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Figure I. Edouvard Cumenge in Boléo. 1892.
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Boléo is_famous as the type locality for the lead-copper

oxychlorides cumengite and pseudoboleite, and the lead-

silver copper oxychloride boleite. Attractive specimens of
these lustrous, deep blue minerals, in cubes and

characteristic star-shaped growths, are the pride of fine
private and public collections around the world.
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*Location and History by 1. Chancelier-Dumielle; Edouard Cumenge by P. Bariand; History of Invest ¢ by J. D. Boulhard
Introduction, Geology, and Mineralogy by J. C. Boulliard and V. Tournis. English translation by "-"-||||1rui Guershon
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Is galena. and the source ol copper 1s chalcopyrite and/o

sulhides (chalcocite) (Cumenge. 1893). The vast majority of

deposits are located in and zones where chlonnated salts present
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e basis of their unusual color and habits, the specimens In

classified among the mineral world 's most cunious and remarkable

products. The specimens collected during the early davs at Bolés

remain the best known after almost a century., They make this

locality one ol the world s classic mineralogical sites

it 18 10 the geologist and consultant Edouard Cumenge that we

owe Lthe first scientific research on and the first collection of these

indigo-blue mmerals. Later. he

[u"i""‘fl[kl"-j on his discovenes and
1893)

Boleite and cumengite were discovered in the same rcglon. in

a part of the great Boléo copper deposit, which has been
explonted on a vast scale for six years now by the Boléo
Company

(Mexico)

near the port of Santa Rosalia in Baja Calhiforma
Ihis immense deposit 1s made up of a senes ol

cupreous layers intercalated wiath tuffs and conglomerates. Of

the four cupreous layers. superposed at an average distance of
about 50 meters, the third laver

the only one exploited to

date—revealed, at a very few points, some plumbeous irrup




Figure 3. The picking table at Boléo, ca. 1910.

that allowed the formatuon ol the p

mineral species with which we are concemed
discovered 1n the region L"\|1|i'§1L'a1 Dy Ihe C umer
Soledad Valley appears in the form of cubi
beautiful indigo-blue scattered throughout an

> called soapstone (yaboncillo, in Spanish)

sometimes reddish, sometimes green

the cupreous layer proper. Some cryst
cupreous layer itself are implanted on crystallhine gypsum
atacamite, on anglesite 1in deformed crvstals, or on phosgenite

n hittle clustered crvstals

Cumenge was not the only person to collect these minerals
niners rapidly become aware of the interest the minerals :

the French management ;wrwnm-l who had included

llecting among their infrequent leisure activities: thus

CCHIC
acquired the habit of cashing in on specimens that they
trading them for cerain goods or services

I'he history of the discovenes of pockets nch in exceptional
ninerals, and the frequency of such pockets, 1s hittle known. In the
last decade of the 20th century. the majority ol the hine specimens

known remain those that came directly from Cumenge himself

I'he first vears of collecting yielded rather nich finds of large (up to

b |

cm) cubes of boleite, cumengite, and pseudoboleite. In 1898
Lacroix reported that cumengite and pseudoboleite were hardly 1o
be found in the deposit any longer, and that the large boleite cubes
were being encountered more rarely (the cuboctahedrons more
often). It was in 1920, however, that the giant cumengites were
discovered. The source appears to have been a single miner, who

gave the crystals to the mine physician in payment for his services
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population density. In fact, while Baja California was the fourth

largest state in Mexico in area (144,092 square km) at the end of

I'he Bol¢o district 1s located in the heart of an unpopulated the 19th century. it was nonetheless the most sparsely populated
peninsula—Baja California. This tongue of land, 1,300 kilometers I'he 1889 census records

5

a total of 31,167 inhabitants. or 0

|1'H:._‘_ narrows from the north w0 the south, from an east wiesl peErsons per square km. However, 1t should be noted that this was

breadth of 180 km to less than 50 km at the narrowest point merely an average, as three-quarters of this population was concen

Isolated by the Pacific Ocean on the west and the Gulf of trated at the northern and southern ends of the peninsula. In the

Califormia on the east, and characterized all along uts length by
mountain chans, the peninsula i1s an extension of the North
American coastal range that runs along the Pacific Ocean coast. An
extension also of the Sonoran Desert that covers the greater part of
the northwestern portion of Mexico and pants of Arizona and
Cahtorma, Baja Califormia receives less than 250 mm of rain
annually. Some places occasionally go four or five years without a
drop of rainfall

The geographic isolation of the peninsula and the extreme
andity of us climate have always been the reasons for its low

north, the frontier with the United States attracted a number of
Mexican citizens hoping to cross the border, while in the south, the
port town of La Paz provided a link with the continent and Mexico
City, the capital of the country

loday, as the end of the 20th century approaches, the situation
remains unchanged. Baja Califormia is still the most sparsely
populated state in the country, and the population 1s still concen
trated at the extremities of the peninsula, with an imbalance in
favor of the north, again because of the attraction exerted by the
United States
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848 and 1867, respectively), had profoundly damaged the na of such loss as a result of the pressure of loreign evenlts. Sucl
nonal economy, leaving 11t in a disastrous state. In order 1o recover pressures had been a llhfr'll»:'m during the civil wars at the beginning
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also. above all. 1 needed capntal. of which there was a severe installanons and the assassination ol mine operators. The nevi
shortage. Alter Independence the Spamiards had departed. taking table conclusion, then, was that in order to make mining propertics




profitable, their acquisition must be made easy and economical,
their exploitation had to be free, and their preservation had to be
assured. Titles of ownership would have to provide a guarantee of
perpetuity and irrevocability.

o this end, the mining law of 4 June 1892, incorporating these
principles, was promulgated. But if Mexico was to surrender
ownership of its subsoil assets to investors. 1t would have to receive
payment in return. And so the law was accompanied by new tax
measures designed to bring major funds into the federal treasury
the mining properties were made subject to a federal tax, divided
into two parts. The first part required a single payment for the
purchase of stamps which were affixed to all utles of ownership to
mines, while the second part called for annual payment for each lot
included in the mining concessions. The scope of the law was fully
understood by the investors, and the number of requests for
consolidation of titles of ownership to miming properties, as well as
the number of declarations of new mines, increased steadily in the

following years

THE BoLEO MINING COMPANY

It was thus within this extremely favorable context, reflecting
the economic upsurge of a new country, that the Boléo Mining
Company (a French corporation created for the purpose of exploit-
ing the Santa Agueda copper deposit in Baja Cahiformia) was
established in Paris in May of 1885.

fo all appearances, this was a simple business; in reality, 1
represented a challenge. But this entirely marginal enterpnise
enjoyed the benefits of the direct support of President Porfino
Diaz, who, through the Company, was able to test his politica
economic concepts regarding development. It is important to make
clear that the scientific study that led to the establishment of the
Company was carmed out in the spring of 1884, and that the
conclusions drawn by the prospecting engineers were published n
Paris in December 1884, even before the new mining code was put
into effect. And when the Company was established in the spring of
I 8835, the mining laws of 1887 and 1892, which really initiated the
launching of the Mexican mining industry, did not yet exist, even in
draft form.

Should we conclude that the French company was a chancy
venture? Most centainly. In fact, everything in the history of the
Boléo Company seems a matter of luck, beginning in 1868 with the
unexpected discovery of a particularly nch deposit of copper. The
discovery was unexpected because it was a farmer, Jose Rosa
Villavicencio, who, making his way through the mountains, noticed
an abundance of hitle blue spheres (boléos, in Spamish) beneath the
hooves of his mule. He collected a few and had them assayed,
leaming to his surprise that what he had was rich copper ore.

When the Boléo Mining Company decided to exploit the
deposit, it set itself a challenge. Simply setting up an installation
was daunting, as the nisk in establishing an undertaking in a
buming desert on the Gulf of Califormia—a totally isolated and
entirely virgin site where not even the adventurous voyagers of the
I9th century had penetrated—was great. Let us emphasize again
the magnitude of the rnisk. The Americans had been aware of this
deposit before the French, and they had chosen not to exploit it
despite their much greater proximity. The French, too, were
skeptical about how long the political stability recently achieved in
Mexico would last. The site’s difficulty of access was such that the
only links with the world were the fragile skiffs that phied back and
forth to the continent as best they could

Thus one might admire these Frenchmen, setting off for exile in
a remote and 1solated land about which they knew little. The travels
of the future employees of the mining operation began in Paris, at

*

the headquarters of the Company on the Rue de Provence, where
they obtained their travel documents—train tickets from Paris to Le
Havre and steamship tickets for the crossing of the Atlantic. The
Company also provided them with funds to cover the cost of the
second part of the trip, from New York to Baja Califormia. Usually
the train nde from Pans to Le Havre ook place at mght. The
Company of the West train that left Pans at mudmight armived in Le
Havre at six o'clock in the moming, and it discharged passengers
directly onto the wharf at the port reserved for the General
Transatlantic Shipping Company

At the end of the 19th century and the beginning of the 20th, two
of this shipping company’s steamships—the Lorraine and the
Savoie—made the Le Havre-New York round trip. The departure
from France took place at 7:30 in the moming, and the voyage took
10 days. The French passengers were generally entranced with
New York when they arrived there. The Brooklyn Bridge and the
Statue of Liberty amazed them, while the constant movement of
the ferryboats and tugs to and fro deafened them. Debarkation,
following the health inspection on board the ship, produced a
moment of chaos when the passengers had 1o rush to reclaim their
generally battered and smashed luggage before undergoing the
customs formalities. Then, suddenly, they found themselves on the
streets of New York. It was then that perplexity reached its peak as
the travelers took in the immense size of the city, the intensity of
the trathic, the streets with their intersecting tram hines, and the
subway trains nising onto overhead tracks. Above all, they were
thnlled and stupefied by the skyscrapers: one could indeed wonder
how “houses like that” could stay upright. As a patriotic obligation,
the Frenchmen stayed at the Hotel Lafayette on 9th Street, where
they spent a night or two, time enough to plan the four days and
five nights of train travel that would take them to northern Mexico.

'heir route passed through Buffalo, Detroit, Chicago, St. Lows,
Kansas City, Topeka, Kit Carson, Pueblo, Santa Fe, Albuquerque,
Benson, and Nogales, a town on the frontier between Arizona and
the Mexican state of Sonora. The Frenchmen experienced one
astomshment after another as they observed the Amencan land
scapes. Once they had crossed the frontier, their trip was near its
end. However, in the course of their trek across the Sonoran Desert,
which took them from Nogales to the port of Guaymas, their
apprehension increased

From Guaymas the travelers left the same evening for the Boléo
district, accompanied by their baggage, which had grown steadily
more dusty and battered. The voyage across the Gulf of California
was always made at might, because of the extreme heat during the
day. The last lap of the tnp, which took between seven and eight
hours, was always very hard. The cumulative fatigue after 17 days
of travel and the inevitable seasickness due to the decrepitude of
the vessel, together with the surrounding darkness, increased the
passengers misery. As dawn approached, and the Boléo site was
finally ghimpsed. bitterness tightened their throats. The travelers,
who had in their pockets labor contracts that would not allow them
to return to France for another three years, wondered, as they saw
the place where they were to live, whether this was hell or
purgatory

The adventure was indeed daring, because at the end of the 19th
century the Old Continent was the center of the world, and all
business ventures were conceived in relation to it. This meant that
all of the equipment and raw matenals the Company needed to
establish itself and to operate the mine had been transported by
ships which, after rounding Cape Horn, had sailed up the Pacific
coast of South and Central Amenica to enter the Gulf of Califormia
and proceed to the operational site. The voyage took four to five
months, as did the return trip, when the vessels would be loaded
with ore concentrates, to be sold in England.

1) &




Finally, since it was not deemed feasible to ship the raw ore out,
and transportation costs had to be kept as low as possible, the need
to refine the copper on the spot had necessitated the construction of
a smelting works at Boléo. This had required a considerable
increase in the capital of the Company, bringing it to 12 million
francs: an investment that in 1885 was three to four times that of
the average French corporation (Germain, 1909). To commit such a
sum of money was therefore risky, and doubly so for an undenak
ing dedicated to the explontation ol copper ore, lor which the
market, although developing steadily, was nonetheless a new and
unstable one

THE CoPPER MARKET

When the industnalization of Europe began in the 19th century,
London, the financial and commercial metropolis of the world, a
major port, the capital of the greatest industnal power and largesi
empire of the era, had become the major market for the majority ol
raw matenals. The copper market was therefore the business of
England, a fact not challenged until the end of the century. England
had achieved this monopoly because, in addition to exploiting its
own hmited reserves, it processed the copper ores imported n
massive amounts from the main extraction centers of that time
Spain, Germany, and above all, Chile. The abundance and the
diversity of the imported ores, particularly those from Chile. had
enabled the English smelters to become masters of the an of
processing copper ores. The town of Swansea, in Wales, had by
| 830 become the world capital of copper metallurgy. Beginning in
1875, however. Brnitish supremacy began to decline, because
Amernican copper production was developing rapidly. and London
lost 1ts monopoly on the processing and sale ol copper ores. After
893, 1n fact, the great American mines in Montana and Arizona no
longer shipped their production to England for processing. The
Americans instead built electrolytic refimng plants that enabled
them Lo [muiliu: VETYy fine Copper al a compeunve price contribul
ing to the decline of the British market

I'he French Boléo Company, whose purpose was to exploil a
copper deposit, was logically established as a function of the
market in London, where it would sell its production. Unfortu
nately, in 1885, the year in which 1t was established, the copper
market was at its worst. Between 1860 and 1870, excessively
greedy speculators had constantly forced the price of copper
upward, to the level of 110 pounds sterling per ton. The higher the
prices rose, the more production increased, to the point that
overproduction occurred and the price collapsed. dropping to 60
pounds sterling per ton in 1880 (Edlund, 1901). The market was
caught in a trap for several years, with the prices shooting upward
and then collapsing again time after time. It was not until 1894,
when the stock had been completely exhausted and the price of the
metal returned to normal, that recovery could begin. Thus the
French investors were taking very great risks, for while it was clear
that the copper market would recover because of the tremendous
demand for the ore resulting from the industnalization of the
European countries, such a lengthy perniod of fluctuation had not
been foreseen. The first years were therefore doubly difficult for
the Boléo Company, which had to deal simultaneously with the
complex problems of installation and the difficulies of a bad
business situation

ENCOURAGING EXPLOITATION

I'he Frenchmen proceeded to extract the best advantage from the
Mexican situation. Mexico had until that tme exploited only the

ores of the precious metals, gold and silver. It did not venture into

the exploitanion of industnal metals until the very end of the
century, as a result of the relentless decline in the price of si
since 1875, Since Mexico was the leading world producer of silver
and the export of precious metals—gold and silver—accounted for
715% 10 90% of the country’s mining exports until 1890 (Gonzalez
Reyna, 1956), it became urgently necessary to diversify productio
by promoting and encouraging the exploitation of industrial met
als, the European consumption of which was stll increasing. To
this end, a geological institute was established in | K8X. lts first tash
was 1o dralt a geological map ol the country so that mining
research could be orgamized. One hundred and thirty-eight mining
agencies were established throughout Mexico, mainly in the pro
neer states of the north, in order to encourage prospecting outside
the central portion of the country, which had been the traditional
mining zone since the colomal era. Thas policy, undertaken at the
end of the 19th century, came after the establishment of the Frencl
company, and 1t was not until 1890 that the exploitation of th
industnal metals—zinc, antimony, lead, copper, and mercury
really began

And so the Boléo Company was the first industrial-scale
enterpnse o undertake the cXplotianon ol copper ore in Mexico
Also, in its ime, 1885, it was the hirst French mining company to
go beyond the boundanes of Europe 1o establish operations in a
distant country that was not among the French colonies. In fact
the most incredible aspect of the atfair was the somewhat 1llega
status of the basis on which the Company was established n
Mexico. We know that the report of the geologist Edouard
Cumenge, which lay at the ongin of the launching of the
operation, was dated December 18584, and that the corporatios
was organized in May of |1885—just after the new Mexican
mining code had been put into effect, in January 1885, Now, this
code, although 1t represented undemable progress in comparisor
with the previous legislation, did not offer mine operators any
special advantages. And so 1n order 1o test the effectiveness ol
future miming legislation that would be better adapted to the
needs of this new country and to the risks taken by those who
invested there, the president of the Republic of Mexico, who was
authorized by the law to deal directly with foreign enterprises
signed a special contract with the Boléo Company. He valued the
advent of a French business in a sector in which American capital
predominated, and he hailed the birth of industrial copper exploi
tation in Mexico. In addition, he was delighted by the establish
ment of an economic center in the heart of the Baja Califorma
desert, an undertaking that would bring a httle life to this desolate
territory

Doing his best 1o assist the French company, so that it would
succeed and so that its success would attract other French compa
nies 0o Mexico, the president placed it under his protection b
means of this special contract that no one could chalienge. On
7 July 1885, an agreement was signed in Mexico City by Ministes
of Development Carlos Pacheco, representing the federal govern
ment, and by Edouard Cumenge, the prospector, and Charles
Laforgue, the first director of operalions, representing the French
company. This contract granted a concession for the establishment
of a mining settlement in the district of Santa Agueda in the central
part of Baja Califorma. Another agreement, signed on 20 August
| X85S in Mulege, Baja Califormnia, recorded the boundanes ol the
property as established by the preceding agreement, and defined
the conditions for the establishment of the settlement

It was under the protection of the 1883 colomzation law thal
the French company was thus established in Mexico. This law
served as a support for the contract, in which the mining
concessions were called colomes. While the colonization law in

its general application gave settlers numerous advantages, it also
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Figure 6. A stock certificate for the Compagnie du Boléo, dated 1909,

imposed upon them obligations, such as developing the land
immediately, and using a certamn number of men to do so. This
latter Provision was th'wlj_‘llr..'ni 10 encourage the establishment ol
centers of population in the desert portions of the country. Now,
while the law served as a support lor the Boléo Company
contract, it only did so trom a distance, and with adjustments
favorable 10 the Company. All of the Company’s operational
methods had been discussed directly by the representatives of the
government and those ol the Company, and they were the subject
ol a specilic article in the contract, which article superseded the
provisions ol the colomzatnon law. Thus the Company enjoved
the benefits provided by this law without being bound by its
restrictions. And—an incredible advantage—while the 1883 law
granted tax exemptuions only lor a penod of twenly years. the
Bolco Company s contract, besides allowing multiple exemptions
and privileges., granted these without hhmit on their duration

Such generosity meant a substantial loss of income for the
lederal treasury. but the gamble was important, because the
government wanted 1o be able 1o assess the benehits denved from
encouraging the miming enterprise so hiberally. And the attentive
ness of the government, with both federal and local representa
LIVES dl\'nlfs\ avatlable 1o resolve the 1"‘1”1"L'HIH encountered h_‘» the
Company. was more than just evidence ol great goodwill: obsen
ing the operation s development as a function of the solutions
provided to each new difficulty was an attempt by the Mexicans
o ascertain the fundamental needs of such enterprises. The
government needed these understandings in order 10 amend the
legislation so as 1o render it still more lavorable to development
and mvestment. Thus we are in a position 1o say, on the basis ol
the archives we have studied. that the Boléo Company. by
agreeng to serve as a “guinea pig  under conditions that were
legally most advantageous (though otherwise most precarious)
contributed greatly 1o the drafting of the laws of June 1887 and
June 1892, which made Mexican mining legislation among the
most liberal in the world, as was confirmed by President Porfino
Diaz himsell

Prior to the promulgation of the law of 6 June 1887, the
executive branch had awarded five contracts for the exploita
tion of miming zones. In first place among them was the
contract signed with the Bol¢o enterprnise, which has success
lully exploited vast copper mines in Baja Califorma. The
production of this metal already obtained 1s considerable, and

Il continues 1o Increase (Genin, 1896)

I'he success of the enterprise was undeniable, in fact, and the
extreme hberalism of the 1887 and 1892 legislation exerted a
massive attraction for foreign industrialists. Several hundred mines
began operation every vyear, and the new mining laws made il
possible 1o legalize the French enterprise officially. By a resoiution
ratithed by the Mexican Congress in 1892, the Boléo Company was
recognized as a foreign company newly installed in Mexico. lis
position was henceforth clearly defined in relation to the mining
laws, rather than in terms ol the colomzatnon law of 1883, This
emergence mto the open reassured the administrators of the

Company, who were happy to announce the news at the annua
shareholders meeting in 1893

'he contract signed on 31 May 1892 with the Ministry of
Public Works confirming and extending the privileges granted
0 our Company in I885 was ratuhied by the Congress in
December. The problems of interpretation and application
raised by the 1885 contract have thus been definitively set
aside. The conditions for the existence and the operation of
our Company have been clearly estabhished in terms of the
mining law and the colonization law, as well as with regard 1o
the customs admimistration and the local authorities. The
immunities required for the development of our Company will
no longer be subject to challenge. (Boléo Company Annual
Report, 1893)

The term “immunities required” clearly underlines the consis
lent government support which the Company had enjoyed. Pablo
Macedo, the Company’s representative to the Mexican govern

ment, was also an influential government officia




Figure 7. A postcard depicting the town of Boléo, “near™ Santa Rosalia.

BIRTH OF A GLORIOUS LITTLE CITY

In Mexico, one does not see these towns appearing overnight,
as happens in the USA. However, certain population centers
can be described as “mushroom towns.” For example, in Baja
California, the Boléo Company created Santa Rosalia and its
port out of nothing and settled 6,000 souls there. (Bonaparte
and Bougeois, 1905)

In 1885, when Charles Laftorgue, Edouard Cumenge and several
other engineers arrived in the Boléo district 1o take possession of
the region in the name of the new company, the 1solation and the
solitude of the site were terrible. At a distance of 1,160 kilometers
overland from Los Angeles, and 553 kilometers from La Paz, the
deposit was all the more isolated because there were no roads in
Baja California in that era. Mules or donkeys provided the only
means of transport; they were slower than horses but less demand-
ing of water and nourishment. Since Baja Califorma i1s separated
from continental Mexico by the Gulf of Califormia, a mght's travel
by ship (115 kilometers) was needed to reach Guaymas, Sonora,
from which one still had to travel 6,400 kilometers by rail to reach
New York, and 2,300 kilometers by “road™ to reach Mexico City. It
was In the heart of this solitude that the Company built a town.

In accordance with the agreement it had signed with the
Mexican government, the Company undertook to prospect the
mining zone, exploit the deposit, construct public buildings, and
establish Mexican settlers. The task was not an easy one, and over
the course of ten years, the employees worked unceasingly to
rescue this desert area from its solitude. The Company recruited
just a few hundred men to bring the little town of Santa Rosaha to
life, while also spending substantial sums of money to bring the
equipment for construction and exploitation to the site.

In the early years, the effort required by the exploitation work
left no ume to provide good lodging for the personnel, who
camped out in temporary huts. Beginning in 1895, however, the
expansion of the miming work, and its excellent results, changed
things. As the number of workers increased, the Company under
took an intensive building program. For seven years, the work on
what the Company called the new wvillage of Santa Rosalia
proceeded apace, and the town began 1o develop the attractive
aspect it has retained to this very day. Santa Rosalia, which extends
to the mouth of Providencia Canyon and i1s bounded on the east by
the sea and on the west by the canyon walls, was not bult
haphazardly; rather, its construction was carefully planned around
a square bordered by the main public buildings. The proximity of
the coast limited the expansion of the village to only three of the
four sides of the square. The gnd of the streets was quite regular,
and the houses were built in blocks. This “chessboard™ style of city
planning, which the Spanmiards also brought to all of their settle
ments in Latin Amenca, 1s not typical of native Amenca, as has
been claimed, but had its ongins on the old continent. Certain
Greek towns adopted it in ancient times, and in the Middle Ages it
was applied in France for numerous country farms and new towns
in the Midi. Thus, the Spaniards imported it from the Mediterra
nean Basin, and we might perhaps think that Edouard Cumenge
who came from Castres in the south of France, brought it with him
from his native region

In 1895, the Company offices were enlarged, and in 1896 ten o
s0 other houses were built, and the so-called French Hotel was also
enlarged, while the hospital was put into operation a year later, in
I1897. In 1898, three groups of two-story buildings were built 10
accommodate shops and to lodge Company employees. Together
with the hotel, the school, and the church, they framed the man
square. For the workers, mine housing blocks with sixteen units in
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Figure 8. Panoramic view of the mine offices
and miners’ housing in Boléo.

each were built. In the following year, an additional thirteen blocks
with eight homes in each were built. Two years later, 375,000
francs were spent to complete the new village with the construction
of ten houses for customs employees and eight for policemen, a
covered market, a pnison, seven houses for workers, and eighi
miscellaneous buildings. The government buildings, including the
customs and harbor master s offices, stores and warechouses, were
located near the shore at the point where goods were unloaded. A
little farther to the north, but stull along the edge ol the sea, the
copper smelting works and the construction and mechamcal repain
workshops were built. On the small plateau overlooking the sea
was the French Quarter—the Mesa Francia. The company offices
and the homes of the French engineers and government emplovyees
were located there.

Not all of the population hved in Santa Rosaha. Little villages
were established at the very sites where the ore was being extracted
from the ground. There were four main centers of mining activ

ity—Providencia (Providence), Purgatono (Purgatory), Infierno

(Hell). and Soledad (Sohitude). all names with evocative charm

Built on the sides of the canyons, these mining villages had the

same general layout as the village of Santa Rosa the

workers houses grouped around the home of the foreman, the

1a. with

store, the school, and the infirmary. Within a period of five years,
between 1896 and 1901, more than 260 houses were built in such
groups in the rumng villages. Beginning with a handful of men
172 Mexican
famihies and fewer than 100 Frenchmen just a few months after the
work began. with half of the population living in Santa Rosa

the Company gradually estabhished 1ts httle colony

1a and
Providencia. As newcomers armived, the colony steadily grew: in
1900, us population was 8,269, and in 1910 it passed 10,000

I'he church which the French provided for Santa Rosalia merits
special mention. It was metal structure, designed in the workshop
of the Gustave Eiffel Company at the request of a French colonial
village in Africa desirous of having a place of worship that was not
likely to collapse unexpectedly (that is, was ¢ apable of resisting the
action of termites). However, the sale to the African village fell
through, and the building was for a ume abandoned. It was
subsequently exhibited at the 1895 Unmiversal Exposition in Brus
sels, where it won the notice of a director of the Boléo Company
Tired of listening to the demands of the French women in Santa
Rosalia for a house of worship in which to say their prayers, he

*
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purchased the little metal church. When the exposition ended, the
church was dismantled and packed in wooden cases for shipment
by sea. After a vovage of several weeks across the Atlantic Ocean,
around Cape Hom, and up the Pacific coast, the church armved in
Baja Califormia, where 1t was assembled again by the Boléo
workers.

Since spring water was totally lacking in Santa Rosalia, the
Company was forced to undertake major projects in order (o obtain
water from the subterranean sources in the region. A water pipe
was first built when explontation began, making its brave way
across the desert to bring water down from Santa Agueda, a hittle
mountain of

I'he spring’'s flow very soon proved mnsufficient, how

oasis 15 killometers to the northweslt the

mining
operation
ever, so the Company then purchased a second spring located up
above Santa Agueda, and extended the imtial pipeline for two more
Kilometers. Simultaneously, the Company installed pumps and a
reservoir at the Malibran mine. These facihties supphed water n
abundance. In this way, the population was provided with sweel

hilled
brackish water, supplied the machines and could be used to put out

water by the water pipeline, while the reservoir, with

fires. Very soon other reservoirs and pumps were placed in the
mines, while a second water pipeline, running parallel to the first
and delivering 200 cubic meters every 24 hours, was constructed
However, the multiplicatnon of water outlets and the improvements
in the vield of the pipelines 1in no way altered the fact that a deser
remains a desert. Prudence demanded careful management of
water resources, and the population was therefore rationed. Every
moming, there was a general distribution in which each household
was provided with a quantity of water proportional to the number
of people in the famly. The water was delivered in buckets, and
during the hours when water was not being distributed, the public

Ihe

privilege of having their water rations

water taps were constantly guarded by Company employees
French enjoyed the specia
dehivered to their doorsteps every morning: however, they had to
pay the water carmers.

Unul 1892, the year in which the Congress officially recognized
the Company, the port of Santa Rosalia had only a fragile wooden
jetty barely able 1o accommodate the docking of vessels. This was
not very practical, since access by sea had been an indispensable
condition for the exploitation of the deposit. The mining shafts
farthest from the coast were but 15 or so kilometers away. This
degree of proximity reduced the cost of transporting the ore to the
loading point

one of the main imperatives in the budget—ito

practica the year ol the

lv nothing. But it was not untul 1892,
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A LOS HABITANTES DEL BOLEO!

