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Figure 1. The departments of Peru. Most metal
mining is centered in Ancash, La Libertad,
Huanuco, Pasco, Junin, Lima and Huancavelica
departments.




Peru has been the world’s most prolific source of mineral
specimens for the past 17 years, producing world-class pyrite,
rhodochrosite, hiibnente, tetrahedrite, pink fluorite, pyrargyrite,
chalcopyrite, rhodonite, orpiment and gratonite, to name just a few
Pyrite specimen production, in both quantity and quality, exceeds
any other source in the world. Nearly every mineral dealer and
every major mineral museum in the world has at least a few superb
Peruvian specimens, and yet the details regarding specific local
ties, ore deposits and production histonies are little known by most
collectors and curators. With this special i1ssue of the Mineralogical
Record, dealing primanly with specimens found since 1970, we
hope to cast some light on the mineralogy of Peru and to assisi

collectors in establishing the correct localities for their specimens.

One of the major problems encountered by collectors interested
in Peruvian minerals i1s vague or incorrect locality data. Nearly half
of the specimens currently on the market from Peru are mislabeled
with respect to their true locations. Whether by accident or by
intent to protect their location, these mislabeled specimens are a
source of frustration 1o collectors. How many labels have we seen
with "Huancavelica™ as the only locality given? Is this Huancavelica
District? City? Province? Department? Then there are the labels
with the correct mine and the wrong department
This 1s hike having a rhodochrosite labeled as
Silverton, Anzona. A collector from Colorado or
Arnizona might realize the problem. but what about
the collector from Europe? These problems are
exacerbated by the lack of generally available
information on mineral locahities and mines within
the country. Compared to many countnes, very
little Peruvian locality information is available in

the English language. A fair amount of Peruvian
data has been published intemnally, but most 1s In
Spanish, and almost none of this information 1s
available in American libranes. The labeling prob
lems and the lack of readily available locality

quently extend to over 5,000 meters, and vertical 10 near-vertical
kKilometer-and-a-half deep chasms cut through them, frequently
with roanng streams of glacier-fed water in their floors. Peru's
highest peak 1s Huascaran at 6,768 meters. This chain of moun
tains, which bisects the country from north to south, i1s an awesome
challenge to development

I'he people of Peru reflect these same stark geographic contrasts
from the wealthy who reside n the large cities, to the masses living
in poverty in the huge slums that surround these urban areas
particularly Lima. The mountain people live by subsistence farm
ing. or work in the mines, which are usually miserable places. Very
few Peruvian miners are old; most don’t make it past middle age

Peru is the third largest country in South America, and 1s about
the size of Europe west of the Rhine River, or a hittle less than twice
the size of the state of Texas. It is nchly endowed with mineral
wealth, the bulk of which is found in the Andes mountains. Thus,
the very source of this wealth 1s, at the same tme, the biggesi
impediment to its exploitation. In the high Andes, transportation 1s
difficult and can be dangerous. Roads are poor and, on occasion, a
real test of a person’s bravery. Communication i1s often lacking and
the comforts of life are few. The altitude alone makes life difficult
Soroche, aliitude sickness, 1s a constant problem
for the visitor and can sometimes be fatal. Often
the only cure 1s 10 go to a lower altitude. A strong
and healthy man finds work above 4,000 meters
exhausting, and rapid changes in alttude are
usually accompamied by headaches, nausea and
lethargy. In addition, the mights are usually bitterly
cold

Discussion of the minerals of Peru in this paper
1s arranged by either district or mine. The order of
presentation is by groupings developed by Cobbing
el al. (1981) in their paper on the geology of the
Western Cordillera of northern Peru. From north
1o south these groupings are: the Quiruvilca-

information have prompted the authors to write
this paper

Peru 1s a study in contrasts: jungle lowlands
dominate the area east of the Andes. while a
remarkably barren desert occupies the coastal
plains. The Andes chain of mountains 1s a stark
barner to travel. jagged snow-covered peaks fre-

Chilete Group. the Cordillera Blanca Group
which includes Pasto Bueno, and for convenience
is referred 1o as the Pasto Bueno Group. the
Raura-Huanzala Group. the Cerro de Pasco
Group. the Huaron Group. the Morococha-
Casapalca Group. and the Huancavelica Group.
Southem Peru currently has no major muneral




specimen-producing localities. This is probably due partly to the
distance from Lima and its organized dealers, and partly to a
simple lack of specimens in quantity.

Major mines and districts discussed by group are: the Quiruvilca
District of the Quiruvilca-Chilete Group; the Pasto Bueno,
Magistral, and Munde Nuevo districts in the Pasto Bueno Group:
the Raura, Pachapaqui, Huanzala, and Uchucchacua mines ol
the Raura-Huanzala Group; the Cerro de Pasco and Colguijirca
districts of the Cerro de Pasco Group: the Alimon mine of the
Huaron Group; the Meorococha, San Cristobal, and Casapaica
districts of the Morococha-Casapalca Group; and the Julcani and
Castrovirreyna districts of the Huancavelica Group. These mines
and districts are shown on Figure ..

Geologic maps and large-scale locality maps for the various
districts and mines are difficult to find. Boggio (1985, 1986) has
produced maps for most of the distnicts and mines discussed
herein; unfortunately many of them are of poor quality. and often

difficult to read. Figure 2 shows the various geologic units used in
Boggio’s maps, and should be referred to for those of Boggio's
maps that are reproduced here.

Each locality description has a table of minerals that are known
to occur at that location. An asterisk (*) next to a mineral name in
the mineral tables signifies that the mineral has been found in
collector-quality specimens. Most mines and districts have had
very little detailed mineralogical examination. Previously unre-
ported minerals are continuously being found. All mineral tables
shown in this report should be considered provisional.

In Peru the political boundaries are by province and department.
A province i1s roughly the Amencan equivalent of a county, and a
department the equivalent of a state.

The authors have chosen to dwell on the well-crystallized
minerals that are of interest to collectors because of their perfec-
tion, crystal size, color, ranty, or their associated minerals
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Figure 2. Locality map of
central Peru: mining areas
discussed here are under-
lined (from Boggio, 1985).
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Figure 3. Legend for geologic maps in
central Peru (from Boggio, 1985).




THE HisTORY OF PERU

Mining and the recovery of mineral specimens in any country
are always colored to some extent by the local histonical and ethmic
context. To better inform the discussions that are to follow, a
capsule history of Peru is included here as background.

Humans are first thought to have settled in what i1s now Peru
around 20,000 years ago. These original inhabitants were primitive
hunter-gatherers descended from the first people to cross the
Bering Land Bndge and colonize North Amenica. Around 6,000
years ago agriculture was introduced. The llama was domesticated
and the cultivation of potatoes spread. An advanced civilization had
begun to develop by 1,800 B.C. (The Chavin Indians), which
peaked around 800400 B.C. It was followed by the Mochica,
Tiwanaku and Chimu cultures until around 1,200 A.D. when the
Incas began to consolidate vast areas under their leadership

The Inca were imitially a small inbe, almost constantly at war
with its neighbors. Cuzco was their capitol, and it became the
center of a rapidly expanding empire under the emperor Pachacutec
(1438-1471), perhaps the greatest leader ever produced in the Pre
Columbian Americas. He and his son Tupac have
been likened to Philip of Macedon and his son
Alexander the Great. From the accession of
Pachacutec in 1438 to the death of Tupac in 1493,
the Inca empire grew to cover nearly 2,500 miles

of Pacific coast and roughly 380,000 square miles
(about the area covered by France, Belgium, the
Netherlands, Luxembourg, Switzerland and laly
combined)

The conquest of this vast area by Francisco
Pizarro and 180 Spamiards i1s one of the mosi
amazing events in history. Tupac’s two grandsons,
Huascar and Atahualpa, had been fighting over the
throne, and Huascar had been taken prisoner.

The structure of the Inca government was strictly socialist and

rigidly regimented. Land was owned by the state and apportioned
annually to the families according to their size. The harvests were
distributed 1o the state, the church, and the people as needed, the
state’s share going to support the nobility and the military. Llamas
were also the property of the state. In lieu of taxes, citizens were
periodically drafted into compulsory military or civil service, or to
work in the mines for a penod of ime
The Incas had a highly organized religion in which human
sacrifice was rare, thewr principal focus of worship being the sun
Medicine and surgery were highly developed despite the lack of a
written language, and their works of engineering and architecture
were outstanding. Particularly impressive was their system of well
made roads and bndges giving rapid access for communications
and military movements throughout the empire. They also excelled
in the production of handcrafied jewelry and other objects of goid,
silver and copper
Pizarro occupied Cuzco in 1533, and consohdation of Spanish
control proceeded. The city of Quito (now in Ecuador) was
subdued, and then most of what 1s now Chile
Pizarro established a Spanish-style municipal gov
ermment in Cuzco, and founded a new city on the
coast, Lima, 1o facilitate communications with
Panama and Spain. Lands were allocated to indi
vidual Spamards, along with a workforce of Inds
ans. The Indians rebelled in 1536 and were put
down: but conflict erupted among the Spamards
themselves over division of the spoils, resulting in
several executions and the assassination of Pizarro
A Spanish viceroy was sent in 1544 but was
executed as well. It was not until the Viceroyalty
of Andres Hurtado de Mendoza in 1555 that the

obstreperous conguistadors were reunited under a

Pizarro captured Atahualpa and ulumately had
him executed, but not before Atahualpa had or-
dered the execution of Huascar. This ended the
Impenal line of succession: Pizarro stepped into
Atahualpa’s shoes and. because Inca government
was so well structured, was able 1o give orders in
his place, allowing the routine of government 1o
go on as before.

single accepted authority, and 1t fell to his succes
sor, Francisco de Toledo. 10 re-establish system
atic control of the huge Indian population. Fearing
that Tupac’'s great-grandson, Tupac Amaru, might
prove dangerous as a focus of insurrection, Toledo
had him executed in 1571

By the end of Toledo's admimistration the

vicerovalty of Peru had assumed a stable structure
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Figure 4. Map of South America drawn by Linschoten in 1599.

which persisted well into the 18th century. It encompassed all of
South America with the exception of Venezuela and Portuguese-
owned Brazil. Silver mining became the principal industry, espe-
cially at Potosi (now in Bolivia, discovered in 1545); and the
Huancavelica mines (opened in 1563) produced mercury essential
to the processing of silver ore. Because most mines were situated
in Peru proper and “Upper Peru” (now Bolivia), those areas
became the most highly developed.

The center of all this wealth and power was the viceregal capital
of Lima, where viceroys of the 16th and 17th centuries ruled over
most of Spamish South Amenca. The viceregal court was the
pinnacle of a rigidly stratified society based upon forced Indian
labor; it attracted prominent politicians, wealthy anstocrats, artists
and intellectuals, and was also a center for religious administration,
commercial trade and the royal court of justice (the audiencia). The

archbishop of Lima was the head of the Catholic Church in Peru,
and many religious orders established monasteries and convents
there, under the watchful eye of the tribunal of the Inquisition. Also
situated in Lima was the premier educational institution in Peru,
the University of San Marcos, modeled after the Unmiversity of
Salamanca in Spain.

Precious metals production declined duning the late 17th cen-
tury; this factor, combined with an increase in piracy and unregu-
lated trade, caused increasing difficulties. Governmental reforms
instituted in the late 18th century only made matters worse.
Establishment of the new viceroyalty of New Granada took away
Peru’s control of northern South America and its thriving port of
Guayaquil (now in Ecuador). Ultimately the reforms did improve
conditions in Peru, improving defense, economic development and
governmental efficiency. However, in 1778 the Spanish govemn-
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ment created the viceroyalty of Rio de la Plata, depriving Peru ol
its authority over what are now Argentina, Paraguay, Uruguay and
silver-rich Bolivia. Chile was also made autonomous, and reforms
in the trade system destroyed Lima’s commercial monopolies. To
make matters even worse, the severely oppressed Indians revolted
in 1780, under the leadership of Tupac Amaru Il; he was captured
and executed in 1781, but the Indians continued to wage a
disruptive war until 1783.

Despite these many problems, an intellectual and hiterary revival
took place in Peru as a result of utilitanian philosophies of the
French Enlightenment. European scientists making expeditions to
Peru in 1778 and 1793 exposed Peruvians to the new ideas. A
literary and scientific club was founded in Lima, the Sociedad de
Amantes del Pais

The Napoleonic invasion of Spain in 1808 encouraged the
Creoles (American-bomn people of Spanish descent) in most of the
Spanish colonies to demand independence, but Peru remained
royalist. General José de San Martin of Argentina fought for
Argentine control of the Bolivian silver mines, and for the destruc-
tion of remaining Spanish power in South America. He liberated
Chile and used 1t as a base for naval attacks on Peru; the viceroy
withdrew his forces, San Martin entered Lima, and Peruvian
independence from Spain was declared on July 28, 1821.

Following their declaration of independence, Peruvians called
upon Simén Bolivar (who had recently liberated Bolivia) for help
in attacking the strong Spanmish forces stll holding the interior
regions. Bolivar assumed power in Peru, and defeated the Spanish
at two major battles in 1824, breaking for good the Spanish power
structure in Peru. Bolivar returned to Colombia in 1826, leaving
Peruvians to govern themselves.

The establishment of self-government in Peru was made difficult
by the loss of so many able loyalists, and by an illiterate population
largely unexposed to the concept. The few remaining professionals
and educated landholders appreciated the idea of economic inde-
pendence but had no expenence or traditions in self-government
The political vacuum resulted in governance being left 1o the
military. but their bitter internal rivalries erupted in civil war and
near-anarchy in the 1830°s. Bolivia invaded in 1835, taking over
Peru to form the Peru-Bolivian Confederation. Fearful of this new
super-state, Chile declared war on the Confederation in 1836 and,
with the support of Peruvian émigrés, restored independence 1o
Peru in 1839. More intemal disorder followed

Finally in 1844 mestizo General Ramoén Castilla defeated rival
military leaders and ook over undisputed control of Peru. From
that ime until 1862 the country enjoyed political stability and
economic progress, aided by the discovery of huge quantities of
bird guano which could be exported as high-grade fertilizer. Roads
were improved, the first rallroad was built, public education was
upgraded, military and naval power were strengthened, and slavery
and the payment of tribute by Indians were abolished

The end of Castilla’s regime in 1862 was followed by political
corruption, economic mismanagement, and a war with Spain
which debiliated the country. Manuel Pardo, Peru’s first civilian
President, took over a virtually bankrupt nation in 1872, and
conditions worsened as the price of guano declined. Military
expenditures were cut, the government payroll was reduced and a
government monopoly was established on the Tarapacd nitrate
deposits. Unfortunately a war broke out between Bolivia and Chile,
and Peru was drawn in because of a treaty of alliance signed with
Bolivia in 1873. Peru, as the most powerful of the allies, bore the
main burden of the war and was defeated by Chile at virtually
every encounter. Chilean forces occupied Lima for nearly three
years until a treaty was signed which ceded the Tarapaca nitrate
province to Chile.

<

During the early 20th century Peru’s economy staged a come-
back. Foreign investors exploited Peru’s mineral resources, and the
production of copper and petroleum rose. The opening of the
Panama Canal, and a large influx of capital from the United States
stimulated production and trade in the 1920’s

During this time the Peruvian government consisted of an
oligarchy of landowners, military leaders and rich businessmen
referred to by histonans as the “Anstocratic Republic.” Among the
most influential presidents was Augusto Legui y Salcedo., who
ruled essentially as a dictator, unconcerned with improving the
condition of the common people. A reform movement sprang up in
the late 1920’s, led by Victor de la Torre and José Manategui, and
inspired by the recent revolutions in Russia and Mexico. Marnidtegui
assumed leadership of the Peruvian Commumist Party while Torre
headed the indigenous reform orgamization known as “Apra™ (an
acronym for Alianza Popular Revolucionaria Americana). Torre’s
ideology combined elements of Marxism, lalian fascism and
democracy. Apra's program demanded welfare legislation, labor
organization, nationalization of resources, increased industnaliza-
tion, a rehabilitation of the Indian population through land reform,
and an end to “Yankee Imperialism.” When President Leguia y
Salcedo was overthrown in 1931, Torre was elected president, but
the military under Col. Luis Cerro seized power and outlawed
Apra.

Apra and the Cerro regime engaged in a virtual civil war for the
next two years. Cerro purged Congress of all Apristas and arrested
Torre, threatening him with execution. In 1932 an armed group of
Apristas seized Torre’s home town of Trujillo. When government
forces retook the town they found that the Apristas had murdered
some 60 capuives including many military men. In their rage they
rounded up as many as 5,000 suspected Apristas, sympathizers and
participants and summarily executed them. The Trupllo incident
initiated a blood feud between the military and Apra which was to
poison the Peruvian political atmosphere for decades thereafter. In
1933 a young Aprista assassinated Col. Cerro.

Cerro was replaced by Oscar Benavides, who was given dictato-
ral powers by Congress to prevent Apra from winning the 1936
presidential election. Benavides™ successor, Manuel Prado y
Vgarteche, was an enlightened member of the oligarchy. From
1939 10 1945 he guided Peru through the difficult war years,
extended public education, encouraged the umonization of labor,
and worked to reduce the suffering of Peru’s impoverished major
ity. He pushed for rapid economic development, including hydro
electric and imgation projects, and encouraged the exploitation of
mineral resources. Succeeding admimistrations continued these
policies, resulting in further improvement in the national economy

The economic expansion of the postwar years brought with it
demands by the working and middle classes for a greater share in
the national wealth through better wages and educational benefits.
The ruling oligarchy was split between those wanting no change
and those willing to permit only very slow changes. Political
conflicts between the oligarchy and Apra continued through van-
ous administrations.

The government was once again seized by the military in 1948,
General Manuel Odria was installed as president, and the leader of
Apra was forced to leave the country. Odria was elected president
without opposition in 1950 and ruled essentially as a dictator
Nevertheless, his administration raised wages. extended the social
security program, funded low-cost housing projects, improved the

educational system, and worked hard for economic development

Assisted by technical aid and capital from the United States, and an
increase n export prices resulting from the Korean War, the
Peruvian economy improved significantly. Agricultural develop
ment increased food production, highways and railroads were
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improved, and construction of a steel mill was begun. Concessions
were made to encourage foreign capital to increase mining activity
in Peru, a new copper deposit was located in the south, and
petroleum production soared. Odria even hired a firm of economic
consultants from the United States to help manage the expansion

In 1956 a new election put former president Prado back in power
with the support of Apra. He worked to establish a true democratic
regime which would continue to promote economic development
while improving the conditions of the underprivileged, building up
the educational system, placing more land under 1mgation, and
completing the Chimbote steel mill. Elections loomed again in
1962 and. when it appeared that Apra might take over, the military
once again stepped in. Free elections were held again in 1963, and
Fernando Belainde Terry, a chansmatic, U.S.-trained architect,
was chosen as president. For a nme 1t looked as if Belaunde might
reach an agreement with the Apristas that would permit construc-
tive legislation to be passed. But a controversial contract he had
signed with Standard Onl, which controlled the north-coast ol
industry, caused a national furor, and the military felt compelled 1o
s¢ize power once again in 96X,

From 1968 to 1975 the “Revolutionary Government of the
Armed Forces™ under General Juan Velasco Alvarado enacted
sweeping reforms designed to create a more prosperous and
socially responsible country which would be “neither capitalist nor
communist.” Banks, railroads, utilities and many foreign compa-
nies were nationalized, including the holdings of Standard Onl,
Cerro de Pasco Corp., and W. R. Grace. Miners were given at least
a small share of the profits and a voice in the management of the
companies. All large, private farming estates were broken up into
cooperatives or distributed precemeal to small farmers and peasant
communities. The school system was reformed, health care for the
poor was provided, and the Indian language (Quechua) was
proclaimed Peru’s second official language. Peru became a spokes-
man for Third World interests, improved its ties with other socialist
countries, and feuded bitterly with the United States over national-
1zation of the holdings of U.S. corporations.

Despite imitial successes, Velasco's regime soon ran into difficul-
ties. Falling metal prices and the government’'s huge investments n
its nationalized mining operations combined to yield less than
satisfactory profits. Ecological changes in coastal waters caused
the fish-meal industry to collapse. Overoptimistic estimates of
petroleum reserves in the intenor prompted the construction of a
bilhon-dollar pipeline; only when the project was completed were
the o1l deposits found to be much smaller than had been believed
Large sums of money were squandered on fancy weapons systems
and luxurious office buildings

I'he political sitwation became critical in 1975, as investments
plummeted and unemployment and inflation rose steadily. Public
protests were met with dictatonal repression. In August, General
Francisco Morales Bermudez ook over in a bloodless coup. Over
the next three years the military trnied but failed to get the country
back on uts feet. President Belainde was returned to power by
election in 1980, and Apra candidate Alan Garcia Pérez succeeded
him in 1985. The economy remained severely depressed, and a
Marxist revolutionary movement—the “Shiming Path™—waged
relentless guerrilla warfare in the intenor.

In 1990 an Independent candidate, Alberto Fujimori, was elected
president. He worked to increase private enterprise, but the eco-
nomic problems and associated violence continued. Fujimon sus-
pended Congress and dissolved the Legislative in 1992, citing
rampant corruption, and failure to enthusiastically oppose the drug
trade and the “Shining Path” movement. Although much popular
support was behind him, others denounced him as a dictator
Finally, in 1992, the leader of the “Shining Path” and ten of his top

officers were arrested and sentenced to life in prison. In the
November 1992 elections, Fujimori supporters won a majority of
seats in the Congress. Fupimon was re-elected in 1995

Under the 1979 constitution, Peru is a republic with independent
executive, legislative and judicial branches. All citizens aged 18 or
older, regardless of lieracy, are not merely allowed but are
obligated 1o vote. As of 1985, a candidate for the presidency must
receive 50% of the popular vote to avoid a run-off election
Congress i1s bicameral, with a 60-member Senate and a 180
member Chamber of Deputies, all elected 1o 5-year terms. Civil
liberties of citizens, including freedom of religion, are constitution
ally protected. The state (military). however, has broad powers 1o
intervene 1n the country's social and economic affairs. The Consti
tution was further revised in December of 1993, giving Peru a

modemn, socially responsible document on which 10 base its
SOCiIety

igure 7. Peruvian mine captain, 1869
(Simonin, 1869).

.M.

MINING IN PERU

Evidence of mining and metalworking in the sierra and west

coast regions of South Amenica is evident from the earhiest cultures
that inhabited Peru, but not until the Inca penod are there any
illustrative records other than archaeological arifacts. All the
major pre-Inca cultures produced metal omaments and small tools,
largely made of gold, silver and copper. Articles made of platinum
have also been found
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The Incas apparently centralized the metal-mining industry
when they conquered Peru in the 15th century. Gold, silver, bronze
and copper were used abundantly in their metalwork.

