1927) also noted that sand, gravel and conglomeritic material was common in the caves.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

    

Also, smooth walls such as found in the cave on "A" level 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 Queen Orebody being deposited 

in a pre-existing cave, as he supposed had happened. Examples of the ores from this orebody are 

illustrated in Figures 1.1.4 and 1.1.5 to show, at least in part, how he might have arrived at his 

conclusion.  

Figure 1.1.3 Stratified sand, pebbles and boulders, deposited by surface inflow, in the bottom of 

a small cave, Copper Prince Mine.  A wide range of rock types is present in this detritus, 

horizontal view ï 15 feet. 
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In Figure 1.1.4, the top, left surface of the 

malachite was in contact with the smooth 

limestone wall of the Open Cut with but a 

thin layer of yellowish clay between the 

limestone and the malachite. This was 

typical for this orebody at the 

ore/limestone boundary. The plumose 

growth patterns of the malachite indicate 

several periods of in situ deposition, 

starting on the limestone wall rock, as the 

apparently high copper sulfides oxidized.  

Calcite was deposited last, lining most 

open spaces in the malachite and covering 

the outer most surface. 

ñTo those who have studied the 

deposition of ores in the district, 

there can be no doubt that there is 

some relation between the 

existence of these cavities in the 

limestone and the deposition of the 

ore. When the Copper Queen was 

first opened, a horizontal drift and 

open cut was run in on the bedding 

of the limestone, following the 

outcrop of the copper ore. Only a 

little while in, the ore began to 

rise, and the work eventually 

formed what is now the great open 

cut of the Copper Queen Mine.  

Formerly, no doubt, a huge cave 

occupied this place the bottom and 

sides of which were gradually 

covered with ore. From the roof of 

this cave, stalactites of carbonate 

of lime were dependent; and in 

parts of the cave these stalactites 

contained not only carbonate of 

lime but carbonate of copper as 

Figure 1.1.5 Stalactites of malachite covered by calcite in the 

manner described by Wendt, (1887) from the Copper Queen 

Mine Open-Cut, view - 1.7 inches.  Gene Wright collection. 

Figure 1.1.4: Example of malachite ore with later calcite from of 

the wall of the Open Cut of Copper Queen Mine, of the type 

described by Wendt, (1887), vertical view ï 4 inches. 
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well, the ore occurring in the shape of a series of concentric rings, the carbonate 

of lime always finally covering the copper ore.ò  

Fortunately, numerous specimens are available for study, as the discovery and the mining of 

copper deposits at Bisbee occurred during a time of a great curiosity about all things natural. It 

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 mineral specimens. 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 (Copper Queen), because he had an appreciation for the importance of the exceptional 

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 institutions 

worldwide.  Importantly, he also encouraged commercial collecting of the caves.  However and 

perhaps most significantly, the Copper Queen always allowed the miners to collect these 

minerals as well, so long as they did so without neglecting their duties or taking undue risks.  

Bisbee's miners collected thousands and thousands of mineral specimens from the many mines in 

the district during the near century of operation because of this enlightened policy.   

Perhaps the earliest report of cave specimens from Bisbee being appreciated as collectable 

mineral specimens is recorded in the Transactions of the New York Academy of Science in 1889. 

The minutes of the regular business meeting for January 7, 1889 note that:  

ñDr. James J. Friedrich exhibited and described some remarkable minerals from 

the copper district of Arizona, as follows: 

I 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 the centre 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 other columns 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 purpose 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 I 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; I 

procured it from a dealer in San Francisco, who would not tell me the locality 

where it was found, but I presume it to be from Black Co., N. M., where fine 

specimens of azurite are not rare. 