Estando en visperas de volver para
Francia, me es grato dirijiros nlg_.{ulms-; |m|.1~
hras de llw.u|n-+Ii|l.'1_

Hace cerca de tres anos que he pasado
en medio de vosolros y durante este lapso
de tiempo me ha sido dado saber apreciar
vuestro apego a la Compaiia del Boleo que
da margen al trabajo y prosperidad en esla
comarca, anies lan desprovisia de todo, al
tiempo de nuestra llegada.

l.a Colonia del Boleo esta ereada ahora
y s¢ encuentra en plena via de un buen exito.

Cuenta con 1100 operarios v empleados que
eslan ocupados ya séa en las minas, 6 la
Fuadicion, 6 bien, en los varios olros servi-
cios de la Compaiiia, y su poblacion monta
a Z800 habitantes.

En ese periodo de instalacion, y @ ra-
ves de loda clase de dilicultades que he su-
perado, gracias al concurso lan elicaz de mis
colaboradores, no he tenudo mas que lisoa-
jearme de vuestro espiritu de disciplina y
SHsonn

Lievo los mejores recuerdos de mi es-
lancia en la Baja California vy jamas olvidare,
estando con mis compaltriotas, tralar de las
buenas cualidades que he encontrado entre
las poblaciones de Mexico de que me separo
con sentimiento.

Santa Rosalia, Octubre 31 de IRSS.

PEDRO ESCALLE

Figure 9. A small fNlver quoting the farewell
address given by Pedro Escalle in 1888, Escalle
was the first Director of the Boléo mines.

Company s official establishment on a firm legal footing in Mexico
that major constructhion work 1o develop an adeguate port could b
undertaken. The work began at the end of 1892 and continued until
| )7

In order to save on the purchase and transport.tion of construg
hon matenals. 11 was decided that the jethies would be built of
blocks of slag: therefore the pace of the work was controlled by the
rate of extraction and processing of the ore. As it left the smelting
works, the glowing slag was poured into rectangular molds and the
framework of the molds was cooled. After the slag had sohdihed
superficially, the blocks were immediately plunged into the sea and
piled upon each other. But the farther the jetty advanced, the deeper
the sea bottom became. and while thas project provided a felicitous
method of disposing of the waste from the mining operation, a
problem was posed by the fact that not enough blocks were being
produced 1o meet the port construction requirements, and so the
project fell behind. Moreover, the increased mantime traffic to and
from Santa Rosalia as of the beginning of the 20th century, becausc
of the augmented output of the mine, made it impossible for the
Company to continue to allow the progress ol port-building work
o be delayed by the slow production of slag at the processing
plant, and so the method of construction was changed. The slag
was no longer used except for the lower part ol the dike that was
subject to the agination ol the waves, while the upper part, which
was spared the movement farther down, was now constructed ol
gravel brought up from the sea bottom by a dredger. Soon enough
however, the dredger had scraped the bottom clean and there was
no more gravel, so it was necessary to find another solution. The
Company asked for and obtained the Mexican government s
authorization to break up rocks in the Mexican mantuime zone, and
with these new matenals the work was soon completed

At the end of 1907, the himished port was inaugurated. It had a
completely sheltered basin covering 16 hectares. For the jetty
parallel to the coasthine, there were 300 meters of wharfage with a
depth of Y meters, and for the north and south jetties, 100 meters ol
wharfage with a depth of 8 meters. The equipment included three
pairs of powerful apparatus installed on the wharves for unloading
coke for the smelting works: a landing stage 100 meters long, with
depths ranging from 5 to ¥ meters, for loading the barges thai
would go out to the steamships: and a second landing stage
measuring 70 meters, also with depths ranging from 5 1o 8 meters
located in front of the south jetty, for the handling of small coastal
vessels. On the coastal wharf, there was a mechanical hoist used
for loading wood directly from the ships onto the train cars. It was

i fact by railroad that the Company met all transportation needs




Figure 10. A view of the harbor at Santa Rosalia.

within the miming concession. There were 45 Kilometers of track,
with four locomotives—one train for each village—plying back

and forth across the new port s opening, ten sailling vessels, seven

of them of heavy tonnage— 2,500 to 3,000 tons—converged on the

port at once. The Company then had an opportunity to test the
capacity of the new installations. All loading and unloading
operations proceeded on schedule and without hindrance

The commissioning of a port of this importance on the eastern
coast of the Baja Califorma peninsula was a part of the develop
ment of the national infrastructure, and it illustrated the economic
dynamism of the region. As a result of the exploitation of the
copper deposit, Santa Rosalia had become the leading economic
center for the towns on the Pacific Coast. At the beginning of the
century, this port led all the others on the Pacific Coast in the
volume of goods handled. It surpassed the port of Acapulco, which
had less than half its traffic—39,317 tons for Acapulco in the
1901-1902 fiscal year, as compared to 96,944 tons for Santa
Rosalia durning the same peniod (Trentini, 1908)

The heavy dependence on Europe made the Company official in
charge of supplying the settlement with food uneasy; he lived with
the constant worry that a ship would fail 10 amve and the
population would begin to go hungry. Moreover, the imported
foodstutts, apart from being very expensive, had to be entirely
nonperishable. As it was necessary to provide the people with fresh
produce from time to time, the French attempted the impossible

the development of farm operations. In 1901 the Company ac
quired, southwest of the concession, 11,920 hectares of land
suitable for the raising of lhivestock. Three vears later, in 1904
586,698 hectares of land were purchased for 400,000 francs (0.68
francs per hectare), half of the total sum payable at the nme of sale
and the balance in five annual installments of 40,000 francs each
['hese new lands, surrounding the older properties of the Boléo
Company, increased the Company s total land ownership to 20,000
hectares for the mining concession and 598,618 hectares for the
farm operations. These 618,618 hectares represented 4.28% of the
total area of the peninsula. This was a “little empire” that the
government of Mexico could not fail to value and honor with its
favors, since after all the Company was giving life to the central
portion of the peninsula

From 1905 to 1910, substantial sums of money were invested in
farm operations. Land was cleared, water sources were sought, and
various installations were made available for the use of the farmers
From the point of view of diet, the main concem of the Company
was 1o provide a supply of meat, as foods with a long shelf hfe
could continue to be imported from France. Since the 1900s,
however, the large meat-canning enterprises in the United States
had found 1t profitable to purchase their amimals in Mexico, and
this had dnven hvestock prices up substanually. So, desirous
always of improving its employees’ well-being, the Company

undertook to raise its own amimals for slaughter in order to provide

*
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Figure 11. Mine workers at Boléo, probably the men in charge of the mine elevators.

fresh meat at lower cost and in substantial quantines. Livestock
breeding was organized as of 1906, and in 1909 the herd included
5.106 head of caitle and 243 horses and donkeys. That same vea
the herd was augmented by more than 1.000 births, making
possible to deliver 521 head of cattle for slaughter. In the following
year, the herd included 5,922 head of cattle and 343 horses

In order to provide water for the amimals, as well as for the crops,
the Company dug several wells to depths of between 60 and 80
meters. Windmulls brought the water to the surface, and the
region s irmgation began. On certain parts of the properties, there
were woods that could provide fuel to run the machines, and the
Company harvested these. As for crops, the Company developed
olive groves and sugar cane helds. It built mills to produce o1l and
panocha, a coarse brown sugar. Encouraged by all these good
results, the Company intensified the clearing of land. the building
of farm dwellings and stables, the search for water sources, the
laying of water pipe. and the development of reservoirs so as to
begin raising table and fodder crops. Within a few years the
Company was able to supply the residents of Santa Rosalia and the
mining villages with a vanety of fresh produce. The production of
meat and vegetables substantially improved the conditions of life
for the people, and if the Boléo Company exerted every effort to
wrest some edible products from the and Baja Califorma soil,
was because it had to inspire in 10,000 people the desire to live and
work 1in Santa Rosaha. The desert conditions were dithicult, and the

climate sorely tested the workers. They would have had no reason

1iF; '|.I1J| T8 [

1o find elsewhere
eat, and fresh vegetable

lion the maners valued mghly, espec y since they could purchase
these products at good prnices from the Company, which sold thei
1 cost in its stores. There was wree store in Santa Rosahia and

w:.‘i'll" IN each village [.rh'\\ were ironlier stores, something ki
."".t,",‘;\l.’ﬂ W Nere 'E'u" workers ..'-r.l.l-.! .'II‘.ll evervinineg '.|']L"~ ) D '.i.:_-|I Dol
essential and non-essentbial, including Toodstutls, clothing, 1OOls
accessones and beverages. Such frontier stores were 1o be found
all of the Latin Amencan countries: they were tvpical of those new
regions where large farmung or mining enterprises had settle
substantial populations pioneer arcas lacking infrastructure

Generally, the shops belonged to the enterprises, which selected
and purchased the articles and resold them at whatever prices they
chose. Depending upon s attitude toward s emplovees, a
enterprise might sell at cost, or, on the contrary, at exorbitant prce

that put the workers in debt. Thus enmeshed in indebtedness, the
employees would then continue 10 work for the enterprise. S0mg
employers exploited their labor forces in this way, simply in ordes

1o stabthze them

CorPPER PRODUCTION

1 he Boléo ( ompansy had good reason 1o be _:"rn.hl ol having won

its gamble with the Mexican government, since 1t had succeeded in




Figure 12. Miners underground at Boléo, ca. 1928, operating an ore chute to load ore cars.

1893). All of the credit for this growth fell to the Boléo
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lion, a share which was to decline steadily until the exploitation of
the deposit ended. Losing its first rank was no cause for shame for
the French company, which had developed one of the great copper
mining operations in the world, and which could take pride in
having been directly involved in the economic upsurge of Mexico
by having paved the way for the industnial exploitation of copper
there.

One of the special charactenstics of this enterprise was that 1
maintained 1ts production at a very uniform rate despite a chronic
and cruel shortage of manpower. In the early vears, the Company
had no problem bringing workers from Europe, but beginning in
1900, with the establishment of mines all over Mexico, it became
increasingly difficult to attract workers to Baja California, where
the climatic conditions were so extreme. In fact, the Company was
faced with its more senous manpower shortage every year dunng
the hot season between May and October, when many workers
went home to devote themselves to farming, and production
rhythms were impernilled. The problem appeared insoluble until the
Company decided to bring in Asian workers. In 1902, arrange
ments were made to bring 400 Chinese laborers 10 the Boléo
district, but at the last moment the authonties in Hong Kong
balked, and the project failed. In 1904, the Company tned again,
but with Japanese workers. A first ship armived in the Boléo district
with 500 Japanese on board, but at the first glimpse of the desen,
they rebelled and refused to leave the ship

In 1905, another attempt at importing workers had a happier
outcome: 500 Chinese arrived 1in Santa Rosaha by ship, and stayed
In 1907, 450 more Chinese armved in the Boléo district. They
proved to be sturdy workers who gave the company full satisfac
tion: however, they did not succeed i muxing with the other
miners, and the behavior of some became so aggressive that n
1908 the Company was forced to send 305 Chinese workers home
And so, even after bringing in nearly a thousand Asian workers, the
Company still had not fully resolved its manpower problem. The
shortage of workers was never to cease plaguing the mine’s
admimstrators, who at last mred recruiters to scour the European

continent in an attempt to attract workers 1o the Boléo district

THE REVOLUTION BRINGS CHANGES

Aside from the manpower shortage, everything went well and
the future appeared secure. But the Mexican Revolution that
erupted in 1911, when Porfirio Diaz ran for the presidency of the
Republic for the minth time, reversed the fortunes of the Boléo
Company. Porfino Diaz had Interally sold Mexico off 1o foreign
capitahsts, and the revolutionary government, intending to put an
end to this economic colonization, soon made moves (o threaten
the foreign enterprises, and more particularly the mining compa
nies, which were the principal sources of the country’s wealth

With a view to ratifying the Revolution, Mexico promulgated a
new constitution, which was proclaimed on 5 February 1917
While 1t sought 1o preserve a federalist democratic regime as
stipulated by the 1857 constitution, the new government tried to
adapt its new constitution to the Mexico of the 20th century. Still in
effect today, the 1917 constitution 1s hiberal, while establishing a
framework for himitations on private ownership. It sets forth
principles ol agranan reform and specifies measures (o protect the
economic and social nghts of workers. It 1s nationalistic in that i
confirms the country’s ownership of the subsoil wealth, and
guarantees uliimate national control of natural resources by regula
tion of the nights of foreigners 1o own property. Finally, the 1917
constitution established a modern, secular state (Mamgat, 1991)
I'hree of its articles have been highly important in directing the

country s future

Figure 13. Emiliano Zapata (1877~
1919), a hero of the Revolution.

Article 27 proclaimed three major pninciples. First, the natior
itsell owned all land. water, and [oresl resources I'he nation could
delegate partial ownership nights to private individuals, but 1
reserved the nght 1o restnct private ownership al any bime as
required by justice or by the national interest. Second, the nation
held direct and inalienable ownership of the subsoil and its assets
[hird, all state-granted concessions for the exploitation of natural
resources were subject 1o Mexican law exclusively

Article 123, a veritable Mexican labor charter, provided for an

A prohibited child labor

eight-hour working day and equal pay

established owners responsibihity lor labor accidents and work

'-L'l..lr'..'li. diiments i."-1|.l.r‘i!‘~i: "i state control of wages, with a min

mum waee: and euaranteed trade-umon nights. the nght 10 strike
and prohit-sharing

Article 130, finally, excluded the Church from property owner
shin. civil status. and public education. while at the same ume
guaranteeing religious reedom

On the economic level, Article 27 reversed the foreign-investor
fnendly miming laws of 1887 and | 2. and on the social level

= B |
1 4

Article 123 proclaimed the major pnnciples ol progressive labor




Figure I14. Miner tramming ore at Boléo.

legislation. The message was perfectly clear, and the administrators
of the Boléo Company, who in 1910 were stll congratulating
themselves on the steady support of the central government and its
federal and local representatives, became cruelly aware that hence
forth the Mexican government might soon turn from an ally into an
enemy. Uncertain about the future, the administrators made the
following announcement at the annual general stockholders meet
ing held on 22 May 1917
We have every reason to be concerned about the measures that
reflect the economic and financial policy of the Mexican
government, as well as the serious changes made by the new
constitution in the fundamental bases for the legislation, We
have, on numerous occasions, had to deal with admmmstrative
and hiscal provisions that were difficult to reconcile with ous
rights and our labor conditions in Baja Califormia, and we
cannot conceal from you the difficulties with which we will
be threatened if the agreements now 1n ellect and the umver

sally accepted legal principles cease to be respected

hese statements anse specifically from several damaging ac
tions undertaken against the Company beginning in 1912, which
we will review briefly here. In 1913, the state had commandeered
the Boléo Company’s two ships, Korrigan Il and Korrigan I1l. The
former. which flew the Mexican flag, had already been seized on
several occasions without prior warning. The latter was not re

turned to the Company until 1917, four years after its seizure, and

it was then in such deplorable condition that more than three
months of repair work costing 350,000 francs were required. Apart
from the general disruptions in operations caused by these actions,
the need to charter other vessels imposed a burden on the general
expenditures category of the budget. Even more troublesome than
these matenal problems was the trend in government policy that
they exemplified. A further sign came when the Mexican govern-

ment demanded payment of export duty for the 1916 hscal year

Despite the protests of the Company, which argued that the original

contract signed directly with the executive branch formally granted
exemption from any duties on copper produced, the government

remained adamant, refusing to allow the Company to market 1ts
product until the duty had been paid. The charges came to 5% ol
the value of the copper content of the products exported; the cost 1o

-

the Company in 1917 was 2,278,644 francs. Each day brought its
quota of disappointments as the government increasingly strove
through measures of this type, to make 1t clear to foreign capitalists
that they were no longer anything more than temporary guests on
sufferance. The warmings were muluphed by vanous instances of
arbitrary interference in the internal affairs of foreign companies
In 1918, for example, while the Boléo Company was trying to
arrange shipment of its copper 1o Europe to help in the allied war
effort, the pro-German Mexican government on several occasions
requisitioned the Company 's copper production. And the govern
ment itself established the price it would pay for the ore (Archives
of the Ministry of Foreign Affairs, America 1918-1940 Series,

Mexico Section, Mines and Metallurgy, Pans)
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Earhier concepts of ownership nights were consistently flouted. A
presidential decree dated 7 November 1916 made Santa Rosalia a
free municipality (the little town had previously been attached 1o
the municipahity of Mulege), and when the new municipality
needed property on which to install public service facilines, 34
hectares of land which the Boléo Company had purchased were
expropriated, the Company getting no compensation (Romero Gil,
1991)

On the social level, the revolution had led the workers 10 hope
that the government would give their demands unconditional
support. Article 122 of the 1917 Constitution strengthened this
hope by providing protection for the workers in agniculture and
industry. As soon as the nght to strike and the rnight of association
were recognized, the workers began to make unceasing demands
Protests spread to every part of the country, and, like other
enterprises, the Boléo Company was to suffer from the frequency
of these demonstrations

I'he most important of the strikes at the Boléo mine broke out in
the spring of 1925, on 17 Apnl. Because the trade umon had
achieved complete mobihization of the workers, 1t was a general
strike, and paralyzed operations. The hist of demands included a
general pay increase from 2.5 pesos 10 4 pesos for a day’s labor,
company responsibility for tools and mine lamps. improvement of
the hving conditons, and payment of compensation for labor
accidents and ilinesses. In addition, the trade unmion demanded that
all of those who had worked for the Company for 20 vears be
retired on pensions equal to the wages they were receiving when
they stopped working. Deeming these demands excessive, the
Company decided to reject all of them. The union ordered the
sirike extended. and as the workers blocked access to the mines,
interfering with the regular pumping of water, the mine began to
flood, and the deepest work sites hilled with water. The situatnon
between the umon and the Company became so tense that after
10 days of conflict, the director of the Company went to Mexico
City. On 29 April, he made an active approach to the government
authorities. The negotiations dragged on, but thanks to the inter
vention of the Mimistry of Industry, Commerce and Labor, an
agreement with a view to ending the stnke was reached. On
|2 May, the Ministry sent a telegram to Santa Rosaha, ordering the
workers 10 return o work while promising that the demands
presented by their representatives would be discussed, one after
another. Four days later, on 16 May, work resumed without

incident in all departments

Figure 15. Drilling equipment at Boléo.

LS ———

.f'l_l_"_';. s

e

e |

—
e A i

Figure 16. The church of Eglise de Santa Rosalia,
designed by Gustave Eiffel.

I'he negoniations continued until, on 27 May, an agreement
brought the difficulties to an end. This first collective bargaining
contract, which was later 1o be revised twice, was jointly signed by
the director of the Company, the representatives of the workers
and a representative of the government. The contract had 20
articles, and the gains of the workers were substantial; the syndi
cate had won the day on all the demands except retirement. The
most significant advance was the agreement of the Company 1o
deal with the trade union to resolve all future labor problems. A
mixed commission was appomnted for the purpose

As the Company had been forced to compromise, the union
pushed even harder following the strnike. Duning the strike, the
workers ol course had been |\.||11 no wages, but as the strike had
lasted a long ume, they had asked the Company to grant them
credit n its stores, so that they could meet the daily needs ol then
families. When work resumed. the unmion pointed out to the
Company that since the strike had been long, any repayment ol this
credit by the workers would mean a major reduction in their
income, amounting to a negation of the advantages gained by the
workers. 1.e. in wages and standard of living, and leading inevitably
1o further fncton between the workers and the Company. As a
result of this pressure from the trade umon, which had the imphcit
support of the government, the Company was forced to forgive the
debts (General Archives of the Nation, Department of Labor
Section, Mexico)

Al the end of the hiscal yvear, the Company was able 10 assess the
extent of the damage. The stnke accounted for a financial loss ol
1.199.639 francs., and 1t had caused a drop of 1,150 tons in the
usual annual production of copper. It marked the beginning of a
new cra; subsequent, if smaller, stnkes would occur, and mining
progress would regularly be hindered by workers™ demands. Fur
thermore, the enterprise had been forced 1o vield under pressure
from the government, which, for its part, seemed bent on crushing
the Company by overwhelming it with new financial burdens. The
privileges and tax exemptions granted in 1885 and renewed in 1892
fell away, one after another, while new burdens came 1o weigh
down the enterprise

The Boléo Company nonetheless remained courageous and
confident about the future, even as it appeared ever more clearly to
have been abandoned by Lady Luck. On two occasions, in 1911 and
1931, cvclones ravaged Santa Rosalia, damaging the port, wrench
ing loose the water pipelines, destroying houses, and flooding a

number of shafts. The damage came to several million francs, and
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Figure I7. Rail yard at the Amelia mine, 1920, with miners’ houses and water tank above.

some parts of the deposit were rendered useless for exploitation for
several years following each storm. Adverse economic situations
developed as well. First, the market for copper completely col
lapsed in 1919, when the Armustice ending World War | brought
demand for the ore to a standstill. This cnisis lasted unul 1922, and
during these three years the Company was forced to dismiss a large
part of its personnel. In agreement with the government (it goes
without saying), only enough workers to keep the installations
functioning were retained, and production of ore was suspended

As soon as the market improved, beginning in 1922, production
began agamn. In hive years, and despite the 1925 stnke, the mine
was able to regain its prewar production rate of 11,000 tons ol
copper annually, and the profits very soon covered the financial
losses of the bad years. The Company completed major moderniza
tion work on its installatons with a view to reducing the costs of
mining and looked toward the future with calm—a courageous
calm, as Mexico’s domestic policy was hardly reassuring

In 1924 Plutarco Elias Calles was elected president of the
Republic of Mexico, and he worked ceaselessly for the liberation
of his country's economy from foreign capital. Wanting Mexico to
be a modern state which would promote and direct its own growth
solely in its own interests, he undertook to free the mining industry,
the main source of the nation’s income, from foreign tutelage. In
October 1925, he decided to put Article 27 of the constitution to
effective use—this was the article assigning direct ownership of all
land, water, forest and subsoil assets to the nation. According to the
constitutional text, the government could in fact grant concessions
1o private, civil entities, or to commercial companies. But since the
nation’s property could not be lost by prescription, the nation had

the nght to take back concessions already granted and to expropri-

ate the assets of those exploiting them if, in the government’s
judgment, the public interest required such a move. Accordingly,
under this government, when a foreign enterprise came to seem
undesirable, it was immediately expropnated. Many foreign com

panies had to wonder how long their period of sufferance would

»

last. To the ever-present threat of expropnation under Article 27
was added, too, the increasingly frequent interference by the state
in the internal operations of enterprises: enforcement, for example,
of a new requirement that the enterpnises include a certain percent
age of Mexican personnel in their administrative structures. These
employees cooperated closely with labor inspectors, appointed by
the Ministry, who never ceased to check on the application of
government labor, health and salety regulanons, very often forcing
the enterprises to undertake onerous projects in order to meet the
prescribed norms

In 1929, after the Company had managed to forge its way
through a difficult situation, i, like all the other mining enterprises.
was struck a crushing blow by the world economic crisis. Since 1t
had just survived the other serious economic tests, it faced the
crisis with optimism. Thanks to its excellent financial management
and the vanous contingency funds it had establhished during the
good years, 1l coped easily until the end of the 1931 fiscal year. But
beginning in 1932, reductions in general expenditures ceased to
cover income losses, and despite the dismissal of more than 40% ol
its personnel, the Company ended the year with a dehcit. More
deficits accumulated throughout 1932, 1933, and 1934, but recon
ery began n 1935, and that fiscal year ended with a positive
balance. The Company could have begun to flourish again soon if
the government had wanted it to, but that was far from the case
Indifferent to the economic problems of the mining industry, the
government maintained fiscal pressure on it. As early as 1929, the
Boléo Company had been burdened by a regrettable tax sw
charge—290,567 francs, representing various taxes augmented by
a provincial tax of 2% on commercial sales—plus 1,271,214 francs
in increased import duties and consular taxes. After a further
increase in 1930 the total tax burden came to 1,340,000 francs; this
expense, combined with revenue losses caused by the Depression,
gave the Company a deficit for the year of 3,707,393 francs

In 1934, with the world economic crisis at its peak, the election
of President Lazaro Cardenas definitively tolled the death knell for
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the Company. The new president’s program called for a national
mobilization to promote economic development, and for more
effective application of the i917 Constitution to the benefit of the
workers and the peasants. The national economy was not doing
well, and the tendency was to blame the foreign industrialists who
were monopolizing the resources of the country. According to this
line of reasoning. the consolidation of national sovereignty was a
prerequisite for achieving real economic independence, and a

resurgence of state intervention was necessary. The policy of

Lazaro Cardenas. strongly oriented toward a planned economy,

look from the businesses most control of their organmization and
labor programs. Mining legislation became ever more restrictive
Taxes increased, pushing the cost of a ton of ore ever higher and
commensurately reducing the companies’ profit margins. This
painful situation was aggravated by the frequency of strikes, which
were the more virulent since the workers movement was openly
supported by the government

I'he workers’ demands and the fiscal pressure at last became
intolerable. For the Boléo Company, the mortal blow was struck in
June of 1935, when the state demanded a payment of ¥ milhon
pesos, that 1s to say more than 32 milhon francs, the greater part of
this sum representing a tax on mining concessions. Under the terms
of a contract signed with the government in 1892, the Company
was exempt from this tax: however, Lazaro Cardenas did not
recognize the agreements signed prior to the revolution, and his
government persisied in demanding the retroactive payment of the
full tax. The Company attempted to avoid payment by pointing out
the role it had plaved, and was still playing, in the economic
development of the country and of Baja Califormia. The govern
ment s only concession was 1o allow the conversion of the tax: the
Company would have to pay only one million pesos in cash, and
the other seven in kind, by surrendering to the state all the houses
in the village of Santa Rosalia and the mining villages, as well as
the farm properties of the Company. This arrangement, which more
nearly resembled plunder than a fnendly agreement, clearly illus
trated how the government policy had developed and hardened. In
the following year, 1936, new labor legislation further increased
the burden on mining enterprises by forcing them to pay workers
full wages for one day off for every six days of work. And, to top
it all, the Boléo Company would now have to pay rent 1o the
Mexican state for the houses it had “ceded™ to it a year earlier
Since the union had obtained a guarantee that the workers would be
housed free. it naturally fell 1o the Company to pay the rent on the
houses the Company itself had bunlt.

Finally, when in March of 1938 the government expropriated the
American oil companies, the Boléo Company decided that it had
no further business in Mexico. lts situation was weakening further
every day, and its prospects for making a profit were dwindling
steadily. A special general stockholders’ meeting was held on
8 July 1938 in Pans. The participants voted to hguidate the
enterprise, effective |1 July of the same year. This hiqudation took
a long time, because World War 1l interrupted the process. Liquida
tion activities were resumed in 1945, and continued for several
more years because the French did not want to abandon Santa
Rosalia abruptly. They had built the little city and they did not
intend to let it die. Porfino Dnaz had assigned them a mission—to
settle the desert—and they had camed 1t out. They had been given
a challenge and they had taken it up. developing a town in the hean
of Baja Califorma and giving it life. They loved this town, and
knew that a quick departure of the Company would condemn 1t to
death. And so, in order to avoid forcing an exodus upon the
residents of Santa Rosalia, they made every attempt to transform
the local economy before they left, in particular by creating a
number of fishing associations. When all of the workers were

assured of employment and Santa Rosalia was able to guarantee its
own subsistence, the last Frenchmen left Baja Califorma, 1954
I'hey departed from the port that would henceforth be crowded
with hitle hshing boats, but would never again welcome hugs

vessels armiving from Europe

Edouard Cumenge
(1828-1902)

—

Edouard ( umenge was bom 10 a Protestant family in Castres
(department of Tarn) in the southwestern part of the Central Massif
in France, an areq that suffered greatly during the religious wars u
the 16th century

Passionate about travel from a very voung age, he enrolled in the
Naval Academy, and graduated from the Polyvtechnical School on
| November 1845. He graduated first in his class, and chose 1o
serve in the Mining Corps. When the revolution broke out in Paris
in 18458, Cumenge took part in the defense of the Hotel de Ville, an
action which he later descnbed in a poem devoted 1o the siege of
lj.iri‘x

He was taken on as an engineer in the Assay Office of the Schoo
of Mines in 1851, but in the following vear., he ook indefinie
leave. He had just mamed the daughter of a major industnalist
specializing in the rubber sector, with whom he was 1o work until
1873

He then resumed his mining studies and embarked on a senies of
inps to Span, haly, Greece, Venezuela, Colomha, the United
States and Mexico. In the numerous poems he wrote, he provided
fascinating accounts of his many adventures

With his fnend Edouard Fuchs, he undertook a project of major
scope pertaining to gold; the resulting work, “Gold, lts Character
istics, Deposits and Extraction,” published in Pans by Dunod
(1892), i1s now almost impossible to find. It was Cumenge's
expenence with gold-bearning deposits on several continents that
made him an expert. His vanous resecarch projects were the
subjects of onginal publications by the Academy of Sciences
Sadly, the last such project, involving hydraulic placer miming n
Junction City, in the United States, left him a ruined man

In 1897, hus passions aroused by the gold-bearning deposits n
Witwatersrand, South Afnca, he participated, gun in hand, in the
war waged against the British by the Boers, his co-rel.gionists. He
provided a picture of this experience in a superb poem entitled
“The Boers.” The poem appeared in the most stniking of his travel
writings, Black Tales and Blue Tales (1878-1895), which he
published at his own expense

But it was the Boléo mine in Baja Califormia, Mexico, that
occupied the best part of his tme. In a letter addressed 1o his
brother-in-law, he described his first impressions on his armval n
Mulege on 26 August 1885

| don’t want my journey to end without your receving fresh
news of the Wandening Jew. After having stayed for 3 weeks
in Mexico, whence | sent my mother numerous letters (which
she has shown you if she received them, for the postal service
1s very deficient), | made my way to Lower California and
here | have been for two weeks on holiday at Mulege, the

capital of the central part of the peninsula




Figure 18. (above
Cumenge’s gold-
inlaved, cap-and-

Photo by Nelly
Bariand.