According to Purser (1971), with the armval of (and subsequent
looting by) the Spaniards, many of the Inca mines were “lost,” as
the conquistadors were too busy plundering Inca cities 1o give
much thought to where the gold, silver and other metals actually
came from. By the time the Spaniards began 1o think about these
mines, many of them had been camouflaged by the Incas. As the
Incas died off, the locations of their mines died with them. Thus,
very few of the subsequent colonial mines were continuations of
old Inca workings.

Through their exploration of the Andes in the late 16th and 17th
centuries, the Spanish colonialists discovered an amazing number of
deposits, considering the hardships they had to endure. Many famous
stlver mines were located by these early prospectors; these included
Hualgayoc, Huallanca, Castrovirreyna, Oruro, Huancapet, Cerro de
Pasco, and most importantly the mercury mine in Huancavelica,
which enabled the processing of silver ores by the amalgamation
process. Production in the 1500°s of silver alone is estimated to have
been between 150 and 200 metnic tons yearly (Purser, 1971). By
1759 Llano Zapato hsted some 50 major miming districts and
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Figure 8. Title page of the French edition of
Raimondi’s Minerals of Peru. All copies seem to
have been printed on high-acid paper which is
rapidly crumbling today; within a few decades
there may be no surviving copies. (Mineralogi-
cal Record Library)

countless minor ones. In 1790, the census of mines showed 784
silver and 69 gold mines in Peru.

The 1800°s were marked by a series of ups and downs in the
mining industry, partly related to the war for independence from
Spain and the war with Chile. One event of mineralogical interest
duning this ime was the immigration of Antonio Raimondi who
arrived in Peru in 1850 and died there in 1890. He was a
mineralogist, an astute observer, and best of all, a prolific writer.
For a knowledge of the mines and minerals of Peru during this ime
frame, his works are as invaluable as they are hard to find. They are
in Spanish, and most U.S. libranies, including university libraries,
do not have copies of them

The next peniod of major development for Peru’s mining indus-
try, after the tribulations of the early 1800’s, began about 1890 with
the commencement of serious foreign investment. In 1901 the
Cerro de Pasco Copper Corporation was established, followed by
other North Amencan and European interests. This renewal of
exploration and mining came about partly due to the passage of a
Peruvian law in 1877 which allowed foreigners to own mines, and
partly because of domestic monetary problems which allowed easy
purchase of many of the mines by foreign investors. In 1904 the
ratlroad to the Cerro de Pasco mines was completed. Other railroad
lines were soon established which traversed north and south. These
rallroad lines opened central Peru to efficient transportation and
aided development of the mines. In 1908, C. E. Velarde published
a book titled La Mineria en el Peru (“The Mines of Peru™) which
gives detailed listings of the major mines and mining developments
in Peru during the early part of this century.

In 1973 the government of Peru nationalized most of Cerro de
Pasco Corporation’s mining properties along with those of other
foreign mining companies. Operation and management of all the
large Peruvian mines was vested in the Peruvian government
agency, Minero del Centro del Peru, better known as Centromin.

With the election of Alberto Fupimon in 1990, many of the
mines that were previously nationalized are now being rapidly
privatized, and the role of Centromin has been considerably
diminished. Today, mining is Peru’s dominant industry, and it is
approximately 75% foreign owned.

| —————_ . S e e ——

THE MINERAL
SPECIMEN BUSINESS

In the early 1970s, the miners certainly were the best source of
specimens, primarily by default. Knowledgeable mineral dealers
were nonexistent in Peru. Then a few poor but enterprising
Peruvians, most of whom had fnends or relatives at some of the
mines near Lima, found they could sell pynite specimens to tounsts
and even to other Peruvians on the sidewalks in central Lima. They
would spread out a newspaper or cloth on a sidewalk, cover it with
specimens, mostly pyrite, and proceed to barter with interested
pedestrians. They eventually congregated on the comer of the
Avemidas Camana and La Colmena, near the Hotel Bolivar. This
hotel fronts on the Plaza San Martin which many consider the
center of Lima. Eventually the sidewalks of “La Colmena,” which
means “The Beehive™ in Spanish had as many as 20 people selling
specimens. They became known as piriteros

Many of the piriteros were runners who made regular trips to the
mines to buy specimens. During their absence they would often
leave other family members on La Colmena to sell their specimens.
The most popular containers for mineral specimens were card-
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Figure 9. Street vendors selling pyrite on
Avenida La Colmena in Lima. Rock Currier photo,

board cracker boxes which didn’t measure more than about 35 cm
in any direction. The runners would put down a thick layer of
newspaper and lay in a layer of specimens edge-to-edge without
any intervening packing matenal and then repeat the process ull
the box was full. If you filled them up with pyrite specimens, they
could weigh nearly 50 kg: this weight was really as much as
anyone wanted to carry getting on and off trucks and buses

Al first, pynite specimens from Casapalca, Morococha, and San
Crnistobal dominated the market. As the runners found they could
sell other kinds of specimens, and the demand for pynite increased,
they fanned out across central Peru looking for other sources
Gradually the vanety of specimens available in Lima grew

In time, enterprising Peruvians began to export pyrite and other
specimens to foreign markets. As foreign collectors and dealers
became aware of specimens from Peru, more and more of them
came to Peru to buy specimens, and this, in turn, further simulated
the mineral market.

As the variety of specimens available in Lima grew, wrapping
techniques to protect valuable specimens improved. Although most
specimens collected and sold by runners are still packed edge-to-
edge in boxes with only intervening sheets of newspaper, a higher
percentage are individually wrapped today than ever before. Some
of the best specimens are even padded with extra cotion or some
other matenal before they are wrapped in newspaper

The single most important factor in establishing Peru as a major
supplier of specimens was the existence of La Colmena uself. It
provided an easily accessible place where potential buyers from all

countnes could meet and transact business. Without La Colmena
the market would never have developed to its current extent and
would probably be comparable to the unorganized state of affairs
that exists today in Bolivia. The second most important factor to
stimulate the market in Peruvian specimens was the appearance
of world-class rhodochrosite specimens from Pasto Bueno in
1977. This event imtiated a rhodochrosite rush that instantly put
Peru on the map as a place many dealers and collectors just had 1o
Visil

In June 1981, a new crusading mayor in Lima decided 1o clean
up the center of the city. Among the steps taken was the eviction of
all sidewalk salesmen (ambulantes). including the piriteros. This
gave the existing local dealers a shight advantage because they had
already established their foreign buyers. Some of the formerly
independent piriteros now had to sell to the local export dealers
because they could no longer sell their specimens on La Colmena
as easily as before. This also strengthened the established foreign
buyers, because they too had long-standing contacts, and knew
how to find the piriteros at their homes. La Colmena sull fulfills ns
traditionai role, but in a more subdued fashion

Today some of the Peruvian export dealers travel personally to
the Tucson Gem and Mineral Show in February to sell specimens
and make contact with customers. Exports of pynite from Peru
exceed by at least two orders of magnitude those of all other
species. No one knows how much pyrite has been collected and
exported from Peru, but it has to be on the order of many thousands

ol tons

.M.
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sack, Cerro de Pasco, 1869
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SPECIMEN PRODUCTION

With the global economic recession and the relaxing of tensions
with Russia, world-wide metal prices, for the most part, have
declined markedly. Third-world countries, like Peru, in which the
miming industry dominates the economy, are hurt the most by the
drop in metal prices. This is then reflected in cutbacks at the mines.
which result in a loss of jobs for the miners and a decline in metal
production. The final result of lowered metal prices is a cutback in
specimen production from the mines. Since 1989, Peru has been in
this reduced condition, and fewer specimens have been forthcom
ing than previously. Many of the piriteros (which translates as
“pyrite vendors™) have simply vanished. and laid-off miners and
their families have migrated to the slums of the cities hoping for
better living and working conditions. Coupled with the civil unrest
fomented by the Sendero Luminoso (the Maoist “Shining Path™
guerrillas), and more dangerous travel conditions in central Peru
because of them, there has been little improvement in the mineral
supply. With the rise in privatization of the mines, and the recent
dechiming influence of the Sendero Luminoso, the mineral situation
may improve in the future.

Although minerals had been found in “collector
quality” for many years, very little was offered by

dealers in the United States and Europe prior to
1970. Before this date there were very few speci-
mens from Peru in museums and collections around
the world. During several centunies of mining n
Peru almost all the specimens had been destroved
Only in the last 25 years have specimens been
saved in any quantity, and what we are now seeing
IS Just a tiny amount of what the mines have
produced, and almost certainly nor a representa-
tive sample of what the country has yielded over
the centuries

As mentioned, i1t has only been since the early

come on line, and older mines have declined in production for
various reasons. Prior 10 the 1970, the mines of Cerro de Pasco
Morococha and, 1o a lesser extent, Quiruvilca were the principal
sources of mineral specimens. Quiruvilica became a major source
of minerals in the early 19707, followed by the mines of Pasto
Bueno, Casapalca, and 10 a much lesser extent Julcami and San
Cnistobal. Julcam and San Cnistobal never produced more than a
handful of specimens durning the 1970's compared to the other
major specimen mines and should not be ranked as big specimen
producers durning the 1970's. With the heighiened interest in
collectible Peruvian minerals in the 1980°s, more dealers began
traveling to Peru to shop for specimens. As a result of this
increased interest, many other specimen sources began 10 appear in
the minerals market, including the mines of San Genaro. Huanzala,
Raura, Pachapaqui. and Pacococha (Castrovirreyna). The Huanzala
mine came on line in the late 1970's and quickly became a major
suppher of mineral specimens, with one of the more notable finds
being the pink octahedral fluonites found in November 1980
( Belsher, 1982
During the early 1980°s, the Quiruviica mine was a continuing
source of many different types of specimens, but the volume seems
1o have dropped off considerably during the past
few vears. In the last several years a few new
localiies have produced some significant spec
mens. Examples of these new localhities are: the
Uchucchacua mines., which came on line and
began furmishing bright pink to raspberry-red
sometimes transparent, rhodochrosite, as well as
other species: the Chiurucu mine produced intense
raspberry-pink, bladed, rhodonite specimens with
pyrite and quartz: the Mercedes mine provided
large, brilliam tetrahedrite; the Alimon mine al
Huaron became a major source for specimens of
quartz, sphalerite, chalcopyrite, and pvyrite in the

carly 1980's, and continued to furmish a good

1970’s that any quantity of Peruvian minerals has
been available to dealers and collectors in the
outside world. The amount of available specimens
increased dramatically in the late 1970's, and
became a virtual “flood™ in the 1980°s. Sources of
minerals have changed over the last 20 years: new
mines have been discovered or re-discovered and

quantity of collector minerals into the early 1990 s
In 1990, the Santa Rita mine near Casapalca was
the source of hundreds of bright pink. rhombohe
dral rhodochrosites remuniscent of the Silverion
Colorado, locality. Casapalca has been. and con
tinues 1o be, an intermittent source for a vanety of

minerals, including quartz, galena, bournonite




Figure 11. Specimen dealers selling orpiment
out of a house in Lima. Rock Currier photo.

tetrahednte, and manganoan calcite. And most recently some
spectacular epidote specimens have been coming from near Ica in
Ica province and from nearby Rosano Mabel, Mapa Blanca,
Castrovirreyna, Huancavelica.

Peruvians are very secretive about mineral-producing locations
Generally Peruvians will not even tell other Peruvians about
locations, let alone the foreigners who come to Peru to buy
specimens. When big pockets of minerals are discovered, miners
conceal the information. Very few others ever know. Most mining
companies are opposed to mineral collecting, and certainly will not
divulge information on exposed pockets to the public. This secre-
tiveness compounds the problems foreign dealers and collectors
expernience trying to acquire accurate mineral locality information
Many times the mine management is not aware or knowledgeable
about what kind of specimens are being produced from their
operation. An additional problem for collectors of Peruvian miner-
als 1s the occurrence of one-time finds of small quantities of
minerals. Many of the approximately 1,200 operating mines in
Peru are small family operations similar to the “Mom and Pop”
operations found in the United States. If an isolated or one-time
discovery of good mineral specimens i1s made, and the miners are
savvy enough to know they can sell them, the specimens will
probably be sold to one of the piriteros who happens to be nearby
at the ime. These specimens in all likelihood will be mixed in with
specimens from a large local mine, or simply labeled for conve-
nience as being from the nearest large mining complex, and then
sold to the intermational market. One can readily see the problems
this procedure can create.

A note of interest: many location names contain the component
cocha, which means “lake” in Quechua, the Inca language spoken
by the native people; “conococha”™ means “yellow lake,” *Yauri-
cocha™ means “black lake.” and so forth.

The Peruvian runners/dealers frequently dissolve off calcite or
other carbonates from specimens that have coatings of these

minerals, unless the carbonates are exceptional in crystal size or
color. This is usually accomplished with hydrochloric acid (HCI),
explaining why so many sulfide-bearing specimens are bereft of
accompanying carbonate minerals. Apatite, fluorite and galena,
when they occur, are frequently corroded and damaged, and minor
soluble accessory minerals are missing.

P A ——— e %L e e e e i

VISITING THE MINES

Most Peruvian road maps show the location of only a few mines.
Sometimes small to almost nonexistent villages will be marked, but
nearby large mining installations will be left off. (There has been
speculation that someone in the old socialist government told the

map makers to ignore their existence, especially if they were
privately owned.) Governmental administrative boundanes are
difficult 1o determine. Even if they are marked on the map, the
almost complete absence of any road signs makes it hard to know
where you are. A good highway map and a gmide who speaks your
language are usually essential for getting around in the country.
Buses and trucks travel on a regular basis to the mining camps
and you can use them to get there if you are the sturdy type, have
plenty of ime and are on a restncted budget. If you can, however,
travel in your own car. During the rainy season between October
and April, you should consider a four-wheel-drive vehicle, and if
possible, check on the condition of the road. Avoid renting vehicles
with more than 40,000 km on the odometer. Keep in mind that the
odometer may have been turned back by the rental agency or one of
their clients. Before leaving the rental agency be sure to personally
check out all the systems, particularly the brakes (including the
hand brake). You may wish to practice discretion in telling the
rental agency exactly where you are planning to take their vehicle.
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When you stop and ask directions, always ask several people 10
see 1l you can get agreement between them. Most people in Peru do
not own cars and their 1deas of distance, direction and travel tme
may not relate to travel in vehicles.

Most mining activity is above 4,000 meters: when visiting the

mines you will feel the effects of soroche (altitude sickness) 10 a
greater or less extent. To minimize the effect you should spend the
first might somewhere no higher than 3,500 meters. Also, it is
advisable to eat only very small meals during the first two days and
keep vour physical activity to a minimum. There i1s a medication
available over the counter in Peru called “coramina glucosa™ that
may be of help. If you have heart or breathing problems, see your
doctor before going to high altitudes.

It 1s advisable to take some food and all your dnnking water if
you can. If you can’t, a small portable sterile water filter is
desirable, or at least some water-purification tablets. You will not
find much clean water around the mining camps, and boiling water
at 3.000 meters will not achieve a temperature high enough to kill
all bactena. A former company doctor from the mining camp at
Pasto Bueno once told us that during his stay in the camp they had
a tuberculosis rate of 70% and a hepatitis rate in excess of 100)%
(ves, greater than 100%; you can catch it more than once and there
are different kinds). A bottle or two of a good general purpose
antibiotic and pan killers may be very helpful in case you get sick

Finding good accommodation can be a chore. The best places to
stay at the mines are in the housing built by the mining companies
Keep in mind that visiting a mine to buy specimens from the
miners, who should be mining ore and not specimens, is usually
not sufficient reason for a mining company 1o house and feed you
Failing access to company facilities, accommodations at the mines
will be rather grim. Think of it as camping out. A dirt floor, a leaky
roof, more than adequate venuilanon, and undesirable visiting
fauna (both micro and macroscopic) are the rule durning the long
nights. Toilet facilities will best go undescribed.

It 1s possible. in many instances, to collect your own specimens
in the mines. The best way to arrange this is to chat up the
professionals at the mines and, ideally, gain permission from the
head office. If you work through the head office you will need to
provide them with good reasons why they should let you run
around in their mine. Any sont of legitimate mineralogical research
may be sufficient. It also helps 10 work with smaller mines and
mining companies. They are usually more sympathetic to the
presence of mineral collectors. If nothing else. the professionals at
remote mines are glad for someone new at dinner with whom to
gossip. House-warming presents like bottles of alcohol-based
refreshment, old copies of Plavboy magazine etc. are greatly
appreciated. Keep in mind however, that you will be working at a
high altitude, that even a modest size mine can be much larger than
you can comfortably explore in a week, and there 1s no guarantee
that you will be able to find anything.

If you are really serious about obtaining a significant number of
specimens you must get them from the miners. Don’t go bothering
those poor geologists and mining engineers. The mines are dirty,
dark places, often cold or hot and/or wet, not really pleasant places
to be. You cannot expect a well-paid professional to spend a lot ol
time in such a place, getting filthy dirty digging rocks for you. Of
coursc, on rarc occasions you may find a gfculughl Oor mining
engineer who has a real interest in minerals, but these people are
few and far between. The miners work most days, every day. in the

mine. Those miners that have first access to the working face after
a blast are going 1o get the best specimens. These are the men you
go searching for with a pocket full of soles (the monetary currency
of Peru)

At the mines, the workers usually live in long barracks-like
structures that are divided into many rooms and apartments with
common walls. These are called pabellones (pavilions). They
typically have a concrete floor, corrugated tin roof and, if fortunate,
a cold walter tap and electricity. In each room or apartment will be
a miner or a miner and his famaly

Miners usually live in one section of the camp and the mll
workers in another. If you want specimens you will need to find the
section of the camp with the miners. In many camps you can just
drive up, get out, start knocking on doors and asking for specimens
Saturday afternoons and Sundays are the best time because most
miners are off-shift and home. As you talk to the miners, everyone
who can will be eavesdropping on your conversation, and word
will quickly spread through the camp that you are buying speci
mens. People, especially children, will start approaching you with
specimens; a low profile is definitely recommended. Do not stan
passing out free candy or other gifts 1o the children because you
will soon have a very noisy gang of 30 or 40 of them following you
around the camp. Then the larger children will start beating up on
the smaller ones to take away their candy, and a near not will star
Pay one or two of the largest juveniles 1o pack and carry vour
specimens, and they will take care of any trouble makers

Some mines have become rather restrictive about miners selling
specimens, and the authonties have been known to fire miners,
confiscate specimens from visitors, and on some occasions even
throw the visitors in jail. The most difficult mines in this regard are
Casapalca, because of s proximity to Lima, and Huanzala
because of the tons of specimens collected and sold by the miners
Al most mines, however, you will not encounter great problems

Foreign dealers now find visiting the mines less productive than
buying their specimens from dealers in Lima. This 1s because al
any given ume runners are likely to be in residence waiting to buy
specimens as the miners bring them out. On a tnp to Huanzala
some years ago, one of us (RHC) and Jorge Fitzgerald, a inend and
dealer from Lima, amived just as five piriteros were leaving. What
they left for us 10 buy was hardly worth the cost of the gasoline 10
get there let alone the joys of the five star Huanzala Hilton hotel
(ves you could actually coumt about five stars through the roof)
This does not mean that you will always do better in Lima than at
the mines, but the chances of success at the mines have dimimished
considerably. Scores of Peruvian mines still exist that have won
derful specimen-producing potential, but they are rarely visited by
anyone interested 1n minerals

In Peru, when dealing with a miner or a runner you are usually
invited into their homes to view the specimens. Bargaining is
usually the order of the day, and is usually pursued with consider
able animation. The lady of the house usually stays in the
background, often saying nothing while this goes on. Once a price
has been agreed upon, the man of the house will then confer with
her. If she does not find the pnce acceptable you are back to square
one. Many women in Peru are business-minded and manage the
household finances. They often do the selling while their men
obtain more specimens. More often than not they are the ones who

have the final say on any price reached with buyers
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Figure 12. The city of Quiruvilca. R. Currier photo.




The Quiruvilca-Chilete Group

THE QUIRUVILCA DISTRICT

Santiago de Chuco Province
La Libertad Department

LOCATION

The Quiruvilca District is located 80 km east of Trujillo at the
head of the Moche River Valley. The elevations of the various
workings in the district vary between 3,800 and 4.000 meters. The
many workings are collectively known as the Quiruvilca mine, also
occasionally called the Asarco mine (for the parent miming com
pany) or the La Libertad mine. Quiruvilca means “sacred tooth™ in
Quechua. The term refers to a prominently exposed volcanic neck
several kilometers to the northeast (Bartos, 1987a). The geology
and ore deposits of the district have been described by Lewis
(1956) and by Bartos (1983, 1987a, 1987b, 1990); the discussion
here 1s dernived from those reports, particularly the works of Bartos

GEOLOGY

The Quiruvilca district i1s an old lead-zinc-silver-copper district
The deposits are located in layered volcanic rocks of the Miocene
Cahipuy Formation, which includes andesite and
minor basalt flows. The Calipuy Formation has an
estimated thickness in excess of 2,000 meters.
Intrusive rocks include andesite dikes and stocks.

The ore deposits have four distinct zones. Ores
in the central part of the district are mesothermal
and are dominated by enargite. The mesothermal
deposits grade outward to the epithermal deposits
Lewis (1956) has described the various zones In
some detail, and his descriptions are incorporated
below, along with appropnate modifications by
Bartos (1987a)

The inner zone is called the Enargite Zone, and
encompasses the major part of the Quiruvilca
mine. The surface expression is an oval about
2,800 meters long and 700 meters wide. In addi-
tion to enargite, associated sulfides include pynite,
tennantite, wurtzite, sphalenite, chalcopyrite,
orpiment, galena and hutchinsomte.

The next zone outward, the Transition Zone, 1s
up to 1,400 meters wide. Its domimnant ore mineral

1s sphalernite. with pyrite the major sulfide and tetrahednite-tennantite
the main copper-bearing mineral. Other sulfides and ore minerals
include chalcopyrite, galena, marcasite, arsenopyrnite, covellite and
wurtzite. The gangue is pnmarily massive quartz with occasional
rhodochrosite and calcite
The third zone outward is the epithermal Lead-Zinc Zone
varying from 1,000 to 3,000 meters in wadth. It 1s charactenzed by
sphalenite and galena, along with pynite, chalcopynite, tetrahednte
lennantite, marcasite, arsenopyrite and gratonite. Wuntzite occurs
near the boundary with the Transition Zone. Gangue minerals in
the Lead-Zinc Zone are quartz, dolomite, rhodochrosite, and
calcite
Outermost 1s the Stibmite Zone, penpheral o the Quiruviica
district. In addition 1o stibnite, the other main sulfide mineral is
arsenopyrnite, with mmnor amounts of pynie, sphalente, galena, and
chalcopynite
To simphty these vanous vein mineralization features, Banos
(1987a) divided the veins into three types based on the dominant
vein fillings: pyrite, sphalerite-galena, and gangue. The gangue
dominant veins are mainly carbonate, but in some areas are quanz
According to Bartos (1987a), the quantity of sulfide and ore
minerals changes dramatically outward from the
center of the distinct; pynite 1s a good example,
showing a rapid decrease outward. Copper-bear
ing sulfosalts are dominant in the Enargite and
Iransition Zones, sphalenite and galena are max
mized in the imtermediate Lead-Zinc Zone, and
arsenopynite and stibmte reach a maximum n the
outer Stubnite Zone. Non-sulfide gangue minerals
change in proportion laterally from the center ol
the distnict. In the Enargite Zone banite 15 mosl
abundant; dolomite i1s most abundant in the Tran
siton Zone, manganoan calcite becomes most
abundant in the Lead-Zinc Zone, and rhodoch
rosite and quartz are most abundant in the Stibnite
Zone
>Some mineral SPCCiIcs OCCur only n certain
zones. For example, enargite is restricted 1o the
central Enargite Zone, whereas the other copper
bearing sulfosalts, tetrahednite and tennantite, o«
cur in the outer zones. Orpiment and realgar are
only found within the Enargite Zone; native ar
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senic and arsenopyrite are primarily found in the Stibnite Zone. Pb-
As-S glass (sold as “revoredite™ by dealers) and other sulfosalts are
found in the intervening Transition and Lead-Zinc Zones.