(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 seen in No.6 in stalactitic shapes and incrustations. No.7 is 

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 nodules of tenorite; patches of malachite, in some instances coarsely 

fibrous, and in one place a bluish-green concentration, which forms a new 

mineral, the so-called calco-malachite, of which you have here (8) a larger and 

handsomer specimen. No. 7, above described, 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, I succeeded in getting 

some choice material 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 Bear mines are noted as sources of good 

specimens.  By late 1888, 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 the Silver 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, 

notably cave type coralloidal aragonite, is interesting. At the time these specimens were acquired 

by Dr. Friedrich (1888), Tombstone was a larger and far more important mining community than 

Bisbee. No doubt, many of its residents appreciated and collected minerals. Nearby Bisbee 

would have been a convenient source. Also, it is possible that the stalactitic malachite specimen 

mentioned by Friedrich also came from a Bisbee oxidation cave. This was a common occurrence 

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

Bisbee became justifiably famous for its fine and strikingly beautiful minerals soon after mining 

began. It produced some of the best examples of malachite and azurite, found anywhere. The 

quality of the azurite, malachite, chrysocolla and cuprite found here is described in Figure 1.2.1, 

which are several excerpts from the George English Catalogue of Minerals for Sale, from 1890.  

 

    

 

 

 

 

 

 

 

 

 

 

    

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:  

ñTwo hundred and sixty specimens of malachite, azurite, cuprite, calcite crystals 

and stalactite from the Copper Queen Mine, at Bisbee, Arizona. (22897). 

Collected by Mr. W. P. Jenny.ò (Smithsonian, 1891) 

Many collectors and other museums wanted to acquire similar pieces for their own collections. 

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 agents on their behalf, to seek out 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.  

Figure 1.2.1: A collage of excerpts from Catalogue of Minerals for Sale, (English, 1890). 
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William Niven collected and purchased numerous mineral specimens for Mr. English, but it was 

the cave minerals he collected that gained the most attention.  Niven recovered specimens from a 

cave in the Czar Mine, beneath Queen Hill.  In doing so, he gave us the earliest detailed 

description of one of Bisbeeôs oxidation caves. An excerpt from a letter he had sent to English 

was published in the July 1891 issue of Mineralogistôs Monthly and offered the following:  

ñIt is 80 feet wide at the mouth, 270 feet wide about the center and 250 feet wide 

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 cathedral-most of the stalactites and stalagmites are colored green 

with the copper, 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 of glaciers 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 resembling tapestry when a light is placed behind it. . . . I spent 14 days 

in this vast cavern. 

While I was selecting 

specimens I had a 

photographer take 

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, blue, red-

intermingled by 

snow-white, hanging 

from the roof and 

sides-while rising 

from the ground 

great ghost-like 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 incomparable workshop of 

nature's laboratory.ò  

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 the Czar Mine (Figure 

1.2.2).  Presumably, these men assisted him in the recovery of the many hundreds of the 

specimens during the two weeks he spent in this cave.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2.4: Copper tinted cave formations collected by Niven in the Czar Mine in 1890 and sold by George English.                              

10.5 inches (left)                                                         11.2 inches (center)                                  9.1 inches (right)                                                                                        

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

Science, 1891). 
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In all, Niven shipped some 29 boxes to George English, containing 1,870 pounds of specimens 

from the cavern. These were sold through George English's mineral business and were much in 

demand, as nothing like these specimens had been discovered before.  

The 1880s through the early 1900s were a time of worldwide industrial fairs and exhibitions. 

Most states and territories, even other countries, would send displays of their natural resources 

and examples of their industrial might to these important events. Mineral specimens from Bisbee 

were exhibited at most of these fairs during this time, both in the U.S. and in Europe.  This 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 displaying a specimen that 

weighed 1,150 pound and assayed 27.8 percent copper (Chicago Daily, 1882), (Reno Evening 

Gazette, 1882). Then, in 1884 the New Orleans Exposition received a remarkable silver 

specimen from the Copper Queen Mining Company (Engineering & Mining Journal, 1884).  

This presentation of Bisbee ores and minerals continued at least until the Panama-Pacific 

International Exposition at San Francisco in 1915. However, the most impressive collection of 

Bisbee minerals ever assembled was displayed at the Worldôs Columbian Exposition of 1893, 

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. 
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held in Chicago. The "Worldôs Fair," as it was called, was a magnificent event with more than 

seven million people attending. All of the states and territories in the Union had sent examples of 

their best to demonstrate their natural wealth and economic prowess.   