Figure 19. (left)
Mine foreman’s
pick with a silver
10-centavo coin
set in the head,

by Nelly Bariand

Figure 20. (right)
Miner’s “lenticu-
lar™ oil lamp of

the French type,
with Virgin Manry
or Saint Barbara
finial (very rare),

by Nelly Bariand

What a capital! 400 mmhabitants, one-tloored houses made
of bricks dnied in the sun, dust a toot deep in the streets where
domestic ammals stand around with flocks ol trash-cleaning
vultures and where people sleep in the windy streets on chairs
unfolded in the eveming. If there weren't any mosquitoes and
il the cows and calves didn’'t make such an awtul row all mght
long. vou could sleep under the stars. for the temperature 1s
pleasant at might. but vou must really be in good health, as |
am, to prevail against insomma and the termble tood

Even so. the valley 1s a real oasis: baked-brick color bare-
topped mountains on which the outhines of giant cacti and the
stihouettes of enormous palm trees can be made out. There
real torest ol the latter in lines 4 10 5 Kilometers long. And
there are also olive trees. pear trees, orange trees, lemon trees
and hg trees, each with 1ts special green hue, helds of sugar
cane and corn watered by the hittle niver, vines with bunches of
grapes weighing 4 or 5 pounds

When you see an Indian woman passing by, draped in hes
rebozo and carrying an antique earthenware jug, vou are
reminded of the Biblical landscapes of the Nile or the Jordan

all that 1s not worth a well-kept garden. or a cool house
and vou quickly get tired of local color and long for the
comfort which 1s completely lacking. | hope to go more often

1o the mine where | imtend 10 eo tomorrow evening. The

people here are so lazy they don’t want to get anvthing for you

10 eat other than thewr meat as tough as leather: there are fish
turtles, lobsters, edible ovsters, not to mention the pearl
oysiers that are dived tor around here. but it's impossible to

find a fisherman, and the daily fare 1s atrocious

from Boleo. Photo

from Boleo. Photo

)

ball hunting rifle.

Iin the mines | hope my fnend La Boughse, who has been
there for a few days with his wife, will have orgamized board
and lodging: I'll be able 10 eat and sleep! It's a delightful
prospect. it's so true that pleasure and happiness are only
relative. Up to now |'ve had no worries about my health nor
about my work and | ve been able to carry out the first part ol
my mission, a jurist’s work, in which I've been helped by my
lawyer Inends: now |'ll be on my own ground and will try to
SOrt out our great uture project

| don't quite know how long 11l stay at Boléo, about two
weeks surely, and then I'll go home. If nothing goes wrong |

should be back in France at the beginning of October

After numerous difficulties, Cumenge had the pleasure of seeing
all s dreams realized, and in the last years of his hife, despite the
cataract from which he suffered, he made the crossing of the
Atlantic several more times to visit the site

A mineralogist of great talent, he discovered “guejarite,” a
sulfoantimonide of copper later found 1o be chalcostibite. He
brought back from Mexico the first samples of lead and copper
chlondes—boleite and cumengite. And from the United States he
brought back camotite from Montrose, Colorado, on which (with
Friedel) he reported in 1899

He was quite surprised-that one of his findings was named after
him, and was inspired to write a fulsome poem. (See next page.)

Edouard Cumenge was not only an engineer of the first rank, and
a learmmed man: he was a personality, with high color, keen eyes, and
a great fan-shaped white beard which gave him a very affable and

exotic air. He was vivacious in a southern manner. and he hked to




. . - . expression of simpie seniiments that are without pretense and
.'tdl'lf‘{’ lo a ant’rahlghf the affectations of scholarly technique and the literary profes
s10n

Never admit anything! Jean Hiroux® used to say
- : | have already mentioned the profound sorrows th
Never write anything! Again | pray : My mentioned the pro - : f

fthicted this good man—the loss of his wife

['his 1s good advice between you and me

i . . 1 x| |y |1} .!'!" ! i.". WS s
indd} It has been hru'-.mi 10O me CRISOURE SOVi0G WU oY /ARG TNoR S

halt s activity, which had previously been

My dear fellow, you've concealed a founding

was not one of those individuals whose restles
S0 vou think everyone i1s gossiping - : g '

search 1s limited 10 the guest for the meaning of
I mh "!L‘“ TL'L‘] \L‘[-\ l"TIL‘HlIt_'tI k | i C 4

with doubt about the verv virtue of n oral conscien
For my detractor 1s a nend indeed : e '

i i\ .'I i i -I| f e '.,_!"'_:;'II Ta 1l
Certain as he 1s of the facts labor. He had a calm faith in certain simple AL AL

by time, which served to support him
Out of his PHLM'I he extracts : . =l Pl

" h|1 on - i *cnad 'I'l.‘. Iagei
A good book in which the woed ible 10 ¢ tinue 1o the end without flagg

1o learm and 1o advance up to his ver

Appears in black and white

. was work:ng. lollowing the prece
\'-.U.LJ s lor sure 1t 1s ( LII'IH'“_‘..'f”L' - ; I

guarantee happiness, does at leas
And you must really show me the site. : i e

\”1'}“.. Tl L 1i'| i "1! I N
l'his is how gossip begins e AT P

And since then

Irying in vain to discover BIBLIOGRAPHY OF EDOUARD CUMENGI

Which scientists

CUMENGE. E.. and FUCHS. M
Caused me such a bother
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| am sorry | wrote an article long ago . :
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[t's more exciting
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(Translated by Wendy M. Bachet-Harris)

recount 1n colorful anguage the adventures he had had on his far CUMENGE. | FUCHS. M. | ROBELLAY. F.. LA FORGLI
ranging travels. These colorful traits were well described by Louis CH.. and SALADIN, E. (1889) Exploitaton

de Launay, a geologist who was also a graduate of the School of minerals aunferes— lraitement des

Mines in Pans and was well known for his treatise on metal |'or dans le laboratoire. Dunod’s |

bearing deposits. It was he who eulogized Edouard Cumenge n the Paris

Mining Annals in 1903 MALLARD, M., and CUMENGE, |

d Dolene
I'he taste for travels 1o distant P]'I"“ es. for thal tree. somelimes B¢

adventurous, and often arduous hie led by the explorer ol
mining deposits, depending on the luck dictated by the
circumstances. from one end ol the world 1o the other UMENGI

naturally entails a love of nature, a sense of the picturesque decouverte das le gisement du Boléo

i sinn s D / {
the habit of observing customs, and sometimes even a certain Compte Rendu, 116, 898

penchant for solitary reflection or dreaming. During the long UMENGE, E. (1893) Nore
hours of travel, during the ndes through the mountains or the la Boléite et

desert, his thoughts turned inward as he sought to give his UMENGI

ideas flexible form. Like his frnend and companion Edouard IROS LS
Fuchs, with whom he had so many things in common o Mine

Cumenge enjoyed putting into verse sly hittle jokes, fnendly

UMENGI
Paris
UMENGI 1896) Reproduct

aunferes mte Rendu i

Apnil. 57

but mischievous quips, which sometimes veiled melancholy
thoughts suggested to him by the luck of his travels. He wrote
sometimes in French, sometimes in the peasant language ol
Tarn, which he spoke as a matter of choice. He was fascinated
by the question of when this dialect would cease 1o be used. I
seems 10 me that his poems in the vernacular, the “Rapapiatses UMENGI and ROBELLAZ, |

d’un Biel d’al pais de Lengo d’Oc¢™ (“Ramblings of a Son of Dunod s

the Languedoc Region ), for example, or the poem on the old RIEDEL. C.. and CUMENGE. E. (1899) Sur un nouveau
Castres, “lou biel Castros™ (“The Child of Castres™). have a "urane, la Camotite. Compte Rendu, 128, 53.
freshness and a savor that are quite special. These old local

languages ol the people, which are in reality the forerunners ary

of our language, those that made the spontaneous transitions UMENGI and FUCHS, M. 1| n collaboratios

| RO 2

between Latun and French, are particularly well-suited to the Robellas. Ch. Laforgue and E. Saladin) ( | 888

Iﬂlll,ul."-.-l{l.‘l | \ rsements el simm extrilil i l |lj-|i-|'.

*Famous 19th century French swindler who never admitted "UMENGE. | 1902 Répapiatsés

anything d Oc. Lahure, Pans
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INTRODUCTION
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Since their size was amply sufficient for chemical ana
their well-formed crystals were suitable for crystallographic analy
sis, the indigo-blue minerals found in the Boléo district should not
have posed any particular problems in determination. or at leasi
description. The development of scientific study methods, both
theoretical and experimental, even in the absence of X-ray diffrac
tion techmiques, was already well advanced at the end of the 19th
century, However, boleite and the related minerals found in asso
clation in the Boléo deposit, because ol their formation and themn
unusual method of growth in assemblages of onented crystals
proved to be one of the most difficult puzzles which mineralogists
have ever had to unravel. The history of the determination of these

minerals 1s a

ol the

'~.[|I|T‘.n. 0l

many kinds of difficulues and
contradictions, and of the resulting erroneous conclusions, thal
have plagued the scientific community. This interesting history,
exemplary in more than one regard, extended over nearly a century

and merits a detailed description

DI1SCOVERY OF BOLEITE

Following the imitial prospecting in 1884 and the establishment
of the Boléo Company, Cumenge traveled often between Pans and
Santa Rosalia. Each visit resulted in the collection of specimens
and in new studies that made 1t possible for him to draft a rather

complete minera was not, however

ogical and geologic table. It
until 1891 that he noted the indigo-blue crystals in the part of the
deposit served by the Cumenge shaft. On his return to France, he
worked on the analysis of these crystals with the famous mineralo
gist and crystallographer Mallard (Mallard and Cumenge, 1891
I'wo chemical analyses of the cubic crystals had been under
taken by Diguet, a chemist at the Boléo deposit, and Jacomety, a
chemist in Hayange. These men obtained quite similar results (to
better than 5% ), armiving at the formula PbCl,+CuO . H.,O+1/3AgCl,
or the equivalent 3{PbCI(HO)-CuCl(HO)| + AgCl. Mallard and
Cumenge noted how ciose this composition was to that of percylite
Groth (1889) had. in fact, assigned the formula PbCI(HO)-CuCIl(HO)
to this latter species, established by Brooke (1850) on the basis ol
minuscule blue cubic crystals obtained from a deposit in Sonora

I'he possibility of a similarity between boleite and percvlite was
considered by the authors, but it was finally rejected because of the
limited knowledge of the charactenstics of percylite and the
presence of silver in the boleite, which they refused to regard as
accidental

As for the crystallographic analysis, it was to prove complex

he authors distinguished three main forms: first was the cubi
form, in some cases modified by faces of the ocrahedron or the
dodecahedron. The cubic form showed “grooves in the ridges.” A
tetragonal dipyramidal form was also noted as singles and as

symmetrical groupings. The authors attributed the presence of the
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Figure 21. Boléite and pseudoboléite overgrowth
(Mallard and Cumenge, 1891).

grooves associated with thas habit to a

“very unusual anomaly

wherein on each ndge, two symmetrical faces {210} alternated
Since the cube was hardly compatible with the tetragonal dipyramid,
chemical analyses of the hittle tetragonal crystals were carmed oult,
but they did not vield results that were clearly different from those
for the cubic crystals

Al this stage in the observation process, Mallard’s genius paved
the way for an interpretation that would place bolente (and subse
quently, the related minerals) in the center of a fundamental and
unexpected mineralogical and crystallographic controversy. Betore
discussing the ins and outs of this interpretation and its develop
ment, a detailed explanation of the original nature of Mallard's
work 1s lL'tIllIf'L‘tl

I'his scholar was one of the leading representatives of the French
crystallographic school, which ascribed fundamental importance to
0l
complex particles (Bravais), or molecular polvhedrons (Mallard).
the

the crystallographic arrangements of mineral components, 1.¢

distamt descendants of Haiiv's

“integrant molecules.” This
school followed a path different from that of the “"German geomet
rnc” school, which, through the more formal continuation of
Bravais’ works on the concept of networks of equivalent math
ematical points, was to lead to a complete mathematical descrip
tion of the symmetry of all possible crystals (the space groups of
Schoenflies-Fedorov). The French crystallographers, who focused
less on geometry and more on physics, were (o play a predominant
role in the realm of crystal physics and the crystallography ol
“pathological crystals.” As a result they were the early pioneers in

lhe

{"I.I'\

the study of twinning, pseudosymmetry, and crystal facies
first of Mallard’s

optical phenomena™ (1877), was based on the optical anomalies in

works, entitled “Explanaton of anoma

certain crystals observed under the polanzing microscope, which

had recently come into use. This work stresses the importance ol

»




Figure 22. The color plate from Cumenge's 1893 description of boléite and cumengite.




the concept of twins and pseudosymmetry. Pseudosymmetrical
crystals, Mallard said, were those with parameters such that then
ratios were close 1o those of crystals with greater symmetry. for
example, a pseudocubic tetragonal crystal would have a ratio ol
c/a !

I'he publication of Mallard’s views provoked a keen controversy
For the majority of known examples, the German school (Klen,
|R83. 1895: Brauns, 1891) had won acceptance of the concept ol
purely accidental optical anomahes. In 1879, Mallard published
the first volume of his Treatise on Geometrical and Physical
Crystallography, in which he dealt with geometric crystallography
the mesh theory, and morphology. And 1n 1884, he published the
second volume, in which, dealing with physical crystallography, he
established for the first ime the relationship between the math
ematical concept of crystal lattices and the very recent description
of the properties of anisotropic crystals in terms of characteristic
elhipsoids. In 1891, Mallard was a greatly admired and well
rewarded scholar in France. He held a number of the highest
scientific posts, and continued to be a proneer and a motivating
force in the difficult fields of study he had imitiated

I'hus no one was better able than he to set forth the particulas
cheractenstics of the bolente he had studied with Cumenge. In
addiiion to doing crystallographic analysis on the faces of crystals
he unaciiook an optical study 1n thin section, using a polanzing
microscope. He detected a central portion with 1sotropic optical
behavior (compatible with the cubic symmetry), bordered by
birefringent (and thus, theoretically, amisotropic) bands. This phe
nomenon was also to be seen in the grooved cubic crystals. He
concluded from this that: “The above does indeed seem. to indicate
that boleite 15 not cubic, but pseudocubic, and that its true
symmeltry 1s that of the tetragonal system, since the 1sotropic or
almost 1sotropic portions are made up of intersections, of greater o1
lesser molecular size, in the tetragonal network.” This conclusion
was found to be justified by the tetragonal crystals and the stellate
groups of guadratic pyramds

But this consistent, subtle, and scientifically correct model was

not to endure

Figure 23. Cumengite sixling
(Mallard and Cumenge, 1891).

D1SCOVERY OF CUMENGITE

Following Mallard’s discovery, Charles Friedel (1892), who was
intrigued and puzzled, made a study of the synthesis of percylite by
the action of lead hydrate on a solution of copper chlonde. He
obtained octahedral crystals and some cubic crystals, analysis of
which yielded PbCl,+Cu0O, H,O. The analogous rclationship be

tween the crystalline forms and some of those described by
Mallard and Cumenge led him 1o suspect a similanty between the
Iwo species. “As we have seen, percylite has been found in two
forms, which were described by Mallard for bolente, and with a
composition that 1s, so 1o speak, theoretical.” At about the same
tme, Cumenge, who had meanwhile found octahedral samples, as
well as crystals in stellate groupings of more consistent size,
resumed analysis of them and obtained the composition PbCl,CuQO
2H,0O. He described his discovery in a memorandum submitted to
the institute, but after carrying out a test, Charles Friedel reported
that the proportion of water was incorrect, and he redetermined it
I'he proportions of other elements were meanwhile also being
measured by Fourment, a chemist at the Boléo mine; by Lombard,
a chemist and director of a chemical products company in Marseille
L Estaque; by Charles Friedel; and by Cumenge. These efforts
produced the formula PbCL+CuO-H,0O, free of silver.

Subsequent to his discoveries, Mallard saw his model for
explaining the optical anomalies challenged, and he had to return
o hus work on the blue Boléo crystals. He proposed the name

umengeite for the dipyramidal minerals. Although a chemical
composition close to that of percylite was involved, he rejected any

similanity, since this species had been described as cubic (Mallard,
| 8O3

Figure 24. Pseudoboléite on boléite
(Mallard, 1893).

As for the bholente, Mallard's alternatives were either to abandon
his hypothesis of a pseudocubic tetragonal boleite by twinning, or
o find other indications of the tetragonal nature of boleite. Mallard
tumed s attention, first of all, to the grooved cubic crystals,
explaiming them as groups entirely similar to those the cumengite
formed on the cube, the crystals overlying each face of the cube
now being prisms and/or truncated tetragonal pyramids according

10 (001). He also observed, on a cross-section of a stellate grouping

¥
¥
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crystals, an association involving a nucleus of boleite sur
mounted by two tetragonal crystals and two diametrically opposed
crystals ol cumengite. However, he rejected the hypothesis of a
similanty between these truncated tetragonal crystals and cumengite.,
because he noted a shight but significant incompatibility between
the angles of these different crystals, and in addition, based on
observation under a polarizing microscope, stronger birefringence
in the cumengite

From this he concluded that

Since bolete iself, as we have demonstrated. 1s |‘l'~.=_'II:m'l|h ubic,
It appears that our new substance and boleite are one and the
same thing. | think that bolente i1s formed by multple
intersections of this tetragonal substance. However, since this

maiter has not been clearly, resolved, 1 think it desirable to

L B




give a special name, at least provisionally, to this particular
tetragonal substance, distinct from cumengite. | would pro
pose that it be called percviite, a name created for a cubig

substance whose optical properties have not been determined

Mallard's crystallographic observations thus returmned to the
hypothesis that boleite-percylite was “formed by multiple intersec
tions of a pseudocubic tetragonal substance with the parameters
c/a = 2.026, or, dividing by 2, ¢/a = 1.013.” The optical anomalies
had been explained again! The conclusions of this scholar were
cautious, however, since he was unable, lacking large enough
samples, 1o undertake a chemical analysis of the flatiened octahe
drons of the grooved crystals

Percylite (boleite) did not have acknowledged status in the
scientific community for long: the future was to bring further
surprises and further discredit to Mallard’s model

In that same year (1893), Cumenge reviewed the work of
Mallard and Friedel and set forth his own commentaries. What is
maost remarkable 1s that he gave no credit 1o Mallard's central
hypothesis, making instead the assumption that the “percylite™ (in
this case, the species made up of flattened prisms and/or truncated
octahedral pyramuds) in the Boléo district was a species distinct
from boleite. In order to ‘wiLIti} this * ]"'L'[L:"-llll.'.. he sacnihiced some
large grooved crystals in lus collection, from which he ground the
well-developed protruding parts. The analysis of the dust yielded
1.2% silver. From this, Cumenge concluded that the tetragonal
substance making up the truncated flattened octahedral pyramids
(grooved crystals) and the birefringent parts surrounding the
isotropic  boleite nucler was a combination of 6 molecules of
cumengite and one of boleite. He confirmed the novelty of the
boleite and cumengite and suggested that this substance might be

percylite” in which the low concentration of silver had gone
undetected in the earlier analyses! He also postulated that other
stages between the poles represented by boleite and cumengite
might exist in nature or be reproduced artificially. This work by
Cumenge, published at his own expense, seems 1o have gone
unnoticed

Ihen, Charles Friedel (1894) presented his latest chemical
synthesis results in a brief memorandum. To the mixture used for
the synthesis ol what proved 1o be cumengite, he added a small
quantity of silver oxide. After several months, he obtained small
cubic crystals surrounded by six tetragonal crystals, similar to the
stellate groupings found in the Boléo district. (He made no mention
ol the presence of grooved crystals.)

In a prelimmary memorandum a vyear later, Lacroix (1895)
reviewed the studies of these minerals, which he classified in the
cumengite group, subdividing this into two subgroups, the cumengire
subgroup and the boleite subgroup. He put cumengite, for which he
adopted the formula PbCl,-CuO-H.O, in the first subgroup. In the
second subgroup he put boleite, noting that “the examination of a
thin plate of cubic cleavage made 1t possible to see that the boleite
was pseudocubic, and that each cube was made up of a grouping
around the center of six tetragonal pyramids, with one of the faces
of the cube as the base.” He analyzed the grooved crystals and
thanks to several measurements ol the birefringence, became
convinced that these crystals were the product of a complex
association that always includes boleite, and very often cumengite
with a thurd species (never known n 1solated crystals) to which he
gave the name pseudoboleite (this species i1s the equivalent of the
percviite of Cumenge and of Mallard). In addition, he noted that
“among the Boléo crystals, | found cuboctahedrons on which the
octahedral faces were well-developed, and generally irregular and
concave. They were 1sotropic, or rather, their birefringence mea

sured less than 0.001.7 Since these properties were shared by the

Figure 25.

Alfred Lacroix (1863-1948).
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in detail three examples of polymorphism: boracite, Pyrenean
black garnet, and, finally, boleite. To clanfy the symmetries of this
mineral, he cut thin strips parallel to certain notable onentations in
the boleite crystals. He then submerged them in very weak nitric
acid, and analyzed the etch figures. Based on this senes ol
expeniments, he concluded that the maxial peripheral zones ol the
crystals were charactenzed by tetragonal symmetry. Once the
tetragonal nature of the boleite had been revealed, Wallerant could
again explain the optical anomalies on the basis of a model similar
to that of Mallard. The cubic form (and the umaxial central portion)
was the result of penetration twinning along the three orthographic
axes of these tetragonal crystals. This scholar did not, however.
describe the ¢/a ratio ol the tetragonal mesh

Following Wallerant, G. Friedel, the son of Charles Friedel (the
author of several works we have mentioned), became interested in
the Boléo minerals in 1906. At that tme, Friedel was regarded as
one ol the great crystallographers of his era. In 1904, based on
numerous observations, he had demonstrated the vahdity of the
Bravais law, which had until then been speculative and given hittle
credence by the scientific community. This law established a
correlaon between the distances d,,, ol a famly ol parallel
crystalline planes and the frequency ol the appearance of these
planes [ hkl} in the form of a crystal. At that same time. he set forth
the first expression of the general law governing the geometry ol
all twins. This law postulated the existence ol a crystal lattice
extending exactly or approximately to the entire twinning strug
ture. At a later date. in 1933, in order to explain the only known
exception to this law, that 1s to say the Zinnwald quartz twin, he
showed that the twinning network was not always tripenodic, bul

could be monopeniodic (and, by interpolation, dipenodic).

Figure 26. Camengite (left) and pseudoboléite
on boleite (right) (Friedel, 1906),

'he work of G. Friedel (1906) remained the definitive analysis
of the indigo-blue minerals in the Boléo deposit for a number ol
years. Imuially his imterest focused on cumengite, and he refined s
crystallographic, density and optical measurements. Relying on the
law of twinning he had established. he confirmed that the stellate
groupings could not be twins. He went back to chemical analysis
and rejected his father’s formula 4PbCL,-4CuO-5H.0. Friedel then
reported on his work on boleite, devoting particular attention to the
problem of the birefringent zones. In a detailed study of the
cleavages, he noted a cunious one, seen exclusively in the birefrin

aent 2ones

'his oclahedral cleavage 1s indeed remarkable. It reveals in
the clearest possible way that boleite is not at all pseudocubi
It 1s 1in fact almost exactly parallel, for each orientation, to

four lfaces A {410} of the cube. Now, not only does the

Bravais law assign minmimal importance to such a form in a
cubic structure, but even without recourse 1o this precise law,
it suffices to note that no cubic crystal has ever presented such
a cleavage When one 1s free of the idea that the
trirectangular twin of the tetragonal crystals necessanly indi
cates a pseudocubical network, an idea that, as | have made
clear elsewhere, leads to contradictions, there remains no
reason at all to regard boleite as pseudocubic. lts lattice, the
parameter c:a of which i1s equal to cotl4°3’, that is to say
3.996, or within the hmit of measurement accuracy 4.00,
allows 1t be grouped, according to the law of reticular
pseudomenedry, by a 9" rotation around one of the axes
[ 100] or [010]

Friedel continued with a discussion of the exterior forms of
iwinned crystals, in the course of which he demonstrated the
exemplary character of boleite. All that was left for him was to redo
the precise chemical analyses of the isotropic zones and the
birefringent zones. A comparison of the results revealed no signifi-
cant difference and confirmed his interpretation. Just as in the case
of cumengite, he challenged Mallard’s formula and proposed
9PbCl,-8Cu0O-3AgCIl-9H.0

I'he third and most important part of G. Friedel's dissertation
was devoted to complex crystals (that 1s to say, the groupings of
boleite-pseudoboleite-cumengite crystals). First of all, he studied
pseudoboleite, confirming its species status by optical analysis. By
measuring the angles and the cleavages, he showed that 1t 1s not
pseudocubic, but, like boleite. definitely tetragonal. with c:a =
2.023. A companson of the chemical analyses of pseudoboleite and
boleite indicated that the pseudoboleite definitely contained more
lead than the boleite, and a small proportion of silver (1.6%).
which Friedel refused to regard as siguificant, and which he
attnibuted to contamination. Finally, he proposed the formula
SPbC1,-4Cu0-6H.0. He then set forth his observations on the
charactenstics of the bolente-pseudoboleite, boleite-cumengite, and
pseudoboleite-cumengite contacts. He suggested that the pseudo-
boleite-cumengite group had undergone simultaneous crystalliza
tion, unlike the boleie-pseudoboleite and boleite-cumengite groups
He also attnbuted great importance to the onentation of the crystals

in these groupings

Friedel continued with a basic discussion of the onented growth

of crystals of different species. explaining that

It 1s precisely to obtain more accurate data on this subject
concerming a pomnt that 1s stll poorly understood that |
undertook this present work. | He noted first of all| that it has
long been established that the species hikely to cling to a
certain face have, for this common face, structures that are
remarkably analogous in form. Thanks to the Bravais law, it
can be ascertained and stated that one of these two flat
structures 1s either almost identical to the other or almost
identical to a sismple muluple of the other T'here is here a
phenomenon that 1s from all appearances very close 1o twins,
and also 1o syncrystallization, forming in a way the transition

between these two categones of occurrences.

Farther on, Friedel became emboldened, and he put forth a basic

hypothesis that the future was to confirm

I'he almost dentical nature of the forms noted for the joined
flat structures or their multiples, or in some cases for entire

structures, i1s likely to be accompanied by quasi-identity of

dimensions

fo support this hypothesis, he estimated the lattice parameters

with molecular weights and densities, as a result of which he




obtained a consistent model. With this work, Friedel established
the foundations of the theory of epirax

Friedel’s model was hardly challenged, since this scholar had
brilhantly utilized every experimental and theoretical possibility
available in his era and had resolved numerous questions. The only
remaiming uncertainty concerned crystalline distances. The crystal-
lographers of the German school, who had little sympathy for the
theory of Mallard and his heirs, appear to have ignored the theory
In any case, the existence of boleite, pseudoboleite, and cumengite
seemed as of that ume to be definitively accepted

After an intensive period of initial work and discovenies, the
study of these minerals expenenced a peniod of calm before the
sLorm.

X-RAY ANALYSIS

Hadding (1919) was the first to propose the hypothesis that
bolente 1s cubic and that, consistent with the theory of Brauns, the
optical anomahes are accidental. He believed that the birefringent
portions were inhomogeneous and were made up of alternating
thin sheets rich in silver and others containing very little silver. His
work apparently aroused little interest

There was a veritable resurgence (or rather, a revolution) in the
interpretation of the structures of the minerals in the boleite group
as the analytical methods based on the use of X-rays became
widespread. X-rays were discovered in 1895 thanks to the perse
verance and perspicacity of Rontgen, and their potential for use in
crystalline analysis was demonstrated in the decade between 1910
and 1920 by the work of Laue, Ewald, Debye, and the Braggs
(Lima-De-Faria, 1990). After more than a century of speculation,
intuition, and effort, crystallographers finally had adequate expeni-
mental tools available 1o them. The lattice and motif concepts were
finally proven, and in addition it became possible 10 measure the
size of crystal lattices.