PARAGENESIS

Mineralization in the district occurs in over 100 veins, about 60
of which have been developed for mining. The mineable veins
average 30 cm in width reaching a maximum of 2.5 meters (Bartos,
1987b). The veins are typically coarse-grained and massive, with
local vuggy areas. All veins, regardless of their zonal position in
the district, exhibit the same overall paragenetic stages. These are,
in order from earliest to latest:

(1) Pyrite stage: quartz, pyrite.

(2) Base metal stage: arsenopyrite, galena, enargite, tetrahe-
dnte-tennantite, sphalerite, pynite, chalcopyrite, stannite, chatkalite

(3) Sulfosalt stage: alabandile, marcasite, pyrite, arsenopyrite,
quartz, manganaxinite, clinozoisite, stibnite, robinsonite, jamesoniie,
barite, orpiment, realgar, hutchinsonite, geocronite, native arsenic,
seligmannite Pb-As-S glass (“revoredite,” not a true mineral)

(4) Carbonate stage: manganoan calcite, rhodochrosite, dolo
mite, calcite, quanaz.

Bartos (1983) also points out that “all paragenetic stages are
present in major veins of any zone, but the relative abundance of
late-stage minerals increases toward the peniphery of the distnct.”

Table 1. Minerals reported from Quiruvilca.

Common or Abundant
Manganoan calcite *Sphalerite

*Arsenopyrite

*Dolomite *Pyrite “Stibnite
“Enargite Quartz “Tetrahedrite
*(alena Rhodochrosite Tennantite

Rare or Locally Abundant

Alabandite *Chalcopyrite Marcasite
*Apatite Chatkalite *Orpiment

Arsenic Clinozoisite Realgar
“Pb-As-S glass Geocronite Robinsonite
*Barite Gratonite *Scheelite
*Baumhauerite-2a *Hutchinsonite Seligmannite
“Bournonite Jamesonite Stanmite
*Calcite Manganaxinite “Wurtzite

*Collector-quality specimens

MINERALS

At various umes over the past few decades. the Quiruviica
district has produced major quantties of specimens. Quiruvilca 1s
best known for its fine pyrite, orpiment, hutchinsonite and enargite
The heyday for specimen production was the early to md-1970's
Specimen production from Quiruvilca in recent vears has been
insignificant

Arsenopyrite FeAsS

Arsenopyrite is uncommon in good specimens, but they can be
quite attractive when found. Specimens seen by us have arsenopy
rite as stellate twins which, when viewed end-on, show the typical
starlike twin form, but when viewed from the side show rows ol
crystals that look similar to the teeth in a comb. These rows of
crystals can be up to 2 cm long. with individual crystals about | cm
in length. This habut of crystallizanon in Peru may be umique to
Quiruvilca. Small | 1o 3-mm pink or tan rhombic dolomite crystals
are a common associate on the arsenopynite crystals. Arsenopyrite

mn uny l-mm crystals 1s a common associate of the stibnite
specimens from Quiruvilca

Barite BaS0,

Banite 1s a ubiquitous mineral in the Enargite Zone. The crystals
are distinctly bladed, varying from paper-thin to a few millimeters
thuck. It 1s colorless to cream, cream-yellow and gray. Crystals on
specimens we have seen are up to 5 cm across and are commonly
translucent to transparent. The mineral occurs both as an associate
of the other minerals and as excellent specimens in its own right, as
cabinet-size, bladed aggregates with the blades usually standing
upright on the matrix. Barite is a distinctive enough association in
many Quiruvilca specimens to help in confirming the locality

Figure 15. Bournonite crystal, 2.8 cm, on
chalcopyrite from Quiruvilca. Bill and Carol
Smith collection: Jeff Scovil photo.

PHCuShS

Much confusion surrounds the occurrence of bourmmonite at

Bournonite

Quiruvilca. A large find, imtially reported as from “near La Orovya™
(Wilson, 1984), was subsequently identified as from Quiruvilca in
the “Letters 1o the Editor™ section of the Mineralogical Record
(vol. 15, p. 249). In tum. this was stated 10 be in error (Siber, 1987),
and the specimens were said to be from “La Merced” near
Huallanca in Huanuco. The only mine near Huallanca with a name
similar to “La Merced” is the Mercedes mine. We have never been
able 1o veniy bournonite as occurmmng at the Mercedes mine
examination a few years ago of the ore piles at the Mercedes mine
did not show any bournonite at that ime. However, there are some
workings in a section of the Quiruvilca mine that are referred to as
“Merced.

Boumonite has been reported as a rare constituent of the
Quiruvilca ores (Bartos., 1987a; Siber, 1957). Siber states tha
bournonite at Quiruvilca forms barrel-shaped crystals up 1o 3 cm
long. and he cites a find in September 1985 where it occurred in
crystals up to | cm with enargite and tetrahedrite. The bournonite
from this find 1s bright and splendent, but the tetrahednte, which
occurs in simple tetrahedrons, often has a satiny luster. Calcite in
dull. gray 1o cream, discondal, bladed crystals 1s also associated. On
al least some of the specimens, jamesonite (7) in small hairhke
mattes. 1s nestled around the base of the bournonite crystals, and
also contributes some of the gray coloration to the calcite crystals
as an inclusion. Pyrite i1s a minor association, occurring as striated
pyritohedral crystals less than | cm in size

Several lots of bournonite were offered for sale in 1982, One ol
these lots consisted of boumonite in small groups and clusters

many of which are sharp and bnight. Large plates of solid bournonite,




Figure 16. Bournonite crystal group, 11 cm,
from Quiruvilca. Bill and Carol Smith collec-
tion; JefT Scovil photo.

with no other associated minerals, were also recovered at about this
time. Some of these large plates are of outstanding quality, the
bournonite crystals measuring 3 ¢cm in the best specimens. In
addinon, there also appeared bournonite on brnight pyrnitohedral
pyrite crystals, commonly about the same size as the bournonite,
and these were typical of bournonite-pyrite assemblages from this
particular batch; agan, the bournonite crystals in the best speci-
mens measure about 3 cm. No other Peruvian bournonite locality
produces specimens having quite the same look as these from
Quiruviica

Calcite CaCO

The calcite from Quiruvilca usually forms white to gray, discoi
dal blades a centimeter or less in size. It occurs as a late-formed
mineral on earlier minerals, and 1s not especially noteworthy. If it
was present in any quantity as coating on well-crystallized miner-
als of other species, it may have been dissolved off in hydrochloric
acid by the Peruvian mineral dealers.

Chalcopyrite CuFeS

Chalcopynite 1s relatively common throughout the Quiruvilca
district mines. In the Enargite Zone it was deposited simulta
neously with, or just after the crystallization of wurtzite. It can
partially replace the wurtzite, enargite and tetrahedrite. It also
occurs on tetrahednite, pseudomorphous after enargite. Specimens
offered for sale frequently have chalcopyrite as bright, brassy,
golden crystals up to about 1.5 cm.

Dolomite CaMg(CO,)

Dolomite occurs as white, cream or pink crystals, eften associ-
ated with pynite. Dolomite also occurs as thick coatings on
tetrahedrnite, which when dissolved off in acid reveal fine thumb-

sized tetrahedrite crystals. These coated specimens came out from
1982 to 1984. Dolomite coating or partially coating pyritohedral
pyrite in “hand sized” plates of crystals was abundant from 1987 10
1 99(0)

Enargite Cu,AsS,
In the recent past, more so than now, Quiruvilca has been noted

for producing some of the world's finest enargite specimens

Figure 17. Enargite crystal group encrusted
with pyrite, 14.2 cm, from Quiruvilca. Marty
Zinn collection; Jeff Scovil photo.
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Figure I8. Enargite crystal group encrusted
with pyrite, 4 cm, from Quiruvilca. Rock Cur-
rier collection; Jack Crowley photo.

During the mid-1970’s such pieces were abundant, and good, hand-
sized specimens were readily available. The best specimens consist
of bladed, prismatic crystals, commonly wider at the termination
than at the base, and also narrow, prismatic crystals up to 12 cm
long. Terminations are flat (typical for the species) and lustrous

We have purchased many rough crystals up to 10 cm in length

which were usually cavernous or at least coated with small
tetrahednite crystals or other sulfides. They did not sell well, and it
1s suspected that most of these rough crystals were run through the
mine mill. More popular with collectors are the smaller, sharper
and more brilliant enargites that are still occasionally encountered
The average size of crystals collected from the district is | cm wide
by 4 cm long. Prismatic crystals of excellent quality, up to 5 cm
wide by 20 cm long, have reportedly been collected in fine groups
(Lewis, 1956). It is interesting to speculate on the size of the vugs
in which these must have occurred. Tons of these crystals undoubi-
edly went to the crushers. Large clusters of 1-3 cm long crystals
were common.

The crystals themselves are sometimes coated with pyritohedrons
of pynite, creating one of the more aesthetically pleasing types of
enargite. These are shightly fan-shaped enargite crystals usually
less than 7 cm long, completely coated with small, shiny pynite
crystals. These particular specimens came out around 1980 and
were relatively common for a short period of time. The largest may
reach 12 cm in length. The pynite-coated enargite crystals make
particularly attractive specimens since the sparkling pyrite looks
like golden diamonds coating the prismatic crystals of enargite
Enargite also occurs as second-generation crystals growing on the
first generation prisms. During the 1980°s thumbnail to mimature
size specimens of enargite in star-like twins were recovered. These
specimens are generally flat and are composed of solid crystallized
enargite in star-like twins up to 1.5 cm in width.

Commonly enargite may be partially or completely coated or
even replaced by tetrahednite. In some cases the replacement is so
perfect that the specimen has to be studied closely to determine
whether it is a very bright enargite or a bright tetrahedrite. The lack
of striations on the tetrahedrite is usually the distinguishing factor

Some years ago one of us (RHC) traded a very fine specimen ol
enargite 1o Bryn Mawr College. It consists of a cluster of large,
somewhat rough enargite crystals about 10 by 15 cm each, with a
star of twinned enargite crystals approximately 5 ¢cm across
perched on one end.

Fluorapatite (7) Ca(PO,).F

Apatite 1s rarely present as bright, lustrous, hexagonal microc-
rystals, usually occurring on pyrile as a very minor association
Some of the more poorly formed crystals might be mistaken for
microcrystalline fluorite. Occasionally the apatite may be coated
with a thin crust of microcrystalline drusy quartz. It fluoresces a
cream color in long-wave ultraviolet light

(Galena PbS

Quiruviica 1s not noted as a source of good galena specimens,
even though galena is present in all the zones except the Stbnite
Zone. Galena is rarely found in the Enargite Zone, but where it
does occur it is usually crystallized on pyrite or with sphalerite and
quartz in the outer part of this zone. Much of the galena is etched
or partly to completely replaced by later sulfides. The galena in the
Lead-Zinc Zone i1s occasionally found partly replaced by gratonite
The galena occurs frequently on pyrite, associated with tetrahe
drite, sphalerite and chalcopyrite. Galena can also be partly
replaced by sphalerite and tetrahednite

Hutchinsonite (Pb,T1),As.S,

First reported about the same time as the big orpiment finds,
Quiruviica hurchinsonite 1s the world's finest for the species. The
black 1o silvery black prismatic crystals occur on nice plates, with
the longest crystals perhaps a centimeter in length but most much
smaller. The miners in the camp called them esribina (stibnite)
Orange orpiment in small sphencal masses, small to microscopic
enargite, banite and pyrite also occur with the hutchinsonite. A few
specimens have a powdery coating of baumhauente-2a (Robinson
and Hams, 1987; Pring. 1990). Most of the hutchinsonite is

associated with orpiment, and less frequently with bante crystals

Jamesonite (7) Pb.FeSh.S..
Jamesonite (7) occurs in trace amounts as shiny, web-hke to
hairhke mats in vugs and nestled among larger crystals of other

minerals. It can be easily overlooked

Figure 19. Orpiment crystal cluster, 3.7 c¢m, from
Quiruvilca. Ken Roberts specimen; Wendell Wilson photo.

Orpiment As.S

First found in the penod from 1972 1o 1975, in crystals up 1o 7
cm in size, fine orpiment has been recovered sporadically since
then in crystals from | 1o 3 cm, but never in the size and quality ol
the first matenal that came out. Orpiment specimens in large
numbers were collected from the Quiruviica mine in 1976, 1978
and 1981. Large plates with 2 to 3-cm crystals of orange 1o bumni

orange color were common. Quiruvilca has produced some of the

* 25 ¢




best orpiment crystals in the world. The largest specimen known to
us 1s nearly 30 cm across and consists of lustrous crystals
averaging 2 cm wide by 5 cm long. Occasionally pyrite and barnite
are associated with the orpiment, but more frequently the speci-
mens consist totally of orpiment crystals. A few orpiment speci-
mens collected in 1978 have beautiful lustrous faces, but these
faces are mostly covered with a white flaky matenal that subse-
quent X-ray powder analysis has shown to be vanscite. Orpiment is
a very soft mineral, and almost all specimens from Quiruvilca that
make their way to market have some damage. Quiruvilca orpiment
has seldom appeared on the market during the last several years

Hutchinsonite is associated with as much as 10 percent of the

orpiment collected during the early years. Runners have brought in
several hundred boxes of orpiment specimens over the years

Pyrite FeS

Pyrite occurs throughout the district. Crystal forms, in order of
abundance, are: pyritohedrons, octahedrons. dodecahedrons and
cubes. Pyritohedrons up to 5 cm In size, in large groups, are
commonplace, as are octahedrons of about the same size. Larger
crystals to 15 cm have also been collected. Commonly the pyrite,

Figure 20.
Orpiment crystal
group, 15 cm,
from Quiruvilca.
Steven Neely
collection; JefT
Scovil photo.

particularly from the Enargite Zone, i1s coated with tiny to large
enargite crystals, small. later-growth pyrite crystals, or a thin film
of indescent red to blue enargite that dulls what otherwise would
be a brilhiant luster. The cube form of pyrite is uncommon al
Quiruvilca and usually occurs as disseminated crystals away from
the main veins. Pyrite 1s also found as dull to bright coatings of
small pyritohedrons covering euhedral enargie crystals. From
1984 1o 1987. occasional lots of pyrite pseudomorphous after
enargite in a “jackstraw” style were found. The enargite crystals
are hollow, with the pyrite forming botryoidal-hike crystalline
surfaces that faithfully replace the enargites. Some ndividual
enargite crystals thus coated are up 1o 7 cm long. One of the
features of Quiruvilca pyrite that aids in distinguishing 1t from
other Peruvian locations 1s the tairly common occurrence of tiny
groups of pynite microcrystals implanted on the larger pynite
crystals. This i1s more notable on the pyritohedral groups than on
the octahedral crystals. Quiruvilca has produced many extraordi-
nary clusters of sharp octahedral pynite crystals, some with modi
fied edges. Some of these crystals measure as much as 10 cm on an
edge. and rarely even larger. Unul the discovery of the enormous
clusters of octahedral pyrite crystals from Huanzala. Quiruvilca
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Figure 21. Enargite
crystal group, 5.2 cm,
from Quiruvilca. Fred
Pough collection, JefT

Scovil photo.

produced the finest specimens of octahedral pyrite in the world
Some of the most attractive arrangements are the large, brilhant,
octahedral crystals, with large, shiny, prismatic enargite crystals
implanted on them: this creates an attractive contrast to the pyrite
These specimens are unique to Quiruvilca

Quartz S10

Although quartz 1s common in the Lead-Zinc Zone and the
Stibnite Zone, most quartz-bearing specimens offered on the
mineral market from Quiruvilca have been collected from the
Enargite and Transition Zones. Although it is common in these
areas, it does not form good specimens and usually is present as
microscopic crystals that form drusy layers on the matrix or are
scattered around on the dominant minerals. As a general rule, this
distinctive appearance 1s sufficient to help identify specimens as
coming from Quiruvilca. If quanz is at all well-developed on any
specimen labeled to have ongmated from Quiruvilca, it 1s hkely
that the specimen 1s mislabeled

Scheelite CaWo,

Scheelite occurs in octahedral crystals and crystal groups up to
several millimeters across; it has a white or gray color. The crystals
fluoresce a bnght yvellow-white to white. Scheelite 1s best detected by
examination under ultraviolet hght. Scheelite from Quiruvilca 1s rare

Sphalerite (Zn Fe)S

Sphalerite from Quiruvilca 1s generally of mediocre quality, It is
usually Fe-rich and very dark in color. In most specimens it is black
in reflected light, but in transmitted light may be a dark reddish
amber color. Despite 1ts generally low quality here, sphalente 1s
found with many of the minerals that occur in the mines. Within the
Enargite Zone 1t 1s usually associated with galena and quartz. In the
Iransiton Zone. the dominant occurrence of sphalerite 1s on or
with pyrite, with or without quartz, followed by pyrnite-sphalenite
galena, plus or minus quartz and tetrahednite

Stibnite Sb.S

Stibnite occurs in the Stibnite Zone as sprays of bright, 1.5 cm or
longer, acicular crystals. on and with minute | to 2-mm arsenopy
rite crystals

Tetrahedrite-tennantite (Cu.Fe),.Sb.S., - (Cu.Fe)  AsS

letrahednte-tennantite was available in hmned quantities up

until just a few years ago. Splendent tetrahedral crystals up to 3 cm
or more have been collected, with the average crystal size being
about | cm, in specimens exceeding 10 cm across

Some of the more stniking tetrahedrite specimens are pscudo
morphs after enargite. On these specimens the finger-shaped
enargite crystals may reach 3 to 5 cm in length, have been partly to
wholly replaced by splendent tetrahednite; in some cases this gives
the specimens a distinctly cactus-like appearance, commonly with
skewed pointy tetrahedrons covering the enargite. In other speci
mens the tetrahednte has replaced the enargite so perfectly that a
casual look may leave the impression that the enargite i1s jusl
brighter than usual. A closer look will show the differences, the
most notable being the lack of stnathons so common o enargite,
[‘f]llw just a general not T?;.‘|"|1I1L‘~.\ in the appearance ol the
specimen [ennantite also occurs as onented overgrowths on
pyrite. Anthony and McLean (1973) reported that octahedral and
dodecahedral pyrnite had well-developed tennantite in parallel
crystallographic onemtation and that this combination made lfor
unusual and attractive specimens

Most tetrahednite from Quiruvilca s in the simple tetrahedron
form, the tetrahedrons varyving in color from dull black to ven
bright, silvery black. The most commonly seen specimens in
collections are quite bright. Good sized groups, up to 10 ¢cm or so
across, were common in the late 1980°s. The best specimens have
tetrahednite in tetrahedrons over 3 cm wide, scattered across the
matrix; in some cases bladed calcite 1s scattered on and around the

tetrahedrte, the matnx pieces exceeding 25 cm across

(Zn.Fe)S

Wurtzite 1s the usual form of ZnS in the Enargite Zone. It has

Wurtzite

been found sporadically throughout the Enargite Zone and the
Transition Zone, usually with a distinctive honey-orange color, It 1s
rarely found on mineral specimens from Quiruvilca. Chalcopyrite
and pynite are associated with the wurtzite. In the few specimens
checked, wurtzite 1s fluorescent with a 11L't'1‘l brick red color in long

wave ultraviolet hght




REMINISCENCES ON AN EARLY TRIP TO QUIRUVILCA, 1976

The jumping off point for Quiruvilca is Trujillo, and you can
get there comfortably with an eight-hour bus trip or, better yet,
a shorn plane trip from Lima. All of Peru’s western coast is in
the rain shadow of the Andes, and any travel along the coast will
encounter severe desert, which is only relieved when you
descend into the occasional river valley that concentrates the
watershed from the huge mountains to the East. The transition
from stark desert to lush river valley can be quite startling. As
you near Trujillo, you suddenly drop from severe desert down
into the Moche River valley, verdant with crops of sugar cane
and pineapples. Arriving by air you can view the kilometers of
Pre-Colombian Indian ruins known as “Chan Chan”; these are
billed as the largest prehistoric Indian barrio in the world. There
are no five-star hotels in Trujillo, but a number of decent ones
with hot water are available. They are infinitely better than any
non-company housing you will find in the mining camps.

Jorge Fitzgerald and 1 (RHC) rented a Volkswagen “bug” for
our first trip to Quiruvilca in 1976. The road east up the scenic
Moche River valley is rough, and you gradually leave all
cultivation behind as you wind up into the barren mountains.
Afier about five hours, if you make all the correct turns and the
road 1s in good condition, you will amve at the little town of
Quiruvilca, with mines, prospects and dumps punctuating the
hills around the town. As you enter the town you will see a
small concrete monument. If you stop and examine it you will
find it studded with weathered pyrite crystal clusters and a
round metal plaque proclaiming the existence of Quiruvilca.

We amived in late aftermoon, thoroughly pounded by the
rough roads. We arranged for a room at the hotel, “La Cueva”
(the cave), an entirely appropriate name. Our room, the only
available room, in this six-room “pleasure palace,” was occu-
pied by a truck driver who, we were assured by management,
would be vacating the room some time that afternoon.

Feeling somewhat under the weather from the change in
altitude but with time 1o spare, we climbed the hill 1o the
pabellones (pavilions) in the mining camp and began knocking
on doors. We hoped 1o scare up some specimens but had little
luck. With the sun setting on the mountains behind the camp we
disconsolately made our way back down the hill to the hotel. On
the way we stopped to barter for some lagues, the local word for
specimens. As we bartered a group of uniformed school chil-
dren gathered around to watch the proceedings. With the
bargaining complete, | pulled a giam fistful of soles (Peruvian
bank notes) from my pocket to pay for the specimens. At the
sight of all that money the children let out a collective gasp, and
Jorge quickly told them that we wanted to buy more specimens,
and that we would be down at the hotel Cueva. The children
vanished as quickly as dropped mercury, scattering to their
homes all over the camp.