Arizona provided a huge mineral display, consisting of several hundred specimens that were 

placed in the Mining and Metallurgy Building. Appropriately, the Bisbee specimens were at the 

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

with its mineral wealth, as it was struggling to achieve statehood, alone and independent of New 

Mexico. The importance of the role Bisbee minerals would play in Arizonaôs ultimately 

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 Fair, the 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 fair, these 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 Czar Mine appeared in both the Chicago Daily Tribune in its March 13, 1891 

edition and the Los Angeles Times on March 30, 1891 as the following: 

ñThe Copper Queen Company will exhibit at the Worldôs Fair a mammoth 

specimen of ore from their mines. The work of chiseling it out has been going on 

for some time and 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, without doubt, be the most attractive specimen on exhibitionò 

 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 recounted that he had recovered specimens for the Worldôs Fair from several caves. He 

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 crystals pointed into the cave. As he tried to get out, the sharp crystals tore 

his clothes and cut him, making the exit both difficult and painful (Bateman & Murdoch, 1914).  

The authors have had similar experiences and can attest to ease with which such crystals can 

deliver painful cuts. 

Bancroft, in his The Book of the Fair (1893) described the Arizona mineral display at the World's 

Fair as: 

Arizonaôs exhibits, adjoining the Colorado section, are displayed to excellent 

advantage on a 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, azurite, malachite, and other minerals of brilliant hue, some 

of the samples from the Holbrook mine [sic], where there is a cave of stalactites, 

being covered by incrustations of silverò (Bancroft, 1893a). 

An anonymous author wrote a bit more about the cave minerals on display in the April 24, 1893 

edition of the Chicago Daily Tribune, noting: 

In the Holbrook copper mine [sic] is a cave 1,200 feet long in which has been 

found remarkable formations of stalactite and stalagmite, several specimens of 

which give variety to the collection of copper minerals in the various show 

cases.ò  

Bancroft, (1893b) also noted that Arizona had an additional, small display of minerals in the 

Arizona ï New Mexico - Oklahoma, Territorial Building.  The Territorial Building display was a 

small duplication of the exhibit in the Mining and Metallurgy Building. This second display 

contained a number of cave specimens from Bisbee, which had been collected by Niven in 1890.  

Following the Worldôs Columbian Exposition, many of the Bisbee specimens on display in the 

Mining and Metallurgy Building were donated by the Copper Queen to museums throughout the 

US and Canada.  Phelps Dodge & Company, the owner of the Copper Queen Consolidated 

Figure 1.2.6:  The Arizona mineral exhibit in Mining and Metallurgy Building at the 1893 Worldôs Columbian Exhibition 

in Chicago.   Specimens collected from the Bisbee caves were among the numerous Bisbee minerals on display. The large 

block of azurite and malachite from the Czar Mine is in the tall, center case, (The Engineering and Mining Journal, 1893). 
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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 

azurite and 

malachite was 

presented to the 

American Museum 

of Natural History 

in New York where, 

today, it is the 

centerpiece in the 

mineral hall, as 

shown in Figure 

1.2.7. 

 

During the 1880s 

and 1890s, it was 

common to find 

superb specimens of 

several other 

mineral species in 

and near the 

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 

Worldôs Columbian 

Exposition, as it now 

appears in the 

American Museum 

of Natural History in 

New York. 
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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 most abundant. Stalactites of azurite were 

rare and typically occurred within azurite 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 ï 6.5 inches. 

Figure 1.2.10: A group of malachite stalactites, 15 inches 

high, covered with malachite pseudomorphs after 

azurite and associated botryoidal halloysite, recovered 

from a cave in the Holbrook Mine. Figure 1.2.9: Calcite with minor aragonite, Czar Mine, Bisbee 

Mining and Historical Museum specimen, view 4 inches. 
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Czar Mine of the Copper Queen Consolidated Mining Company and smelter, March 1888                                 

Graeme ï Larkin collection 

Figure 1.2.11:  Right, polished, 

copper tinted, calcite stalactite, 

labeled Bisbee, Arizona,                                   

view - 6.5 inches,                                    

USNMNH specimen. 

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 dealers with George English 

advertising in 1896:   

ñCopper stained stalactites from Bisbee are the most beautiful ever found. We 

have a new and large lot of splendid specimensò (The Mineral Collector, 1896a).  

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 1.2.12: Polished, copper tinted aragonite 

stalactite, Czar Mine, view - 10 inches,                               

USNMNH specimen. 