Because of their L'HI'I‘I["Ih'\lI}, the .\;-T;i} methods ol H.T'_\NlnI“H
graphic analysis spread among mineralogists rather slowly. Thus 1t
was not until 1929 that Gossner and Arm undertook a study of
boleite and the related minerals. These scholars, too ready to
overlook earlier efforts, limited themselves to radiological analy-
sis, failing 1o take into careful account the highly heterogeneous
nature of the crystals. For boleite, they analyzed the isotropic
portion and came to the conclusion that boleite 1s “cubic,” or rather,
they recognmized that the optical anomalies are an indication of
pseudocubical symmetry, and that the sotropism of the nucleus
results from repeated twinning. However, the dispanity with the
cubic symmetry charactenstic of the structure of the boleite,
assuming that a disparity existed, did not seem susceptible to
expeniment, in their view. Where pseudoboleite 1s concemned, they
concluded that it was perfectly identical with boleite, and they
concluded that tw inning on (035) accounted for the star groupings
ol cumengile.

I'he authors of this obviously imprecise work seem to have
neglected preceding works that had emphasized the value these
minerals had acquired as examples and archetypes. Friedel's
response (1930) was surprisingly violent, if not scurrilous. In a
preface he wrote that: “The principal argument of Gossner and
Arm, in companison o which none other exists, in the eyes of many
people. 1s radiological analysis.” Without disputing the importance
of this method, Friedel easily showed the imaccuracies in these
authors’ use of it. They had in fact studied only the 1sotropic part of
the boleite, and Friedel wrote: “lt goes without saying that in order
to observe this parameter [the parameter c¢/a] correctly, one musi
not address the isotropic or quasi-isotropic portions in which the
three onentations of the tetragonal crystal are closely intermixed. It
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1S necessary instead 1o examine the birefringent sectors in which
one of the onentations is, insofar as possible, isolated.” In addition
relying on the works of his assistant Hocart, then in the process of
being published, Friedel raised serious doubts about the expen
mental conditions employed by Gossner and Arm. “There is a more
serious source of error in the use of inadequate Intensities oOf
exposures, which allowed the lines of intermediary (Schichtlinien)
spots, the existence of which multiplies the parameter c:a by 4, 1o
go unnoticed.” In addition, these authors failed 1o find the clea
ages (hOl) at 143" on the faces [ 100}, thereby creating doubt
about Friedel's experimental skill. With regard to the chemical
formula, they adopted Mallard's, although their two quantitative
Jf‘l'.thu‘u were more consistent with Friedel's. Where ;"HL‘LiLhI}‘HIiHh'
was concerned, they had available only very small samples, and
that fact places their conclusion in doubt. As to the existence of
cumengite twinning, it was not absolutely dismissed by Friedel, but
It does not fit well with the systematic presence of a core of boleite
within the stellate groupings

Just after Fniedel's article was published, the work of his
assistant Hocart (1930) came out. It included a short memorandum
in which the results obtained using X-rays (“Revolving Radio
grams ) were set forth. For boleite, Hocant analyzed a fragment of
the birefringent zone, and he concluded that there was a tetragonal
62A and a

with that of Gossner and Arm), that 1s to say a relation of ¢c/a =~ 4

lattice with ¢ | 5.4A (the latter value being consistent
consistent with Friedel's model. For pseudoboleire, Hocan 100k a
homogeneous fragment on which he observed octahedral cleavages
and the basal cleavage reported by Friedel. He obtained 31.2A
and a = 15.4A, in which ¢/a 2. and confirmed the determination
by the cleavages, which yielded c/a 2.023. Finally, for cumengire
Hocart obtained ¢ = 24.25A and a = 14.9A (close 1o the values
2471A and a = 15.17A)

This latest work, appearing subsequent to Friedel's virulent

obtained by Gossner and Arm: «

response 10 Gossner and Arm s work, seems 1o have had an effect
and following this period of controversy there was a long penod of
calm during which Frniedel's point of view appeared to have won
the day. In 1934, Hocart published a major study on optical
anomahes, in which he adopted the theory of Mallard and Friedel
and expounded the hypotheses of Klen and Brauns (Klein, 1883
and Brauns, 1891). Expenmentally, using X-ray methods, he con
firmed Friedel's theory, citing boleite as an example, among others

The spinited arguments pertaining to the minerals in the boleite
group now began to fade away. But future works on these minerals
would appear whose precision would keep pace with techmical and

theoretical developments in crystallography

MODERN STUDIES

It was 26 long vears before boleite reappeared in scientifi
discussion—as a mineral exemplifying polymorphism and/or mi
mesis. In 1950, Ito camed out work on polymorphism using X-ray
techniques. By this ume, the old quarrels had been forgotien, and
the theory of twinning and Frniedel's model of epitaxy had been
confirmed and accepted by the scientific community. However, lio
retummed to the analysis of amsotropic boleite, and proposed a
complex model presuming the existence of twins of cubic units
within the crystalline lattice. The resulting symmetry was tetrago
nal I4/mmm and the parameters had a value of @ = 15.27A and .
60.94A. The twin 1s made up of four cubic lattices, each of them
having the symmetry Pm3im and a parameter equal 1o 15.27A
close 1o that determined by Gossner and Arm. Later, Winchell
(1963), in a Ph.D. Thesis, retumed to the study of the minerals in
the boleite group. although some of his conclusions were not 1o be

published until much later (Winchell and Rouse, 1974)
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In 1968, Keester and Johnson carmed oul an analysis ol
pseudoboleite obtained from a specimen from Chancay (Peru). The
result was not an article, but was published in the Amencan Society
for Testing and Matenials (ASTM) index. The parameters obtained
by these authors were ¢ = 30.588 and a = 15.294A. The formula
they proposed was Ag,Pb, Cu,Cl (OH),-3H.,O. It should be
noted that this formula re-proposed that the mineral contains
essential silver, an idea which had been forgotien after the works of
Cumenge (1893) and Lacroix (1895).

The most notable contribution published after the work of lto
was that of Mucke (1969, 1972); two short and concise memoranda
on the crystallographic characteristics of boleite. These two works,
containing contradictory conclusions but still in the tradition ol
recognizing the exemplary structural value of the minerals in the
boleite group, essentially adopted lto’s hypotheses and attempted
to establish structural analogies linking boleite, pseudoboleite and
percylite, without returning to the earher questions. In the first
memorandum, Mucke adopted Friedel's point of view, and con-
cluded that boleite is tetragonal, with @ = 15.27A and ¢ = 61.30A
In the second work, without explanation, he assigned it a value of

equal to 30.65A and a P4,/ mmc group. His conclusions on
pseudoboleite were equally contradictory. He obtained the param
eters (Mucke, 1969) a = 30.46A and ¢ = 30.81A, with a change in
the space group from P4/mnc (1969) to P4,/mnc (1972), and a
change in the chemical formula from 14PbCl,-12Cu(OH),-7.5H.,0
1o 28PbCl1,-24Cu(OH).-2AgCl-15H,0. No detailed discussion ac
companied these results. His crystallographic analysis of cumengite
(Mucke, 1969) was consistent with the earlier works, but he
proposed the following chemical formula dernived from synthetic
cumengite: 5.5PbCl,-5Cu(OH),-0.5H,0. Let us also note that he
analyzed percylite from the Santa Ana mine (Caracoles, Sierra
Gorda, Chile) and found 1ts cubic symmetry to be Pm3im, with a
structure similar to that of boleite and a unit cell almost equal 10
that of the square base of the tetragonal boleite. Finally, he
proposed the term paraboleite tor all of the intermediary stages of
stiver concentration between boleite and pseudoboleire. The ab
sence of commentaries and the disparities between the two works
render them suspect and not very credible

Next, Rouse (1973) and Winchell (Winchell and Rouse, 1974)
carmed out in-depth studies of a more mineralogical and less
crystallographic nature. These studies are still regarded as authon
lative today, and they are cited in the international databases used
by mineralogists throughout the world

For boleite, Rouse (1973) determined that its symmetry is
cubic—Pmim with ¢ = 15.29A and its formula 1s Pb,,Ag.Cu.,
Cl,(OH),.. He established 1ts structure and came to the remarkable
conclusion that the silver atoms were grouped in octahedral
packets (“clusters™). Boleite would be the first natural example of
the group of substances known by the name “metal cluster
compounds.” The X-ray photographs of the anisotropic peripheral
zones, when examined carefully, show that the reflections linked at
distances of 61 A are not, in fact, penodic, and can be broken down
into two senes of penods at 15.3 and 30.7A, consistent respectively
with boleite and pseudoboleite. Winchell and Rouse therefore
proposed that these zones are the result of the imtersection of
boleite and pseudoboleite. Although this hypothesis is supported
by a number of other observations. these authors, for lack of a local
chemical analysis, did not reject Ito’s twin model.

lheir analysis of cumengite vielded results consistent with and
close to those of Gossner and Arm and of Hocart. They proposed
the formula Pb,,Cu, Cl,.(OH),. For pseudoboleite, these authors
speedily confirmed the work of Hocart, and made no new contribu
nons. Their analyses of all the samples of “percylite” they could
obtain proved to be compatible either with boleite or with boleite-

pseudoboleite mixtures; thus they proposed that this species be
discredited. In addition, they did not recognize Mucke's paraboleite

Following the determination of the complete structure of boleite
by Rouse (1973), that of cumengite was determined by Hawthomne
and Groat (1986). Analyzing a crystal of about 2 mm, these authors
found a tetragonal lattice with @ = 15.065A and ¢ = 24 436A, a
space group of I4/mmm, and the chemical formula Pb, Cu
Cl,,(OH),,. They noted a strong variation in the coordination of the
cations, and determined five different sites for lead and two for
copper

Finally, Giuseppetti er al. (1992) recently established the struc
ture of pseudoboleite. It is tetragonal, with a = 15.24A, ¢ = 30.74A
and a space group of 14/mmm. They demonstrated that pseudobolene
has a crystalline structure very close to that described for boleite by
Rouse (1973). Apart from the rearrangement of sites leading to the
doubling of the lattice and a change in the space group, the
essential difference between these two structures would be the
partial occupation by lead of the sites occupied by silver in the
boleite. By refining the structure, these authors obtained the
formula Pb,,Cu,,Cl..(OH),, for pseudoboleite

CONCLUSIONS

I'he history of the determination of “boleite and the related
minerals” prompts us to make a few remarks about the operational
methods of the scientists interested in this subject. The work has
not, first of all, shown that consistency, that hnear forward
development, described for us by the majonty of the texts on the
history of the sciences. In defense of the scientific community, one
must recognize that these minerals pose particular difficulties: they
have always been “sufficiently accessible™ for precise analysis, but
the problems they pose are “sufficiently difficult™ to push available
theones and practices to theiwr hmits

| he history of this work reminds us, too, that understanding, In
science, may come from discovering hierarchical orders in the
questions to be asked, and 1s subject to varying influences from
schools of theoretical thought. It 1s for such reasons that this more
than-a-century's worth of work on boleite and its related minerals
has proceeded n three clearly distinguishable phases

In the imitial period that followed collection of the samples in the
field. the scholars, despite the adequate expernnmental resources
available to them, succumbed to a certain degree of haste, and
made mistakes. As a result it took a full three years to proceed from
boleite to the boleite-pseudobolente-cumengite tnad, although char
actenistic samples had been found as of the very first collection
efforts, and the angular and chemical measurements should have
made 1t possible to distinguish one substance from the other. This
was also the era of the appearance of percylite, a catchall term and
“concept” mineral that, ngged out with a theoretical formula that
was sometimes argentiferous and sometimes not, was to be intro
duced a number of times, despite the fact that its description was
always incomplete. More than a century would have to pass before
the works of Winchell and Rouse (1974) raised serious doubits
about the existence of percylite. However, interest during this
period focused, appropnately, on the optical anomalies of boleite
and the groupings of crystals. The early work would assign
considerable prototypical importance to the minerals in the boleite
group 1n the theonies of i1somorphism, twinning, and epitaxy
developed by the French crystallographers

I'he second period, characterized by the appearance and devel
opment of X-ray analysis, brought a resurgence of the influence of
the vanious schools of crystallography. The French school, the hen
to Mallard’s theory, would, in its description of boleite, remain

faithful to the concept of the piling up of different crystals
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Table I. Chemical formulae proposed for minerals in the
Boleite Group.

Boleite
Pb,Cu,AgCl(OH), (Mallard and Cumenge, 1891)
PbCl,CuOH.O + 1/3AgC] (Mallard and Cumenge, 189]
Lacroix, 1895)
9PbCl,-BCuO-3AgCl, 9H,0 (Friedel, 1906)
Pb, Ag.Cu.ClL.(OH), (Rouse, 1973)

Cumengite
PbC1.Cu0O-2H,0 (Cumenge, 1893)
PhCl.CuO-H.O (C. Friedel, 1892; Lacroix, 1895)
4PbCl,-4Cu0O-5H.0 (G. Friedel. 1906)
5.5PbCl-5Cu(OH).-0.5H.0 (Mucke. 1969)
Pb, Cu,,Cl,.(OH),, (Winchell and Rouse, 1974)
Pb,,Cu, Cl,(OH),, (Hawthorne and Groat, 1986)

Pseudoboleite
6bcumengite + | boleite (Cumenge, 1893)
PbC1,-CuO-H.O + nAgCl, n < 1/3 (Lacroix, 1895)
SPhCL,-4Cu0-6H.0 (Friedel, 1906)
Idem boleite (Gossner and Arm, 1929)
Pb,Cu,Cl,(OH), - 24H,0 (Dana, 1951)
14PBhCL 12CuiOH).-7.5H.0 (Mucke. 1969)
Pb Ag,Cu Cl, (OH),-28H,0 (Strunz, 1970)
28PbC1,-24Cu(OH),-2AgCl- 15H.,0 (Mucke. 1972)
Ag Pb, Cu,Cl (OH), - 24H.0 (Keester and Johnson, 1978)
Pb,,Cu, CL(OH),, (Giluseppetti er al., 1992)

(twinning). The German school (Hadding, and Gossner and Arm)
neglected or ignored these models, going back to those to which it
remained faithful, and explaiming the optical anomalies in terms ol
insignificant defects. It was the French school that won these
spirited polemic arguments. Durning this penod, too, rehiance on
optical analysis lessened gradually, despite the fact that such
analysis 1s a necessary prerequisite for sampling highly dissimilar
crystalline groupings (see Friedel, 1906)

The third period. which one could date from the beginning of
lto’s work (1950), has been charactenized by fewer studies of these
minerals, but considerable development in theoretical and expen
mental resources. Understanding has developed slowly, and differ
ent models survive. With regard 1o amisotropic boleite, for ex
ample, some interpretations, like that of Ito, are based on Frniedel s
model. while others (Winchell and Rouse) suggest the presence ol
defects resulting from a pseudobolente-bolente mixture. Be that as i
may, the amisotropy in boleite has ceased to be a major problem,
and studies of it were gradually abandoned as the cubic nature ol
this mineral was confirmed and Friedel's model involving twins
was rejected. A new mineral, paraboleite, was suggested, but soon
abandoned. The complete crystalline structures of the minerals in
this group were then hinally determined

We mught note that, as a general rule, during all three of these
penods crystallographic analysis was greatly favored over chemi
cal analysis. Where boleite and cumengite are concerned, quite
satisfactory consistency in the chemical analyses can be observed
This 1s not the case for pseudoboleite (see table of formulas), the
argentiferous (or non-argentiferous) nature of which has not been
determined. The most recent works have relied heavily on crystal
lographic methods for the determination of the chemical formula

But all of the equivocations, the errors, the omissions and/or
uncertainties that have developed duning the work done on bolene
and the associated minerals should not lead us 10 forget the work s

great importance to the advancement ol the theones of 1somor

phism, twinming and epitaxy. At the present ime, these theornes an
widely used i microelectronics, so that ulimately it 1s not

unrealistic to say that the science of electronic data processing

owes much to these minerals
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The Boléo copper Ju‘i\uwﬂ 1s located on the eastern coast of Baja
Califormia near the Lucifer manganese bed. Both of these deposits
have a shipping outlet thanks to the artificial port of Santa Rosalia
on the Gult of Califorma, opposite Guaymas, where the Sonora
ratiroad hine ends. The two deposits are contiguous and cover a
combined area of about 200 square Kilometers

A number of studies mark the history of the Boléo mines. A
carly as 1873, Tinoco (1874, 1894) undertook the first work on this
deposit, which was then being exploited on a small scale. These
eflorts were followed by those of de la Bouglise and Cumenge
(1885), who were working for the future Boléo Company. Fuchs
provided the hirst exhaustive geological analyses in 1886, Later
Touwaide (1930) provided a precise description of the ore, and
Bellanger (1931) gave an accurate description of the conditions of
explontanon. It was in 19458-49 that Wilson drafted the synthesis
(Wilson, 1955) which has served as a basis for this presentation

Al the present time, the Boléo mining district 1s a vast, almost
flat plateau with a gentle incline toward the sea. divided by fow
large ravines and overlooked by isolated peaks. It extends 11 km to
the northwest and from 500 meters to 3 km in a northeasterly
direction. It 1s made up altemately of tufts and other volcan
rocks, and conglomerales

I'he manne terraces formed in the Pleistocene, known as the
Santa Rosaha formation, retain the marks of the most recent
volcanic episodes, accompanied by tectonic movements. To the
wesl, these areas are adjacent to an uregular chain formed in the
Miocene and running parallel to the coast, comprising the sole
plane of this sector

I'he cupniferous mineralizations are located in the so-called
Boléo formation, made up of tuffaceous and conglomeratic alterna
nons. The tuffs are argillaceous, feldspathic and micaceous. 1he
conglomerates are made up of rounded fragments of eruptive rocks
that become increasingly acwdic toward the upper part of the
formation, except for the uppermost conglomerate, which 1s made
up of basic rocks, like the base conglomerate. These two conglom
erates encompass a complete volcanic cycle. Copper 1s present in
four principle sequences, encased in the tils, in all cases above the
conglomerates. The mineralized honzons are wregularly distnb
uted in beds, lenticular bodies and nodules of oxides and carbon
ates. 11 1s the remarkable presence ol these nodules, called “Boléos
that gave this deposit its name

It took a lengthy history to create this landscape. The oldest
known volcanic complex 1s located on the western edge of the
peninsula; because of erosion, it 1s no longer present in the Boléo
region. The oldest known senes in this region i1s the Miocene
Comondu senes, which bears witness to intermittent, very lively
volcamic activity, with calmer penods during which sediments were
deposited. Beneath a relatively shallow sea, the volcanic senes was
deformed and faulied by tectomic movements, creating a pro
nounced relief. The Boléo formation appeared duning the Phocene
when a first major manne transgression covered the older rehel

and created a landscape dotted with i1slands. The calcareous senes
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Figure 27. Mines in the Boléo district (Diguet, 1912).
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then settled at the base. These sediments in turn were covered over
hfu new detrntal tJI!NLh;lI':;_'L‘ from the wesl, tnll.mm; new volcanig
episodes that deposited the series encasing the mineralization.
These series were of the deltaic type. The contour of the shoreline
changed as the sedimentary accumulation progressed. Thus at least
five violent eruptive volcanic episodes interrupted the calm depos
its and caused the subsidence evidenced by conglomerates, the
product of the erosion of the Miocene Comondu series

A fracture parallel to the shoreline cut across the terrain 1o the
west, forming a channel for the passage of acidic solutions. The
eruptive ash, dust, and lapilli formed the tuffs that later underwent
alteration. These wiff levels formed traps for the solutions and
concentrated the copper and manganese.

In the Middle Pliocene, there was another marine invasion
during which the sediments of the Glona formation were depos
ied, followed by those of the Infierno formation. The Pleistocene
deposits of the Santa Rosalia formation, previously mentioned,
were accompanied by tectonic movements. The last known vol
canic episode occurred duning the Pleistocene

I'here are five principal mineralized horizons in the Bol¢o
formation, usually numbered from zero to four. The majority of the
production has come from the second and the fourth (that 1s to say,
mineralized layers No. 1 and No. 3). The thickness of the minera
1zed bodies varies, but averages about 80 cm. The copper concen
tration comes o about 4.8% with vanatuons from 3.5% to 8%
Between 1886 and 1947, the total production was 540,342 metric
tons of copper concentrate, obtained from 13,622,327 tons of ore
The deposit was subjected to underground exploitation rather
similar to that in coal mines. where there are thin little veins. The
network of galleries has a total length of 588 km

number of theories have been put forth to explain how the
Boléo mineralizations were deposited. Some of those with the

grealest acceptance at present credit the action of hydrothermal

solutions whose upward circulation was facilitated by the numer
ous faults and fractures in the Comondu senes. A number of
observed features support this thesis, including the presence ol
stockworks and veins; the vertical zoning of the ore with copper,
then zinc; and finally, the zoning of the principal mineralized
horizons, reflecting the presumed flows of solutions. Many analo
gies, in particular those involving the charactenstics of the encas
ing rocks and the metalhic arrangement, establish a similarity
between this deposit and the Kuplerschiefer in the Mansteld
district of Germany

[oday, the Boléo deposit appears to hold little promise for
copper. Although a sigmhicant tonnage ol ore remains, 1t 1s low
grade and difficult 1o access. The major remaining potential of the
Boléo deposit 1s in such elements as manganese, cobalt and sulfur,

and matenals such as gypsum, carbonates, pumice, perhite and
building stone

THE AMELIA MINE

I'he Ameha mine, and secondarily, perhaps, the adjacent Curuglu
mine, have provided the bulk of the remarkable specimens ol
MINEr: - ite group. The Amelia mine 1s located near the
upper end of the Soledad Arroyo. Two other mines are adjacent to
it—the Califorma-Lugarda mine in the Purgatono Arroyo, to the
easl, and the San Luis mine in a lower portion of the Soledad Arroyo,
10 the northeast. To the west and northwest, the Amelia mine ends at
the banks of the Curuglu Canada and the branches of the Boléo
Armmoyo. The Curuglu mine 1s located on the westemn bank of the
Curuglu Canada (canada 1s the term used here for a glen or dale)

A number of parts of the Ameha mine have been given
individual names, including Olvido Viejo, Olvido Nuevo, San
Andrea, San Jorge, and Fortuna. The northern and western portion
1s called the Santa Teresa mine

4
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Figure 28. Diagram suggesting a mechanism by which ascending hyvdro-
thermal solutions were trapped to form the Boléo deposits (Wilson, 1955),
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tions are trapped by relatively impervious clayey tuff and back up
below the trap in conglomerate (or sandstone) which underlies clay
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Figure 29. Ore zones, faults and workings in the Amelia mine area (Wilson, 1955).
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The ore was taken from level number 3, of which there are
outcroppings in numerous places. The elevation of this level ranges
from 144 1o 209 meters above sea level. The Curuglu fault on the
west bank of the Curuglu Canada lowers the level of this bed for
the Curuglu mine and marks the separation between it and the
Amelia mine

I'he surroundings of this mine were recognized by the prospec-
tors from the beginning as one of the most promising sites, and
major exploitation work was undertaken there as soon as the Boléo
Mining Company had been established in 1886. The period of s
greatest activity ended about 1919, and the site was subsequently
exploited only sporadically and on a more or less minor scale. The
period of major activity at the Curuglu mine ended about 1900
I'wo shafts were dug in the Amelia mine—the Amelia shaft in the
northern part, and the Cumenge shaft in the southern part. Level
No. 4 was found at this site 141 meters below bed No. 3, and
prospecting of it was possible thanks to the Amelia shaft. However,
this level was not deemed worthy of commercial exploitation, and
no substantial work was undertaken. Two shafts without individual

names were dug close together at the Curuglu mine

S el ol e

scientific works pertaining to this deposit and its minerals reveals
two periods of heavy activity. The first, from approximately 1880
to 1900 corresponds to the discovery and initial exploitation of the
mine, while the second, from 1925 10 1940, coincides with the
period of withdrawal and disengagement by the French. During
this latter peniod, mineralogical studies experienced a resurgence
as a result of the development of X-ray techniques. During the first
period there was a very high proportion of French efforts, which
dwindled steadily thereafter as Mexican and American research
increased

I'he sources contributing to an understanding of the mineralogy
of the Boléo deposit are the old, rather brief narratives written by
the vanous collectors, and the scientific works, and the samples on
exhibit in collections accessible to the public. Moreover, except
where the Amelia mine 1s concerned, it 1s hard to know which
minerals were found during the vanous different projects under
laken at this wvasl mining sie Two rather Vdguc, :_*t.'l\‘h'fi_’lt'-'.ll]}
oriented works (Wilson, 1955; Touwaide, 1930) which describe
some characteristics of the minerals that had been found as of their

respective dates do provide a good idea of the mineral wealth of
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Figure 30. Boléite crystals to about 1 cm with paratacamite and clay, recovered in 1973,
Pala Properties International specimens; photos by Harold and Erica Van Pelt.
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Few exhaustive mineralogical studies on the distribution of the
Boléo minerals and their associations have been undertaken to
date, since the mine ceased activity in an era duning which this kind

of work and the dispatch of courageous young doctoral candidates
to engage n field work were rare. A bnief statistical study of the

this deposit. Three families of minerals were distinguished—those
in the sulfide zone, the oxidized minerals, and the gangue minerals.

Species having some geological or collector interest are dis-
cussed below: all species reported from Boléo are listed on Table 2.

Anglesite PbSO,

Anglesite appears in the form of compact orthorhombic crystals




Figure 32.
Cumengite-
on-boleite,
about 1 cm,
on matrix,
from the
Amelia mine,
Boléo.
Sorbonne
collection;
photo by Nelly
Bariand.

Figure 31. Boléite crystals, cubes
and cuboctahedrons, from Boléo.
Smithsonian collection; photo by
Wendell E. Wilson, 1972,
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Figure 33. Octahedral cuprite crystals on
native copper, from Boléo. Private collec-
tion; photo by Nelly Bariand.

Figure 34. Cuprite and native copper, from
Boléo. Private collection: photo by Nelly
Bariand.




with irregular, deformed, rough faces {110}, 1102} and (001

Usually around | mm, the crystals may in exceptional cases reach
2 ¢cm. They are opaque, their luster is waxy, and they are white in
color, slightly bluish in places. They have a singular characteristic
in that they are not only covered with gypsum, but are in addition
penetrated by this substance, which appears in thin plates scattered
sometimes unevenly and sometimes with a certain symmetry. The
forms of the anglesite crystals are not, however, altered thereby
This curnious association gave rise to the hypothesis of a new
Specics ."'MHL,'l"H.'h. which has since been discredited (Genth,
1893; Lacroix, 1895). These crystals, which are particularly rare.
are associated locally with cumengite and bolene (Cumenge.
1893). Some were found durning the work done in 1974 (Swoboda.

1976). in association exclusively with boleite

Azurite Cu,(CONOH)

Azurite 1s one of the components of the “boléos"—the balls
found in abundance before the explonation of the deposit. This
mineral sometimes appears in the form of sphencal aggregates ol
crystals, as in the classic specimens from the Chessy mine (Rhone,
France) or those obtained recently from China. The size of the
Boléo specimens 1s rather modest—a few centimeters at most

There 1s somenmes alteration to malachite on the surface

Figure 35. Boléite crystals: cube and cubocta-
hedrons (drawing courtesy of R. Peter
Richards).

Boleite Pb, Ag Cu,.Cl.(OH),,

The boleite in the Boléo deposit, like the cumengite and
pseudoboleite, is always crystallized. These crystals are opaque to
translucent (on the edges or under a microscope) and of a deep
indigo-blue color. This color 1s almost unique in the mineral world,
although 1t may sometimes be confused with that of certain
azuries

The most common form is the cube. As a general rule, the faces
are brilliant but only moderately flat. One may also find cubic
crystals modified by the faces of the octahedron, which are clean
and brilhant. The modifying faces of the rarer dodecahedrons are
also clean and brilhiant, but often small in size. Finally, some
“extremely rare” octahedral crystals merit mention (in fact, only
one single octahedral example truncated by small faces {100} 1s
known as of the present).

The cleavage on | 100}, parallel to the cube face, 1s distinct and
easy. However, the cleavage on (111}, parallel to the octahedron
faces, 1s much less so

Figure 36. The largest of the cumengite speci-
mens: 3.5 cm. Sorbonne collection; sketch by
Wendell E. Wilson.