Back at the hotel we discovered that the truck driver was still
in residence in our room. With nothing to do, we hung out
around the Volkswagen in front of the hotel, speculating about
the likelihood of spending the night in the car. Soon a child
came running up with a mineral specimen to sell. It wasn't bad,
and we paid him about 25 cents. By the time that transaction
was complete three other children and women had armived, then
six, ten, 20, then God only knows how many:; it was a near riot.
Soon the car was surrounded five and six deep with men,
women and children thrusting specimens at us from all direc-
tions for inspection. Jorge worked on one side of the car, and |

on the other, to try and split up the mob. As soon as | bought a
specimen, I would open the car door a crack and with one hand
firmly on the pocket with my money, | used the other to quickly
put the specimen somewhere, anywhere inside. The floors and
scats were rapidly covered with good pyrite and enargite
specimens, and we were soon piling them one on top of the
other. There was no time to organize packing matenials. Finally
it became so dark we had to tum on he head lights of our car 1o
get some idea of what we were buying.

At last our room was ready. Leading a turbulent line of
budding, shoving, specimen dealers, we climbed the ladder over
the privy, up through a trap door in the floor of the balcony that
ran along the front of the “hotel” above the smelly, hand-
cranked gas pumps, and down the short swaying central comm-
dor to the room. The crude adobe walls had cracks so wide that
previous occupants had stuffed wadded up balls of newspapers
in them to control the already more than adequate ventilation. A
crowd of people selling specimens quickly formed up and
crowded into the room and overflowed into the corridor. The
floor of our room swayed more than | really wanted to think
about, and immediately brought to mind visions of the floor
giving way, and crashing a room full of screaming women,
children, miners, a few hundred pounds of rocks, Jorge and |
down 1o the ground floor. Jorge hired two of the biggest men to
control the crowd and feed them through to me in the room, one
or two at a time. | sat there on a frail, complaining chair, on a
heaving floor, behind a thoroughly trashed, wobbly wooden
table, beneath a bare light bulb, like some tinhomn potentate,
buying specimens.

| particularly remember one lot of orpiment specimens that
covered most of one of the beds. Some specimens were almost
30 cm across and consisted of wall-to-wall crystals about 4 cm
long. All these we bought for a total cost of about $60. After the
excitement had died down, we went out to stretch our legs. We
were standing in front of the hotel next to the little add-on room
where they kept the pigs and turkeys at mght, when a young
man wearing a voluminous poncho approached. He asked if
specimens were still being purchased. Hearing the affirmative, a
hand came out from under the poncho with a piece of almost
massive pyrite. We told him the piece had no value, but
fortunately asked if he had anything else. After some fumbling
around under the poncho, out came the other hand holding a
cluster of octahedral pyrite crystals. It 1ook a full ten seconds
for me to realize that the piece was the best pyrite specimen |
had ever seen. It was about 20 by 20 cm, with the largest pyrite
crystal measuring almost 10 cm on an edge. The young man
asked 500 soles, which at the then current exchange rate was
about 8 dollars. We did not even argue the price. This wonderful
specimen eventually found a good home at the University of
Paris.

The next moming we needed to find a place 10 store our
specimens. We did not wish 1o subject them to the rough road
that we would soon be taking to Pasto Bueno, and thought it
better to pick them up on the way back. We spent the next day
scrounging up boxes and packing material, which was no easy
task, and packed up all the specimens that we had bought the
evening before. We solved the specimen storage problem by
taking a lease on our room for a whole week at a cost of about
seventy five cents a day.

RHC




The Pasto Bueno Group

THE PAsTO BUENO DISTRICT

Pallasca Province
Ancash Department

LOCATION

The Pasto Bueno district is located in the northern-most exten
sion of the Cordillera Blanca in the north-central Andes, just west
of the Continental Divide, approximately 90 km east of the Pacific
Coast. Elevations vary from approximately 3,300 1o about 5,000
meters. The Pasto Bueno mining camp has not been inhabited for
many years. The main settlement for mining in the area these days
1s at Consuzo, with smaller camps at Region de Mana Ofelia,
Region de Huaura, Region de Huayllapon, and Mundo Nuevo. The
Huayllapon mine area is located on the north side of the Consuzo
quartz monzonite stock, 2.5 km north-northeast of the camp al
Pasto Bueno (Fig. 23).

HISTORY
In 1910 wolframite was discovered at Pasto Bueno. The Peru-
vian mining company Fermin Malago Santolalla ¢ Hijos was
established to mine the deposits in 1934, and, as
of 1991 was sull the owner. On February 14,
1990, “Shining Path™ guemrillas blew up the mine’s
hydroelectric plant, causing a cutback in produc-
tion. In 1991 the mines were producing a total of
about 50 tons per day.

GEOLOGY

Pasto Bueno is a vein-type tungsten deposit
Mineralization occurs in steeply dipping quartz
veins associated with the late Tertary quarz
monzonite Consuzo stock. Sedimentary rocks in
the area comprise part of the Jurassic and Creta-
ceous sequence of the Chicama Formauon shale
and the Goyllanisquizga Group shales, quartzites
and limestones of northern and central Peru
Landis and Rye (1974) discuss the detailed geol-
ogy, and the reader is referred to their work for
further detail. Much of the following geologic
data on the Pasto Bueno area are abstracted from
their paper.

Although not clearly defined, a zonal arrangement of mineral
1zation from the quartz-monzonite stock in the center to the edge of
the mineralized areas i1s as follows: molybdenite-pyrite;: wolfram
ite-tetrahednite-chalcopynte-pyrite; galena-sphalente-tennantite; and
last, fluorite and carbonates. No single vein has all these assem
blages, so the sequence has been determined through observations
of a number of veins in the vanous workings

Minerahization 1s classified as greisen, vein, and vug. The vug
period 1s a late phase of vein deposition. Open vugs are common,
but only minerals charactenistic of final vug crystallization typify
the vug penod. “Phantom™ gquartz crystals are common in the
veins; these are indicative of breaks in quartz deposition

The greisen assemblage 1s typified by coarse-grained, fractured
fluorite in varying shades of blue through green, purple and brown
Associated minor minerals occurring as coatings in fractures,
include tourmaline, topaz, apatite, titanmite, rutile, stolzite, arseno
pyrite, bomite, chalcopynte and molybdemite (in no particular
order)

The first major mineralizing episode resulied in molybdenite
pyrite deposition. The second major mineralizing episode resulted
in tungsten mineralization, with two depositional penods, which

were followed by the sulfide assemblages. The
first tungsten period produced thick, stubby brown
blades of hiibnenite in quartz. The second tungsten
period resulted in deposition of black, prismatic,
cuhedral hiibnerite crystals in vugs. Some are a
deep blood-red color in transmitted hght

Minor quantities of enargite occur in early
formed sulfide veins, associated with tetrahedrite
pyrite and galena: these minerals apparently crys
tallized after the tungsten penod. Early-formed
tetrahedrite 1s Sb-nich and gradually grades to As
rnch ennantite, which 1s typical of late-stage min
eralization. Botryoidal native arsenic i1s found
rarely as an accessory mineral to the late sulfide
vein assemblage

I'he third major mineralizing episode was the
crystallizaton of galena and sphalente. Galena
prec eded \[‘rh.‘ﬂt‘rlh‘ and continued to be deposited
during the sphalerite crystallization. Early-formed
sphalenite 1s dark brown; later-formed sphalenite 1s
pale, transparent green; and the latest-formed 1s




Figure 22. The town of Pasto Bueno. Rock Currier photo.

very dark opaque brown. These color differences apparently reflect
changes in Fe content of the hydrothermal fluids. Sericitic mica, in
the third depositional sequence, was deposited as a late-stage
hydrothermal mineral in veins, filling cracks and cleavage planes
in hiibnerite, earliest late-stage galena, and in fluonite. Sernicitic
mica was also deposited at the base of open-vugs. as coarse plates
to 6 mm in diameter, before the period of major fluorite deposition

The fourth major mineralizing episode is characterized by J )| / _— -
fluonite crystallization in large amounts. as a late-stage vein filling / J # °
The fluorite is color-zoned, the earliest-formed phase alternating ' | . i A

between green and colorless, then a colorless phase. then a brief ' X ] - et 3
peniod of purple, and finally a major period of green. Scheelite i1s a | / | ' , -
rare accessory mineral occurring as non-fluorescent yellow to
purple crystals in vugs. Rhodochrosite and other carbonates also ! _ \ »

occur as late crystallizations in the vugs, and are usually found ' by A \ /Swuaccama

\
occurTing on quartz. ' I 7y ®

PUSHAS

The ore-producing veins are near vertical, quaniz-rich systems : A\ ',\%”& ),‘ / f /WA ISTRA
that are found on either side of the upper intrusive contact of a ALY S Y %—
quartz monzonite stock that has penetrated an older sequence of Q=7 Cocna :"”c"”‘“%
shale and quanzite. Principal vein minerals of interest are wol- W/
framite (usually hiibnerite), tetrahedrite-tennantite, sphalernite, ga- :
lena, quartz, fluonite, pyrite and rhodochrosite. Native arsenic and
enargite occur, but are uncommon. Purple apaute, scheelite and
molybdenite are rare.

The two veins that have produced the most collector-quality

Figure 23. Map of the Pasto
Bueno-Mundo Nuevo-Majistral
region (from Landis and Rve, 1974).
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specimens are the Chabuca and Santa Isabel veins. Vugs as large as
80 cm across are common in the Chabuca vein. Minerals reported

from these vug occurrences are quartz, hilbnerite, ferberite, pynite,
galena, sphalenite, tetrahedrite, fluorite, rhodochrosite and rarely
native arsenic, tungstute, calcite, dolomite and scheelite. The
centers of these veins have the gemmiest quartz, and also tend to
have more translucent hiibnente. Brown sphalenite occurs spar
ingly with the hiibnerite in these centers

La Magistral 1s located 10 km southwest of Pasto Bueno. The
Magistral deposit i1s a contact-metamorphic skam assemblage
which contains scheelite, chalcopyrite and other minerals in a
limestone adjacent to a homblende-nch granodionite. La Magistral
produced good specimens of arsenopyrite with quartz, sphalerie
and hiibnerite, all of which have been collected within the past ten
ycars

I'he Mundo Nuevo-Tamboras area is about 30 km northwest of
the Huayllapon mine in the district of Cachicadan, Santiago de
Chuco Province, Department of La Libertad. The camp of Tamboras
1s about 500 meters north of Mundo Nuevo. The entire area around
Mundo Nuevo 1s cnss-crossed by quarnz veins penectrating the
black shale and guarntzite country rock. Vein walls are frequently
slickensided: the shickensides are thought to be the result of pOst
mineralization movement (Boit, 1955). The veins are sometimes
vuggy. with white quartz grown normal to the vemn walls. Hiibnerite

IL‘TT.‘iht‘tlﬂh' ,H‘ui pynic domimnate. with minor amounts ol Arsenopy

Figure 24. The Huavllapon mine at Pasto Bueno.
Rock Currier photo,

EXPLANATION

| Qualerngiy gihge o

—

Quarty monromie (Comsuln
A Shoca--9%:02myl

VolComc dekgn ond il

‘._
TERTIARY

3

el N

Farrai Formghon

: Serre Formation

-

Goyle i sguitge
Group
w
| owas

Craraceown
CRETACED

| Chms Farmanan

| -
4 L

pper

Chmgama Formanon

L
fod @RNIE
JUHAS%SIC

Convacy

—— Modma g - - Dgahed where
Y WPETOLIMQIey ‘oLa'ed Juer-ed
whgre wigrred Bor end Bail
aR SO0wn AWown e

Py Thrus! fowit--Doshed whers . _ e
SpproNnIMEiMY OCE'e Sowiewh . . 4 - 75 Mmeng cOMPA
N upper piate '
Siriag ond S of bewn
.3 I i mard
-—-' verhicai
- Dwerturned
3
L i

O Sirke ond sp of febeton

Wi

Figure 25. Geology of the
Pasto Bueno deposit

(from Landis and Rve, 1974). MACISTE

(11000
1an Ol TIRg

il




rite, sphalerite, chalcopyrite, bornite, stibnite, polybasite, bournonite,
covellite, galena, gold and rarely pyrrhotite. Sidente can also be
present. No single quartz vein has all of these minerals n i,
although the three dominant minerals are present in the greal
majority of them. Many mines and prospect pits are scattered
throughout the district, most small in size, but some open stopes
may exceed 100 meters in length. Tabular wolframite, As-rich
tetrahedrite, and Fe-rich sphalerite came from the principal vein,
the Veta Pueblo, which was being mined in 1974. The La Victona
and Tambora veins, which are no longer actively mined, have
similar mineralogy to the Veta Pueblo vein. Wolframite-hiibnente
specimens from the La Victoria mine, about 1 km south of Mundo
Nuevo, were available until 1974 when the mine closed. These
occur as black, bright-lustered, thin, bladed crystals with quanz,
and as stout bladed crystals similar to those from Pasto Bueno.

Most minerals currently seen for sale from this area are from the
Huayllapon mine at Pasto Bueno.

Table 2. Minerals reported from the Pasto Bueno district.

Common or Abundant
*Pyrite
*Quartz
*Rhodochrosite

Rare or Locally Abundant
Enargite Topaz
*Fluorapatite
Molybdenite
*Scheelite
Stolzite

*Fluorite
*Hubnerite-
Ferberite

*Sphalerite
“Tetrahedrite

Arsenic
Arsenopyrite
* Augelite
Bomite
Chalcopyrite

Tungstite
“Vivianite
Zinnwaldite

*Collector-quality specimens

MINERALS

Augelite (?) Al (PO, (OH).

Augelite (?) in pale blue to green crystals about | cm in size has
been found in Peru, although there is some doubt as 1o the
authenticity of Pasto Bueno as the specific locality.

Arsenic As

Native arsenic occurs in superb botryoidal aggregates up to 10
c¢m across which are commonly penetrated by clear quartz crystals.
One specimen of this type 1s now in the Los Angeles County
Museum of Natural History. Although uncommon, some hiibnerite

crystals have 1 to 3-mm spheroids of native arsenic implanted on

the prism faces

Fluorapatite (?) Ca(PO,)F

Apatite in blue-green crystals up to 2.5 cm long have been found
at Pasto Bueno. During the early 1980°s a very few lilac to purple
apatite crystals up to 6 mm in length were collected by one of us
(TS). These are thumbnail-size specimens, associated with quartz
and rhodochrosite.

Fluorite CaF,

Fluorite usually occurs as pale green crystals, often in associa-
tion with quartz. Crystals up to several centimeters across have
been found. Fluonte occurs rarely as fine octahedrons to 8 cm or
more in size on and associated with hiibnente and quartz. Overall,
most fluorite from Pasto Bueno is of mediocre quality and not
lustrous.

Figure 26. Fluorite with quartz, 6 cm, from
Pasto Bueno. George Witters collection; Jeff
Scovil photo.

Figure 27. Hubnerite crystal with qusrtz, 5.5
cm, from Mundo Nuevo. Rock Currier collec-
tion; Jack Crowley photo.

Hubnerite-Ferberite MnWO,-Fe*"WO,

The hiibnente from the Huayllapon mine at Pasto Bueno is
without doubt the world’s best. Crystals up to 25 ¢cm in length have
been collected, usually in association with attractive, lustrous
quartz crystals. Smaller hiibnenite crystals can be a translucent
deep cherry-red color in transmitted light, and black in reflected
light. Crystals in the 5-10 cm size range are relatively common.
They are usually prismatic with flat terminations; parallel growth
of crystals, rather than individual crystals, 1s quite common. They
vary from smooth and glassy prisms to somewhat abraded-looking
prisms. Carbonates may onginally have occurred on the crysials,
but in specimens offered for sale these have usually been etched
away. Some fine specimens of hiibnente are associated with
tetrahednte and fluorite, but these are rare.

¢ 32 ¢




Figure 28. Hubnerite
with gquartz, 12 cm,
from Mundo Nuevo.
Steven Neely collection;
JefT Scovil photo.

Figure 29. Hubnerite with quartz, 7 cm, from
Tamboras (7). S. Alexander collection; Rock
Currier photo.

In 1985 hiibnenite in good crystals was collected from Mundo
Nuevo, just northwest of Pasto Bueno. This particular lot of
specimens 1s distinctly different from those collected at Pasto
Bueno. The crystals are usually short and stout blades, commonly
twinned, with a translucent deep red color toward the edges when

backlit, and with a black opaque band vertically oriented within the

crystal. Terminations are usually wedge-shaped rather than flat, as

1s common for hibnente from Pasto Bueno. Rarely are the crvstals

from Mundo Nuevo as bright as the ones from Pasto Bueno

Pyrite FeS
Pyrite 1s common as bright pyritohedrons, usually associated
with quartz and sometimes with fluonite. Pynte crystals are fre

quently striated to a moderate degree. It also occurs as lustrous,




slightly modified cubes. Pyrite crystals rarely exceed 2.5 cm in
diameter. It has never been an abundant mineral at Pasto Bueno

Quartz Si0

Quartz at Pasto Bueno is one of the more common minerals. The
crystals are attractive, with good luster, and can reach over 40 cm
in length. They are frequently transparent in the terminations, with
the prisms either translucent white or near colorless. Many of the
larger quartz groups have “nests” of needle-like crystals radiating
out from the base of the larger crystals, remimscent of the quartz
from Huaron, but on a much larger scale. Japan-law twins have
been collected, and Dauphiné twinning is common. Some of the
larger clear quartz crystals have within them invisible phantoms
that fluoresce a pale green color under shortwave ultraviolet hight
(Dan Belsher, personal communication, 1992). Good specimens ol
smoky quartz crystals have been collected rarely from this area,
sometimes with pale green fluorite on the quartz (Dan Belsher.
personal communication, 1992)

Figure 30. Hubnerite crystals on quartz, 3.2
cm, from Mundo Nuevo. Tim Sherburn collec-
tion: Wendell Wilson photo.

Quartz from Mundo Nuevo occurs in stout, prismatic, white to
clear crystals, sometimes in Japan-law twins to over 10 cm in size
I'he average size for the quartz crystals from Mundo Nuevo 1s

about 6 ¢cm In length

Rhodochrosite MnCO

he Huavllapon mine has produced rhodochrosite of excep
tional quality, some of which 1s considered among the best in the
world. It comes in several shades of pink to near red, including a

deep rose-pink similar to that of rhodochrosite from Alma, Colo

rado. Some of the more spectacular specimens include bnlhant,

lustrous. translucent 1o transparent, zoned, raspberry-red rhombo

hedrons nestled in attractive groups of quanz crystals. Bancrof
(1984, p. 181-184) shows several of these. Crystals ol rhodo
chrosite up to 16 cm in size have been collected (Bancroft, 1984)

Figure 31. Rhodochrosite crystal group, 4.3 cm,
from Pasto Bueno. Chris Wright specimen;
Wendell Wilson photo.

Figure 32. Scheelite crystals on hubnerite, 8.6
cm, from Pasto Bueno. Richard Kosnar collec-
tion: Rock Currier photo.

Some of the cherry-red hiibnerite crystals have rhombic rhodo-
chrosite crystals implanted on them, but the best of these “just
escaped greatness” because of damage. Altogether there were
probably not more than two dozen really outstanding rhodochrosite
specimens produced from Pasto Bueno

b




Figure 33.
Rhodochrosite
crystal, 3 cm,
on quartz from
Pasto Bueno.
Roberts
Minerals
specimen;
photo by
Harold and
Erica Van Pelt.

Figure 34.
Hubnerite with
chalcopyrite-
coated
tetrahedrite,
3.7 em, from
Pasto Bueno.
Terry Wallace
collection;
Wendell
Wilson photo.

Scheelite Cawo,
Scheelite occurs 1in grayvish white 1o F'-|]rFu||,.!-| eray L1'-n'.'l.1-'|u
octahedral crvstals. Their average size 1s 56 mm and the largest

are about | cm

Tetrahedrite (Cu,Fe),.Sb,S

letrahedrite has been found rarely as classic tetrahedral crystals
2-9 cm across, on white to coloriess, long prnsmatic quarz
crystals; sometimes this assemblage produces very attractive groups
letrahednite is black with a silvery reflectance. It has a luster that

varies from satiny to mirror-bright. Crystal forms are generally

simple tetrahedrons, but sometimes range 1o more complex tetrahe

dral forms. One of the more rare and unusual occurrences from

Pasto Bueno is tetrahednite on hiibnente. An unusual and very hine

Specimen of tetrahedrite in the collection of one of us (RHC) 15 a
) |

perfect Z 2-cm tetrahedron perched on the termination of a ]-cm

long hiibnerite crystal blade

&




The road from Quiruvilca to Pasto Bueno is brutal. Although
the distance is something less than 100 km we were told 1o
allow at least five hours for the trip. If the weather had been bad,
it would have taken much longer. In a country of remote mines,
Pasto Bueno is considered truly remote. In several places we
had to stop and engage in road-building to get through, and in
places if our tires had slipped, our Volkswagen “bug” would
have been left balancing on the high center with our tires
dangling in air with nothing ahead of us but hours of road
building. There were times when you would just stop and look
at the road ahead and think “Am | really supposed to try to drive
over that? If | make it over that, will it get worse further on, and
if we must tum around, can | drive back over this thing?” The
road would snake sharply down into a canyon, and we would
struggle back out on a series of ragged zigzags, 1o cross yel
another ndge. Sometimes the drop-off was so great that we
thought we could fall a thousand feet before the first bounce. In
many places we could not even see the bottom of the canyon.
On the edge of the road we passed a number of little crosses put
there in memory of those poor unfortunates who missed the
road. We met not a single vehicle or person on the road and
were told that it was used perhaps only twice a week. At last we
rounded a curve and there, clinging to the wall of the steep
canyon below us, was Pasto Bueno.

Mines and prospect holes dotted the mountainsides. Down
we twisted through a senes of jagged switch-backs that eventu-
ally brought us to the camp. There was only one main street
down to the mining offices at the bottom of the camp. Down we
wound past the workers’ houses, past the concentrating mill, to
the mine offices at the bottom of the camp. Houses and mine
buildings were jammed against the mountain on one side, or
hugged the road on the other, some with their postenors
hanging over the canyon. In such camps the “high rent” district
is always at the bottom of the camp because there is more
oxygen to breathe.

We were indeed fortunate to have the permission of manage-
ment to stay in company housing; and since the mine manager
was not there, we were given the use of his house. It seemed to
us the lap of luxury with actual hot water and our meals
prepared for us. They even repaired minor damage on our
Volkswagen and gave us gas for our return tnp. We were also
able to arrange an actual visit to the Huayllapon mine.