Figure 1.2.13: Top ad ï The Mineral Collector ï 1896b. 

Figure 1.2.14: Bottom ad ï The Mineral Collector ï 1898. 
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It is worth noting again that by allowing, if not encouraging commercial collecting, Dr. Douglas 

demonstrated great foresight in fostering the preservation Bisbeeôs mineral specimens. Douglas 

and others after him at the Copper Queen often went to extraordinary lengths to save the 

wonderful specimens found in the mines and allowed numerous visitors to see the beautiful 

caves before they were to be mined.  As a result, today we have beautiful and scientifically 

valuable mineral collections from many of the oxidation caves, as well 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 oxidation cave 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 Southwest Orebody of the Czar Mine, hit in early 1895 was described as: 

ñA 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 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 (azurite) 

on malachiteò (Graeme, 1981). 

No doubt, hundreds of fine and often very large azurite specimens were collected from this cave 

in the Southwest Orebody of the Czar Mine. Numerous azurite specimens exceeding several feet 

across from this cave continue to grace collections worldwide. Fine, smaller pieces are relatively 

abundant, yet highly treasured by their owners everywhere. 

This cave occurred in massive, impure goethite on the lower 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 within the cave as the 

ore was oxidizing and it occurred as typically small stalactites and larger botryoidal forms. In the 

lower portions of the cave, were collapse material accumulated, were smallish pieces of impure 

goethite, which had fallen from the cave walls and ceiling during oxidation and cave formation.  

All served as a base for azurite. 

Azurite was deposited on the cave walls and floor, as well as, for some distance into the porous, 

brecciated goethite wall rock. From a study of numerous specimens recovered from the cave, it is 

apparent that it was filled with copper rich solutions, which deposited azurite, at least twice 

during the cave development process with a period in between when it was air filled. Both 

episodes of azurite  deposition occurred in a subaqueous (below solution level) environment 

only, as no specimens reflecting azurite formed in subaerial (open air) depositional environment 

are known from this particular locality. 
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Azurite crystals of up to three inches were the first to be deposited in what 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 lower parts of the cave as irregular masses to several inches thick.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.2.18: Above, malachite coating cuprite 

on azurite and on goethite coated malachite, view 

ï 2.5 inches, Czar Mine. 

Figure 1.2.15: Azurite; second-generation overgrowth on 

malachite pseudomorphs after azurite and malachite on 

goethite, Czar Mine, view - 3.75 inches. 

Figure 1.2.16: Malachite from the cave floor showing the thin 

layer of goethite staining followed by a thin azurite crust on 

top and tiny cuprite crystals, Czar Mine, view ï 3.4 inches. 

Figure 1.2.17: Left, azurite overgrowth on goethite 

stalactites, specimen ï 8 inches, Czar Mine. 
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This malachite was exceptionally lustrous and chatoyant as illustrated in Figure 1.2.16.  At some 

point following the malachite deposition, the lower portions of this cave appear to have been 

submersed with low pH, iron rich solutions.  A thin veneer of goethite or at least surface 

alteration or staining from the iron is present on all of the malachite as is evidence of minor 

corrosion of the malachite by these mildly acidic 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 on the existing malachite pseudomorphs after azurite (Figure 1.2.15).  

The other is a composite form and is the dominate type. In this case, azurite occurred as open 

spherical clusters of small, tabular crystals (see Figure 1.2.19). 

Interestingly, not one of these distinctive crystal groupings occurred as overgrowths on the 

earlier malachite pseudomorphs after azurite. Rather here, a thin veneer of azurite was deposited 

in an oriented fashion on these large pseudomorph crystals. Because this layer of azurite was 

quite thin, a much lighter blue color than would normally be seen in a large azurite crystal 

resulted. 

Lastly, small amounts of tiny cuprite octahedral crystals were deposited on some the azurite, 

malachite and goethite. These tiny, scattered crystals 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, specimen - 10.6 inches. 
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Fine examples of cave speleothems were found in another cave associated with this same 

orebody at much the same time and recovered for sale. All of these were noted by Bates in the 

February 1896 issue of The Mineral Collector, as shown in Figure 1.2.20 below. 

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






















































































































































































































































