I'he argillaceous and fragile gangue does not adhere well 10 the
boleite crystals, which explains the large number of isolated and
httle-damaged crystals, and the great ranty of crystals on gangue
In the majority of matrix specimens, crystals have been reattached,
a fact widely known and generally accepted. The late mineral
dealer Al McGuinness was in the habit of asking “Do you want
boleites on matrix or with matnx?™

Cubic crystals of millimetric size (up to 5 mm) have been found
in abundance, while those approaching a centimeter are very rare
Crystals of larger size (the record being about 2.5 ¢cm) are highly
exceptional: a few are on exhibit in New York (Amernican Museum
of Natural History), London (British Museum of Natural History),
Paris (Advanced National School of Mining), and Tucson (Arizona
Sonora Desert Museum and University of Anzona Mineral Mu

SCUum)

Bouglisite

The descrniption by Mallard and Cumenge of the anglesite mixed
with gypsum in the Boléo deposit (Mallard, 1891) aroused the
curiosity of Genth (1893), who obtained samples from Mr. Clarence
S. Bement. He camed out chemical analyses that showed that the
crystals contained two molecules of anglesite 1o one ol gypsum
From this, Genth concluded that the anglesite in the Boléo deposit
might be a pseudomorph after a mineral the theoretical composi
tion of which would be 2PbSO,-CaS0,. This kind of hypothesis
was widely used in that era in which expennmental and theoretical
resources were still unrefined. Lacroix (1898), inspired by Cumenge
gave this calciferous anglesite the name bouglisite. Genth's hy
pothesis was not to endure. Bouglisite has now been discredited

and 1s recognized as being anglesite
Calcite CaCO

In addition to the argillaceous minerals and the oxides of
manganese and iron, calcite is a mineral abundant in the gangue

(Wilson, 1955). It appears in small veins and also as the product of

the alteration of the tuttaceous masses 1n which the ore 18 encased.

Cerussite PbCO,

Cerussite was mentioned but not described by Mallard and
Cumenge (1891) and Lacroix (1898). It i1s thought to have been
found accompanying minerals in the boleite group

Chalcocite Cu,S
Chalcocite makes up the greater part of the primary copper ore
It is found in the form of minuscule crystals and scattered grains. A




microscopic study (Touwaide, 1930) revealed formless grains, fine
needles, prismatic crystals, and larger pseudohexagonal crystals
resulting from twinning of orthorhombic crystals. Larger masses,
probably formed by the accretion of these particles, were also
found. Some of them reached a kilogram in weight. Chalcocite
replaces chalcopynite and bornite locally

Chalcopyrite CuFeS

Chalcopyrite, the second most abundant sulfide mineral at
Boléo, 1s much rarer than chalcocite. It too occurs as grains,
sometimes large enough to be discermble to the naked eye
(Touwaide, 1930).

Chrysocolla (Cu,Al).H.51.0,(0H),Nh.,O

Chrysocolla 1s dominant in the oxidized zone of the deposit and
1s the major component in the Boléos. It 1s accompanied on certain
specimens by azurite, malachite, and paratacamite. Its color ranges
from green to blue, and it often impregnates the argillaceous
gangue of montmorillonite

Cryptomelane KMnO,,
According to Wilson (1955), cryptomelane is probably the
principal manganese mineral at Boléo. It appears throughout the

oxidized zone in massive form and in fine, incoherent grains

Copper Cu

Native copper appears at Boléo as thick, more or less formless
sheets. They may reach a substantial size (up to 20 cm), but they
are often altered to cuprite or copper carbonates. Cumenge (1893)
did not mention copper in the accounts of his collecting. Touwaide
(1930) found copper in the sulfide zone of the Santa Rita mine in
associanon with zeolites, as well as near the oxidized zone of the
Montado mine, in flecks joined to grains of bornite. Wilson (1955)
mentioned flat encrustations in the threads of gypsum in th

oxidized zone, and plagues in the sulfide zone

Cumengite Pb, Cu., Cl.(OH),

Cumengite 1s opaque to transiucent (on the edges), of a blue
color similar to that of boleite, but a hittle paler and with a shght
violet tinge. Its luster is a little brighter than that of boleite

Cumenge (1893) reported the first discovenes of cumengites as

follows

I'he cumengite found first of all in the same part of the deposit
as the holeite, in the form of very rare octahedral crystals of a
more purplish blue, proved much more abundant in a neigh
bonng pocket, where 1t predommated and was dispersed in
rather substantial quantity in a clay or whitish jaboncillo
(Spanish for soapstone). splitting readily in water so that a
simple sluicing makes 1solation of the crystals possible
Some, however, reveal unusual and charactensuc forms

they are implanted either on atacamite 1in mamillated crystal
line masses or on individual crystals of anglesite, forming a
crystalline covering of a beautiful azure-blue with more

sizable and very brilliant twinned crystals.

I'his mineral occurs in two principal habits—the tetragonal
dipyramid and the tetragonal pyramids implanted epitaxially on the
faces of boleite cubes.

The dipyramidal crystals are often isolated and complete. They
are made up of eight predommnant faces (011} truncated by the
four lateral faces [ 110}. More rarely, they are truncated by the two
basal faces (001). The faces are generally brilliant, but sometimes
impertect, wregular, and stnated. Cleavages are found on all the
faces of the tetragonal dipyramids, and they are very distinct on the

faces (110} and {011 ). Very rare groups of crystals (different from
those descrnibed subsequently) have also been found. The onenta
tion of certain individual crystals in relation to the others suggests
the existence of twinning

I'he second habit in which cumengite 1s seen is certainly on
the leading cunosities in the mineral world, and it has made
major contribution to the celebrity of this deposit. There
magnificent groupings of six tetragonal pyramids (011}, each ol
them implanted epitaxially on one of the six faces of a cube of
boleite. The result is a polyhedral form suggestive of a star, Thi
assemblage cannot be considered similar 10 a penetration twin, but
as Mallard demonstrated (1893) at the tme of s discovery

exemplifies a special form of growth that 1s now called heteroepitaxy

I'his term designates the growth of one mineralogical species o

another, with a very precise onentation. Another remarkabl
exampie ol heteroepitaxy 1s that of rutile on hematite. As the work

of Frniedel (1906) on thin sheets ol star shaped groupings showed

Figure 37. Cumengite single crystals (top), and
cumengite-on-boleéite sixlings; crystal drawings
by R. Peter Richards.

the cumengite pyrammds are rarely found in direct contact with
boleite. In general, cumengite grows on pseudoboleite with irregu
lar contact

I'he 1solated tetragonal crystals are very rare and often | mm o

s0 In size; the largest known specimens slightly exceed | cm. The
stellate groupings are not quite so rare, and their attractive quahities
certainly account for their having been more frequently collected
They often reach several millimeters in size. The largest known
examples measure up to 3 cm and were collected in about 1920
Panczner (1987), quoting Mallard (1893), reported groupings of 6
cm 0 8 cm on matnix, but all of our studies contradict these

amazing sizes. None of Mallard's known writings makes mention




Figure 38. Cumengite single crystal, 2 cm,
placed on typical matrix, from the Amelia
mine, Boléo. Sorbonne collection: photo by
Nelly Bariand.

Figure 39. Cumengite single crystal, 2 cm, from
the Amelia mine, Boléo. Sorbonne collection;
photo by Nelly Bariand.

Figure 40. Cumengite sixling (six
individual cumengite crystals grown

on the six faces of a boléite cube), 1.5 cm,
from the Amelia mine, Boléo. Sorbonne
collection; photo by Nelly Bariand.




Figure 41. Some of the
largest known
cumengite-on-boléite
sixlings, measuring 3
to 3.5 cm. Now in the
Sorbonne collection;
photos by Nelly
Bariand.

Figure 42. Cumengite-
on-boleite sixling,
about 2.5 cm, from the
Amehia mine, Boleéo.
Sorbonne collection;
photo by Nelly
Bariand.

Figure 43. Cumengite-on-boléite group on an anglesite

(once called bouglisite) crystal, about 2 ¢cm. Sorbonne
collection; photo by Nelly Bariand.




of them, and 1t is to be feared that we are dealing here with an error
Whatever the case, the ten largest examples known and accessible
1o the public are on exhibit in the collection at the Sorbonne (Pierre
and Marie Cunie University, Pans)

Cuprite Cu.O

Cuprite crystals have been found on sheets and plates ol native
copper. They are octahedral or cubic in form, with brilhant, smooth
faces. They range from transparent to translucent and are of a dark
red color. Their size sometimes approaches | cm. Cuprite also
appears in powdery form, associated with oxidized minerals (car
bonates, chlondes, oxides). In the early penod of exploitation,
Lacroix (189%) reported two Kinds of crystals in the argillaceous
gangue. He described, first, perfect hittle cubes of no more than a
millimeter in size that could be 1solated by washing. He descnbed

the second habit more precisely:

I'he octahedral crystals are of a most curious nature. They
reach | ¢cm in size and reveal the vanous special charactens
nes ol the well-known {..}IL"‘\'&:'- LI‘_\\LIlN Ihey differ from
them, however, in their freshness, the absence of the covering
of malachite that 1s so charactenstic of the crystals in this last
deposit, and the frequency of the faces of the cube. The
rhombododecahedron also occurs in the form of little facets
As 18 the case in Chessy, there are twins with parallel axes,
symmetrical in relation to one face of the cube, with the twins
being produced in all cases by regular penetration. Each
octahedral ndge 1s then replaced by the groove that 1s so
common in diamond octahedrons displaying this same twin
What gives the twinned crystals in the Boléo deposit then
special interest is the frequent occurrence of cubic faces with
two grooves parallel to their diagonals, indicating the junction
planes ol the individual elements making up the complex
Ihese grooves are particularly clear on a crystal showing
pl1OO}, alll11}, {110}, in which the faces of the cube
dominate

Again like those in Chessy, the cuprite crystals in the Boléo
deposit frequently present hollow faces. Some are made up of
an open framework that 1s completely hollowed out and
reduced to octahedral ndges. In addition, one also finds
extreme habits in which the octahedron 1s defined by the
intersection at 90° of three thin plates, each of them parallel 1o
one face of the cube. When one holds these thin plates up to
sparkle in the hight, they themselves can be seen to be made up
of piles of even thinner plates. The edges of these plates are
sometimes jagged and rregular. In other cases, the edges
reveal hittle bevels corresponding to the faces of the octahe
dron. There are passages between all the octahedrons with
hollow faces, with or without p faces: on these elementan

frameworks one can sometimes recognize the twin descnibed

above

Galena PbS

The galena was locally concentrated in certain parts of the
deposit (Carmen mine in the Providencia group, Wilson, 1955). It
Is probably the primary source of the secondary lead minerals in
the oxidized zone (Cumenge, 1893)

Gypsum CaSO,-2H,0O

Gypsum, although not found in well-formed crystals, 1s widely
scattered throughout the oxidized zone, mixed with the argilla
ceous gangue of the complex chlondes at the Amelia mine
(Cumenge, 1893). It accompanies boleite and the related species,

and 1t covers and 1s mixed with the vanety of anglesite once called

houglisite. It 1s also a mineral in the gangue, where it appears in

little veins and as distinct crystals (Lacroix, 1898). It also appears

in fibrous masses covered secondanly by paratacamite (Wilson,
1955)

Magnesite MgCO

Magnesite was mentioned by Krusch (1899) as a secondary
mineral in the gangue. Krush (1899) showed that 1t contains
strontium, calcium and copper

Malachite Cu,(CO,NOH)
Malachite 1s an altermation product often found as coatings on
azurite and native copper

Montmorillonite (Na,Ca), (Al.Mg).51,0,(0OH),-Nh.O

I'he greater part of the gangue at Boléo is made up of argilla
ceous munerals formed by the weathering of tuffaceous rocks
Wilson's work (Wilson, 1955) did not offer any definitive conclu
sion about the mineralogical nature of the dominant argillaceous
mineral believed to belong to the montmorllonite-saponite o
montmorillonite-beidellite senes. For convenience, the term mont
morillonite 1s widely used to designate the dominant argillaceous

mineral in the gangue

Paratacamite Cu,Cl{OH)

For a long time, the green copper chlonde found in the Boléo
deposit was dentihied as atacamite. The findings of paratacamite
varied as a function of the status accorded this mineral, which was
viewed for a time as a twinned form of atacamite (Dana, 1976). Al
the beginning of our century, Ungemach (1911) drafted a synthesis
pertaining to atacamite based exclusively on gomometric measure
ments of the crystalline faces. Following analysis of the complex
iwinned crystals (maximum size of 3 mm) he asserted that the
“atacamite” in the Boléo deposit was actually paratacamite. Later
Wilson (1955) mentioned only atacamite (at a tume when
paratacamite was not an accredited species)

I'he conditions for the formation of atacamite versus paratacamite
depend only on the partial pressure of chlorine according to the
sequence: paratacamite > atacamite > matlockite (Banand er al
1978). Modern analyses of recently collected specimens suggest
that the majority of the green copper chlorides from the Boléo
deposil are paratacamite, not atacamite

I'he paratacamite in the Amehia mine often accompames boleite,
pseudoboleite and cumengite (Swoboda, 1976). Wilson collected
this mineral in the form of cryptocrystalline balls of a pale green
color and |-cm size; he described them as hittle rosettes measuring
2 10 3 mm and covering gypsum. The rosettes were black on the
outside but green color on the inside. Lacroix (1898) reported the
existence of assemblages of gypsum crystals colored green by this

mineral

Phosgenite Pb.(CO,)Cl

Phosgenite appears as overlapping short prismatic crystals that
are poorly formed. The sizes observed do not exceed a few
millimeters. Phosgenite has been found accompanying boleite,
pseudoboleite and cumengite in zones rich in lead and poor In
copper and silver. Cumenge (1893) mentioned phosgenite, but
Swoboda (1976) found none when he reviewed the works on the
Amelia mine.

Percylite? PbCuCl,(OH)

I'is “phantom™ mineral 1s certainly one of the most curious
intellectual products of the mineralogical community (see the
history of mineralogy). lts existence in nature is at the present time
doubtful, since the works of Winchell and Rouse concluded that all
of the samples of percylite they studied were in fact either boleite

or pseudoboleite or a mixture of the two. This mineral has never
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been found in the Boléo deposit. It 1s only mentioned here because
following his crystallographic analysis, Mallard (1893) concluded
that there were twins present in the boleite, and he suspected that
the crystalline unity of the boleite revealed by the epitaxial growths
on what 1s now regarded as pseudoboleite could be percylite,
although this latter species was only poorly descnibed at that nme
Lacroix (1895), for his part, gave this name to certain octahedral
crystals (of bolente) which because of their feeble birefningence

and their density seemed to him distinct from boleite

Pseudoboleite Pb, Cu,,CL.(OH),,

Pseudoboleite 1s always associated with boleite. Each individual

Table 2. Minerals reported from the Boleo district (excluding rock-forming minerals of the tuffaceous host rocks).

f’l'fl'll’f”l'r {\Jr 1EFeEnc

Gangue Wilson ( 1955)
»econdary org Cumenege (1893
stratihed masses Wilson ( 1955)
Gangue Touwaide (1930)
l Salinas (1923)
Secondary ore Wilson ( 1955)
Gangue louwande (1930)

Secondarv ore
Sulfide ore

Mallard and Cumenege ( 189
Touwaide (1930

LUangue Wilson ( 1955§)

Gangue Wilson ( 1955)

Gangue, rare
Sulfide ore
Sulfide ore

Touwaide (19
louwarde ( 19 3)
Touwaide (193())
Gangue Wilson (1955)
Secondary ore
‘\HH.I'jC OTY

Wilson (1955)

fouwaide (1930

IL"n'l.'ILLl'lf'll.t.lf.‘vu orec, rarc Fuchs (1886). Saladin (1892)
Oxide zone, abundamt Wilson (1955)

Sulhide ore, oxide zone Wilson (1955)
Secondary org Mallard (1893)
Secondary ore Lacroix ( 1R9R)
Cangue Wilson ( 1955)
CGangue Wilson ( 1955)
Sulhide orc Cumenee ( |BY3)
Gangue Tlouwaide (1930)
Gangue Lacroix ( | BOR)
In Tuffs Wilson (1955)
Gangue Wilson (1955)
Oxide zone Wilson ( 1955)
'[-hlr'lj_’tlt' louwaide ( 19 30))
Uangue K rusch ( 1899)
Secondanry . Wilson ( 1955)
Gangue Wilson ( 1955
Secondary Ungemach (1911)
Secondanr ' Cumenge (1 893)
Secondanry Friedel ( 1906)
Sulhde ore Touwaide (1930)
Oxide zone Wilson (1955)
Secondary ore Lacroix ( 1898

Gangue Wilson (1955)

¥ 3

Salinas (1923)
Oxide zong Warren ( | 89K
Oxide zone L acroix ( 1R9R)
Oxide zone K rusch ( 1899
Krusch ( 1899)

Gangue Touwarde ( 1930)

Uxade zone

pseudoboleite (in the frequent form of a flattened truncated ted
ragonal pyramid) 1s epitaxially grown on the face of a cube ol
boleite. Unlike cumengite, pseudoboleite has never been found in
isolated crystals. The pyramdal groupings of cumengite often
contain pseudobolente (Friedel, 1906). lts color, bnlhance and
transparency are similar to those of bolene. The crystals ol
pseudoboleite often resembie boleite at hirst glance, but along the
ridges of the cube, they invanably reveal reflex angles bounded by
taces that are almost 1"|!I~1“k'i 10 the faces ,:i“ ol the cube, and
sometimes, when these grooves are very deep, by laces paraliel to
the cube as well. Pseudoboleite 1s tetragonal. It has a perfect

dominant basal cleavage, which 1s thus parallel 1o the cCleavage




Figure 44. Pseudoboléite crystals.
Drawings by R. Peter Richards.

{ 100} of boleite. and 1t has octahedral cleavages parallel 10 the
tetragonal faces that invariably appear on each crystal (faces {101
almost parallel to the faces {210} of the cube). Because of the
absence of isolated crystals, the studies of the chemical and
crystallographic charactenstcs of pseudobolente were dithcult and
have proven contradictory (see the history of the minerals in the
bolele group ).

The groups of pseudoboleite crystals generally have dimensions
(including the nucleus of boleite) of several millimeters, some-
times reaching 5 mm. Few specimens exceeding 1 cm are 10 be

found today n the collections open to the public. The largest

Figure 45. Pseudoboléite on boléite, 1 cm, from
the Amelia mine, Boléo; collected by Ed
Swoboda in 1973. Pala Properties International
specimen; photo by Harold and Erica Van Pelt.

specimen on exhibit, collected by Cumenge, i1s at the National
Museum of Natural History in Panis. It 1s a cubic crystal with
grooves, measuring about 1.5 cm on an edge. The thickness of the
pseudoboleite crystals surmounting the boleite cube i1s about 2 mm

I'he faces are rregular.

Pyromorphite Pb.(PO,).C]

Only Lacroix has mentioned the presence of pyromorphite in the
Boléo deposit. In an 1898 memorandum, he described two speci
mens. The first was made up of a clay speckled with atacamite on
which the pyromorphite formed millimetric bunches of acicular
hexagonal prisms. The second was made up of a chrysocolla
gangue on which a large number of gypsum crystals (of | to 2 mm)
grouped along parallel axes were implanted. The intense orange
color of the gypsum was considered to be due 10 numerous

included pyromorphite microcrystals

Quartz 510

Opal parually crystalhzed in quartz 1s mentioned as a secondary
mineral in the gangue. Chalcedony 1s one of the most abundant
minerals in the gangue, after the argillaceous minerals and the
oxides of manganese and iron. Like calcite, it appears in little veins

and also as an alteration of the enveloping tuffaceous materia
(Wilson, 1935)

Reminetonite

I'his mineral was given hasty mention but was not described by
Ungemach (1911) in lus work on atacamite. The species, consid
ered to be a hydrated carbonate of cobalt, has now been discred-

ited. It 1s certain that the matenal 1s sphaerocobaltite (Wilson,
1955)

Smithsonite ZnCO

Warren (1898) reported the presence of particles of a delicate
pink included in the gypsum and associated with “atacamite”™
(paratacamite) in the oxidized zone. This mineral was given the
name cobaltsmithsonite by Bilibin (1927) and warrenite by
Boldeyrev (1928). These last two names were not accepted; the

mineral appears to be a cobaltoan smithsonite

Sphaerocobaltite CoCO

Lacroix (1898) mentioned this mineral among the oxidized
minerals. According to him, it was this mineral which gave certain
groups of gypsum crystals their “peach-petal pink™ color. A sample
of this type, rather unspectacular, 1s on exhibit at the National
Museum of Natural History in Pans

Venerire

I'his substance., which was mentioned by Fuchs (1886) and
described as a cupriferous chlorite in the oxidation zone, was
subsequently deemed to be a heterogeneous substance (Dana’s
Svstem of Mineralogy, 6th edition) and was discredited.
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Edward Swoboda
1004 North Rexford
Beverly Hills, CA 90210

EDITOR'S NOTE

In 1959, 1969, and aeain in 1973, mineral collector and dealer
Ed Swoboda visited the Boléo district. His extensive work there ar
the Amelia mine resulted in the discovery i the ereatest batch of
Boléo specimens to come out since the davs of Cumenge. Here is
his story, reprinted by permission from the January 1976 issue of

Lapidary Journal

INTRODUCTION

BOLEITE! PSEUDOBOLEITE! CUMENGITE! —exciting min
erals in beautiful, sharp, azure blue crystal forms of unbelievable
siz¢ and structure—what collector or lover ol natural beauty
wouldn t lust for them!

A few major museums throughout the world and a very few
private mineral collections spaningly display the super crystals
found only within the Boléo copper district of Santa Rosalia in
Baja Califormia Sur, Mexico. All of these fine specimens were
removed from the Amelia mine which is situated about six miles
inland from the shore of the Sea of Cortez up the Arroyo del Boléo
Canyon and in the general area of Curuglu Canyon and the
Cumenge ventilating shaft. The French miming company, Compagnie
du Boléo, from I886 unul abandoning the Amelia in 1919,
removed copper ore from a network of interconnecting tunnels and
stopes for a total length of 30 miles of underground workings just
in this area, and near the Cumenge shaft, at distances from 260 feet
10 340 feet below the surtface

From the tme of the discovery of copper in the district in 1868
up 1o the French company 's involvement, only the nchest sections
of the ore beds were worked, producing hand selected high-grade
ore. The ore concentrate was sold 1o German buyers who loaded
the sacked up cargo on sailing ships at the small port of Santa
Mana, a place long ago abandoned and forgotten, up the coasl
about eight miles from Santa Rosaha. Miners using a renare, a
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ngiwd, tough rawhide bag supported by a wide headband, lifted then
60- to 85-pound loads of copper ore step by step up a pathway of
footholds cut into the steep footwall of a near-vertical 80 degree
incline shaft from depths to 250 feet below the surface. The high
grade ore was then sacked up, loaded on burros and transported
down the canyon about three miles to the shore and then up along
the coast 1o the small loading dock at Santa Mana

Old Santa Rosalia was first located on a beach terrace facing the
ocean five mules north of s present location and scarcely two
miles down the coast from Santa Mana port. After the Compagnie

du Boléo was formed in 1885 1o mine copper in the distnct, an
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Figure I. Approaching Santa Rosalia on the
shore of the Gulf of California.




outcome of the report presented in Paris by Messers. M. E
Cumenge and G. de la Bouglise, who had visited Boléo in 1884 10
investigate the ore reserves, they relocated Santa Rosalia at the
mouth of the Arroyo de la Providencia, convenient 1o the newly
constructed port, the mines and the new smelter. From this point, a
network of tracks was laid out to form four main lines converging
at the smelter that serviced five or six of the largest mining camps
ever established by the company back in the canyons close to the
active mines. The powerful little Baldwin locomotives hauled up
supplies for the company stores plus timber and other matenals
from the port and brought back on the downhill run, up 10 15 or
more loaded wagons of ore to the mill for treatment. As production
increased, thousands of miners and their families crowded nto
town and the outlying camps, many being recruited from foreign
lands. Hundreds of pigtailed., long mustached Chinese miners
dressed in loosely fitting blue slacks and canvas shoes worked and
lived mostly apart from the others, together in large wooden
framed boarding houses in several of the camps, preparing and
preferring special meals to their taste. Two hundred Japanese
arnived by ship to work in the Providencia mine but quit after two
days work and left, probably on the same ship they armved on. One
hundred Italian miners lasted about a month betore they left
Today, only a few fragments of wall can be found marking the
rock foundations of the houses that made up the old camps. The
wooden parts were reclaimed by the company or pirated long ago
and the summer rainstorms and the sand and dust have destroyed on
covered the remains. Since the mines started working, three or four
violent summer cloudbursts, called chubascos, are recorded that
inundated the canyons with flood waters, pouring down the incline

tunnels, drowning people and washing out whole rows of houses

'he most durable remnants of these once bustling mining camps

are the abandoned cemetenes where tilted and fallen headstones ol
naturally formed rock slabs, some scarred with crude handchipped

crosses, mark the untended mounds of rounded boulders

FIRST VISIT—1959

I'he lure to visit the source of these exciting crystals led me to
first visit the locality in 1959 when the French mining company
still operated the mill. Highway No. 1, stretching from Tijuana
south through Santa Rosalia to Cabo San Lucus at the southern
most up of the Baja peninsula, for most of s length, was a
joltingly tough tnip at that tume, along an unpaved road used mainly
by trucks distributing food and supplies in both directions. An
unpaved airstnip was available at Santa Rosaha for private and
small commercial planes

Comparing 600 miles of slow driving over jagged rocky grades
through dustchoked flats and dry lake beds, and miles of bumpy.
sand- and rock-filled washes, 1 chose without hesitation 1o make
the trip by plane. There was a direct flight from Tijuana by a DC4,
and in a few short hours a giant wind-swept column of white
smoke marked in the clear atmosphere, the copper smelter at Santa
Rosalia. Circling the town in our approach to the airstrip, the plane
descended alarmingly close onto a rough network of steep rock
filled gorges that dissolved, just at the last moment, into an isolated
tught hittle mesa for a breathtaking landing. It was just another
routine landing for the Mexican pilot.

A taxi delivered me from the airstrip on the mesa, down along
the shoreline, passing through the lower end of town where a
massive system of glassy, pockmarked walls assembled from giant
rectangular blocks of slag were laid in the late 1800's by the
company to create the port of Santa Rosalia. Adjacent 1o the
northern edge of the low-lying town, we climbed a narrow road
entering upon a sloping mesa occupied by a variety of French-built

frame buildings with corrugated metal roofs and broad shaded

verandas positioned to face both sides of an unpaved, tree-lined
avenue. The view seaward extended to distant 1slands and covered
the entire port, with the mill site and its smoking stacks; while
inland could be seen steeply eroded, barren canyon walls, forming
a natural barrier to limit the expansion of the mine town to a
corridor of growth up the canyon from the port. We stopped in front
of the mine office and | entered, soon to be courteously received by
the French mine manager

After explaining to him the purpose of my visit to Santa Rosalia,
| requested permission to visit the old Amelia mine where the
famous crystals were discovered and described from. He was
sympathetic to my desires but explained that the Amelia, being one
of the oldest mines in the area, was for the most part completely
inaccessible underground. Extensive cavings through the years had
sealed off all of the entrnies at or near the surface. When | added that
| would have a three-day wait in the area anyway to make my
return flight to Tiyuana, he kindly offered me the facilities of the
company boarding house and arranged also for me to meet an old
miner the following morming in the mine office who was one of the
few surviving workers who knew the underground in the Amelia
from vears before
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discussing the Amelia. The miner reaffirmed that the workings

:30 the following moming, we had met and were already

were all caved but offered, nevertheless, to go with me to the area
to pomnt out the surface features and to describe what he remem
bered of the underground. It seemed that my only hope, at this
point, was (o find something in the dumps

A mine truck, shortly thereafter, trundled us up the coast for a
few Kilometers and then inland up a broad valley that soon tapered
into a narrow canyon that had been cut through an immense bed of
gypsum, exposing some giant crystals of selenite in the steep
canyon walls. Soon we armnived at the end of the road at one of the
working mines, not too far from the Amelia

A forty-minute hike over a narrow, sun-scorched foot trail
through and, steep hills and canyons brought us to the crest of a
slope overlooking the Amelia workings along the side of Curugla
Canvyon. | began 1o realize the magnitude of this mining operation
upon viewing the gigantic dumps stretching side by side for
hundreds of yards up and down the canyon, spilling their enormous
loads of waste down nto the gulch, and extending outward to
contour with their smooth, steep slopes, the whole east wall of the
canyon.