The road to the upper camp where the Huayllapon mine is
located, 1s so steep and so high that our poor little “bug™ could
only make the grade carrying the driver, assisted by a little push
from a breathless passenger, but we made it. We entered the
mine through the lower adit and after several hundred yards we
chimbed a series of ladders to reach the working face. They
were mining a nearly vertical quartz vein about 2 meters across.
This vein cammied hiibnerite and other metallic sulfides near its
center, which frequently opened into pockets filled with bnl-
liant, transparent, prismatic quartz crystals, with an occasional
slender crystal of blood-red hiibnerite pointing into the pocket.
The mine itself was a rather small (60 miners), primitive
operation that did not even use mucking plates 10 make things
easier for the miners.

We were only able 1o collect one specimen of poor quality
quartz and tetrahedrite from one pocket. Before returming to the
lower camp we managed to break free of our management
guides and spent some time buying specimens from the miners.
One specimen that | particularly remember is a single termi-

REMINISCENCES ON AN EARLY TRIP TO PASTO BUENO, 1976

nated crystal about | x 3 x 8 cm that glowed red when you held
it up to the sun. It cost about 60 cents. We bought a lot of
specimens that day, and that night our dreams were of caverns
full of arm’s-length red hiibnerites and basketball-size rhodo-
chrosites.

After an exhaustive tour of the mill and concentrator, we
spent the remaining two days wandering around the camp and
sociahzing with the geologists and engineers, all the while
buying and trading for specimens. We were particularly in the
market for rhodochrosite because another American, Thomas
Nagin, had preceded us to the camp a few months earlier and
had come away with a fabulous rhodochrosite specimen that
was reportedly later soid for many thousands of dollars. We
found only scraps, but we did find the young geologist who had
sold Thomas the specimen. | asked him if he felt that he was
paid enough for the specimen and he said he didn’t think so
because later someone else came to the camp and bought a
much infenor specimen for 15 dollars.

From another miner in the camp Jorge bought a 30 x 30-cm
quartz specimen of beautiful, sharp, lustrous crystals up to 20
cm in length for a dollar. For another dollar 1 bought a fabulous
cluster of quartz and hiibnenite that | speculated might bring as
much as $2,500. It tumed out that the miner had constructed
this specimen from six separate quartz and hiilbnernite specimens
using candle wax, which maiched exactly the color of the
quartz. In this case the fabrication was not done to deceive, but
merely as a diversion to pass the tme. From another miner |
bought a specimen of hiibnerite and quartz more than 30 cm in
diameter, with one terminated hiibnente crystal measunng
about 25 cm long. This specimen is now in the collection of
Bryn Mawr College near Philadelphia. At the time | remember
thinking “If this 1s what we can buy on one tnp, what has and
will the mine produce in years to come?”” As it turned out,
however, that was the largest hiibnerite | ever saw from Pasto
Bueno. Those were just the highlights and we came away with
our Volkswagen “bug” so full of specimens that we wondered
how we were going 1o squeeze in the rest of the specimens we
had stored back in Quiruvilca.

Soon after our trip an enterprising dealer offered the miners a
year's salary for another big rhodochrosite and the cost of
specimens in the camp escalated 10 to 100 nmes. In later years
the company doctor became the source of many of the good
rhodochrosite specimens that came from Pasto Bueno. The
most common association with the rhodochrosite was quartz,
but a few were associated with pale green fluorite crystals and
some with red hiibnernite. We never saw a good undamaged
combination specimen of red hiibnerite and rhodochrosite. In
total, I do not think more than one or two dozen fine 1o superb
rhodochrosite specimens were produced. The mine has been
operating since World War II. who knows how many fine
specimens were destroyed during the mining process or ground
through the mull.

In recent years the management of the mine has taken a dim
view of people visiting the camp to gather specimens, and has at
times controlled access to the camp. This has had hittle apparent
effect on the flow of specimens from the mines. Mineral
specimens from Pasto Bueno during the last few years have
been intermittently available in Lima and are noticeably inferior
to those produced during the 1970s. We are not aware of any
really fine specimens of hiibnerite or rhodochrosite coming
from the district since about 1986 RHC




The Raura-Huanzala Group

THE RAURA DISTRICT

Cajatambo Province
Lima Department

LOCATION

The Raura district 1s a polymetallic deposit of veins and
replacement orebodies located northeast of Lima and northwest of
Cerro de Pasco. It is about 15 km due north of the town of Oyon,
along the Maranon River. Raura 1s situated in a spectacular setting
it 1s at the source of the Amazon River and i1s surrounded by rugged
peaks, with glaciers perched above the mines.

HISTORY

Raura 1s one of the more important copper-lead-zinc-silver
mining districts in Peru. It was certainly worked in the last century
and probably in the 17th and 18th centuries as well. Old workings
are situated at over 5,000 meters, and are accessed by dizzying
llama paths along the chiff faces. One wonders how the Spamards
discovered these rugged, remote ore deposits. The modern devel
opment of the mines began on a small scale in 1890. The high-
grade ore was transported on llamas to a smelter at
Quinchas, some 20 km away. Production was
intermittent until the mines were acquired in 1945
by the Cerro de Pasco Corporation. The current
company, Compania Minera Raura S.A., was
founded about 1960, when all of the Raura mines
were consolidated under one company. As of
1991, about 25% of the annual production was
coming from two open pit mines operating in the
Nino Perdido and Tajo Grande orebodies.

GEOLOGY
The Raura district was bnefly descnibed by
Miller and Singewald (1919), Porturas (1954), and

Purser (1971). their data are summarized below.
The geology of the Raura distnct 1s shown in
Figure 35.

The main sedimentary unit in the Raura area 1s
the Cretaceous Machay Limestone, a non-fossilif-
erous, pale gray limestone that occurs on both
sides of the Raura depression. Known mineraliza-

tion covers about 24 square kilometers. The veins are associated
with a diorite porphyry intrusion to the southwest, which appar
ently erupted as dacite flows to the northeast. Several small stocks
also occur in the miming district (Purser, 1971)

The Raura depression contains several orebodies. The Catuvo
orebody occurs along the comtact of an intrusive stock, and 1s
predominantly a Pb-Zn producer. Another orebody is located in an
area of colorful oxide zones near Lake Nmacocha, which 1s the
official source of the Amazon River. The ore-bearing mineral in
this area i1s Ag-nch galena. The Esperanza orebody is north of the
Catuvo orebody. A potential orebody, according 1o Purser (1971),
1s the Toramina, situated in limestones northeast of Raura. He
reports that there are nice garnets along the comtacts in this
limestone

The Esperanza and Restauradora vein systems host the main
orebodies, with several smaller mineralized fractures adding to the
reserves. Individual ore-beaning veins are usually less than 300
meters in length. Ore minerals of the Esperanza orebody and veins
are tetrahednte, galena and sphalente, with pynite. quartz and
manganoan calcite as the major gangue minerals. The tetrahednite
shows a characteristic red streak. The main Esperanza vein aver

ages 80 cm in width in its nchest portions. Other
veins have an east-west strike and are about |
meter wide. The ore veins are banded, with a
central zone of quartz, then tetrahednite. sphaler
ie, and galena, followed successively by calcue,
and then dolomite. The ore 1s Cu-nich and Ag-rich
and occurs in shoots

I'he order of crystallization for the metallic
minerals 1s (first) pyrite, sphalerite, chalcopyrite
tetrahedrite, galena, and (last) sulfoarsemdes
Quartz crystalhzed up unul the penod of galena
crystalhzanion. Carbonates crystalhized last

MINERALS

Minerals offered for sale at Raura in recent
vears include: fine transpgrent gypsum in stoul
water-clear classic-shaped crystals; cubic pynite in
crystals remumiscent of those from Span; stibmite
in very fine acicular to bladed crystals with a
satiny luster and, less commonly, a bright metallic
luster; rhodochrosite; and green fluonite with chal




Figure 35. Geology of the Raura
district (from Boggio, 1985).
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Table 3. Minerals reported from the Raura district.

Common or Abundant
Galena
*Gypsum
*Manganoan
Dolomite calcite
*Fluorite *Pyrite

*Barite
*Calcite
*Chalcopyrite

*Rhodochrosite
Sphalerite

*Stibnite

*Tetrahdrite

Rare or Locally Abundant
Scheelite
*Seligmanite

Gratonite(?)
Realgar

*Collector-quality specimens

copyrite. Raura is known for the similarity of its specimens to those
from Romama, especially the dull, stout stibnites and the pale pink
drusy rhodochrosites

Barite BaSO,
Bante occurs at Raura in bladed crystals and crystal aggregates

that may reach several centimeters across. The color 1s white to
gray and beige. These can make high-quality display specimens

CaCoO,
In the early 19807s calcite was common as white, rhombohedral

Calcite

crystals in groups and also in a pecuhiar “witches hat crystal habit
with a cream-white color. These unusual calcites occur as thumb-
nail-t0 miniature-size specimens

(G:ypsum CaS0O,-2H.O

Gypsum occurs In crystals over a meter in length. According to
Dan Belsher (personal communication, 1992), Peruvian collector/
dealers broke the gypsum crystals into thirds in order to transport
them to Lima in their backpacks, where they could sell the
specimens. In 1980 and 1981 a few lots of gypsum, with crystals
up to 10 cm long appeared on the market. These gypsum crystals
are associated with massive pink manganoan calcite; most of the
gypsum crystals are damaged

Pyrite FeS.

Pyrite 1s more common at Raura as pyritohedrons than as cubes,
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Figure 36. Barite crystal group with stibnite
and tetrahedrite, 11.5 cm, from Raura. Rock
Currier collection; Jack Crowley photo.

and it usually does not occur as guality specimens. It is a common
accessory mineral with the other sulfides.

Rhodochrosite MnCO

In the mid 1970’s literally tons of rhodochrosite were produced
from this locality. Apparently very little has been forthcoming
since. The rhodochrosite occurs as pale pink to bright pink semi
crystalline masses and as good crystals with a rhombic form up to
about 5 mm in size. Galena i1s a common association, usually as the
matrix mineral. Quartz is also frequently associated, both as matrix
and as crystals on the rhodochrosite. The associated quartz is
usually present in small needle-like transparent crystals or in drusy
aggregates. Needle-like microcrystals of quartz are also common
on the rhodochrosite crystals.

Raura has never produced the outstanding rhodochrosite speci
mens that some other Peruvian localities have. A help in distin
guishing Raura rhodochrosite from those of other Peruvian locali-
ties is the distinctive presence of coarse cleavages of galena on the
back, or underlying matrix, of the specimens. Rhodochrosite from
Raura also looks very similar to that collected from Silverton,
Colorado, especially in regards to color, form, habit and drusy
quartz association. However, the galena from Silverton 1s much
finer grained than that from Raura.

Seligmanite PbCuAsS,

Seligmanite is a rare mineral collected at Raura around 1990. It
has only been sight-identified, and to our knowledge has not been
verified otherwise. It occurs on flat plates of quartz; the quartz, in
turn, is partly coated by a microcrystalline layer of manganoan
calcite. Seligmanite i1s scattered around the specimens as small
black crystals up to 5 mm in length.

Stibnite Sb.S

Raura has produced very nice prismatic stibnite blades which
have a satiny metallic luster and lead gray color. Terminations have
a somewhat rounded look, although they are essenually flat
Crystals range to about 7 cm in length, and fine groups to over 25
cm across have been recovered. These groupings are not abundant
and are rarely seen for sale. The main finds of this matenal were
collected in the early 1980's. Less commonly stibnite occurs in

sharp, bright, metallic crystals which look very similar 10 the

stibnite from Romania; these crystals tend 10 be considerably

smaller than the satiny blades. Stibnite may be associated with
barite and pynite, and many specimens were coated with calcie
that was etched off. Some of the first lots of specimens that came
out were ruined; piriieros, attempting 0 remove the calcie with

too strong a solution of HCI, badly damaged the stibnite
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THE PACHAPAQUI DISTRICT

Hl’h‘f'h'“*! Province
Ancash Department

LOCATION

'he Pachapaqui district is at the headwaters of the Rio Pativilca
in the northeast comer of Bolognesi Province. It 1s 20 km
southwest of the Huallanca district, where the Huanzala mine 1s
located. and 1s about three to four hours’ drive south from
Huanzala. The town of Pachapaqui is at the south edge of the
district, 22 km north of the town of Chiquian

I'he area has been extensively glaciated, and the guebradas
(valleys) are generally U-shaped, some of them still having active
glaciers near their heads. The miming distnict occupies an area
IRkm long by 9 km wide. Elevations for the various mine
workings vary from about 3,800 to over 4,500 meters. The area
around Pachapagui i1s one of the more starkly beautiful areas of
Peru, with snow-covered craggy peaks and large glaciers dominat
ing the scenery in many areas. Some of the mines have been
worked since Spanish Colomal times, and very old prospect pits
trenches, shafts and open stopes are scattered throughout the
district

HISTORY

The Spanish worked the mines by hand-dnilling holes in the
rock, then filling them with water and allowing 1t 1o freeze
overnight; the expansive force of the water freezing would then
break up the rock (Cavanagh, 19937). The name Pachapaqui 1s
Quechua for “broken earth,” probably in reference to the intensely
folded, twisted and broken rock strata that are visible in the local
road cuts

Pachapaqui 1s a polymetallic miming distnict with vaned types ol
ore deposits. Although some mining on a small scale was done as
far back as the early 1900's, modem development first began in
1949, when the Cia. Minera Argenta Bolognesi, a family-run
enterprise, installed a 30 tons-per-day concentrator. The oldesi
mines are the Vetilla or Santa Teresita, Araba, Patna, and Esperanza
The major mines in the district in the 1950°s included the Patna
Esperanza, Outo, Sinchi Roca, San Antomo, Abandonada, and San
Judas Tadeo. In 1965 the Moro and Vetilla mines were opened on
each side of the mountain, Cerro Potosi. Shortly thereafter the

Rigueza mine was opened. More recent mines, established by the
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Figure 37. The Huallanca mine and mill,
Pachapaqui district. Rock Currier photo.

mid-1970’s, include the Pucarrajo, Pozo Rico, Patria-Ishanca, and
Ishanca.

In February 1971, Jorge Ganoza, owner of Minera Pachapaqui
S.A., bought the Pachapaqui mines for $4.000. It was a good deal:
by late 1990 the mines had produced over $75 million worth of ore.
Prior to 1989 Pachapaqui was primarily a silver mining area, but in
that year the company decided to develop the lead and zinc ores,
which had largely been ignored up to that time. This change
resulted in a tripling of the ore production from Pachapaqui by late
1990.

The mines are scattered around the area, mostly north and
northeast of Pachapaqui. Some of the mines are nestled in the
cirques under the glaciers. A few of the roads leading to the mines
have actually been paved with crushed and broken manganoan
calcite and rhodonite from the mines!

GEOLOGY

The following geologic information on Pachapaqui is summa-
rnzed from Bodenlos and Encksen (1955) and Bemal (1975).
Figure 38 is a geologic map that also show the major mines in the
district.

Rocks in the Pachapaqui district are similar to those found at
Huanzala. They are composed of complexly folded rocks of the
Cretaceous Goyllanisquizga Group, including quartzite, sandstones,
shales, coal beds and limestones. The Goyllarisquizga Group
underlies the Panahuanca Formation of the Cretaceous Machay
Group of limestones. The sedimentary rocks are punctured by
several igneous stocks, dikes and sills. Mineralization occurs
mainly in the Panahuanca Formation, in or near the contact with
the stocks, and 10 a lesser extent in the limestones of the Santa
Formation of the Goyllarisquizga Group.

Three main types of deposits are recogmzed: fissure veins and
replacement, contact metamorphic (skam), and stratabound. The
deposits are epigenetic and polymetallic, and are considered
mesothermal to epithermal.

The fissure veins and replacement deposits are 20 cm to 3 meters
thick, averaging | meter. Vugs up to 20 cm in size are common in
these veins and in some of the replacement bodies. The vugs are
usually lined with quartz and calcite; various sulfides and sulfosalts
may also be present, as well as other minerals. Calcite and
manganoan calcite often occur in these vugs as a nearly complete
coating on the other minerals. Tetrahedrite, pyrite and rhodo-
chrosite are the most common minerals present in vein pockets, bul
most of the other sulfides may also be present.

Replacement bodies reach up to 80 meters across. The Sinchi
Roca, San Antonio and Riqueza mines are good examples. Veins
contain quartz and pyrite with lesser amounts of galena, sphalerite,
chalcopyrite and tetrahedrite. The replacement bodies contain
quartz, rhodochrosite and rhodonite with lesser amounts of galena,
sphalente, chalcopyrite, pyrite, arsenopyrite and pyrrhotite.

Contact metamorphic (skam) deposits are located in limestones
and, to a lesser extent, in shales and quartzites which have been
intruded by quartiz diorite. The Pucarrajo mine is typical, with
mineralization consisting mostly of Fe-rich sphalerite and galena
with lesser amounts of chalcopyrite. The gangue is principally
pyrrhotite, arsenopyrnite, pyrite, calcite and quartz.

Stratabound deposits are typified by the Ishanca (Outo) and San
Judas Tadeo mines. Ore mineralization consists of iron-bearing
sphalerite with lesser amounts of galena and a trace of gold in a
gangue of pynite, pyrrhotite, marcasite, arsenopyrite, magnetite,
quartz, sidenite and ankerite. Parallel to the strata are a series of ore
shoots from 10 to 50 meters thick and 100-200 meters long which
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contain concentrations of Zn and Pb. Other common minerals
include calcite. siderite and ankerite

Table 4. Minerals reported from the Pachapaqui district.

Ankerite
*Arsenopyrite
*Bournonite
*Calcite
*Manganoan

Calcite
*Chalcopyrite
*Fluorite

“Galena

*Helvite
Magnette

*Manganaxinite
Marcasite

P} rrhotite
*Quartz
*Rhodochrosite
*Rhodonite

Siderite
“*Sphalerite
*Tetrahedrite-

tennantite

Muscovite
(sencie)
*Pyrite

*Collector-quality specimens

MINERALS

Pachapaqui mineral specimens often mimic those from other
Peruvian locations; this makes differentiation of localities difficult

¢ 41

LEYENDA

E Fe Chime

sacd Fu  Saesie -Carkgan
Kico Fe Carmwes ‘
imfranive
Castaets comnscide
Contge'n 'sdefiside |
[—— { Peremiate an|
. e |
Capas sarticains
Eje enticiingi
Ejo singiingi
l'....
Juidecran
Sebradaierrimiania
Velae
Carretara

LY

Figure 38. Geology
of the Pachapaqui
district (from
Boggio, 1985).

at iimes. As an example, several small lots of quarz, sphalenite and
pyrite came out of Pachapaqui around 1990; these are similar in
appearance (o the same type of specimens from Huaron, but with
the Pachapaqui quartz a little shorter and stubbier in appearance. A

disuinguishing aspect of this matenal 1s the presence of uny, bright

tetrahednite crystals on the sphalenite, which are not present on the
maltenal from Huaron

Most of the Pachapagui mineral specimens are from the vein
deposits. Many specimens that were once covered with carbonates
have since had the carbonates dissolved in HCl 10 expose the
underlying minerals. A common clue to this treatment 1S galena,
which had a bnght luster on cleavage faces when it was first
collected, but 1s now dull-looking. Examination of cleavage breaks
on the galena specimens will show this, as will the dulling of any
galena crystal faces present on the specimen

Specimens from Pachapaqui gradually increased in quantity,
beginning in 1986 and peaking in 1989, with very fine specimens
of manganoan calcite, tetrahednite, bournonite, chalcopynie, sphaler
ite and rhodochrosite being produced. Occasionally the bournonite
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Figure 39. Bournonite crystals to 1.2 cm, from

Pachapaqui. Fred Pough collection; JefT Scovil
photo.

Figure 41. Bournonite crystals on guartz, 11.7
cm, from Pachapaqui. Bill and Carol Smith
collection; JefT Scovil photo.

Figure 40. Rhodochrosite with black bournonite

and pyrite, 4.1 cm, from Pachapaqui

Faust collection; Wendell Wilson photo.
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Figure 42. Manganoan calcite crystal group,
5.6 cm, from Pachapaqui. Cal Graeber speci-
men;: Wendell Wilson photo.

crystals are found growing on rhodochrosite. A tantalizing prospect
1s the very real possibility that the mine will some day produce a
pocket with 5 cm bournonite crystals growing on rhodochrosite
Boumonite in crystals up to at least 2.5 cm in size, sometimes of
the “cogwheel” type, has been available recently. However, even
the best of the bournonites from this locality are not likely 10 be
confused with those from the classic Comish locality. Rhodo
chrosite similar in appearance to that from Silverton, Colorado, has
also been recovered in crystals up to about 1 cm. Rhodonite,
associated with small yellow manganaxinite and bright yellow
helvite crystals, has been found on occasion. In 1992 the quantity
of mineral specimens from Pachapaqui dropped off dramatically,
probably indicating that the particular mine that was producing the
preponderance of specimens (whichever one that was) closed
down.

Arsepyrite FeAsS

Arsenopynite from Pachapaqui can be very similar in appearance
to that from Huanzala. Associated minerals, such as quanz,
acicular white calcite in “bundles” and pink manganoan calcite,
can help to differentiate Pachapaqui arsenopyrite from Huanzala
specimens. Arsenopyrite crystals are generally tapered, nearly to a
point. Masses of hedgehog-like crystals, in specimens up to at least
10 x 10 cm in size, some partly overgrown with manganocalcite
and with associated galena and other sulfides, have been collected
Individual crystals are somewhat needle-like, are shghtly barrel
shaped in the middle, and taper toward the termination.

Bournonite PbCuShbS,

Pachapaqui bournonite is usually black to gun-metal blue, with a
dull to bright luster. Crystals can be over 2.5 cm in size, and some
occur in fine “cogwheel™ style crystals up to nearly 4 cm.
Bournonite is most commonly associated with quartz and calcite:
the calcite sometimes forms thin scalenohedra. Manganoan calcite
is also a common coating. Bournonite also occurs with tetrahednite
in bright, simple tetrahedrons associated with sparkling pyrite and
chalcopynite crystals. The dark colored bournonite and tetrahedrnite,
coupled with the bright gold-colored chalcopyrite and pynite, give
a nice contrast to the specimens.

Calcite CaCO

Calcite 1s common on specimens at Pachapagui as a late-stage
mineral. Scalenohedral cry stals followed by bladed n..rjn.\t;ilx and
bubbly masses are most abundant. The scalenohedral crystals often
occur in bundles of long, almost acicular crystals. Calcite can be so
thick on specimens that it has been etched off by the piriteros in
order to show the underlying minerals

Pink manganoan calcite, sometimes with a satiny luster, occurs
as large, often crude, scalenohedral crystals and as bladed rhombo
hedral crystals frequently modified by other forms. Manganoan
calcite specimens commonly reach large sizes, and although
crystals are usually not lustrous they make beautiful specimens
Large “poker chip” manganoan calcite crystals were collected in
the 1980°s from a watercourse some 10 meters wide by S0 meters
long (Dan Belsher, personal communication, 1992). On some
pieces the manganoan calcite crystal groups have the shape of a
pineapple, with muluple terminations forming the “leaves™ of the
“pmneapple: others look like pink flowers with divergent sprays of
crystals forming the petals. Individual manganoan calcite crystal
clusters may exceed 10 cm in size, with 5-cm individual crystals
Pink scalenohedrons of pearly manganoan calcite exceeding 15 cm
have been collected by the miners. (Some of the manganoan calcite
1s possibly kutnohorite, but this needs 1o be verified.) Calcite from
Pachapaqui sometimes fluoresces a very weak whitish cream color
under shortwave ultraviolet ight. Longwave ultraviolet light elicits
no response. The manganoan calcite usually fluoresces a dim
pinkish orange inchiming to magenta under shortwave ultraviolet
Longwave ultraviolet hght produces a much stronger brnght red
orange to pinkish orange fluorescence. The kutnohorite(?) is not
fluorescent, or very weakly fluorescent

Most manganoan calcite specimens have been bniefly dipped in
HCI, apparently in an effort by the Peruvians to remove lale
formed calcite or sulfide dust and dirt. This treatment can be
detected by close examination of the edges and undersides ol
specimens. Cleavages and broken arecas have a shghtly waxy and
rounded look where the acid removed some of the carbonate

Sometimes the acid treatment leaves the crystals with a chalky

look, and some of these crystals have been sprayed with some type
of clear lacquer in order to give the crystals a shiny luster. We have
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Figure 43. Manganoan calcite crystal
group, 6.5 cm, from Pachapaqui. Peter
Faust collection; Wendell Wilson photo.

Figure 44. Manganoan calcite
crystal group, 16.3 cm,

from Pachapaqui. Mary and
Gardiner Miller collection;
Wendell Wilson photo.

Figure 45. Manganoan calcite crystal
group, 10 ¢cm, from Pachapaqui. Cal
Graeber specimen: Wendell Wilson
photo.




seen some of these lacquered crystals with fingerprints showing on
the sprayed faces, caused by handling of the specimens before the
coating has dried.

Chalcopyrite CuFeS.

Chalcopyrite occurs as bright sphenoidal centimeter-size crys-
tals that are commonly twinned. The chalcopyrite crystals fre
quently have pockmark holes in their faces, with mounds ol
microcrystalline pyrite present in these holes. Tetrahednite is
commonly scattered on, or nearly solidly coats, the chalcopyrite.

Fluorite CaF

Most of the fluorite from Pachapaqui was produced during the
initial surge of material onto the world market in 1986 and 1987

The volume of fluorite specimens, however, was always far less

than that from Huanzala. Fluorite has cuboctahedrons and cubo-
dodecahedrons as the dominant forms, followed by cubic crystals
and modified cubes, sometimes rather complex in habit. Crystals
can be several centimeters in diameter. Individual crystals are
usually transparent, with lilac, hght purple to purple, hght pink or
greenish tints, or they may be colorless. Crystals sometimes have
fluid inclusions with moveable bubbles within them (Dan Belsher,
personal communication, 1992). A common matrix mineral is
white dolomite. Pachapaqui fluorite can be very difficult 1o differ
entiate from Huanzala fluorite.

(salena PbS

Uncommon in good crystal specimens at Pachapaqui. galena
occurs as steel-grav to bnlhiant silvery gray cubes, as cubes
modified by the octahedron, and as octahedrons. Galena 1s found in
crystals that measure at least 2.5 cm in diameter and are sometimes
coated by bright crystals of tetrahednite

Helvite Mn_ Be.(S10,).5

Helvite occurs as bright canary-yellow tetrahedral crysitals.,
commonly 1-2 mm across, and rarely to a httle over | cm, usually
perched on rhodonite. A very fine Pachapaqui helvite specimen n
the U.S. National Museum (Smithsonian) has crystal faces about
| cm on an edge. Others exist in private collections

Figure 46. Quartz crystal cluster with
rhodochrosite, 11.5 cm, from Pachapaqui.
Cal Graeber specimen; Wendell Wilson
photo.

Figure 47. Helvite crystal cluster, 1.5 cm,
with quartz and rhodochrosite, from
Pachapaqui. Ralph Clark collection;
Wendell Wilson photo.

Manganaxinite (7) CaMn ALBS1LLO,AOH)

Axinite 1s an uncommon association on some Pachapaqui speci
mens. It 1s usually found as yellowish brown to purple-brown
microcrystals. On one occasion some years back, one of us (RHC)
kicked over a rhodomite-nch boulder on the dump and found a

small pocket contaiming a well-formed aximite crystal measuning




about 2 cm. Similar crystals up to 5 cm were occasionally found in
the mine, yet nothing larger than microcrystals from here has ever
been offered for sale.

Pyrite FeS,

Pyrite at Pachapaqui 1s typically found in bright crystals less
than 3 cm in size. Pyritohedrons, frequently highly striated, are the
most common forms, followed by modified cubes. Pynite is usually
associated with other minerals and has not been collected by the
miners in the solid monomineralic masses so commonly found at
the nearby Huanzala mines.

Quartz Si10,

Quartz occurs in good crystals to more than 10 cm long: the
color varies from slightly milky to a very pale smoky cream, to
colorless and water-clear. The crystals have a bnght luster and
commonly occur with bright pyrite. The quartz is not tapered and
has a moderate aspect ratio. In many cases the crystals are
thickened near the middle; this gives them a shightly barrel-shaped
appearance. Crystal terminations frequently tend toward a tnangu-
lar shape, due to the dominance of one terminal rhombohedron
form over the other. Scepter-shaped quartz crystals are present on
some specimens but they are not common.

Figure 48. Rhodonite crystal group, 3 cm,
from Pachapaqui. Peter Faust collection;
Wendell Wilson photo.

Figure 49. Rhodochrosite with quartz, 6.6 cm,
from Pachapaqui. Cal Graeber specimen;
Wendell Wilson photo.

Figure 50. Tetrahedrite crystals to 1 cm, with
rhodochrosite and quartz, from Pachapaqui.

Peter Faust collection; Wendell Wilson photo.

Rhodochrosite MnCO

Rhodochrosite occurs as pale pink to pink, bladed, moderately to
highly curved, saddle-shaped rhombic crystals up to about a
centimeter in size. During the last several years many rhodo-
chrosite specimens from Pachapaqui have appeared on the speci-
men market. Pachapaqui rhodochrosite is reminiscent of that from
Silverton, Colorado. Sohid coatings and masses of very small
crystals are common, and these may merge to produce a nearly
botryoidal or bubbly appearance. In 1993 rhodochrosite specimens
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with a vivid raspberry-pink color were collected. The specimens
are mostly flat plates with 5S-mm or smaller rhombic rhodochrosite
crystals. The crystals have an odd, almost etched look to them, and
closer examination shows evidence that they were coated with a
clay-like matenial that has been scrubbed off, but they do not
appear to have been acid-etched by the Peruvians. The Pachapaqui
rhodochrosite specimens we have checked are not fluorescent in
ultraviolet light.
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Figure 51. Tetrahedrite crystal group, 7.5 cm, from Pachapaqui. Jack Crowley specimen and photo.

Rhodonite (Mn** Fe** Mg,Ca)SiO

Rhodonite is found in thick masses of deep pink microcrystals
that sometimes solidly coat the massive rhodonite matrix. Both
manganaxinite and helvite have been reported to occur on these
rhodonite specimens. Massive rhodonite i1s common on the dumps
of some of the mines. Some of this massive material is quite
attractive, especially when spotted with galena and sphalerite
impurities, and it has been sold as a lapidary material

Sphalerite (Zn Fe)S

Dull to lustrous dark brown to near black sphalente 1s actually a
transparent dark straw-vellow to dark amber to deep orange red
color in transmitted light. Sphalenite i1s one of the earlier formed
minerals, occurming with quartz, pynte and rhodochrosite. It often
forms the matrix on which the other minerals have crystallized

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

Some of the tetrahedrite specimens from Pachapaqui are stun
ning: highly lustrous crystals up to 2.5 cm on edge in bnlhant black
to silvery-black groups. The tetrahednite usually occurs as simple
tetrahedrons with minor modifications. Tetrahednite crystals are
sometimes markedly modified to form complex crystals. Tetrahe-
drite occurs both by itself and with pynite, chalcopynite, bournonite
and sphalerite. In 1990-1991 mners collected tetrahednte n
geode-like masses that made splendent. top-quality specimens
(Dan Belsher, personal communication, 1992). Tetrahedrite may
have coatings of pale pink to pink, crudely formed scalenohedral to
bladed manganoan calcite crystals.

Some tetrahedrite has a later deposit of tetrahednte crystals
implanted on the earlier-formed crystals. These second-generation
crystals resemble little pyranmids that form tooth-like spikes on the
first-generanion tetrahednte; they have no preferred onentation
Many tetrahedrite specimens appear to have been replaced by a
very fine-grained pynite, which in tum has been partially replaced
by a new generation of splendent tetrahedrite crystals. Where

replacement(’) has occurred this second-generation tetrahedrite
frequently has a parallel growth habit that looks nbbed
letrahedrite from Pachapagui can generally be differentiated
from other Peruvian localities by its simple form, smooth crystal
faces and brilliant luster. In 1986 some of the tetrahedrite speci
mens that were recovered had the appearance of a birthday cake: a
quartz crystal matnx with 1.25-cm tetrahedrte crystals scattered
on the quantz, and associated bright pynie crystals and pink

manganoan calcite crystals scattered over the entire surface

B — e —— | ——

HuANzALA MINE,
HUALLANCA DISTRICT

Dos de Mayo Province
Huanuco Department

LOCATION and HISTORY
The Huanzala mine i1s about 250 km north of Lima in the
northwest comner of the Huallanca distnct about 11 km by road

121

from Huallanca. Discovered n | and later abandoned, the San
Jose De Huanzala mine was largely 1gnored until around 1964. In
that year the Mitsui Mining and Smelting Corporation founded the
Compania Minera Santa Lwisa S.A. and began intensive work in
the Huallanca district. Underground mining began in 1968. By
1981, the mine, now called the Huanzala, was producing 900
metric tons of ore per day. As of January 1991 the remaining life of

the Huanzala mine was estimated at 13 years (Cavanagh, 19937)

GEOLOGY
Imai er al. (1985), studied the area and much of the following
geologic data 1s abstracted from their paper
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Figure 52. Geology of the Huanzala mine (from
Imai et al., 1985).

The region is underlain by Lower Cretaceous sedimentary rocks
that are correlative with the Goyllarisquizga Group. In the area of
the mine, the sedimentary rucks, from bottom to top, are cherts of
the Chimu Formation, limestone of the Santa Formation, and
interbedded sandstone and slate of the Carhuaz Formation

The Huanzala deposit occurs in the himestone of the Santa
Formation, which i1s 150-200 meters thick, on the eastern arm of an
overturned syncline. A quartz porphyry dike intrudes the limestone
and is directly related to the ore deposition. The Huanzala deposit
was emplaced with attendant skarn formation and hydrothermal
alteration on both sides of the quartz porphyry dike. This mineral-
1zed zone extends for more than 6 km along strike

The orebodies contain pyrite, lead-zinc minerals and copper

minerals accompanied by silver-tin-tungsten minerals with spo-
radic occurrence of bismuth and tellurium minerals. Non-metallic
gangue minerals include quartz, fluorite, calcite, dolomite, rhodo-
nite, rhodochrosite, various skarn minerals and alteration products
such as sericite and kaolinite. Noteworthy is the sparsity of barite,
which may help in differentiating Quiruvilca specimens from
Huanzala specimens.

PARAGENESIS

The zinc and lead minerals form the primary ores at Huanzala.
Frequently they are accompanied by pyrite, and in some cases the
zinc and lead minerals have replaced pyrite. There are two types of
zinc ores, one consisting of an Fe-rich, brown to reddish brown

sphalerite and the other an Fe-poor sphalerite. The Fe-poor sphaler-
ite 1s nearly colorless in thin section but black in hand specimens
due to an abundance of microscopic blebby inclusions of chalcopy-
rite and bornite. The Fe-rich sphalerite generally occurs with skam
minerals while the Fe-poor sphalerite occurs in the hydrothermally
altered rocks associated with sencitic muscovite, quartz and cal-
clte.

Pynite followed by zinc and lead deposition constitutes the first
stage of mineralization. The zinc and lead was then followed by a
middle stage ol copper mineralization, accompanied by small
quantities of silver-tin-tungsten minerals and other minor acces-
SOry sSpecies.

As part of the middle stage mineralization in the northemn
periphery of the ore deposit, canfieldite, hocartite, stannite, hessite,
argentite, pyrargyrite, stephanite, polybasite and native silver were
deposited, charactenstically accompanied by minor cassiterite,
arsenopyrite and chlorite. Pyrrhotite and Fe-nch sphalerite are
rarely associated with these minerals.

Late-stage mineralization on the northern margin of the deposit
1s represented by Fe-Mn-rich sphalerite. wurtzite (both the sphaler
ite and the wurtzite are deep brown in color), alabandite, rhodo-
chrosite and rhodonite.

Pyrite occurs as both fine-grained (generally massive) and loose
coarse-grained (often crystalline) material. The coarse-grained
pynite 1s frequently associated with sencitic muscovite

The copper minerals chalcopyrite, bornite, enargite, tennantite,
stannite, chalcocite and digenite generally occur in association
with the zinc and lead and usually also with pyrite. Chalcopyrite
formed prior to bomite; tennantite 1s usually associated with
chalcopyrite and bormite; and enargite formed at the same time as
the bomite. Copper-bismuth minerals such as emplectite and
wittichenite have also been identified as occurring with bornite.
Scheelite, tungstenite and cassiterite preceded or accompanied the
copper minerals. The copper minerals are always surrounded by,
and may be associated with, the alteration minerals sericite,
chlorite, quantz, calcite, dolomite, fluorite, sellaite, talc, gypsum
and montmorillonite.

Enargite is usually associated with pyrite and is sporadically
associated with bornite, chalcocite and digenite. Tennantite is
commonly associated with simultaneously deposited chalcopynite
and bormite, whereas enargite usually 1s not. As a general rule, the
most common assemblages are pyrite plus or minus enargite,
followed by tennantite plus or minus chalcopyrite, plus or minus
bornite. Bournonite and orpiment have not been recorded at
Huanzala (in contrast to Quiruviica). The matnx rock, for those
specimens that have retained a rock matrix, is generally quartzitic
and sericitic with a light color; for example, some of the pink
fluorite found in 1980 was on this type of matrix, which superfi-
cially resembles quartzite.

THE RELIQUIA MINE

Like most mining areas in Peru, the Huanzala mine is actually a
composite of several mines and related workings in the immediate
area. One of these mines, the Reliquia (meaning “relict” in
Spanish), is on the northern periphery of the main Huanzala mine.
Its workings produced some of the more interesting Huanzala
minerals, such as arsenopyrite, arsenopyrite after pyrrhotite, and
pyrite after pyrrhotite. It produced attractive pale green, pastel
pink, and colorless fluonite, with a vanety of associate minerals. It
also produced fine specimens of pearly gray dolomite, with a
curled or curved appearance to the crystals, which is found on
black sphalente and is frequently associated with arsenopyrite. It is
one of the few localities in Peru that produced a small amount of
crystalhized pyrrhotite in the mid-1980’s.
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Table 5. Minerals reported from the Huanzala mine.

Common or Abundant
*Sphalerite
*Tennantite
*Quartz

Sericite

*Chalcopyrite
*Enargite
*(;alena

*Calcite
*Dolomite
*Fluorite
“Pyrite
Rare or Locally Abundant
Alabandite Emplectite
*Apatite
Argentite
*Arsenopyrite
*Barite
Bormite

*Pyrrhotite
Hessite Rhodochrosite
Rhodonite
*Scheelite
Stannite

Hocartuite
“Hubnerite
Lilhanite
Native silver
Natrohite
Polybasite

Stephanite
Canheldite Tungstenmite
Wittichenite

*Wurtzite

Cassitente
Chalcocite/digenite  Pyrargyrnite

osalite

‘ollector-quality specimens

MINERALS

Huanzala undoubtedly will be known in the future as one of the
world’s greatest mineral localities. Though not famous for a wide
diversity of minerals, it will certainly be remembered for i1ts sheer
volume of specimens, particularly pyrites, in spectacular crystals
and clusters that rank among the world’'s best. In terms of tonnage
of pyrite, plus other mineral specimens, Huanzala has been the
number one specimen producer in Peru. In addition, the spectacu
lar pink fluonites must also rank with the world’s best. As at so
many locahities in Peru, if carbonates were present in fairly large
amounts as late-formed minerals on sulfides and other good

crystals, the Peruvian dealers have dissolved them oft with HCI

Figure 53. Reticulated arsenopyrite crystals, 3
cm across, from Huanzala. Gene Schlepp col-
lection; Wendell Wilson photo.

Arsenopyrite FeAsS

Arsenopyrite occurs as individual crystals, as partial coatings on
mixed sulfides, particularly black sphalente. and as nearly
monomineralic masses of crystals. Typical crystals vary from long
thin pnisms with dull terminations and bright silvery sides, 1o
slightly more stout prismatic crystals with the typical diamond
shaped termination. Crystals exceeding 2 cm n length are rare

.-\rNL‘HH'[‘I"LTI[L‘ also rCPiLJL"L'H rose-like bladed masses and barrel

shaped crystals of pyrrhotite, thus creating beautiful sparkling

[‘l\i,‘llt.il.!T'l'll iT'I‘FhH. apatite and fluonite are sometimes associated

Barite BaSO,
Banite 1s uncommon at Huanzala. However, when found
usually occurs in specimen guality, associated with pyrite or other

\LIHMJIL‘\ ['r'}‘\h!h are not large. rarely exceeding a few centimeters

in height, and are usually white 1o chalky white with a simple

bladed habit. In 1980 barite was found associated with cuboctahedral
galena crystals, with both minerals coated by calcite. One of us
(TS) found that by dissolving off the overlying calcite with dilute
phosphonic acid, outstanding specimens resulied which show crys
lals of white bante growing on masses of bright metalli
cuboctahedral galena crystals. The dilute phosphoric acid (H PO,)

did not harm the underlying galena crystals

Figure 54. Barite crystal cluster with pyrite, 6.5
cm, from Huanzala. Rock Currier collection;
Jack Crowley photo,

Bornite CuFed
Bornite 1s a commo

on crystalhzed spech

1s worth noling as

crudelv formed mi

appearance. Huanzala 1

DOMmile '.'f"-‘\'l.h\

localhity 1l such

Calcne (
( .Ei\ e occur
(semetimes curved) di idal appearan
rarcly exceeds 3 cm on the betler spes
sCalenohedrons, frequently showing
corrosion. Crystals are usually small
calcne fluoresces a weak pink under longway
exhibits no response 1o shortwave radiation, (
>mith  apple-green color was reported from
19K 7). Dan Belsher (personal commumication
an unnamed location near Huanzala has o
green caleite crvstals with a modihed scaleno
cryvstals come from an area situated betweer

and the Chuinicu mune. This 1s most hikels

Lapis (1987) as the “Huanzala mine
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Figure 55. Chalcopyrite crystal group, 8.2 cm,
from Huanzala. Jack Crowley collection and

photo.

Chalcopyrite CuFeS,

Chalcopyrite is relatively common and frequently occurs on or
with pyrite specimens. Crystals are occasionally large, sometimes
reaching 5 cm or more in size, and tending toward pseudo
tetrahedrons in shape. Chalcopyrite 1s a common accessory min-
eral, particularly on pynte specimens, and may be coated with a
bright gun-metal blue indescence which gives the superficial
appearance of another mineral. Brilliant chalcopyrite crystals as
large as 2 cm have been found on pale green, usually somewhat
crudely formed, octahedral fluorite on or with drusy aggregates of

small quartz crystals that may form large specimens. Fine speci-

mens with bright, deep golden vellow chalcopyrite crystals exceed-
ing 4 cm across, on quartz, pyrite and other minerals, came on the
market in 1989 through 1991. The pyrite on these particular
specimens is dominantly cubic, the cubes generally substantially
smaller than the chalcopyrite crystals.

Dolomite CaMg(CO,)

Dolomite occurs as grayish white to white, curved “saddle-
shaped” crystals and as bladed crystals which exhibit an extreme
modification of the rhombic form. Crystals are usually less than
| cm in size but can exceed 3 cm in the “saddle-shaped™ crystals.
Dolomite usually occurs as a later-formed mineral on pyrite and
other minerals. Zoming commonly makes the edges of the flattened
rhombs clear and colorless, while the interior of the rhombs are
milky white. Some of the dolomite specimens effervesce more
strongly in acid than others. Both dolomite and calcite can have a
discoidal appearance, although the calcite, as mentioned before,
also occurs in scalenohedral and typical hexagonal dipyramidal
crystals.

Enargite Cu,AsS,

Enargite from Huanzala has never been common, but when it is

found it can be very attractive. It occurs in crystals and masses of
crystals with a dark blue-black color and a brilliant metallic luster.
The best of these have individual crystals exceeding 1.5 cm In
length, in spectacular hand-size and larger groups. Colorless
fluonite, pyritohedral pynite, and arsenopyrite may occur with the
enargite.

Fluorapatite (7) Ca(PO,).F

Apatite crystals are commonly microscopic in size. They are
frequently found on pyrite or in association with galena. Better
specimens consist of colorless to whitish gray, lustrous simple
hexagonal prisms to about 2 cm in length. They fluoresce a cream
color under shortwave ultraviolet light, and a yellow color at the
terminations and prism edges. This vanation in color probably
reflects a compositional change. The effect 1s much weaker under
longwave ultraviolet light.

Fluorite CaF,

Fluorite is a relatively common mineral at Huanzala, and its
presence helps to identify specimens onginating there. The most
spectacular specimens have pink octahedral crystals, some with
greenish cores, occurring with pyrite, galena and sphalerite. There
were only about 100 good specimens from this find. The largest
crystals are about 5 cm in diameter. Belsher (1982) documented
this November 1980 discovery. Most fluorite from Huanzala is
colorless to green, and more rarely it 1s found in shades of purple to
pink. Crystals may be totally clear and flawless and are usually
crudely octahedral in formm with stepped growth, although good
cubic specimens have also been collected. Common associated
minerals are pyrite, sphalerite, galena and chalcopyrite. The major-
ity of the high-quality specimens recovered were the result of a
series of finds in 1981 and 1982.
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Figure 56. Fluorite crystal group, 3.2 cm, from
Huanzala. Jonathan Weiss collection; Wendell
Wilson photo.

Figure 57. Fluorite crystals to 3 ¢cm from
Huanzala. Rock Currier specimen; Wendell
Wilson photo.

Figure 58. Fluorite crystals to 3 cm from Huanzala. Rock Currier specimen; Wendell Wilson photo.