Surface probing in the dumps, under a very hot sun, yielded a
variety of munerals: attractive botryoidal masses of won and
manganese oxides, chunks of transparent selemite, dendntic opalite
and chalcedony in various ochre shades with occasional unts of
green, sparse coatings of brochantite on won and manganese
oxides, some very friable chrysocolla, a few antlerite stains and
small amounts of crudely crystallized anglesite, but none of the
sharp azure-blue crystals that | had come so far to find. On one side
of the canyon, positioned above an enormous dump, we examined
one of the old haulage wnnels. A senes of cave-ins had closed the
passageway just a few yards inside the entrance. It faced, across the
canyon 1o the west, the step-like remains of a mortered stone
abutment that once supported a wooden trestle. No trace remained
of the timbered Span over which loaded ore had cars crossed the
canyon to be connected five or six together for the long mule haul
through the Amelia tunnel to the ore chutes in Arroyo de la Soledad
Canyon to the east, where the trains picked up the ore for the
smelter. Further search led to other mine entries carved into pastel
layers of volcanic tuff but severe collapsing of the formation had
sealed off all the openings

Proceeding up the steep slopes of Curuglu Canyon, working our

way over jumbles of rounded boulders that had accumulated from




the weathered conglomerates, we passed through a heavy covering
of thom bushes and cactus to arrive on top of a gently contoured
summit. Following this low crest to the south, we spied through a
stand of saguaro-like cactus trees, a low-profiled mound of light
colored dump matenal that surrounded the old Cumenge ventilat
ing shaft. In 1ts aged condition, the shaft opening had developed
steep shdes forming a nm several feet back from the vertical walls
of the cut. The weathered remnants of the timbered headframe had
long ago lost out to the pressure of the thinly cemented surface
conglomerates. Rounded boulders that had worked loose from their
matnx had battered jagged holes through the tmber sidings and
poured inward to fall to the floor of the shaft, three hundred feet
below. Examining the meager contents of the dump only venfied
information given in the report: the shaft was dug principally 1o
create a much needed natural ventilating system in the Ameha
workings to alleviate an excessive heat problem underground, and
bottomed out about 20 feet above the ore bed, connecting through
gentle incline tunnels to the workings. No trace ol copper minerals
could be seen in the dump

SECOND VISIT—1969

[en years later, in 1969, a particularly cold and rainy January in
Southern California offered sufficient reason for me to again visit
this locality that continued to occupy my thoughts. Through the
help of Roger Bostard, a California mineralogist with an encyclo
pedic memory of the Boléo Copper district report, we reviewed the
underground maps of the Ameha mine. A tunnel was shown n
Curuglid Canyon that entered the volcanic wffs at the level of the
river bed and extended inward for over 700 feet to meet a
connecting tunnel that led to the Cumenge shaft. It was an entry |
had not seen during my pnor trip when examining the Curuglu
Canyon area

Searching out this opening, among the trees and boulders of the
dry watercourse, revealed a sparse, narrow dump that blended into
the rocks of the gorge. The stream-eroded dump gave no hint of the
extent of the workings that | found within the portal. Passing by
two or three small cave-ins within the first 300 feet, | came upon
the edge of a winze that occupied all of the tunnel floor and
descended thirty feet below to connect with lower level tunnels
Passing carefully over the thin connecting stnip that bordered this
ilt‘l"" hole, | encountered a I;jr;:-.- cave-in a lew sleps '.‘H_'fn*lhl with
just enough space at the top of the collapsed mound to allow me to
barely crawl through. Inside this barrier, which was over 400 feet
from the entrance, the air in the tunnel became oppressively hot,
and at the deepest point of my entry some 600 feet in from the
canyon bottom, stagnant hot air made breathing extremely diffi
cult.

I'he next day, | tned to penetrate even deeper into the same
tunnel that seemed so close to offering me an entry into the Ameha
underground. I had rented a tank of air from a scuba diver in town
to give me a supply of fresh air underground, but out of the water,
it proved to be too heavy and much too unwieldy. Deeper in the
tunnel, over the cave-ins, | hollowed out shallow grooves by
scraping handfuls ol dirt and rocks to the side, allowing my body to
pass through. | twisted and squirmed my way over the tught rool
openings in the repressively hot atmosphere, enveloping myself in
a muddy layer of sweat, as | struggled with the extra burden of the
bulky air tank. | was gulping in huge mouthfuls of the rapidly
diminishing supply of air, and not knowing how long the tank
would sustain me, decided to tum back rather than nsk running out
ol air

It was a discouraging retreat, crawling and walking out through
the tunnel, past the entrance into the glare of the afternoon sun
Standing at the portal in the refreshing warm air of the canyon

*

bottom, my thoughts centered on a method to reopen this tunnel to

provide the entry into the Cumenge shaft area that | sought

THE AMELIA PROJECT BEGINS—1973

Four and a half vears later | finally was able 10 put into work a

plan to penetrate the underground. Many things were happening

during this tme span important to the transformation, uncon
sciously, of the Boléo dream into reality. Most important of all, |
had met Bill Larson and soon thereafter, we were planning
formation of Pala Properties International. Mainly due to
relentless dnive of this individual, together with the able backing of
his wife Karla, Pala Properties Intemational was soon in the
enviable position of being able 1o take on the Boléo program
During this same penod, a new development was also taking place
on the Baja peninsula. The remaining stretches of the tortuous old
grinding dint road were being replaced with a shiny asphals
highway. In the coming months, this was to facilitate tremendously
the smooth flow of equipment and supplies necessary for owr
projeci

By 1973, three possible methods of entry into the Ameha wer
being considered: (1) through the haulage tunnel that | had
partially explored with the scuba tank, beyond which a dangerous
caved area of the old mine could MOP us short of our goal with
complete blockage from major cave-ins; (1) by erecting a new
headframe over the Cumenge shaft, timbenng off the first thirty or
forty feet near the surface 10 hold back the dangerously loose
conglomerates. and installing a hoist to lift out 150 feet of jumbled
loose boulders and debnis that choked the shaft, or (3) waiting for
some old connecting tunnel to be uncovered by the new truck
tunnel being driven at this ime by the company, on the same third
ore bed. from the San Luis mine towards the Cumenge shaft area
3.500 feet 1o the west

Driving for the hirst time on the new paved highway to Santa
Rosalia, on a tnp to decide which would be the best method of
approach to the Amehia underground and how it could successfully
be accomplished, for miles and miles | passed hundreds of busy
construction workers. They were making a tremendous effort
during the 11.|_‘nu and on thrnl.i_uh the 1‘.|;'1H under Coleman !.|||1p~
fimish the last minute details of the highway and the tastefully
n!L'HIj_'Ht'L] way stations and hotels pnor 1o the passing ol President
Echeverna's inaugural caravan up the new highway. Pemex, the
government-controlled national o1l company, through the busy
highway modermization program taking place, contributed heavily
to this tremendous transition, overcoming the Baja Penmnsula
Luxurious havens at frequent and selected intervals, each with s
self-sufficient diesel generating plant to supply the electncity
needed for hights, equipment and apphances, were installed to offer
round-the-clock service of food and dnnk along with automotive
supphies and quality tuels, and, for the more wary traveler, camper
hook-up facihities in formudable wire fence enclosures to ward ofl
the dangers of the mghi

I'hose colorful stopping places on the old dirt roads are and were
owned and maintained by unusual characters, condinoned 10 cope
with the hardships of thewr desert habitat, many of whom an
descended from the early settlers and pioneers of the region
Before the coming of the paved highway, these lonely oases wert
S0 '~|‘hh.'l.‘-.1 ot .Lhin;' the l‘H.'I]Iqu]J and so Inrd_-_'urh. \1|;1|11||“1 with
automolive parts, thal carrying reserve gas and spare parts was a
sensible precaution for all travelers through the area. A stop then
meant more than the impersonal refueling and departure ol today
Wonder and surprise sometimes greeted one s amival, as 1l some
ncar-impossible task had been attempted and accomplished. Fnendly
conversations on the happenings of the area or on the road ahead

could stretich into hours and sometimes reverl into mileresting




Figure 2. The Cumenge shaft.

reminiscings on pioneering forefathers. If good fortune favored
one, an occasional meal of outstanding rarity and quality could be
obtained, tastefully prepared with meat and produce of the area
The excellent Mexican beer was most often al tiempo, room
temperature, which takes a bit of conditionming to appreciate. Near
empty tanks could be refilled with the low octane gas siphoned
from a 50-gallon drum by a gas-spitting attendant who was lucky
o start the flow on the first try. Most of the carburetor-fouling
contaminates were held back by filtering through a chamois or a
piece of cloth

loday. faced with the competition of the modem roadside
facilities, but at the same time favored with the swelling surge of
tourism attracted to the easily obtainable scenic wonders of the
Baja penminsula, some of the old places that were not completely
bypassed by the new highway are striving for a share of the action
Improvements are being made. such as graded rock-lined entries
landscaped with rows and plots of attractive desert plants and cacti,
including occasionally the luxury of a colorful flower patch
alongside the modest structures to add cheer to the desert environ-
ment. Butane-burming refrigerators and stoves along with fresh
supplies of food and drink contribute to better and more efficiently
prepared meals, rnivaling or surpassing those offered in the more
expensive and modem string of President Hotels. Customers
include loyal fnends from the locale and truck drivers who prefer
the ambience, the food and the prices, and now and then, a
nostalgic traveler bringing warm memories of some past trip or the
occasional traveler who nnl} stops lor an cmergcncy

Eleven hours of driving brought me from Tijuana to the first

view of the inland Sea of Cortez from a vantage point the highway
crosses on a sloping mesa. Closer to the waters of the Gulf, the
mesa breaks down into eroded, steep-walled, barren yellow can-
yons opening onto the shoreline. Here for several miles north of
Santa Rosalia, the highway follows a gently curving bay nmmed
with beaches of well-rounded rocks and pebbles until, on the
approach to town, it passes through a small community of miners’
homes and then within the property of the mill, through a maze ol
metal forms on both sides of the road in advanced stages ol
deterioration; twisted tanks, pipes, ore cars, track, cable, steam
engines, hoists, etc. etc., abandoned by the mining company.

After signing the register in the lobby-restaurant of the two-
storied French-built Hotel Central, | carmed to my room upstairs a
few articles of travel in order to spare them the dusty rnide | was
planning up Canyon Boléo. Downstairs and behind the wheel
again, | soon reached the tum-off and headed up the mine road n
the direction of the Amelia mine.

An event occurred, shortly thereafter, that was to fill in the
missing parts necessary for our mining program to actually get into
work. A couple of miles up-canyon, | stopped at the foot of an
ochre-stained mound of mined out matenial to chat with a sun-
bronzed Mexican mine boss who was directing a few miners on a
small open pit project. He introduced himself as Simén Navarro, a
friendly man with the experience of having worked 25 years of his
life in the district, first with the French Compagnie du Boléo for 15
years and thereafter with the present Mexican company. He invited
me to his home after work that afternoon where we would talk
about the Amelia mine. Later on as evening fell. 1. for the first time,
knew that | had found a man with the ability to manage our Amelia
project

A few days after returning to Los Angeles, | flew 1o Mexico City
to join a friend, the amazingly well-relationed Sylvan Marshall, an
attorney of distinction from Washington, D.C., to meet and to talk
with Mexican government officials regarding permits and contracts
necessary 10 work the Amelia mine. Months later, with official
permission and contracts in hand, I was back again in Santa
Rosalia engaged in long talks with Simon about finances, equip-
ment and supplies

After all the preliminary investigations | had involved myself in,
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Figure 3. Old adit in Curuglu Canvon.
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searching for a way of entry, Simén proposed a fourth and
completely different plan to reach the third ore bed of the Amelia
irom s valuable expenence of the underground peculianities of
the distnict. that tumed out to be the safest and most practical
approach. We were to sink a new inclined tunnel in from the slopes
of Curuglu Canyon. Pacing the distance from the Cumenge shafi
opening that lay mdden from view over the top of the hill, we
walked back down the side of the canyon and chose for our entry
pad, a natural basin that had been eroded into the slope, roughly
midway between the dry stream bed and the top of the hill. Down
canyon, a half-mile from this spot, the dirt road ended on the flal

top of a mine dump. Starting from the end of this road, with a full

bucket and a can, we chimbed up through rocks and cactus dousing
here and there on prominently outcropping boulders, cans full of
limewater that marked upon drying, a whitewashed line of rocks
along the slopes of Curugli Canyon that guided the bulldozer in
cutting the connecting road to reach our new mine. Belore
returning to Los Angeles. | asked Simén to have the surveyor check
our surface location to tell us what angle to descend and what poini
on the compass we must follow to touch down at a particular place

| had selected on our tracing of the old French map of the

underground
Figure 4. Air compressor and ore car at the

FUNNELING BEGINS entrance to our new inclined shafl.

In the space of two weeks, a tunnel was started 1in a vertical face
cut out by the company dozer, and at an inclined angle of 30 boulders by brute strength, forcing them up the 30 de
degrees, Simon with his miners started down in the earth. The first a wheelbarrow, with his helpers pulling from the topsi
few yards ol descent exposed a grnim hint of the problems we were attached to the wheelbarrow frame. Expertly placed tuimben
lo face ahead. Stmon was having great difficuluies making headway necessary through these surface conglomerates, adding exts
through a nest of large boulders, many weighing from 200 1o 300 and loss of time we hadn’t counted on. Meanwhile in Los
pounds apiece, an accumulation of nonmarine conglomerates | had hinally located 800 feet of narrow gage
underlying the slope that would plague us tor the first 110 feet ol of rail spikes and contracted for a Mex
descent. Before | could find and deliver to Simon the narrow gage along with 500 feet of four-inch di

track for the ore car, he was doggedly hfting out 300 pound forced air-ventilator. Three davs

Figure 5. Old workings slowly collapsing in the Amelia mine.
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trucker had armived at our mine entrance and S1mon was unloading
the much-wanted cargo.

The donkey engine promised us by the mine engineers never
quite made it to our diggings: the spare winch was occupied with
emergency duties in other places and couldn’t be loaned to us. With
great resourcefulness, Simoén anchored an upnght pipe into the
ground outside the entrance and attached a pulley through which he
threaded a half-inch cable. connecting the ore car 1o his pick-up
Slowly driving down the road with his truck pulling on the cable
he hifted the loaded ore car to the surface where a helper discon
nected the cable and hand-pushed the 1,000-pound load to the end
of the track and spilled the waste onto the dump. For the next nine
months, we poor-boyed the loaded cars up our seesaw, Simon
going down and the ore cars coming up. In this manner, Simon
mined for the incredible distance of over 500 feet. Beyond the 300
foot mark, it became a real problem when the cable behind the
truck would swing out over the canyon and entangle itself in rocks
and cactus, as Simon rounded an nside curve ol our access road
300 feet down-canyon. He then installed a verucal roller at each ol
two inside curves by placing a greased larger pipe over a smalle
inner pile that was anchored vertically on the canyon edge of the
road. As he rounded the curve on his downhill pull, the cable would
run against the upright pipe and start 1t noisily spinning on its axis
keeping the cable in line behind the truck

Month after month of hard work passed by. Below the surface
conglomerates, we encountered layer upon layer of hard sand
stone-like volcanic tuffs. Dnving downward through these tough
beds with hand tools was a slow, tedious j0ob that tended to affect us
all with discouragement. Tools were being sharpened twice a week
and wore down to frail remnants of their former strength. Eventu
ally, with depth, the color of the formation began to change and the
buff-toned layers gave way to a band ol tull the color of baked
brick, and then farther down, changing again into shades ol gray
and tan. One angular piece of black basalt that Sitmoén saved to
show me that was removed from the beige tuff, upon being broken
showed most of the angular vesicules filled with snow-white
crystals of some zeolite

After several months of tunneling, in the course of a casual
conversation with Simon, | leamed, to my horror, that an engineer
ing survey | had requested months earlier to give us a location on
the underground had never been made. My apprehension increased
upon our passing through two very prominent down faults about
250 feet from the surface that meant we would have to dig deeper
than expected to make up the vertical distance lost by the displace
ment. The Amelia ore bed tlted slightly upwards toward the wesi
(the side we were coming in from) and the down faults cutting
through the bed would section off the ore bed in giant shingle-like

blocks that ulted as shakes on a roof, without overlapping

Consulting with Simon, | decided we should steepen our angle of

descent from 30 to 35 degrees, thereby shortening the distance to
reach our goal. | could hardly wait until the next trip to bring the
Brunton compass down to Santa Rosalia to check our position
underground

A month later, back at the mine again, the first priority was the
Brunton traverse and, after noting our tunnel direction, | ran the
same point on the compass from our workings up the steep canyon
slope and over the top to within sight of the Cumenge shaft. our
surface reference to the place we wished to reach underground. The
plan was to drive our incline down to the ore bed and then onward
straight ahead within the near-level old workings to reach a point
approximately 50 meters north of the Cumenge shaft. After
projecting over the surface this line of direction of our tunnel to

within measuring distance of the shaft opening on top of the hill. |

found 1o my amazement that Simon had chosen, without instru
ments, a direction for our tunnel that (when eventually extended
the full distance of nearly 800 feet) would pass in the ore bed
within three feet of that poimt vaguely descnbed as the discovery
location of cumengite, pseudoboléite and boléite! | had nothing but
admiration for this man as | told him he was way ofl course, by 36
inches! His poorly concealed concern transformed instantly into a
proud explanation, of which 1 was in warm agreement, of the
innate abilities of an experienced miner

Recalculating our vertical position, | realized we were in for a
much longer dig than | had originally surmised. Months later al
around 400 feet from the surface we ran out of track, then cable and
finally out of venuilating duct. We scrambled 1o keep reserves ol
these supplies on hand and luckily obtained some rails from the
mining company who, trom the start of the operation, had been
most cooperative and helpiul in supplyving us with much needed
maitenals and supphes

Finally, towards the end of the tenth month of continuous
digging, the signs started to look more encouraging. We were
digging bevond the 4/5-foot mark and poor Simon was practically
driving his pick-up out of sight down the canyon road to lift the
loaded ore car out of the hole. We had plans to eventually install a
winch, but I think we all wanted 10 see what would show up at the

bottom before getung nto that expensive detanl.

IHE ORE BED!

In our downward progress, we passed over an old tunnel, nicking
the upper comer where the loose dirt funneled through the tiny
opening into the old digging below. Soon thereafter, we penetrated
a tenacious bed of red argillaceous tuff containing thin stringers of
a dull black manganese oxide and interlacing thin bands of crystal
clear selemite. Just below this red formation, at a distance of 530
feet from the surface, we finally touched down on our objective,
the hanging wall of the third ore bed of the Amehia. Passing
through montmorillonite clays in assorted pastel shades of yellow,
lan, cream, orange and green in the hanging wall, we continued
downward through a hodge-podge of compressed backfill maten
als that supported a stoped out area that had been mined 60 years
before, reaching the underlying footwall, a shckensidelike smooth
faced honzontal bed of dull red volcan -~ twfl

Ihe two muners first saw them when loading the ore car
underground but when | saw them in the hght of day, in that first
load of backfill that came to the surface, those first sharp, brighi
little blue cubes, | wanted 10 make love to them. They were the
most powerful medicine | had ever held in my hand. Feelings of joy
and gratitude and rehiel pervaded my senses. After twelve months
of tough digging. twelve months of total immersion in the project
and seventeen trips later, twelve of these by consecutive monthly
drives, there they were in my hand! Excitedly, we screened and
searched by hand through each ore car load that surfaced. Loose
boléites began to appear, with now and then a piece of montmoril
lonite showing a single cube or rarely a cluster of crystals. One
screen load contained several clean-edged quarter-inch cubes but
mostly we were picking up one-eighth inch sizes and under. By the
end of that memorable day, we had picked out a mice hittle selection
of boléntes, loose and in matrix.

Later that eveming. after having happily celebrated with the
miners on the finding of the crystals, | contemplated the signifi
cance of our discovery. Actually, the real surprise was to find
boléites in backfill at a point about 225 feet 10 the west of where
they were supposed to be, according to the location given in the
reports | had studied. After the mine was electrified in 1905
endless belts were used in the Amelia to transport backfill from




Figure 6. Old workings collapsing in the Amelia mine.

distances up to 60 and 80 feet, according to the old miners who had
worked there durning that penod. In its completely caved-in condi
non. there would be no way to know where the crystals were
coming from in the backfill, until we could examine some unmined
remnants of the ore bed

During the next few weeks several improvements were n
progress around the mine. While the miners began tunneling along
the level ore bed. laying their track and placing square sets ol
timber across the rool every four feet or so for salety, we put up on
the pad facing our openming, a palm-thatched ramada. It was open
on four sides, shading us from the debilitating heat of the summer
sun and was high enough to cover our httle Airflow camp trailer

that had been serving as my h-;.niqlmrt-;h i Simon’'s backvard

We learmned that a sample of backfill given to the mill assayer

showed a mgh percentage ol copper, which dehghted no end
Simon the miner. Within a few days, a couple of the company
engineers visited us 1o study the problem of putting up an ore chuie
o efhciently handle our copper ore production. A bulldozer
appeared up our canyon and cut a lower road. branching off of ours
down canyon, to carve out a pad at the base of our ore dump. Two
company men armived on a mine truck loaded with long imbers and
a barrel of lag bolts and --|1|Lf\ and tor two weeks worked I1'||‘§-_‘|'1]I:|"v.
to construct a sohidly built two-story ore chute. With a simple bul
ethcient heavy six-toot ron bar with over-si1ze notches at one end
placed over a section of the loosened mine rails just outside the
entrance. Simon and his two sons coaxed the rails into a nice
smooth curve to relocate the track towards the new ore chute. An
end dumper was attached to the track just over the bin so thal

loaded ore cars could be flipped up by two men, and dumping

Figure 7. Digging for boléite in a promising
part of the third ore bed, Amelia mine.

directly into the chute, where the ore trucks loading from under

neath hauled their eight-ton payloads to the mill

Most important o our mining operation al this time was a diesel
generator that was to power a winch and the ventulator. Joh
McLean ook time off from working the Tourmaline Queen mine in

the San [}LL-_-__'l- back-country 10 make the long tnp down, bringing
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Figure 8. Our workings in the Amelia mine. Our 175-meter incline happened to
intersect an old, partially caved tunnel which we cleaned out; then the

exploratory drifts were dug as shown.

to us this much needed equipment plus the know-how to put it
together. For several days, John was fully occupied with the
installation and wiring of these units, after which we all appreci-
ated the look of pure joy on Simén’s face as he operated his new
playthings. On an earlier trip, John had brought up to the mine a
solidly welded iron door frame with door, plus a few bags of
cement. The miners did a professional job at the tunnel entrance
building up a thick enclosure of reinforced concrete to encase the
iron frame, from which they hung the massive door.

Owr present plan is to develop the several exposures of copper
ore we have already uncovered that contain no crystallized miner
als, selling the ore to the company to help defray our running
expenses and possibly to recover some of our investment. For the
moment in a precautionary way, we are flushed with success on the
discovery of the rare minerals, but much remains to be done in the
development and control of the mineral collecting. We will con-
tinue to advance along the ore bed in a straight line almost due east,
a delicate procedure that requires an experienced miner’s hand at
timbering, through collapsed tunnels, fragmented old timbers and
the once loose backfill that has been welded into durable conglom-
erate-like masses from the intense pressure of the crushing weight
of the overburden.

The most meaningful discovery of boléite we have made since
the imitial excitement of entering the third ore bed of the Amelia
mine, verifying that some of these rare minerals stull existed
underground, was when we were removing a small portion of
unmined ore bed, probably a support pillar left in place as a safety
precaution by the miners who were digging out the copper ore
years ago.

Extending our tunnel eastward through the caved-in hazards of
the old workings, we entered into this unmined bed of grayish tan
montmorillonite from which we uncovered some lustrous, well-
formed boléite crystals of unusual size and beauty, embedded at
random distances in a thin layer of the pocket clay. This narrow
band of montmonrillonite, containing the crystals, was carefully
worked out section by section and brought to the surface for
wrapping.

The better specimens from this important find are now being
carefully trimmed and cleaned for the coming Tucson mineral
show in February, where they will be exhibited as a special display.
They are the most outstandingly beautiful matrix specimens we
have ever seen. What a pleasure it is indeed, 1o be involved in one
of nature’s beautiful products.




Figure 9. (above) Boléite crystals to 1 cm on matrix,
from the Amelia mine. Pala Properties International
specimen: photo by Harold and Erica Yan Pelt.

Figure 10. Boléite crystal, ca. 2 cm, on stabilized matrix;
one of the largest crystals collected at the Amelia mine.,
William Larson collection; photo by Wendell E. Wilson.

[Editor's Note: That's where the story ended in Swoboda's 1976
Lapidary Journal article, with work just getting started. But whar
happened then? We comtacted Ed, who is currently involved in
exploratory work at the Tourmaline Queen mine in Califormia, and
asked that he finish the story. He graciously sat down and wrote out
the following notes on what they later found.|
Figure 11. Boléite crystals to L8 cm, on stabilized
Reminiscing on events that brought me to willingly endure the matrix. Cal Graeber specimen; photo by Wendell

oppressively hot environment of the Amelia mine, | remember E. Wilson.
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Figure 12. Boléite crystals recovered in 1973;
the largest one measures 1.4 cm. Ed Swoboda
collection; photo by Wendell E. Wilson.

Figure 13. Boléite crystals to 6 mm on white
anglesite. Ed Swoboda collection; photo by
Wendell E. Wilson.

Figure I4. Boléite crystal, 6 mm, on anglesite.
Ed Swoboda collection: photo by Wendell E.
Wilson.

Figure 15. Boléite crystals to 7 mm on anglesite.
kEd Swoboda collection: photo by Wendell E.
Wilson.




Figure 16. (above)
Brochantite tufts (or
possibly aurichalcite?)
on matrix, about 6 cm,
from the Amelia mine in
1973. Ed Swoboda
collection.

Figure 17. (left)
Pseudoboléite crystal,
1.1 ecm, collected at the
Amelia mine in 1973,
Ed Swoboda collection;
photo by Wendell E.
Wilson.

Figure 18. (right)
Paratacamite pseudo-
morph after anglesite,
2 cm, from the Amelia

mine. Ed Swoboda
collection; photo by
Wendell E. Wilson. |

clearly being entrapped by the late mineral dealer Martin Ehrmann’'s
enthusiastic description of the three giant cumengites that he had
just seen at the Sorbonne in Pans. With trembling fingers he
showed me their dimensions, and | was hooked. Anyway, to
continue the story . . .

There I was, finally having reached the third ore bed, the origin
of those fabulous crystals Ehrmann had seen in Paris. Unfortu-
nately there was no accurate record of exactly where in the third
orebed workings those crystals had been found. So I proceeded to
have exploratory tunnels drniven from the haulage tunnel touch
down outward in several directions within the friable six-fool
stratum of muneralized clays. This work ultimately covered a
haphazard area of about 200 x 300 feet. The digging was pretty
much a blind grope through the soft clay, and it was clear that,
although we did run across some very nice specimens, we could
easily have missed other fine matenal.

Most of the matrix specimens recovered consisted of boléite
crystals embedded in soft, pale gray montmornllonite-like clay

Occasionally we also found pseudoboléites, with their characteris- Figure 19. Cumengite-on-boléite sixling, 1.2 cm, actually show-
tic notched edges showing where the pseudoboléite had overgrown ing seven crystals grown on the six faces of a boléite cube. Ed
the faces of a boléite cube. Rarely, very rarely, we found a Swoboda collection; photo by Wendell k. Wilson.
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Figure 20. Boléite crystals to
S mm covering chalcedony,
from the Amelia mine. Martin
Zinn collection; photo by
Wendell E. Wilson.
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cumengite in matrix. These bright blue crystals were associated
mainly with boléite, perched on or embedded within transparent
masses ol gypsum attached to dull green nodules ol paratacamite
or even more rarely on hard chert-like masses ol opaque white
L|I.I|u'L‘11HI1_\

With great care we extracted the matnix specimens from the ore
bed, but once exposed to the and desert atmosphere the clay began
to dry, crack, and crumble away before my very eyes. | quickly
developed a preservation techmique whereby each chunk of damp
clay showing signs of blue crystals was immediately wrapped n
cheesecloth and immersed n a solution of water and Elmer s Glue
After soaking a while the specimens were removed trom the
solution and allowed to surface-dry in the herce desert heat. then
were wrapped in newspapers and left to dry slowly and completely
over several weeks. The NnEwWspaper and cheesecloth were then
removed, and the crystals exposed through the use of hand tools

Some layers of clay were so loose and friable (such as the brown
bands that vielded occasional cumengite crystals) that even when
mined carefully with small hand tools they would collapse and
disgorge their crystal contents 1n a flow of loose, wet powder. In
digging through this clay | recovered three remarkable loose
crystals of cumengite n the classic six-pomnted aggregates ol
cumengite-on-boléite. Two of them, almost identical in size and
perfection, measure 1.6 ¢cm in size: the third, with some underde
veloped points and hightly touched by pseudomorphism on one
point, measures a full inch, 2.54 cm!