Galena PbS

Galena varies from very bright, highly lustrous crystals to dull,
gray-white, highly altered and corroded crystals (probably acid
etched by Peruvian collectors). Cubic, cuboctahedral and dodeca-
hedral forms are common, and occur frequently in combination.
Many specimens display some degree of apparent “melting,” as if

¢ 51

they had begun 1o soften and flow, losing the distinctness of their
form, and yet staying bright and lustrous (probably the result of
natural partial dissolution). Some specimens exhibit spinel-law
twinning. Maximum crystal size 1s about 2.5 cm. In 1980 and 1981
a small number of galena specimens with associated white bante
crystals were produced which are quite attractive
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Figure 60. Pyrite crystal group, 5.8 cm, from Huanzala.
Jack Halpern collection; JefT Scovil photo.

Figure 59. Pyrite crystal group, 9.7 ¢cm, from
Huanzala. Steven Neely collection; Jeff Scovil photo.

Figure 61. Pyrite cryvstal group, 15 cm, from Huanzala.
(Gene Schlepp specimen: Wendell Wilson photo.




Hubnerite MnWO,

Although a rare constituent of the ores, a few minor lots of
beautiful, small, brilliant black crystals of hiibnerite were recos
ered in the mid-1980's. Although nice, they are not up to the

quality standards of the Pasto Bueno matenal

KALISLANDO . AOH.F)

Muscovile (sencite) 1s a common associated phase on pyrite

Muscovite

specimens, usually in minor to trace amounts. On most specimens
it is present as botryoidal 1o slightly tufted groups of microcrystals
that are less than 1 mm long. lts color vanes from pale beige 1o pale
pink. Some specimens have a pale to light ice-green color. Sericite
1s usually found around the base ol pynte crystals, in crevices
between pyrnie cry stals, and on the backs of mineral specimens
Other minerals are rarely present on the sericite: one notable
exception 1s natrolite in white, acicular, brittle crystals. If the
locality on a specimen’s label is in doubt, and sericite is present
without any other distinguishing minerals. then the sericite from
Huanzala 1s distinctive enough 1o help differentiate the specimen
from other Peruvian localities

Pyrite FeS

Pyrite has been removed by the ton from the Huanzala mine. It
must rank as the largest producer of pyrite specimens in the world
Pynite occurs in cubic, pyniohedral., and octahedral forms, fre
quently with many modifications. All three forms are common,
with the pyrtohedral form somewhat domimnant over the others
Crystals vary from marror-bright to satiny in luster. Senciti
muscovite 1s commonly an associate mineral. but in minor amounts
Cubic crystals are usually stnated, which sometimes gives a nb
like appearance to the crystal faces. Pyritohedrons are commonly
modified by other forms, and their faces are lightly stnated to
mirror bnight with no striations.

I'he most recent find of pyrite from Huanzala was reported by
one of us (RHC) in the Mineralogical Record (1989). This 1988
find consisted of octahedral crystals averaging 8-10 cm in size,
with large crystals to 25 cm on an edge. This find produced over 5
tons of specimens! Specimens exceeding 100 kg in weight were
imported into the United States: some of these were so heavy that
they had 10 be moved around on a “dolly.” Mimatures were in short
supply. At the Tucson shows in 1991 and 1992, RHC had a large lot
of pynite for sale that he obtained in 1990. This one lot weighed in
at about 1000 kg. The pyrite included octahedral, cubic and
pyvritohedral forms in splendent groups, some of which were large
enough 1o be a bit difficult 1o hift

A magnificent pyrite specimen came out in 1982, It was pan ol
a large lot of cubic pyrite. The specimen i1s composed of clusters of
|L|r:_T:: pyrite¢ cubes on a sencitic matrix, similar to the matnx
supporting the pink fluontes. Large. clear octahedrons of fluonte
are perched on one side of this specimen: the other side has large
white calcite crystals. and the entire specimen 1s dusted with tiny
bright sphalerite crystals

One of the best Huanzala pynite specimens, collected in 1989 or
1990, 1s now in the U.S. Natnonal Museum (Smithsoman). It 1s a
“floater” group with octahedral crystals 25 cm on edge. weighing
63 kg (Dan Belsher. personal communicanion, 1992)

One of the more interesting types of pyrite from Huanzala is the
chispas (meaming “sparkling™) pvrite. Chispas pyrite has been
L'\;H'rrlui h}. the ton for the decorator market. The authors estimate
that over 1000 tons of this matenal have been collected and sold
from this mine. It has been used as a base for countless thousands
of pewter figurines that are set on the crystal masses. In 1987 9KX
good specimens of chispas pyrite with small green octahedra ol
fluonite resting on the pyrite. were fairly common on the streets of

Lima (Dan Belsher, personal communication, 1992)

Pyrite also occurs as replacements of other minerals; particularly

notable are the attractive pseudomorphs of pyrite after bladed
pyrrhotite in compact, parallel-stacked pseudohexagonal crystals
Pyrite after pyrrhotite may be associated with fluorite, quanz,

arsenopyrite and other minerals

Quartz Si10

Quartz can be one of the defimtive minerals charactenzing
specimens from Huanzala. It is relatively common in trace amounts
as small (usually 1-5 mm) crystals that occur in layers of almost
drusy. white, waxy to satiny crystals. Although tiny, these quanz
crystals are usually long and pnismatic, and frequently occur in
interiocking groups. Japan-Law twinning 1s present, but rare, and
doubly termunated crystals are common. Quartz also occurs as
scattered small patches or uny clusters of white crystals which an
nestled among the other mineral species. Although uncommon
arger crystals up 1o several cm long also occur, and resembie
quartz crystal specimens from Huaron. The size and occurrence of
quartz at Huanzala 1s distinctive; quartz crystals from other well
known Peruvian mineral localiies are commonly much larger and
showier, and gencrally just look different. Quiruviica gquanz s
somewhat similar, but these crystals are generally stubby micro
crysials rather than the more slender prismatic crystals found at

Huanzala

Figure 62. Scheelite cryvstals to 6 mm on pyrite,
from Huanzala. Jack Crowley specimen and
photo.

Scheelite CaWwoO

Scheehite, although uncommon, 1s an accessory mineral worth
waltching tor. It usually occurs on or with pyrile or fluorte. and the
crystals are normally microscopic, but they may reach up to | cm
in size. The dommamt form 1s an equant to shghtly streiched
pseudo-octahedron with blunt ends IThe color of the cryvstals vanes
from beige 10 honey :H-||1u.~. These crvstals are verv rare
Macroscopic speaimens One small 1ot of the lareer crvstals was

recovered about 1982 we have not seen crvstals lareer than 6 mm

Siderite (7) Fe'*'CO
Siderned(!) occurs as tan, saddle-shaped rhombic microcrvstals
which have a pinkish intenior. These crystals may just be stained

dolomiute. but are different in form from the discondal dolomite




Figure 63. Tetrahedrite crystals with calcite on
matrix, 22 cm, from Huanzala. Rock Currier
collection; Jack Crowley photo.

Siderite(?) has been observed on arsenopyrite, sphalente and
pyrite.

Sphalerite (Zn Fe)S

Huanzala is not noted for producing outstanding sphalerite
specimens. The mineral usually occurs in blackish brown to black
crystals that are a dark ruby-red to brownish red in transmitted
light. Tetrahedrons are common and are frequently stnated. Crystal
faces vary from very bright and shiny to satiny in luster. Spinel-law
iwinning is relatively common. Tetrahedrons frequently tend to-
wards a stepped or stacked pyramid appearance, due to deeply inset
striations. The tetrahedrons are commonly modified by cube faces.

The black shiny sphalerite crystals elicit no response under either
shortwave or longwave ultraviolet light. A heavily ribbed, duller-
luster “sphalerite™ fluoresces a weak brick-red color under short-
wave ultraviolet light, and elicits a much more pronounced brick-

red color under longwave ultraviolet; this material may be wurtzite,
but its identity has vet to be confirmed.

Tetrahedrite-tennantite (Cu,Fe),.Sb,S.. - (Cu,Fe),,As,S

Imai er a!. (1985) states that tennantite 1s the dominant member
of the tetrahedrite group at Huanzala. Tennantite usually occurs in
bright, lustrous, simple tetrahedrons with the “o” {111} face
frequently modified by the dodecahedron and positive tristetra-
hedron. These modifications give the crystal faces a shightly curved
look. Twinning is common. Large, highly modified, brilliant
silvery-black tennantite crystals, associated with stubby white
quartz crystals and tiny pyritohedral pyrite crystals, were collected
during the late 1980°s. Tetrahedrite on pyrite is one of the more
common mineral combinations from Huanzala. The tennantite
crystals may reach 4 cm in size in the best specimens
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When the miners and their lady-folk knew there was a
mineral buyer in residence, it was not uncommon for the buyer
to be surrounded by women calling out, “l have good Chispas
today,” “l have cocos (pyritohedral pyrite) today,” “1 have
cuadros (cubic pyrite) today,” or “l have triangulos (meaning
“tnangles”—octahedral pyrite) today.” It would sound almost
like the stock market, what individual stocks were doing that
day. Of course the selling and buying of pyrite is illegal at the
mine, but this only adds to the interest of the goings on.

Most miners live in dirt-floored houses. They bury the very
best pynite specimens in the dirt floors, and then dig them up
when a trusted buyer appears. On one occasion in 1991 one of
us (TS), a buyer, showed up at one of these miner’s houses
about 2 a.m. to purchase pyrite, an unlikely hour but a common

BUYING PYRITE AT HUANZALA

practice due to the illegality of selling minerals. The miner was
considerably inebriated, but still he proceeded to dig up the
pyrite specimens. The shovel would go “ting” when it hit the
specimens, but luckily, when the dirt was brushed off, all the
important areas on the pyrite specimens were undamaged.
Three large pieces were uncarthed, the biggest weighing in at
about 30 kg. A quick deal was struck, before the police might
arrive, but then the buyer was faced with the problem of how to
get all this weight of pyrite out of Huanzala. A storekeeper with
a 3-wheeled bicycle (one wheel in back, two in front) was
found, the pyrite was loaded into the basket on the front end,
covered with burlap, and this “arrangement”™ was hand-wheeled
up the road in the dead of night for a safe getaway.

When the chispas pyrite was coming out in such abundance,




it was not uncommon for a buyer to wait at the mine to buy the
material. At shift changes the miners would emerge carrying
specially sewn knapsacks that were full of these chispas pyrite
specimens. They would carry approximately 50 kg of pyrite in
cach knapsack. When they emerged, the miners were totally
and completely coated with black pyrite dust; this made them
look more like coal-miners. They were apparently working, at
the time, in a totally pyritic environment. As the saying goes,
“there are no old miners in Peru”; understandably so consider-
ing working conditions like these. Each shift would bring out a
ton or more of specimen pyrite. Some miners would break the
pyrite down by size, and price it accordingly. These specimens
would all quickly be absorbed into the world marketplace.
Demand has far exceeded the supply of this material, and since
about 1989 the volume of chispas pyrite coming out of Huanzala
has declined dramatically.

TS

AT HUANZALA IN 1988

During my trip to Lima in August of 1988, |1 bought a few
specimens of what | thought was the tail end of a rather
outstanding find of octahedral pyrite crystal clusters. As it
turmed out, however, these were just the leading edge of the
find. The mine, Huanzala, soon went on strike and the stwuff
started to pour out, and continued to do so until about the
middle of December.

According to the pyriteros (the guys who run back and forth
from Lima to the mines, buying specimens, mostly pyrite, at the
mines and selling it in Lima), the strike provided an ideal
opportunity for the miners and a number of local men to spend
full ime collecting in the mine. During normal operations, only
the miners have access to the mine, and their collecting of
specimens is limited because they must attend to mining ore.
They usually find a little time te collect specimens during
lunch, between shifts, on Sundays, etc.

It was the kind of find that did not lend itself well 10 the
production of small, choice specimens because individual crys-
tals are so large . . . 8-10 cm on the average. | personally laid a
ruler along the edge of the largest crystal | saw in Lima, and 1t
measured 20 cm. The specimen that includes this crystal

probably weighs at least 45 kg (100 pounds), but cannot be
considered choice because of the amount of damage it has.

Ferdinand Zaiwch, a German dealer who has made Lima his
home for the last few years, agreed that 20 cm is about the
maximum crystal size for this find. He reported seeing one
specimen of about 150 kg, but didn’t buy it because the quality
wasn't good enough. He estimates that the find may have
produced as many as 100 specimens weighing S0 kg or more,
and that 40 of these may have gone to Europe. From what | saw
on the streets (in the homes and storerooms of the pyriteros), he
1s probably night. As in many big finds, however, the top
specimens represent only a small percentage of the total.

In the entire find there is probably no such thing as a
thumbnail or mimature-size specimen, and even good small
cabinet pieces are rare. Because of the large average crystal size,
the specimens will undoubtedly find their way into institutional
collections as classics of their species.

The crystals have points truncated by small cube faces and
other small forms; the octahedral edges are also modified 10 a
small degree. The large crystal faces have small, angular,
lustrous growth pits concentrated near the center. Some crystals
are a bit dull, and some have a crust of drusy quartz centered on
the growth pits. A few pyrite crystals are completely covered
with gray drusy quarnz, and one | saw is partially covered with
black microcrystals of tetrahednite. Some specimens show
fractured and rehealed pyrite.

Judging from the configurations of some specimens, the vein
must have had at least a meter of clearance in places, and must
have run for many meters to yield so many pieces.

The prices for these pyrites ranged all over the map, depend-
ing more or less on the seller’s perception of the buyer’s wealth
and expenence. | saw one lot of perhaps 15 large specimens
(which included some okay ones and a number of pigs) priced at
$20 per kilogram. Other poor specimens went for as little as $2/
kg: 1 got the impression that, had | pushed i, | could have
bought the rubbish for $1/kg. One dollar per kilogram seems to
be a sort of base price, at least for massive pyrite suitable for
lapidary purposes. The cost of exporting specimens from Peru,
because of government taxes and government manipulation of
the exchange rate, is in excess of $1/kg, excluding the cost of
shipping. RHC

1989
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THE MERCEDES MINE,
HUALLANCA DISTRICT

Dos de Mayo Province
Huanuco Department

LOCATION

The Mercedes mine is another one of those locations that 1s
surrounded by considerable mystery and confusion. This is partly
due to the existence of several Merced or Mercedes mines in the
central Peruvian mining belt. Little written information i1s available
on the location.

Moore (1990a), erroneously lists the Mercedes mine location in
the Department of Huancavelica but correctly lists the mine as the
source of brilliant, large (up to 4 cm single crystals), metallic black
tetrahedrite groups in flat plates to 15 cm on quartz-pyrite matrix

Located high in the Andes above Huallanca and the Huanzala
mine, the Mercedes mine is a small family-owned mine, that has
been run at a marginal profit. Bodenlos and Ericksen (1955) list the
mine as the “Merced” mine “about 5 km west of Huallanca™ in the
Huallanca district. The mine is located between the Huanzala mine
and the town of Huallanca below, some distance off the main
highway on the south side of a steep mountain. The country rock 1s
pale gray coarse-grained sandstone overlain by dark gray metamor-
phosed shale. In the mine area the rock resembles the quartzitic
matrix rock found at the Huanzala mine

MINERALS

Tetrahedrite (CuFe),.Sb,S

Tetrahedrite occurs in large, splendent crystals exceeding 7 cm
in width. It is usually associated with near-microscopic pyritohedral
pyrite and tiny, wart-like to drusy quartz crystals. Some tetrahedrite

¢ 55 ¢




Figure 64. Tetrahedrite crystal group, 9 cm,
from the Mercedes mine. Jack Crowley speci-

men and photo.

specimens are associated with, and partly coated by, a thin layer of
pale green microcrystalline scorodite. The scorodite also coats the
quartz and other associated minerals.

The tetrahednite crystal habit 1s a simple tetrahedron with some
modification. One of the better specimens from the Mercedes mine
is in the U.S. National Museum (Smithsonian). It is a geode-like
specimen approximately 18 cm across by 13 cm deep: it contains
good size, highly lustrous simple tetrahedra of tetrahednte (Dan
Belsher, personal communication, 1992). Another fine specimen
collected and sold from this mine 1s a flat plate about 25 cm across,
covered with small milky drusy quartz, with large bnght tetrahe-
drite crystals and crystal groups scattered across it. The only
Peruvian location that has produced larger tetrahedrite crystals of
this quality 1s Casapalca.

e ——————— e ST

CHIURUCU MINE

Dos de Mayo Province
Huanuco Department

LOCATION and HISTORY

Made famous by the discovery of fine rhodonite, the Chiurucu
“mine” is actually just an exploration prospect. The prospect is 1o
the east of Huanzala and was being developed by the Milpo
Company, which was testing the deposit for minable reserves of
base metals, when the rhodonite was discovered in April 1989, The
prospect has been abandoned since 1990

MINERALS

Rhodonite (Mn-* Fe** Mg.Ca)SiO

The Chiurucu “mine” is noted for its fine-quality, intense reddish
pink rhodonite, some of which grades 1o a very pale-pink to near-
white color. This color vanation probably reflects differences in
chemical composition. The matrix is quanzitic and is similar to that

Figure 65. Rhodonite crystal cluster, 6.7 cm,
from the Chiurucu prospect. Betty Llewellyn
collection; JefT Scovil photo.

from Huanzala, with mixed sulfides, quartz, and tiny cubic pyrite
crystals. Only a few hundred rhodonite-bearing specimens were
recovered, and none have been forthcoming since 1990. The best
rhodonites gravitated to the town of Huallanca, where some of the
miners and mining staff were housed. The rhodonite crystals must
have been in flat plates in the vugs, as the specimens look
uniformly the same, with their axe-blade-like terminations. Little
information 1s available about the locality, and the prospect for
further production of rhodonite specimens is unknown at this time
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Figure 66. Rhodonite crystal cluster, 11 cm
across, from the Chiurucu prospect. Hyman
and Beverly Savinar collection; Harold and

Erica Van Pelt photo.
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THE UcHucCcHACUA MINE

Oyon Province
Lima Department

LOCATION

Uchucchacua 1s a silver-manganese-lead-zinc replacement vein
and skarn district located about 20 km south of the Raura mine
(Fig. 68). It lies very near the border with the Department of Junin.
Elevations range from 4,500 meters to above 5,100 meters for the

higher peaks.

HISTORY

Mining activity at Uchucchacua (originally known as Uchuc-
Chacua) dates from colomal times. This i1s shown by the presence
of abundant scattered workings almost entirely in the oxidized
zone. Bussel er al. (1990) reported on the district, and much of the
geologic data given below is from their paper. Regarding recent
history they wnite:

Noble visited and reported negatively on the distnct for the
Cerro de Pasco Corporation, but the Compania de Minas
Buenaventura . . . acquired options on the property and began
exploration in 1960. Following promising results from pre-
liminary mapping and drilling programs, a pilot plant with a
capacity of 150 tons/day was constructed in 1975

In the late 1970’s exploration activities focused on the Carmen
and Socorro mine areas (Fig. 67). This was followed in 1981 by the
discovery of three large high-grade orebodies associated with the
Rosa vein in the Carmen area. Vigorous expansion followed and
production was increased to 500 short tons/day at an average grade
of about 16 ounces of silver per ton. Uchucchacua became the third
largest silver producer in Peru, with an annual production of
3 million ounces of silver and a subordinate but significant produc-
tion of lead and zinc (Benavides, 1984). Discovery of the Claudia
and Victona orebodies, which lie to the south of the Rosa vein, has
added further reserves. Mining levels range from 4,360 10 4,730
meters elevation, and the mine plant facilities are located at 4,500
meters

GEOLOGY

Sedimentary rocks consist mainly of hmestone and less com
monly marl of the Cretaceous Jumasha Formation (Wilson, 1963
Cobbing, 1973; Romani, 1982). Major orebodies and mineral veins
are all located in fractured rocks with gently inclined bedding
which he withuin the middle member of the Jumasha Formation. A
variety of Ag, Mn, Pb and Zn-bearing minerals are associated with
veins and skam zones located around small intrusions of dacite.
Ore occurs in veins and massive orebodies that formed in faults and
wall rocks by a combination of fissure-filling and replacement

Veins are common in the district, especially in the Carmen,
Casualidad, Plomopampa, Mercedes, and Huantajalla-Candelana
areas. The Carmen area also contains several very important sheet
like replacement orebodies that are closely associated with the
Rosa vein. There are several large replacement orebodies which are
economically significant. Three of these orebodies, the Irma. Rosa
Norte and Viviana, have been extensively mined; the others
constitute potential reserves.

The orebodies occupy zones of brecciated limestone which
contain high concentrations of sulfides and sulfosalts that occur as
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Figure 67. Geology of the Uchucchacua district
(from Bussel ef al., 1990).

replacement masses and veinlets. Hypogene mineralizanon has
been broken into 3 stages: Srage /. skam formation; Stage I/, main
mineralization; Stage /11, late mineralization. Metals introduced in
Stage | were manganese and ron. Metals introduced in Stage I
were zinc, lead, iron, copper, boron and manganese. Metals
introduced in Stage 11l were silver, arsenic, antimony, manganese,
zinc, lead and iron

Carbonates and sulfides occur along reaction fronts replacing the
Mn-Fe-silicates. Sulfide and sulfosalt minerals include galena,
wurtzite, alabandite, arsenopyrite, pyrite, pyrargyrite and tetrahe-
drite. Carbonate minerals include calcite. rhodochrosite, and
kutnohorite. Elsewhere in the orebodies, fluorite, rhodochrosite
and quanz are found crustified in vugs. They apparently formed a
the end of the Stage Il mineralization or during Stage Ill. Pyrargy-
rite and calcite can occur as overgrowths on the vuggy rhodoch-
rosite. Rhodonite and bustamite are the principal gangue minerals
for a significant tonnage of the manganese-calcium-silicate-bear-
ing ore taken from stopes in the Luz vein, which 1s immediately
west of the Rosa vein. This rhodonite-bustamite gangue i1s well-
banded with alternating pink rhodonite and white or cream bustamite
separated by thin bands of fine-grained sulfides. These thin sulfide
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Table 6. Minerals reported from the Uchucchacua district.