By this ume | was feeling absolutely certain that the “Big Ones’
were within my grasp, but, as it tumed out, those three specimens
were the best cumengites to reach our hands. A single 1.8-cm
cumengite crystal, nor overgrown on boléite but replaced by
chrysocolla, 1s in my pseudomorph collection

One sad incident involved a umique 20 x 30-inch slab of opaque.
milky white chalcedony. An old miner had been left underground
alone to drive a tunnel and remove ore for processing, and it was he
who came across the rare piece. When | arrived that Friday after a
six-hour drive across the hot desert, the first thing I saw on the
sorting table was a small chunk of hard, white, cherty matrix with

boléite crystals. It had just come up in an ore car. | raced down the

incline to the working face, but it was too late. The rest of the big
plague had been completely destroyed. The miner had methods
cally pulverized it into small fragments, each piece showing
smashed blue scars where perfect boléite crystals to 7 mm once
stood. The total upper surface of the plate had been covered thickly
by lustrous blue crystals. The crvstals now lav scattered in broken
pieces across the tunnel tHoor. What a heartbreaker! Three or four
small preces of matrix were all that survived with good crystals
intact from this magnificent sheet nearly a meter across

Intterent locations in the ore bed each produced boléites of a
distinctive habit. One area vielded plain cubes, another produced
modified cubes, another only intergrowths, another with pseudo
boléite overgrowths, etc. In each case the surrounding clay gave no
indication whatever that crystals were near

Months of pamnstaking labor produced for us what were prob
ably the finest matrix boléite specimens ever recovered, although
the best loose crystals found by the early French miners were fa
supenor o any we encountered. The same could be said of our
cumengites, which, fine as they were, did not reach the size of the
huge examples in Panis. Nevertheless, we liberated some wonderful
specimens that otherwise would still remain in the ground. It was a
areal expenence

In the end, we shut down the operation because it just wasn't
paying for itself anymore. Our workmen left for other jobs, our
equipment was cannibalized, and our site finally abandoned. Bui
the big steel door set 1n concrete 1s probably still there to this day
Perhaps some day another collector, with plenty of financial
backing, will decide to re-enter the old Ameha workings through
our shaft and try his luck. He had better be prepared to suffer,
though. If he fully realized what we went through in our quest, he

would probably give up and look for easier pickings somewhere else

Editor’s Note: In 1993 a hiker named Bonnie Thoresen (not a

mineral collector) stopped at a dump in the Boléo district, just to

Kill some ume. She sat down and casually sifted out hundreds ol
cumengite sixlings (up to 1.3 cm) from the muck. She later sold
them all wholesale at the Tucson Show. Being unfamiliar with the

district, she has no idea which dump she was sitting on at the time
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|\ 2-inch Dioptase Crystals Excite Collectors!

So does our Video Catalog!

Silver—Kongsberg Sphalente—Merrepoint, NY

Aesthetic Minerals for sale on our 90-minute Video Catalog.
Fine specimens in all sizes! It's like a
Home Shopping Network for minerals! We produce at least FOUR Video
Catalogs/year. Satisfaction Guaranteed or your money Happily Refunded!

Order Your Video for $12—Videotape supplied in a system
compatible with what is used in your country.

We Buy individual specimens & collections—Competitive Prices Paid!

Trade-ins ACCGptEd on better specimens of the same mineral!

Buy-back Offered on specimens wanted by our other clients!

We Also offer outstanding FOSSILS, TEKTITES, METEORITES—video $12

* - .

Robert Lavinsky Tom Kapitany Robert Sielecki
Matthew Webb Collector’s Corner Ausrox
P.O. Box 948627 at Gardenworld 42 Hex St., Tottenham, Melbourne
La Jolla, CA 92037 USA Melbourne, Victoria Victoria 3012 Australia
TEL: 619-587-1141 Australia TEL: 61-3-9314-9612 >
FAX: 619-534-8180 (attn. Rob) TEL: 613-9798-5845 FAX: 61-3-9315-1819 ¢ nuSHDxﬂv%j,; |
Email:lavinsky@jeeves.ucsd.edu FAX: 613-9706-3339 Mot




oy WA .~
s7\ 9%

) | 'ji"'_j

Kino Rocks &
Minerals

6756 S. Nogales Highway

[ucson, Arizona 85706
(520) 294-0143
9-11:15/Noon-5:30
(Closed Sun.)

No Catalog—No List

Em’s Gems
Plus Three

Em & Ogle Love

8846 E. 35th Circle
lucson, Arizona 85710
(520) 886-6942

Fine moderately

priced specimens for
collectors and museums
Shows only

Crystal Pockets

George Godas Top-Gem Minerals
6304 S F ) - '
I o L,l‘l -3 ”:.‘.,H . 1201 B North Main Street
» W 1 a 83).BS e o
. ']T:};'_}'. Z'HT . lucson, Arizona 85705
(6U2) 820-306/ Tel: (520) 622-6633
Arizona Lead Mineral FAX: (520) 792-2928

. ’ Mon-Fri 8:30-4:30
Bitner’s, Inc. ol by Anet
42 West Hatcher No Catalog or List
Phoenix, Arizona 85021 Wholesale Only
(602) 870-0075 Mex. & Tenn. minerals, boxes
Wholesale Minerals &

Fossils, by the piece, pound Co er Cit
or flat, since 1945 E(I;Ck Sh{};p

David Shannon john & Karen Mediz
566 Ash Street

Minerals Globe, AZ 85501
David & Colleen lel: (520) 425-7885
6649 E. Rustic Drive FAX: (520) 425-4506
Mesa, Arizona 85215 Southwestern minerals
(602) 985-(0557 since 1970. See us at shows

Minerals, Boxes & Supplies. 97 * isit our store (call first)

Send 3 stamps for list
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Arizona Minerals

TUCSON SHOW 1998

e EXECUTIVE INN Rm. 235 »
Dick Morns = Mark Hay
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* MINERALOGY
* MINING

* METEORITES
* GEOLOGY

* JEWELRY

* GEMSTONES

ROCKS OF AGES

USED-RARE & OUT OF PRINT
BOOKS FOR COLLECTORS

Send $2 for Current Catalog of 500+ hems

ROCKS OF AGES
PO. BOX 3503 + TUSTIN, CA 92781
(714) 730-8948  FAX (714) 730-1644

WANT LISIS ARE
INVITED. WE ARE
ALWAYS INTERESTED
IN BUYING A SINGLE
BOOK OR A
COLLECTION OF
ANY SIZE
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Diavid Bunk Minerals

David Bunk

1441 W. 461th Street, #8

Denver, CO 8021 |

IN1-477-6897 ..h_x appointment)
Colorado & Worldwide Specimens

Columbine Mineral Shop

Benjy & Liz Kuehling

P.O. Box 541

633 Main Street

Ouray, CO 81427

N3 i_“"- 4345.9am. 10 9 p.m
Open 7 days, May 1-Oct. 3]
Oft-season by Appointment

Fine Minerals for Collectors

Genesis f'_",’ﬂ wh
Mel & Pam Bersch
2417 Sandndge Court
Grand Junction, CO 81503
970-242-3134 (call for appt.)
I'sumeb Minerals. Western Colo
Fluorite/Amethyst & Fossils
E-mail: MPBERSCH@ aol.com

Glacier Peak Ant,

Gems & Minerals
Joseph & Susan Dorris
1672 So. 21st Street
Colorado H|“'”.'-:"- (C°0) B4
T19-442-6630 (Showroom & Shop)
Our mines produce top Colorado
Amazomite & Smoky Quartz
Beginner to Advanced. Worldwide

COLORADO
MINERAL
AND FOSSIL
SHOW
-
WED.-SUN.
SEPT. 16-20, 1998

Holiday Inn Denver North |

(where |-25 meets |-70, exit 214C)

10 a.m. to 7 p.m. Daily
Be sure to attend the

Museum Benefit Auction, Wed. 5 pm

Shuttle Bus
to Main Show

220 Top-Quality Dealers

INFO: P.O. Box 999 « Evergreen, CO 80437
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Green Mountain Minerals
Stanley Korzeb
13993 E. Anzona Ave
Aurora, CO 80012
303-368-1209 (Call for Appt.)
Species, Fine Minerals, write for List

Bill Havward Minerals

Bill & Chnistopher Hayward
1286 Quitman Street

Denver, CO 80212

303-455-1977 (Call for Appt.)
Colorado & Pikes Peak Minerals

L & T Creations
Lee A. McKinney
| 800 Winfield Dnive
Lakewood, CO 80215
By Appt. Only 303-232-6451
Colorado Amazonite

L]P—Ci orado

Larry & Carmen Piekenbrock
1180 York Avenue
Canon City, CO B1212-8612

719-275-7530 (Call for Appt.)
Fine Minerals, Micros, elc.

WWWeb:hup://www collectors-mall.com/

IThe Mineral Adit Rock Shop
Tom & Mae Johnston
2824 W. Colorado Ave,
Colorado Springs, CO 80904
119-475-1557 (office)
719-591-4073 (home)
Open 7 days (excl. Holhidays)
Quality Minerals, micro 1o Lg. Cab.,
Rare Agates, Fossils, Jewelry

Mountain Minerals
International

I]HEHL':\- Blauwet

P.O. Box 302

Lowsville, CO 80027-0302
W)3-665-0672

FAX: 303-664-1009
Buy/Sell/Trade

Minerals, Gems, Gem Rough

The Sunnvwood Collection

Bill & Elsie Stone

12068 E. Amherst Place
Aurora, CO 80014
303-368-7497 (by Appt. only)
Fine Minerals & Fossils,
Mounted on Exotic Hardwoods
Custom mounting available
http://www.sunnywood.com

XTAI—Dennis Beals

Denmis & Dhane Beals

6006 S. Holly St., Suite 256
Englewood, CO 80111
303-771-9225 (by Appt. only)
FAX: M)3-T71-9308

Fine Mexican minerals & more
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Bourget Bros.
Nancy Hasse, Leonard Bourget
1636 11th Street
Santa Monica, California 90404
Tel: (310) 450-6556
FAX: 800-607-2201
Wholesale and Retail

Coogan Gold Company
Ed and Kay Coogan
PO, Box 1631
Turlock, CA 95381
Tel: (209) 634-5222
Micromounts, TN's, Min., Cab.

Si and
Ann Frazier

Si and Ann Frazier
Suite 306, 6331 Fairmont Ave.
El Cerrito, California 94530

The Gemmary Rare Books
Rick and Faye Blankenhom
P.O. Box 2560
Fallbrook, CA 92088
Tel: (619) 728-3321 (Ans. & FAX)
(619) 728-3322
Call for Appointment
Specialties: Rare Books and
antique scientific instruments

Cal Graeber Minerals

Cal and Kerith Graeber
P.O. Box 2347

Fallbrook, California 92088
lel: (619) 723-9292

By Appointment Only

Jewel Tunnel Imports

Rock H. Currier

13100 Spring Street

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

FAX: (818) 338-4617
Wholesale Only

Kristalle

875 North Pacific Coast Hwy
Laguna Beach, California 92651
Tel: (714) 494-7695

E-mail: leicht@kristalle.com
WEB: http

www.kristalle.com

Debbie Meng’s Minerals
Debbie Y. Meng
P.O. Box 117
Marina, California 93933
Tel /Fax: (408) 883-9348
E-mail: debbie.meng@usa.net
Specialty: Fine Chinese Minerals

Pala International &
The Collector

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

US Wats 1-(800)-854-1598

D. J. (Doug) Parsons
1119 S. Mission Road
Suite 243
Fallbrook, CA 92028
lel: (619) 728-825]

FAX: (619) 728-8255
INTERNET: dparsons@

betacolor.com.us

Roberts Minerals
Ken and Rosemary Roberts
PO, Box 1267
Iwain Harte, California 95383
lel: (209) 586-2110

Bruce & Jo Runner
Minerals
13526 South Avenue
Delhi, California 95315
Tel: (209) 634-6470
Micromount List $2
Showroom by Appt. only

Silverhorn
Mike Ridding
1155 Coast Village Road

Montecito, Calitormia 93108
el: (805) 969-0442




Think about it: It you sold halt of your mineral
collection, you would have the cash to spend on
some of the beautiful new minerals coming out. Or
sell the whole thing and begin again in a different
specialty. With the experience you have now, you
can do a better job than you did the first time around.
It you think that it’s ume for a change in your
collection, give us a call for an evaluation. We pay
cash. Appraisals and specimen restoration available.

estorn J\f nerals

GENE & JACKIE SCHLEPP
P.O. BOX 43603 » TUCSON, ARIZONA 85733 « NO LISTS « CALL COLLECT: (520) 325-4534

Call tor an appointment to visit our mineral showroom when vou're in Tucson

FAX: (520) 318-0573

ST DENVER BOX

NEFW | Detailed abstracts on 219 Supplier of MFF-Line Flats
MINERALS new mineral species Perfect Fit , Cotton Filled
: 224 pages, 520 + S2 posi Setup, Foldup, Perky
) Collection & Display Boxes for
Rocks, Minerals and Fossils

Call or Write for a Free Price List

) 1101 y > rAP Phone (303) 428-8771
The Mineralogical Record g ot g

P.O. Box 35565 8890 N. Federal Bivd., 52-D

k2 A Lo ) = Denver, CO 80221
[ucson, Arizona 85740 Order Desk 1-800-762-5639

W I-..--.L
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Old ¢ Rare Books an. 1618 Lakewood, CO

(Denver Area)
Historically important books for collectors b. 12-15 Tucson Gem &
beautifully illustrated and practical reference Mineral Show
books for evervone Convenhon
Center, Tucson
Book catalog #1 $2.00 \Z

Feb. 21-22 Pasadena, TX
Feb, 28-Mar. 1 lackson, MS
Book catalog #2 $2.00 Feb. 28-Mar. 1 Hayward, CA

Early "N e wchnol Mar. /-8 Clavmont, DI
- science, lechnology <& antique Mar. 13-15  Kansas City, MO

sctentific instruments Mar 2 y Gan Antonio. TX
Mar. 28-2¢ East W

Mining, mineralogy, gemology & jeweln

Antique Scien tzfic Instruments

Eighteenth and nineteenth century mathematical
philosophical and optical instruments of all kinds

Current illustrated catalog $5.00

Catalogs online at: http://www.gemmary.com/rch/
E-mail: rch@gemmary.com

ih & Toushnut, Box 157, Tombsiony firizom 8538

. O. Box 2560 « Fallbrook, CA 92088 » (619) 728-3321 » 728-3322 (Ans & FAX) — : -

CUMENGITE! 'Oceanside

Amelia Mine, Baja Calif,, Mexico  Jem imports, inc.
Perfect starburst crystals 2=7mm Huge stock of |
Also Boleite Cubes & Cuboctahedrons, 4-10mm |

Over 1,000 Mineral Listings plus Boxes & Supplies
—Send three stamps for complete catalog— | ' Box 222

-

DAVID SHANNON MINERALS Oceanside, NY 11572
6649 E. RUSTIC DR. MESA, AZ 85215 (602) 985-0557 Phone/Fax | Tek: (516) 678-3473 © Hirs. by App!

We Buy GOLD Specimens @ j NATIONAL MINERALS

OF Q0UA
"'?}" and Bulk Materia

Antero Aquamarines ;”‘ltl (IHI'L] ( H”LL“HHH
Flat or Nik

By Mark Jacobson, the only complete Piece, Fla
guidebook and history of Colorado’s O.&R. Meyer II}‘E AR e fi
most famous locality, $19.95, soft, Larchenweg 9, D-42489 Wallrath NATIONAL MINERALS (3
$34.95 hard, plus $1.50 s&h. lel/Fax: 011-49-2058-3473 i$'i'sor =, Ly g v
Collecting Arkansas Minerals -

By Arthur E. Smith, Jr., a guidebook

to all guartz and other mineral

r= = = = = = |
localities in the Ouachita Mountains ] ou . 4,'” [ \t €N
area, only $14.95 soft, plus $1.50 s&h. | i N , q E"EZ”E ﬂ" ﬂ |. S ﬂ S |!
The Mineral Database | othin ‘In |||
Fully searchable database of physical ,

characteristics of all approved Jack Carlson & Roger LaRochelle IHIH’ you 1’(‘ sSecn f:’i‘t‘ [
minerals, only $45 postpaid, for Open Fri-Sat-5un-Mon, 11-4 treasures {1', ”h‘.‘ i

Windows or Mac. just 2 hours North of Atlanta eyl )
Pay by Lr{t}:liaflfélhiﬂﬁ:ﬁ.rﬁg From Micromounts to 7 ounces Original Collectors
PO Box 2043

Coeur d'Alene, ID 83816-2043 HHH‘TIE Wright Square No. 5 * Highlands, NC 28741
208-664-2448  Ircam@comich.iea.com lel./FAX (704) 526-8244 - Major crystals by appointment

(publisher of the Mineral News)
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Crystal Clear.

The Meiji EM Series of Modular StereolY[H{ 5] [E3

If you are looking for precision, durability, quality and value in a I'!
stereo microscope, we invite you to take a closer look at Meiji's
EM Series of Stereo Microscopes.

The modular design (A wide variety of bodies, single magnifica-
tion or zoom— rotatable 360°, auxiliary lenses, eyepieces,
stands, holders, etc.) gives you the freedom to create the ideal
instrument for your specific needs or application, and Meiji stands
behind every instrument with its limited Lifetime Warranty.

For more information on these economically priced stereo
microscopes, please call, FAX or write us today.

MMEUl
TECHNO

MEIJI TECHNO AMERICA

2186 Bering Drive, San Jose, CA 95131, Toll Free Te.'ephﬁne: 800.832.0060
FAX: 408.428.0472, Tel: 408.428.9654

jfllll‘ FINE MINERAL SPECIMENS
Mineral Specimens 35 MINUTES FROM DETROIT AIRPORT

OPEN BY APPOINTMENT
'1" A

|

|

- NORTH STAR MINERALS

SPECIALIZING IN THE MISSISSIPPI VALLEY-TYPE
- . DEPOSITS OF SOUTHERN ILLINOIS

= .
. "“""‘"“T,""‘ Ross C. Lillie

7249 Woodlore Dr. Ll

»  Specializing in ® | W. Bloomfield, M| 48323 » Tel./Fax: (810) 926-9929 ichigan

= Silver
« reat Classics -

Peamatite Minerals. |

Mot § g WILLIS’ EARTH
=4 J . Mineral Specimens - Peruvian Pyrite by the
lists issued.~ = Ton - Quar tz Points - Rough Blue & Pink TR EASURES

See me at Booth M7, Tucson Convention Center Andean D[Jdl.- Chrysocolia - 5t mle(amnqs :
. _ : i in Hard & Soft Stone - F ossils - Peruvian CLOSE-OUT SALES—SPECIALS
I'll have Pakistami Gem XLS and Old Classics .

Handicraft Beads

l
Afaban % Pakistani \ 14
! -
L}
|

SEE US IN TUCSON
from a collection recently purchased.

> WHOLESALE ONLY = EXECUTIVE INN—ROOM 138
ﬁ (!)hnhha Franklin Fluorescent Minerals
a Vicjon Enterprises Inc. Worldwide Mineral Specimens

Box 31 12025 W. Wisconsin Drive Joyce & Dick Willis

= i 309 Prospect Street
Short Hills, N.3. 07078 Lakewood, C0 80228 ,
pidhn ; Tel: (303) 987-1296 - FAX: (303) 988-7883 Stewartsvilie, NJ 08886
(973) 4b7-D212

SEE US IN TUCSON, DAYS INN #124, JAN-FEB (908) 859-0643




THE 44th AN NUAL

S TUCSON

GEM & MINERAL SHOW
FEB. 12-15, 1998

| TucsoN GEM & MINERAL SOCIETY SHOW COMMITTEE
| P.O. B()x 42543 e Tumor\ AZ 85733 » wm 322-5773 ® Fax (520) 322-6031

|

i Featured Mineral: Fluorite and Alpine Minerals
|

|

Enc clopedla of Mineral Names

by W.H. Blackburn and W H. Dennen Hardcover

8 1/4 x || 3/4" format

The book you have all been waiting for! Over 300 pages
$400U)S in US and overseas

$40 CDN in Canada

Price includes shipping and handling

A treasure of information
and a promising research tool

For each IMA-approved mineral species: Order from
. PP P Mineralogical Association of Canada
* origin of the name 5

; : PO. Box TBOB7
. ﬂlscov?ry locality < g Meriline Postal Outlet
* key references > e NP GT | 460 Merivale Road
* chemical formula ; ' . o Ottawa, ON, Canada K2E IB|
* crystal system and symmetry | .

Fax your credit card order
* correct spelling

b . (Visa or Mastercard)
Up-to-date to the end of 1996 v to(613) 226-4651

[ODAY'3 THE DAY

Stop Smoking
(’Amicml—iomaimcioﬁon

Tucson Convention Center EEEEE— Fe—
February 12-15 UNUSUAL CRYSTALS

| _ FROM
Dudley has returned from an extended buying trip, AROUND THE WORLD

and will be offering a new selection of specimens
and gemstones at the T.C.C. See us there. CORUNDUM IS

OUR SPECIALTY!
Telephone—(303) 665-0672 Fax—{(303) 664-1009
GEM-FARE
P.O. Box 213

Mountain Minerals International i, <

P.O. Box 302 ¢ Louisville, Colorado 80027-0302 Phone/Fax (908) 806-3339
Tel: (303) 665-0672 » FAX: (303) 664-1009 REQUEST CRYSTAL LIST




N

f WASHINGTON., DC AREA
| *BUYING & SELLING GREAT MINERALS Handbook Of

AT SHOWS, BY APPOINTMENT IN
|  VIRGINIA, AND BY MAIL (NO LISTS) E ‘ "
« PROMPT RESPONSE TO INQUIRIES! | MIN R
C. CARTER RICH | : -
 FINE MINERALS— | Anthony * Bideaux * Bladh « Nichols

« IN TUCSON, PLEASE SEE ME IN A Prepaid - T * I_Fle i ; _
NEW LOCATION WITH MANY OTHER Cpai VOLUME I—Elements, Sulhides, Sulfosalts

MINERAL DEALERS AND AMPLE | orders HRE [J., \:fl”“' ]}]Hl. (surtace ['ll;l.l]ll
only.

e B Credit VOLUME II—Silica and Silicates

PO BOX 69 cards not 904 p., $151.50 ppd. (surface mail)

\ALDIE, VA 20105 (703) 327-6373 / accepted.  NEW! VOLUME I1I—Halides, Hydroxides
628 p., $106 ppd. (surface mail)

MINERAL. DATA PUBLISHING
1955 W, Grant Rd., Suite 230
Tucson, Arizona 85745 USA

Tel: (520) 798-1513 FAX: (520) 798-1514
Visa/MasterCard Accepted

A PGO' o 36162-6214 Ed R
ome, aeorgia "
Tel: 7069291 -4618 Oge rS
E-mail: Jendon6214@AQOL.COM Ral'e & OUI
of Print Books

Catalogs issued (719) 539-4113

on mineralogy, Fax 539-4542
sizes of gemology, mining, Send or fax us
plastic boxes meteoritics, your want lists.
» Hinged paleontology e-mail:

<. * Non-hinged & exploration erogers@lynx.sni.net

* Micromount
» Perkv and Visit our Website!  www.geology-books.com/erogers
IRy alld

magnifier PO Box 455 - Poncha Sﬂﬁnﬁs, CO 81242 USA

s

Rare Minerals, Meteorites, Analytical Services & Microscopes - Monthly Catalogs Issued

ALTHOR PRODUCTS EXCALIBUR MINERAL COMPANY

1000 North Division Street - Peekskill, NY 10566-1830
2 Turnage Lane, P.O. Box 640, Bethel, CT 06801 b i (G 7592207

Tel: (800) 688-2693 - FAX (203) 830-6064 www.bestweb.net/'*excalmin

HAWTHORNEDEN

FINE MINERAL SPECIMENS
Thumbnail to Cabinet Size

WANTED TO PURCHASE—OLD COLLECTIONS

Open Mid-June 1o September
(Otherwise By Chance or By Appointment)

I'hree miles south of Bancroft, Ontanio, on the West side of Hwy. 62

Wendy & Frank Melanson
L"Amable, Ontario KOL2LO
Tel: (613) 332-1032 « FAX: (613) 332-0585




FINEST MINERALS AVAILABLE

o ouv VIDEO CAT?A\LOG

SO WHAT
ARE YOU
WAITING
FOR?
SEND $7.50
FOR OUR
LATEST
VIDEO
CATALOG

Fluorite, Nicolai mine, Dalnegorsk, Russia

OUTSIDE US. & CANADA:
We are able to make video tapes for any system.
$25.00, credit cards only on foreign orders.

FREE COLOR PHOTOS OF ANY SPECIMEN.
Tell us what you are looking for and we will send
color photos anywhere in the world at no charge.
Call us for a visit to our mineral shop, with over 500
specimens on display. The shop 1s located 90 minutes
Northwest of New York City off Route 17.

THE MINERAL VIDEO home page b - Dept. MR,

http://members.aol.com/stuwil/pagel.htm Ut Shop:(914) m'“ll
and at Bob’s Rock Shop O I o

http://www.rockhounds.com

See our specimens on the WEB at b P.O. Box 136, 203 |

wmﬁh!ro,
_I‘

9 . J 1 L Ir ,
] & * L)
W - i * - _-' - ®
Fax: (914) § ?, -
- e '..J‘ -
E-M w,lﬂru T@aol.com

Outstanding minerals for
sale on our full color
protessional video cat
alog. Only top quality
pieces priced from $75
to $25,000, thumbnail to
large cabinet sizes. Treat
yourself to 1’4 hours of all
new specimens. . . . It’'s
like having a mineral
museum on your own
TV—and all of the
minerals are for sale! We
produce four new video
catalogs a year.
Satisfaction guaranteed
or your money cheerfully
refunded.

SELLING YOUR
COLLECTION?
CALL US.
HIGHESL PRICES
yPAm!
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Geology and Meteorite

Museums
University of New Mexico
Curators: Gary Smath (r-.-.";nl:_"-.
Adrian Brearley (Metcorit

lel: (505) 277-4204
Dept. ot Earth & Planetary Saier
Nortl rop Hall
Albuquerque, NM 587131
Hours: 9-4 |

Unn

Colburn Gem &

Mineral Museum
| irector: Rebe

itor: Susan GLrranados

eCunmn

s & SCIence
Y South Pack Square
Asheville, N(
Hours: (-5

Montana Tech

Mineral Museum

Curator: Richard Berg
Adjunct Curator: Lester
lel: (406) 496-4414
y Montana Te
Butte. '\.'1| S97001-99% 1
Hours: 85 dailv lune—Labor Da
M & Sun. afternoons
r 1 dav—=Man

. W |
Ontana |-'.||I-~

Specialtues

of New Mexa

Harvard Mineralogical
Museum
Curators: Dr. Ca
William Metropoh
Iel: (617 495-4
24 Oxtord Street
Cambridge, Mass. (2]
Hour —4-30) M-Sat
Specialuies: Systematic
Mineral Collection

William Weinman
Mineral Museum
"'. st. Curator: 1o

e T 7
31 Mineral Mus
White, GA 3
Houn | :
Spe |

Western Museum of
Mining & Industry

Librarv (
1175 \' Ll is A

Colorado Springs, O S0
Hours: 9—4 M-Sat., (12-4 Sui

11

Denver Museum of
Natural History

I-H(445
NN Col
Denver, () 80205

Hour
Sp

i

Jack A. Murpl

Geology Museum

Cnlnrado ‘Schuol of Mines
Curator: Virg A. Mast

|‘-I :.4-1', "'_'-. IN23

[ ;
Colorado B4

+ M-=35at.. |

Golden,
Hours: 9
o
Sundavs 1n the
Worldwide

1do mining

A. E. Seaman
Mineralogical Museum

L.urator (mineralogy

W. Robi

Michigan Te r1cal
Hnughlnn. Michigan
Hours: 9—4:30 M

Houston Museum of
Natural Science

{ rator (mmeralom

N

=%

Herman Cu
Houston,
Hours: 96

L WY
|

M-—Sat




NS

Natural History Museum
of Los Angeles County

Mineral Saiences
Dr. Anth R. Kampf
lel: (213) 763-3328

| I*“;..[lt:.’!w "Li.l!ul.j._'i.'T
Dorothy |
[el
Fax

LN

Curatorn

Ony

Ettensohn
.

T49-410)7
Exposition Blvd

213) 763-33

213

Los Angeles, CA 90007
I{I.'il."- Sun
Specialt & worldwide

10—-4:45 Tues

5. Calif

I~';-I|:'r1! -_:In.l.l_ rem ~'!'-"~’..I.|~_
olored eIMSLones
organizanon

he Gem and Mineral (
Website: http://nhm.org

Support
I ouncil

I

University of Delaware
Mineralogical Museum

Curator: Dr. Peter B. Leavens

Tel: (3002) B31-8106

E-Mail

PBL@BRAHMS.UDEL.EDL

Department of Geology
University of Delaware
Newark, 1]
Hours: 8:30
HF\L-

19716
$: 50 M-I

claley: Worldwide manerals

Carnegie Museum of
Natural History

Collecnion Manager
el i12) 622
1400 Forbes Avenue
Pittsburgh, PA 15213
Hours Sat.,
3 Sun

Marc |

1391

Wilson

105 Tues
10-9 |

closed Mon. & hohidays
Specialty: Worldwide munerals &

} TS

Musée de géologie
de I"Universite Laval
Curator: Andre Levesque

lel: (418
E-mail: alevesqu(@ggl.ulaval.ca
Fax: (418) ¢
Geology Dept

636-2193%
vh-7 339

ith tloor
Adrien-Pouhot Building
Québec, Que., Canada GI1K
Hours: 8:30-5 M-}
Specalnes: Quebec and worldwide

P4

minerals and fossils; Miguasha fishes

= MUSEUM. DI

Museum of Geology

I hirector i’ill|1}‘ K. Bork
el 304
South Dakota School o
.""-1I.I.L"- X IL'-. I!!l‘.h';ﬂ;“-.
St Il-.“-!ﬁ!;- Strecet
Rapid City, SD 57701-3995
Hours: 85 M-F 9-4 Sai | —
Black Hills minerals

'EINAtItes

I | F |

1S 41

501 |

S
Specialty
I.\l_"' ¢

New Mexico Bureau of
Mines & Mineral Resources—
Mineral Museum

Tel: (505) 835-514
E "'-.14:.!
Fax: (5

Assistant Curator: Lvnn
el

New Mexaico Tech

I"\-,,||..|

vwluethf@nmirt.edu
=215 BAS_ 133
Hezler
:\i"—‘l =35 s 1 iy
erov Place
Socorro, NM 8780
}llrl|1. - :\.\1 I i)
\'r"l. Claltes ‘\-L Wi I"‘1.l|| LN

Miming artiraces, wori

Penn State Earth &

Mineral Sciences Museum
Curator: Andrew Sicr

lel: (R14) R65-6427

'.-.“L' |{'~1

Umversity Park

18
State College, PA |
Hours: 9-5 M-F & |
. .1-1'.'.'

Mineral propert

i

losed hol

Arizona-Sonora

Desert Museum
Collectnions Manager
Mineralogst: Anna M. Domit

lel: (520 33

Fax: (520

2021 N. Kiney Roa
Tucson, AZ 85743-8918

Hours: 8:30-5 Daily (Oct.-Feb

- 30-6 Dailv (Mar.-Sept
Arizona minerals

s,
Ly

=i 33

e i1 iR

1‘111; Cl
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FCITORY

Marshall Mint &
Curator: Hugh Rov M
lel: (702) B4
Fax
PO Box 44 i N C Si
Virginia City, NV 8944
Hours: 9-5 seven da
it N ‘

¢ -
' t

Museum

| viar

A 543

Specialt

Europe

Mineralogical Museum

School of Mines. Paris
| i I. ¥ 1 1. |

Giazotto Mineralogical
Museum

Pisa, ltaly
Hours
Specialey: Tealia

Additional listings welcome!

Send vital information. as s

modest annual fee

lower th

hown. to the

1an our regu
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The Sunnywood
Collection
custom mounted MINERALS & FOSSILS

Quality Minerals, Fossils &
Carvings mounted on
exotic hardwood bases
some with covers!

Custom Mounting Available!

| ————— . m——

See our
VIDEO CAJALOGS
$7.50 ea.
(refundable with purchase)

VISIT OUR WEB SITE Al
hitp://www.sunnywood.com

P

THE SUNNYWOOD COLLECTION
12068 E. Amherst Place
Aurora, Colorado 80014
tel/fax 303-368-7497
E-mail: minerals@sunnywood.com
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a (‘ n SHOW DATES
Jan Arizona Mineral & Fossil Show

Feb lo (Executive Inn, Rm. 237)

M‘“@Pa CO Feb. 13-15 Tucson Gem & Mineral Show

(Convention Center)

Mar. 1-2 New York City Gem &
Specializing in Russmn and MBSO Show

Now Chinese Minerals. Mar. 15-16 Clifton New Jersey Gem
& Mineral
Apr Rochester Mineral Symposium
2627 New Jersey Earth
Science Gem & Mineral
28-29 Mineral Fest ‘97
Marlboro, New Jersey ‘.
10 East Coast Gem & Mineral Show
14 Colorado Mineral & Fossil Show
(Holiday Inn North, r. 210)
26~28 Franklin-Sterling Hill Gem & Mineral
8-9¢ Nassau Mineral Show

8-
-’
|

O

14-50 128 Street
College Point, N.Y.11356

Phone (718) 886-3232 FAX (718) 461-1874

Photo by Jeff Scovil




Bryan & Kathbryn Lees

Spectacular Rbodochrosites
Call and ask about recent mining discoveries
P.O. Box 1169, Golden, CO 80402
For an Appoimtment call: 303-278-97
Fax: 303-278-9763

JRusscll E. Behnke

Buying & Selling Gem
Crystals and Worldwide Classics
FREE PHOTOS

Will be sent in response to your Want List!

CALL (203) 235-5467
161 Sherman Avenue * Meriden Connecticut 06450-3352

ISt Louts area)
lel: 314-230-8323 » Fax

DAN & JILL
WEINRICH

Dealers in Fine Mineral Specimens
Free Quarterly Catalogs
16216 Copperwood Lane ® Grover, MO 63040

$114-256-654()

e-mail: WEINRCH@AOL.COM

Cobaltoan, Calcite, Mashamba West mine. Zaire. 4.1 cm: Pamela Zillv Photo

"VICTOR » YOUNT |

8388 Lunsford Road
Warrenton, Virginia 20187-8834
Tel: (540) 347-5599

Please Note our New Address!

ADVENTURE
MINERAL CO.

Minerals
From Michigan’s
Copper Country
Lists Issued!
Qe —

Box 716 « Laurium, Michigan 49913

(%A M5 ) 117 _‘fi*.i..l

——— e

~ GEOPRIME

WWW.geoprime.com

Casey Jones Jane Jones

InnSuites
Hotel

Rm. 300

O us at
NICSON

MINERALS

& Farth '.\1.111*r1111~. Co

Fine Minerals lor Collect
tructional Rocks and Minerals for Ed

132 S. Encinitas Ave., Monrovia, CA 921016

I\_"il. ';-.I.“ ‘:1_\_1 J.i\. ".I“' oA 'i'l.".l

imine@ ix.netcom.com 1 -800-440-9992




@ysons” Minerals

Rod & Helen Tyson
10549 133rd Street
Edmonton, Alberta Canada T5N 2A4

(403) 452-5357

Now on The Web at the FABRE MINERALS Home Page!

I .
~ Rare Species?

See you at | Common

Show
(Theéatre) ‘

Munich
Show

N RA (stand
C/Arc de Sant Marti 79 Local P 2505)

08032-BARCELONA (SPAIN) LN N
T (3) 4504478 - Fax (3) 4504745 )N e .
By Appt. only o

Tucson

Show, | Our customers say: “Quality matenal,

Executive | accurate labels, excellent wrapping. Find
inn LDDD}" , | out why! $2 brings 20 pages of listings,

$3 puts you on our mailing list for a year. |

- Minerals Unlimited |

P.O. BOX 877-MR '
' RIDGECREST, CALIF. 93556-0877
L _
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waANTED | |

Old Arizona Gem-Chrysocolla and Gem Material ‘

TOP $ PAID | ((’?()’['1()/

Chris Boyd ¢ C. B. Gems & Minerals ' GEMS AND MINERALS |
P.O. Box 32062 » SCOTTSDALE, AZ 85271 e TEL: 602-949-5545 » FAX: 949-53060 | ' ‘
: £ : |

| >N B

| . Fine Mineral Specimens! . 1202 Perion Drive

| RIG H T S ‘We Buy Collections! | Belen, New Mexico 87002

' 505-864-2145

Tucson, AZ, Feb 4-14 | || Please send $2 U.S. ($4 outside U.S.) for a ||

1-year subscription 10 our mineral list

ROCK Room 128, Inn Suites Hotel | | = — —
(formerly Quality Inn Suites & Hotel) .
Feb. 28-Mar 1 Jackson. MS Blue Sky MiNiNq

ADIU 3

d CLANEI Il L, I |
A i1 N4 AT &I 1
ADIU £0—-£0 Wy 1 N
" o v " 3 " 0y RiYD
% - ' [ | - 4 - M (] v - .
Aug. 7-9 Springhield. MA e
n | 1/8

e FAYX 12 -4 2% L

Collector Commercial & Educational

3612 ALBERT PIKE, HOT SPRINGS, AR 71913 « Tel: (501) 767-4800 | Mineral Specimens from Mexico

Wholesale/Retail » By Appt. Only

-
e




« Executive Inn, Room #161

e Pueblo Inn. Room #161

* Inn Suites Hotel, Space #134

*« TGMS Convention Center, Arena, #29

/" SUPERB MINERALS
(INDIA) PVT. LTD.

Our Locations at Tucson 1998

Top Quality Minerals for Collectors, Museums, Students & Dealers at Most Affordable Prices

* For Collectors

« For All Qualities Wholesale & Retail Trade
» For Big Pieces and Top Quality Wholesale

e Grand Retail Sale

To meet the long time demand of our customers, we have started order by mail service
in the USA. For very prompt services, contact

SUPERB MINERALS INDIA PVT. LTD.
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Fine Display-Quality Mineral Specimens,
Rare Species, and Fluorescent Minerals:
Send for our lists of thumbnail, mimiature, and
cabinet specimens. First quality mineral specimens tor
collection and display, plus rare species for systematic
collection, reference, and rescarch. Fluorescent
minerals are available tor display and systematic
collections.

Micromount and Specimen Boxes of

All Kinds:

Separate listings are availabie detailling prices and sizes
of micromount, plastic magnifier boxes, white cotton
lined specimen boxes, display stands, gem display
boxes, palecomagnetic sampling cubes, showcase
boxes, white folding boxes, display bases, et

Meteorites, Tektites, Moldavites,
Fulgurites, and Trinitite:

Specimens of all sizes for private collections and
institutional li]\l,"'l.]'_'. . rom worldwide localities. New
and used books also available

Seavching the world . . .

... to bring you the finest in mineral specimens
and meteorites at competitive prices.

Mineralogical Books:

Send for our separate price list with information
covering new books on mineralogical subjects, as well
as older, out of print mineralogical and geology
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Back Issues of the Mineralogical Record:
Ask tor our ]""I”.]i-: of out-of-print 1ssues currently in
stock. Send us vour want list, if vou need back issues
o L‘UEIIP|L"[L‘ your sct Send us vour ofters, if vou have
back issues available tor sale

Worldwide Mail Order Service:

For more than 35 years, since 1959, we have been
supplving Minerals, Meteorites, Books, Boxes, and
back issues of the Mineralogical Record to collectors
around the world. Orders can be placed by mail,
phone, FAX, or e-mail

Price Lists:
Send a very large SASE for price lists on any of the
above subjects. Non-USA, send two International

Reply Coupons. OR

addresses are given below
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photographs: http WWW.IMINresco.com
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SYMPOSIUM ON FLUORITE AND RELATED
ALPINE CLEFT MINERALS

19TH ANNUAL INTRODUCTION
MINERALOGICAL SYMPOSIUM The 19th annual Tucson Mineralogical Symposium, sponsored
- 1 ' by the Frniends of Mineralogy, the Tucson Gem and Mineral

Society, and the Mineralogical S ‘v of Americ: 1o be held in
H]j[HI \.\1 _ I::(Hl ,4, \‘1 OCIcl i L s '“?- cd OCICLY O mcrncoca, Is W cCia 1

y . : conjunction with the 44th Tucson Gem and Mineral Show on
Saturday, February 14, 1998

Saturday, February 14, 1998. Fluorite and related Alpine clefi
minerals are the featured minerals at the 1998 Tucson Show and

are the subject of the 1998 mineral symposium
PROGRAM Alpine cleft minerals have been highly sought after by mineral
collectors for at least two centuries. The structural environment in
10:00-10:20  Introductory Remarks—Symposium which these fascinating specimens formed 1s related to openings
Co-chairperson produced by the plate tectonic forces that shaped the Alps them
Dr. Robert B. Cook selves. The widely variable chemistry of cleft minerals is thought
to be due to their ongin from metamorphic fluds denved from the
10:20-10:40 Fluorite from Akchatau and Karaoba, Kazakhstan cleft host rocks, which can range from gramitic to mafhic. Magmf
Dr. John Rakovan and cent rutile, brookite, anatase, adulana, sphene, epidote, fluorite and
Dr. Christian Schmudt quartz specimens from Alpine cleft occurrences are famihar to
most mineral collectors, and the list of associated though less
10)-40 Pink Fluorite spectacular rare species 1s impressively long. Pockets of unusually
Mr Eric Asselborn large dimensions (measured in meters) have been found which
have produced some of the largest and finest quantz crystals known,
1100 Quartz Gwindels many in almost impossible-to-reach sites high on mountain cliffs
G Mk e One of the most popular and expensive of the Alpine cleft minerals
is pink octahedral fluorite, particularly when perched on smoky

s 2 quartz. Outstanding fluorites of this type were found in Switzer
Highway 51 Quarry, Magnet Cove Arkansas: an

Alkah intrusive equivalent of alpine mineral veins

Dr. Henrv Barwood

land during the construction of hydroelectric tunnels during the
1950°s and 1960°s; more recent finds have been in the Mont Blanc
region of France

The papers submittied for this year s symposium descrnibe both
Fluorite in the Upper Midwest, USA

Dr. N. R. Shaffer

the better known, classic Alpine cleft minerals as well as recently
described occurrences thought to be geologically equivalent. The
concluding open discussion will allow audience input into the
Open discussion-nontraditional Alpine clefi-type generation of critenia for distinguishing Alpine cleft-type mineral
mineral occurrences—Symposium Co-chairperson 1ization elsewhere and the compilation of a hist of other world-wide,
Mr. Beau Gordon probable Alpine cleft-type occurrences RBU(

wid = Janwarv—F ehruary, V98
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Pink Fluorite

Eric Asselborn
6 Pavillon
Attignat
F-01340 Montrevel, France

Rose-pink to red fluonite has indisputably been the mineral most
sought after throughout the Alps since it was first remarked upon
by Father Ermengildo Pini (1739-1825) in the Swiss Alps toward
the end of the 18th century.

Pink fluorite crystals are nearly always of octahedral habit,
occasionally showing modifying trisoctahedon faces. The rose-
pink color, which is due to the existence of YO, color centers,
disappears upon heating.

A range of colors exists, from brownish pink to carmine-pink,
red and violet; some crystals have pink centers and a colorless
outer zone, or green cores surrounded by pink. Rarely specimens
will show a green/red alexandritescence

Pink fluorite is not common in the Alps; it occurs almost
exclusively in fissures (Alpine clefts) in granitic rocks. Some
specimens show individual crystals up to 10 cm, but most crystals
measure around | cm. The principal Alpine occurrences include
the Grimsel and Goéschenen regions in Switzerland and the basin of
the Argentiere Glacier near Chamonix, France.

Pink fluorite 1s a late-stage mineral of the Alpine clefts, where
there has been little oxidation or weathering. Associated minerals
are mainly quartz, sometimes also with paper-thin sheet-like
crystals of calcite and blocky crystals of adularia. The fluorine
necessary for the formation of fluorite has apparently originated
from the breakdown of biotite in the surrounding granite (which
contains an average of 500 to 1000 grams F per cubic meter of
rock).

Fluorite from Akchatau
and Karaoba, Kazakhstan

John Rakovan
Dept. of Geological Sciences
Virginia Tech
Blacksburg, Virginia

Christian Schmidt
Geo Forschungs Zentrum
Potsdam, Germany

Two granite-hosted, metalliferous W-Mo vein deposits in central
Kazakhstan, Akchatau and Karaoba, have produced a wealth of

unusual and interesting fluorite specimens that have appeared

52

more prominently on the specimen market since the opening of
mineral export from the former Soviet Union.

Several generations of fluorite, often identifiable by color, are
found in both deposits. Morphologies include single-form crystals
and combinations of the cube | 100}, octahedron {111 ), dodecahe-
dron (110}, tetrahexahedron (210}, and hexoctahedron (321
Most examples show some variation on the octahedron. Interesting
crystals found in both deposits are made up of multiple crystals of
different forms in parallel growth simulating an octahedral mor-
phology. Groups from Akchatau show complete hexoctahedral
crystals at the six octahedron comers, with a rough octahedral
outline. Similar groups of multiple small cubic crystals are found at
Karaoba. The individual cubes are often modified by the octahe-
dron and dodecahedron

i W i
R W
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Fluorite colors include brown, pink, blue, green, violet, purple
and colorless. These colors have been attributed to trace metals,
such as REE’s and Mn, defect sites, and combinations of the two.
Some of the lavender-colored samples from Karaoba are light-
sensitive and will fade with exposure (personal communication,
Marc L. Wilson). Beautiful examples of optically visible sector
zoning are seen in cuboctahedral crystals from Karaoba. These
show green {100} sectors and blue {111} sectors. Particularly
striking are samples exhibiting the unusual morphology described
above with sector zoning in each individual cuboctahedral crystal.
Pronounced concentric zoning in octahedral crystals is also found,
typically with dark purple cores and colorless outer rims.

The vemns of both Akchatau and Karaoba have complex
mineralogies and fluorite i1s found in association with many other
minerals including wolframite, apatite, creedite, bertrandite, rhodo
chrosite, quartz, pyrite, elc.

Quartz Gwindels

Eric Asselborn
6 Pavillon Attignat
F-01340 Montrevel, France

Alpine cleft deposits occasionally yield specimens of quartz of a
particular habit characterize by a twisted shape. They are known as

The Mineralogical Record = Januarv-F ebruary. [995
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quindels or gwindels by the Swiss strahlers, and as quartz rournés,
peignes or sucres in France.

A gwindel consists of a parallel aggregate of prismatic quartz
crystals repeated in the direction of an a axis, and with their ¢ axes
rotated progressively about the a axis. The trapezohedral face is
almost always present, and 1s found highly developed. These
crystal aggregates occur with clockwise (right) and with counter
clockwise (left) twists, and consequently are called dexrrogyres and
lévrogyres, respectively. Some gwindels are characterized as being
closed, that 1s they appear to consist of a single flattened and
twisted crystal (called sucre in Chamonix), whereas others are
considered open because they appear more like a stack of subparallel
individual crystals, each one turned a bit more than the last so as to
approximate an overall twist of the aggregate. In this latter habit
the termination points of the component crystals are all separate,
unlike in the closed habit wherein they may be imagined as having
merged to form a composite edge. The intermediate, semi-closed
habit 1s the most common

Gwindels range from colorless to smoky to very dark morion
color, and very rarely amethystine purple.

Deposits yielding gwindels are found mainly in the Swiss,
French and Austrian Alps, in the granitic central massifs, and more
rarely in other metamorphic rocks. They are relatively common in
the Alpine-type fissure deposit in the Dodo region, Polar Urals,
Russia, and occur rarely in fissures in the Corinto district, Brazil

Gwindels can apparently form in two temperature regimes: an
early stage characterized by the closed habit (by a mechanism not
currently understood), and in a later stage, growing normal to an
original seed-grain to create a faden-type crystal.

Highway 51 Quarry, Magnet Cove, Arkansas:
An alkali intrusion equivalent to
alpine mineral veins?

Henry Barwood
Indiana Geological Survey
611 North Walnut Grove
Bloomington, Indiana 47405-2208

The Highway 51 Quarry, operated by Mid-State Construction, is
located near the southern rim of the Magnet Cove alkalic intrusion.
In recent years the quarry has approached to within 0.5 kilometer
of the intrusion contact. The quarried rock at this point is a highly
altered and fractured Stanley Shale that contains numerous veins,
dikes and recrystallized faces along fracture zones. As the quarry
has moved near to the Magnet Cove intrusion, the degree of
mineralization has increased dramatically.

There are four main types of mineralization found at the
Highway 51 Quarry:

(1) Fracture fillings and faces on open fractures that contain:
quartz, hematite, amphiboles, chlorites, pynte (octahedrons to
|0mm), fluorite, sphalerite, barite, albite, anatase, rutile, micas,
calcite, ankerite and kolbeckite.

(2) Carbonate veins, some probably carbonatites, that contain:
calcite, fluorite, quartz, micas, rutile, pyrite, barite and amphiboles

(3) Quartz-albite veins that contain: quartz (smoky crystals to 6
cm), albite, amphiboles, anatase (to 6 mm), apatite, pyrite and
green sphalente.

(4) Altered lamprophyre dikes that contain: diopside, amphib-
oles, pyrite and chlontes.

The Mineralogical Record « Jansary-F ebruary, | 998

The hematite/quartz/pyrite specimens with amphiboles and chlo
rtes are particularly reminiscent of alpine veins, with the hematite
forming “iron roses.” Anatase in both dipyramidal and tabular
crystals is locally abundant, and along with rutile forms quite
attractive microspecimens. Mineralization in the quartz veins is
generally embedded in massive smoky quanz, but where found in
open pockets has very nice examples of anatase crystals and
apatite. Smoky quanz crystals are found in pockets of iron-stained
albite and, while quite clear internally, are etched on the surfaces

The quarry will eventually penetrate the rim of Magnet Cove and
begin mining the border syenites; however, the mining plan calls
for operations 1o simply skirt the intrusion for at least several years
This means continued exposure of the aliered zones and the

potential for continued collection of good specimen matenal

Fluorite in the Upper Midwest, USA

N. R. ShafTer
Indiana University
Bloomington, Indiana 47405

The theme mineral fluorite occurs in all the states surrounding
the Great Lakes and especially in lllinois, Ohio, Michigan and
Indiana. This may seem surprising because that region has been
tlectonically stable for much of the Paleozoic. Previous mining in
the Cave-in-Rock district of southeastern [llinois has ywelded many
excellent crystals that grace museums throughout the world

An outlying region of minor fluorite mineralization i1s found in
Mississippian age limestones in south-central Indiana and northern
Kentucky. Fluorite is common as colorless to yellow and purple
late-stage crystals. This fluonte often occurs with coarse pink
dolomite remuimiscent of that from the Tn State lead-zinc distnict. It
is also present in fractures, in chert, and within geodes. A mosl
unusual fibrous form of fluorite replaces calcite and gypsum at one
site. Surpnisingly, fluonite i1s rarely found in Indiana's abundani
geodes. Based on geologic and fluid inclusion data, these probably
result from low-temperature Mississippi Valley-type mineraliza
tion

In northwestern Ohio, southern Michigan and northwestern
Indiana fluorite 1s found in Silunan age dolomites. It is often
accompanied by calcite, celestine and sphalenite. Fluorite-rich
areas often contain high-fluorite groundwaters. Isotope data sug
gest that associated celestine and calcite develop from carbonate
host rocks. A distinctive indescent fluonte occurs near Auglaizc,
Ohio. Ohio produces distinctive showy specimens of brilliant
purple (often zoned) cubes and bright red sphalerite as well as
coarse brown crystals. A distinctive gemmy pale yellow fluonite
occurs in northeast Indiana




SUPPLEMENT

O e CHrtends o/ @Y,

//((”/’((A’J(ty;/

Vol 1, No 1, Mineralogical Record, Spring 1970

The Friends of Mineralogy was founded in Tucson, Anzona, on
February 13, 1970. Its objectives were to promote better mineral
appreciation, education and preservation. The chief aims and activities
of FM include

* Compiling and publishing information on mineral localites, and

important mineral collections

Encouraging improved educational use of mineral specimens,

collections, and localinies

Support a semu-professional journal of high excellence and interest
designed 10 appeal to mineral amateurs and professionals, through

which FM activities may be circulated

Operating informally in behalf of minerals. mineral collecting, and

descrniptive muneralogy, with voluntary support by members

I'he Mineralogical Record has agreed 1o an affiliation with the Fniends
of Mineralogy whereby it will publish its wnitten matenal and news of
its acuvities. The Friends of Mineralogy will support the

M irne a.;.".--,_-‘:rm" Record, since the aims of both are ‘-I!T]Il.lrl_". educational
and directed toward better coordination of the interest and efforts ol

amateurs and professionals

Co-Sponsor, with the Tucson Gem & Mineral Society and the
Mineralogical Society of Amenica, of the Annual Tucson

Mineralogical Symposia

Pacific Northwest Chapter: For information about the
Pacific Northwest chapter contact Wes Gannaway, President
1604 Brookwood Dr., Ferndale, WA 98248 206-384-4209

l’tnna_\hania l‘hapler: Reminiscences of a Mineralogist, by

Arthur Montgomery. Order from: Friends of Mineralogy, PA Chapter

For information about the Pennsylvania chapter contact
Roland Bounds, 315 Stamford Dr., Newark, DE 19711-2723
2-731-8407

Southern California Chapter: For information contact
Bob Reynolds, President, 2024 Orange Tree Lane,
Redlands, CA 92374-2850; 909-798-8570

Annual Board of Directors meeting:

Fniday, February 13, 1998; 8B:00 am
InnSuites Hotel, 475 North Granada, Tucson, AZ

Annual General Membership meeting:
Saturday, February 14, 1998

Tucson Convention Center

New

Colorado Chapter: Minerals of Colorad.
Order from: Friends of Mineralogy—Colorado Chapter
PO. Box 11005, Denver. CO BO21 1-00005

For information about the Colorado chapter contact: Ed Raines

President, 721 Francis St., Longmont, CO 80501; 303-477-2559

Great Basin Chapter: For information about the Great Basin chapter

contact: Steve Scott, President, 569 Park Street, Las Vegas, NV
89129: 702-645-2173

L«

Midwest Chapter: Visit out Web page at

www._indiana.edu/~minerals

For information about the Midwest chapler contact
Dr. Henry Barwood, President, Indiana Geological Survey,
611 N. Walnut Grove, S-409-A. Bloomington, IN 47405

1997 Officers:

President:

Beau Gordon, PO. Box 6214, Rome. GA 30162-6214

(706) 235-9121 e-mail: jendonb2 14@ aol.com
Vice-President:

Nelson Shafter, 530 Cabot Ct., Bloomingtion, IN 47408
(B12) 855-2687 e-mail: shaffernd@ indiana.edu

Secretary:

Mike Howard, 3815 W. Roosevelt Rd., Little Rock, AR 72204
(501) 296-1877 e-mail: IMichaelH@ aol.com

Treasurer:

Roland Bounds, 315 Stamford Dr., Newark, DE 19711-2723
(302) 731-8407 e-mail: 25628@ UDel.Edu

For Membership Information Contact

Membership Chair:
Regina Modreski, 8075 W. Freemont Dr., Littleton,
CO BO123-4315

Treasurer:
Roland Bounds, 315 Stamford Dr.. Newark. DE 19711-2723
(302) 731-8B407 e-mail: 25628@ LU Del . Edu

Newsletter Editors:
Credo Schwab, 4701 W. San Rafael St., Tampa, FL 33629
Mike Howard, 3815 W. Roosevelt Rd., Little Rock, AR 72204
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ONE OF THE WORID'S PREMIER CRYSTAL COLLECTIONS

Featuring Gem Crystals, Gold Specaimens and Hundreds of Worldwide Classics
Hundreds ot Specimens Priced under S1T.O00. Write tor st

Order vour 26-mimmute Video! (see below

*TUCSON
SHOW—
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[ WII [ BE T RAVELING around the country giving private showings of
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You can preview this collection with a 96-minute, professionally prepared video. This live-action presentation features 18(
specimens, individually ilmed, and 35 mine location photos to illustrate the history and workings of many great min
crystal treasures. This unique, educational video graphically illustrates the 12 critena used to assemble

To order your video send $29.50 plus $2.50 postage

Dr. Wendell Wilson in his video review in MH.. Nov/Dec 1992 The video offers an opportunity to see and study Proctor

p. 504, says “The collector of aesthetic mineral specimens will exquisite specimens at leisure. Many are pictured of

find much to savor in Keith Proctor’'s video catalog of his revoiving turntabies, allowing all siges of the specimen
collection It really delivers in terms of extraordinary be seen, and their three-dimensional shapes to be fully
mineral iImages and specimen information and will stand for reahzed, as reflections play across crysial faces ang gemmy
many years to come as a histoncally valuable documentation intenors this really 1s one of the besl private co

of one of the great private collections of our time ever assembled.” Video Review: Nov/Dec 92

KEITH PROCTOR
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Xrla Shternational

912 South Live OQak Park Road « Fallbrook, California 92028 « 760-728-9121

_ 800-854-1598 « FAX 760-728-5827 William F. Larson
Cash Paid for Visit our Showroom Monday—-Saturday 10-5:00 President
* New Finds

* Collections

Harold and Erica
Tel: (760) 603-9601 Van Pelt, Los Angeles
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