Common or Abundant
Alabandite Manganoan calcite
Chalcopyrite “Pyrrhotite
Galena Quanz
*Kutnohorite *Rhodochrosite
Rare or Locally Abundant
Grossular *Proustite
“Pyrargyrite
“Pyrite
Realgar

Sphalente
Tetrahednite
Wurtzite

Andradite
“*Acanthite
Arsenopyrite

Jamesonite
Johannsenite
Benavidesite
Bournonite

Magnetite
Manganaxinite Rhodonite
Bustamite Siderite
*Silver
Stibnite

Uchucchacuaite

Mangan-
Cerussite pyvrosmalite
Enargite Marcasite
Ferroan tephroite
*Fluorite

Friedelite

Miargyrite
Orpiment Wollastonite

Polybasite

*Collector-quality specimens

bands are composed of alabandite, wuntzite, galena, arsenopyrite
and pyrite

Calcite i1s the dominant gangue mineral in the district. Minor
amounts of quartz occur as stringers and irregular patches with the
carbonates

MINERALS

Specimens from Uchucchacua first came on the mineral market
in 1983, with the appearance of raspberry-red to strawberry-red
rhodochrosite. Also finding their way onto the market at about this
same lime were mineral specimens of fluorite. pyrrhotite. pyrite.
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Figure 68. GGeology of central
Peru, showing the location of
RaNBa the Uchucchacua district in
_ relation to the Raura and
UCHUCCHACUA Pachapaqui districts (after
ol - Bussel er al., 1990).
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proustite and pyrargyrite (in crystals up to 3 cm In size, averaging
| -2 cm). Kutnohonite was found in hight 1o medium-pink, stalactitic

aggregates

Rhodochrosite MnCO

Rhodochrosite forms include scalenohedrons, rhombohedrons
and hexagonal pnsmatic crystals. It occurs in transiucent 1o
transparent pink crusts of small-to medium-sized, rhombic crys
lals, frequently associated with small, white quartz crystals. It also
occurs in deep raspberry-pink and strawberry-red translucent to
ransparent crystals to over | cm in size, with a modihed
scalenohedral 10 pnsmatic habit, and as gemmy rhombohedral
crystals. Beautiful transparent to translucent crystals up to 2.5 cm
in size have recently been collected. These began coming out in
1985 and are continuing to be recovered from the mine

Uchucchacua rhodochrosite usually occurs on a dark manga
nese-nch matnx that 1s sometimes splotchy with hght and dark
patches; this matnx 1s distinctive for the locahity. It has a tendency
to break perpendicular to the face on which the crystals grow; as a
result many specimens have a blocky matnx with a small amount
of rhodochrosite crystals on one end. Better specimens usually
have excess matnx removed by diamond saw. Quartz 1s often found
with the rhodochrosite crystals. Another fairly common associate
mineral is colorless, water-clear fluorite, which 1s found as bright
cubic to cuboctahedral crystals to about | cm in size

Much confusion surrounds Uchucchacua rhodochrosite because

specimens are often mislabeled as coming from Pachapaqui

Raura, Casapalca or other Peruvian locations. Dan Belsher (per

sonal communication, 1992) wams that, because of the tendency
for crystals 1o pop off the matnx duning trnmmung, a sigmbcant
number of specimens may be repaired or manufactured. Specimens
should be examined closely, particularly where only a few mice

rhodochrosite crystals are involved

* 50 ¢




Figure 71. Rhodochro-
site crystal group, 2 cm,
from Uchucchacua.
Ralph Clark collection;
Wendell Wilson photo.

Figure 72. Rhodochrosite
crystal, 2.3 cm,

from Uchucchacua.
Iteco specimen;

JefT Scovil photo.

Figure 73. (right) Rhodochrosite crystal,
1.3 cm, on matrix, from Uchucchacua.
Wendell Wilson collection and photo.
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Figure 69. Rhodochrosite crystal,
2.8 cm, on matrix, from Uchuc-
chacua. Brvan Lees specimen;
Wendell Wilson photo.

Figure 70. Rhodochrosite crystal,
3.3 em, from Uchucchacua.
International Mineral Exchange
specimen; JefT Scovil photo.




Figure 74. Silver with black
acanthite crystals, 4 cm,
from Uchucchacua.

T'yson’s Minerals specimen;
Wendell Wilson photo.

Figure 75. (below) Silver, 5.5
cm, from Uchucchacua.
International Mineral
Exchange specimen; Jeff
Scovil photo.

Figure 76. (bottom) Silver
on matrix, 7.4 cm, from
Uchucchacua. Mike
Bergmann specimen:
Wendell Wilson photo.

Figure 77. Silver with black acanthite, 2.7 cm,
from Uchucchacua. Terry Wallace collection;
Wendell Wilson photo.

Silver Ag

Native silver occurs as excellent examples of wire silver in vugs
within massive galena, and on or in a grayvish, altered rock
According to Dan Belsher (personal commumcation, 1992), the
better silver specimens occur as “birds nest” masses of wire silves
some of the best silver specimens to come from Peru in the past
five to ten years. One mimature specimen he descnbed., would have
a wire of silver "8 to 9 inches long, if unraveled.” Another
specimen (in the Wendell Wilson collection) shows sharp, lustrous
black acanthite crystals of complex habit, to about 3 mm each
abundantly disseminated over thick wire silver on a quanz and

galena matnx
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THE HERCULES MINE AREA,
TicaAPAMPA DISTRICT

Recuay and Aija Provinces
Ancash Department

LOCATION

The local area is known as the Callejon de Huaylas, and is
considered one of the most beautiful regions of Peru. The district 1s
divided into three parts geographically. The central area, trending
northwest, i1s composed of high, very steep mountains of the
Cordillera Negra, with elevations reaching over 4,600 meters. The
other two areas are the less steep slopes to the west and east of this
mountain chain. The west and east parts are less than 4,600 meters
in elevation and are generally covered with glacial debns. Bedrock,
where exposed from beneath the glacial debris, often shows
extensive hydrothermal alteration. The district is approximately 18
km long by 17 km wide. Much of the following discussion is
abstracted from Cabos and Tumialan (1975).

The main mines in the district are the Alianza, Hercules,
Coturcan and Collaracra; other smaller mines are the Huran (also
called Huaron), Huancapeti, Tarugo, Belota, Lorena, Coturcan.
Dos Obreros, Gioconda, Florida, Estremadoyro, Maguina,
Atahualpa, Carpa, Hinchis and Santa Rita. The Alianza mine is on
the banks of the Santa River, and the Hercules mine is on the crest
of the Cordillera Negra due west of Ticapampa (Purser, 1971).
Siber (1987) hists the Hercules mine and the Alianza mine as the
main sources of mineral specimens from the district. In 1991 all
production from the Ahanza, Hercules, Coturcan, and Collaracra
mines was “temporarily” shut down except for “casual labor”
production (Cavanagh, 19937). The owner of the main mines In
1991 was the Compama Minera Alianza S A.

GEOLOGY

The northwestern part of the district, near the Hercules,
Huancapeti, and Tarugo mines, is mantled by volcanic rocks of the
Tertiary Calipuy Formation. Underlying the volcanic rocks are
Lower Cretaceous carbonaceous shales. The entire sequence has
been penetrated by a senes of porphyry intrusives.

There are three major epigenetic vein structures or systems—ithe
Huancapeti, the Tarugo, and the Collaracra—and several minor
ones. Most of the mines in the district are working these vein
structures.

The Huancapeti and Tarugo vein systems are exploited by the
Tarugo, Huancapeti and Hercules mines, which are the largest ones
operating in this distnct. The veins show a vaniable temperature of
deposition; the Hercules mine veins range from epithermal 1o
mesothermal, the Tarugo mine veins are mesothermal, and the
Huancapeti mine veins are epithermal. The Coturcan mines are
physiographically higher than the Hercules mine, but are in the
same general vein structure.

The Hercules mine is operating on at least eight different veins.
These veins occur along fractures in Calipuy volcanics of early
Tertiary age. The mineralization has in some cases replaced
portions of the andesite walls of the veins, and in the main
productive vein at the Hercules mine, mineralization falls off
sharply when the vein passes into metamorphosed shales. The
Hercules mine veins show three temperature-dependent pulses of

depositional mineralization, the third stage being of lowest-tem-
perature, and the second stage of highest temperature. The veins
have a tendency to coalesce at depth. Metallic minerals found in
the Hercules mine are pyrite, chalcopyrite, arsenopyrite, tetrahe-
drite-tennantite, pyrrhotite, sphalerite, jamesonite, bournonite and
chalcocite. Many veins in the Hercules mine area have been
prospected but not extensively developed. Minerals found in these
veins, where they outcrop, are quartz, tourmaline, rhodochrosite,
calcite, pyrite, marcasite, galena, sphalernite, chalcopyrite, argent-
ite, pyrolusite and psilomelane. These veins, which number over a
dozen, vary from 30 cm to 2 meters thick.

The Collaracra vein system contains pyrite, tetrahednte, acanthite,
sphalerite, arsenopyrite, chalcopyrite, jamesonite, boulangerite,
bournonite, seligmanite, quartz, calcite and rhodochrosite. Arse-
nopyrite increases while pyrite and calcite decrease with depth. In
the Huran vein (and mine) of this system, stibnite is present in the
upper part of the vein. The Dos de Mayo (Alianza) mine is
included within the Collaracra vein system.

Prior to metallic mineralization the area was subjected to a high-
temperature alteration episode as evidenced by the presence of
tourmaline. Many of the deposits have undergone more than one
phase of mineralization; for example, as mentioned earhier, the
Hercules mine shows three pulses of mineralization.

Table 7. Minerals reported from the Hercules mine area.

Rhodochrosite

Seligmanite
*Sphalerite
*Stibnite

Tetrahedrite

*(alena

* Jamesonite

*Pyrite (pseudo
-pyrrhotite)

*Quartz

Acanthite
*Arsenopyrite
Boulangente

Bournonite
*Chalcopyrite

*Collector-quality specimens

MINERALS

The district has never been a prolific producer of mineral
specimens, but some material is occasionally offered on the
market.

Octahedral galena, quartz, sphalenite, chalcopyrite, hair-like
jJamesonite, arsenopyrite, stibnite and calcite are all reported to
occur in specimen quality. Quartz occurs with pyrite after pyrrho-
tite or with pyrite after chalcopyrite. In 1986 the Alianza mine
furnished good sphalenite, galena, jamesonite and quartz speci-
mens.

Arsenopyrite FeAsS

Arsenopyrite occurs most often as nearly acicular prismatic
crystals up to about | cm in length. Some arsenopyrite crystals
have odd, flattened, “waffle-like” terminations with an over-all
diamond shape. It is also present as a metallic silvery replacement
of pyrrhotite on a pyritic matrix. These can be bright and attractive
specimens. Arsenopyrite specimens from this area can be ven
difficult to distinguish from those found at Huanzala.

Jamesonite Pb.FeSb,.S .

Jamesonite has been found in specimens that megascopically
appear similar to the below-mentioned stibnite. Any specimens
with bnight sprays of acicular crystals should be examined closely
to determine whether they are jamesonite or stibnite.

Stibnite Sb.S,

Nice specimens of stibnite were produced around 1984. The
crystals are not large. and occur as brnight acicular sprays in fist-
sized vugs in the matnx
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The Cerro de Pasco Group

THE CERRO DE PAscoO
DisTRICT

Alcides Carrion Province
Pasco Department

LOCATION

The Cerro de Pasco district is located about 190 km directly
northeast of Lima on the Andean plateau at an elevation of
4.300 meters. The district lies east of the continental divide
and west of the Cordillera Oriental.

HISTORY

Cerro de Pasco i1s one of the most extensively worked
districts in Peru; discovered in 1630, it has been active for
more than 300 years. Some 558 mines and another 1,000 small
excavations were active in 1828. Many of the mine openings
were located in peoples’ houses for secunty reasons (Purser,
1971). By the 1840’s, the town of Cerro de Pasco had 15,000
people.

In 1901 the Cerro de Pasco Mining Company
was formed, and the railway from Lima to the
Cerro (as the district was commonly abbreviated)
was completed in 1904, The Cerro de Pasco
Corporation became formal owners of the distrnict
mines in 1902.

Today the major mining at Cerro de Pasco 1s by
open pit methods. The orebody at the Cerro de
Pasco mine 1s estimated to have contained a total
of 100 million tons of pynite, 4 million tons of
zinc, 2 million tons of lead (Petersen, 1965), in
excess of 1 million tons of copper, 10 thousand
tons of silver, and lesser amounts of gold and
bismuth.

much of the geologic and orebody data presented here is abstracted
from their reports, as well as from the other authors listed above

GEOLOGY

The Cerro de Pasco orebody is associated with a Tertiary
volcanic vent which is located in the core of a broad, north
plunging anticline composed of highly contorted shales, phyllites
and quartzites belonging to the Devoman Excelsior Group
(McLaughlin, 1924; Jenks, 1951). On the surface, continental red
beds of the Permian Mitu Group (Newell er al., 1953) unconformably
overlie the Excelsior Group on both limbs of the antichine. The
Mitu Group 1s, however, absent or unrecognized in the under
ground mine workings. Underground, the Triassic-Jurassic Pucara
Limestone appears to overlie the Excelsior Group shales. The
Pucara Group, the main lead-zinc ore host rock, consists of thick
bedded. dark colored lhimestone and dolomite with infrequent
cherty shale interbeds (Jenks, 1951)

A volcanic vent 2.5 km in diameter i1s filled with pyroclastic
breccia that has been intruded by multiple plugs and dikes of quanz
monzonite porphyry. Subsequent hydrothermal flmds associated
with the volcanic activity deposited massive re
placement and fissure-vein sulfides that formed a
steep, funnel-shaped, massive pynite-quantz body
in the limestone wall rocks (Ward, 1961)

Lead-zinc ore 1s depositonally associated with
pyrrhotite and 1s composed of pyrite, sphalenie
galena and quarntz, with minor pyrrhotile, arseno
pyrite, marcasite, tennantite, chalcopynite, chlo
rite, sencite, siderite and calcite

['n.irgtlv and enargite-tennantite ore occurs in
steep veins in the vent and 1n a pynite-quartz body,
and also occurs in steep pipes associated with the
veins in the northern portion of the pyrite-quanz
body (Ward, 1961). The vein minerals are pyrite
enargite, with minor quartz, barite and epidote

Cerro de Pasco has been extensively studied,
and numerous papers have been written about its
geology and ore deposits (McCutchan, 1945;
McLaughlin, 1945; Parsons, 1945; Ward, 1961;
Petersen, 1965; Purser, 1971; Silberman and Noble,
1977; and Einaudi. 1977). Einaudi (1977) and
Ward (1961) did detailed studies of the Cerro, and

Zoning in the veins is symmetrically developed
relative 1o the contact between the vein and the
pyrite-quartz body (Ward, 1961)

I'he last hydrothermal activity at Cerro de
Pasco caused local leaching of previously depos
ied sulfides, the formation of collapse breccias,

and the open-space deposition of a host of rare




Figure 78. Silver mines of Cerro de Pasco (Simonin, 1869).

minerals. Assemblages include: pynite-hematite-realgar associated
with high-silver mineralization consisting of a complex association
which includes gratonite, baumhauerite, aramayoite, “waxy" sphaler
ite, and galena (Ward, 1961): and alunite-native sulfur vug fillings
in enargite-pyrite pipes (Cerro de Pasco Corporation, 1950). Bante
IS COMMON near enargile-tennantite pipes in the northemn portion of
the pyrite-quartz body

According to Ward (1961), enargite 1s the pnincipal hypogene
mineral, other than pynite, in many of the pnmary copper orebodies
Enargite has been found as large, bladed crysials nearly 20 cm long
in cavities in pyrite. It 1s replaced by, or intergrown with, tennantite,
chalcopyrite, pnmary and secondary chalcocite, and pynite, which
it in tumn replaces. Enargite predominantly occurs as an open-space
filling throughout the mine. Luzonite, which differs in color from
enargite, 1s found in the Cleopatra vein and in orebodies with a
high gold content. One of the very rare “minerals™ reported from
Cerro de Pasco is “revoredoite™ which is actually not a true mineral
but an amorphous As-S glass. Chalcocite replaces enargite and
pyrite on the margins of some primary copper orebodies. Covellite,
malachite and native copper are minor minerals

MINERALS

Cerro de Pasco was noted for having fine specimens during the
first half of this century, but only a few of them made their way into
museums and private collections. Not many specimens have come
out in the past 30 years, partly due to the advent of extensive open-
pit mining. During the late 1960°s and into the early 1970s, many
of the specimens coming from Peru were labeled as coming from
Cerro de Pasco. Thuis was just an expedient for the Peruvian
dealers: knowing that the mineral market required a locality for

Table 8. Minerals reported from Cerro de Pasco.

Common or Abundant
*Barite *Pyrite
*Enargite Pyrrhotite

“(;alena Quartz

“Sphalerite
*Tennantite

Rare or Locally Abundant
Covellute
rreibergite

*Gratonite
Hematite

Jamesonite

Aramayoite Marcasite

Arsenopyrite Native Copper
Baumhauernite
Bismuthinite

Bomite

Realgar
Sidernite
Stannite
Calcute Luzonite Vivianite

Chalcocite Magnetite Wolframite

Chalcopyrite Malachite

*Collector-quality specimens

specimens, they labeled almost everything as coming from Cerro
de Pasco. Except for specimens definitely collected prior to the
1970°s, many of those labeled Cerro de Pasco are suspect.

Enargite Cu,AsS,
Attractive, large sprays of enargite were reported from Cerro de

Pasco prior to 1970

(ratonite Pb,As.S
Cerro de Pasco is the type locality for gratonite (Palache and
Fisher, 1940), and has produced the world’s best specimens

Examples first came to the attention of mineralogists in 1938,
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Figure 79. Gratonite crystal cluster, 2.5 cm,
from Cerro de Pasco. Smithsonian Institution
specimen C-6683: Rock Currier photo.

when Ward's Natural Science Establishment sent specimens to
Harvard for wdentification, and at the same time George Rust of the
geological staff at Cerro de Pasco sent specimens to the University
of Chicago for denuification. Charles Palache (at Harvard) and
D. Jerome Fisher (in Chicago) collaborated on the formal descnp
Lion

Crystals of gratonite on the type specimens are dark lead-gray
and up to | x 1.5 cm in size, in stout to elongated hexagonal prisms
with tngonal pyramid terminations, and in some cases with small
modifications. They are typically in radiated groups 10 5 cm on
gray siliceous matnix. The stubby crystals can easily be mistaken
for dodecahedrons. Rare examples show probable contact twinning
at 307 1o the ¢ axes

Rust (1940) descnbed the onginal occurrence as a small, gh
grade orebody situated below a flat-lying dike on the 1400-fool
level of the mine. The first gratonite specimens were recovered
from the outer fnnges of this orebody, 1n fractures and solution
cavities in a heavily leached and altered igneous rock. This extreme
vugginess of the host rock accounts for the high quality and large
crystal size exhibited by the specimens. More specimens were then
found nearby. Rust described the subsequent find as follows

S0 extreme was this dissolution |[causing the alteranon and
vugginess of the host rock] that a few feet to the north of the
loose matenal in which the gratonite |first found] was depos
ited, the ground has collapsed leaving a large cave. This
opening is about 40 feet across and averages about 15 feet in
height. Its floor is covered with an unknown thickness of
loose matenial which has caved from the roof. Three sides of
this cave are composed of the same porous siliceous rock,
which also cames some gratonite. Locally the host rock has
broken down into a loose sandy mass of quartz grains. Much
gratonite |also] occurs in this sandy material, as isolated
clusters of crystals.

Rust reports that gratonite is found replacing galena along
cleavage planes and fractures, and as well-formed crystals growing

in open fractures in galena. Other minerals that appear to be part of
the same stage of mineralization as gratonite include pyrite,
freibergite, chalcocite, bomnite and lesser amounts of bismuthinite,
chalcopynite, covellite and possibly arsenopyrite. Realgar also
appears locally. None of these species occur in actual contact with
gratonite except galena

Gratonite was also found at two other locations within the mine
a stope 150 feet above the main occurrence on the 1400 level, and
on the A level 300 feet below the surface, where it was found
associated with high-grade Cu-Pb-Zn ore. Gratonite has therefore
been found over a range in depth of at least 1100 feet, and may well
have subsequently been found at other locations within the mine
One of us (RHC) visited the mine in 1974 and was surprised 1o be
offered about two dozen thumbnail-size gratonite specimens, so
there 1s no telling where and for how long specimens continued to
be found after the imitial discovery in 1938
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COLQUIJIRCA MINE
Cerro de Pasco Province

Pasco Department

LOCATION

Colguiprca 1s located 10 km south of Cerro de Pasco, at an
elevation of 4. 500 meters. and 1s one of the old Colomal mines that
has been intermittently worked for nch near-surface ores for
hundreds of years. The Colguijirca mine, now called the El Brocal

mine, is one of Peru's oldest continuously operated mines

GEOLOGY

Colguijirca 1s descnbed as a lead-zinc-silver mine. The area of
mineralization measures about | x 3 km. The mineralization 1s
related 10 a dacite porphyry located about | km south of the mine
Colquiprca and Cerro de Pasco are both situated on the same
longitudinal fault system. At Colguijirca, the predominant mineral
1zation 1s in the carbonate portions of the Casapalca Formanon. At
Cerro de Pasco the predominant mineralization in the sedimentary
series 1S in the Pucara Group limestones and related rocks

I'wo main orebodies occur at Colguiprca; a stratigraphically
lower pyrnie-enargile zone, and a stratgrapmically higher lead
zinc-silver zone. The lead-zinc-silver zone separated from the
pyrite-enargite zone by an unmineralized sandstone layer. Both
HH‘*‘H&’I]L"\ OCCur as a senes ol replacement beds (or mantos)
Several mantos were encountered over a strahgraphic distance ol
50 meters. The lead and zinc beds form the middle members of the
deposit, with the copper-rich enargite zone below them and the
silver-rich sulfosalt zone above them. Lindgren (1935) felt thus
rapid change of mineralization was due to very rapid cooling of the
mineralizing fluids over thas short vertical distance, rather than a

ER.'lL'HI..i'IP!T!j_‘ of the ore Lt;'l‘HHII

Table 9. Minerals reported from the Colguijirca mine.

Common or Abundant
Banite Galena
*Chalcopyrite Marcasite
*Enargite Pyrite

sphalenite

lennantite

Uncommon or Locally Abundant
Hematite
*Native silver

Ankente Stromeyerite

Dolomite Wittichenite

*Collector-quality specimens
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Brown-colored chert is the dominant matrix matenal for the ore
minerals, particularly the lead-zinc-silver species. Kaolinite, dolo-
mite and ankerite are less common as gangue minerals. Barite is
ubiquitous, particularly in the enargite ore. The order of deposition
for the sulfide minerals i1s: Ag-poor pyrite, sphalerite, enargite,
tennantite, galena, and chalcopyrite. Bismuth-bearing minerals
occasionally partially replace the tennantite. The last ore mineral to
form was stromeyeriie.

Although the deposit 1s no longer mined, nich wire-silver-
bearing ores were frequently encountered in the upper, older
reaches of the mine duning the 1920°s. Silver, in particular, is
strongly associated with the barnte-tennantite-stromeyerite-bearing
portions of the vemns.

MINERALS

Colguipirca produced a few nmice mineral specimens in the early
to mid- 1900°s. However virtually nothing has come out in the past
25 vyears. Enargite, chalcopyrite and native silver have been
recovered as specimens. Very fine wire silver specimens were
frequently collected

Enargite Cu,AsS,

A limited number of specimens of enargite have been produced
Crystals are typical for the species, forming crusts and mounded
groupings. Crystals rarely exceed | cm or so in length and several
millimeters in width, with flat, often rather dull terminations and
bright shiny prism faces. Microcrystalline pyrite in pyritohedrons
Is a common associated mineral.

S e e —— i A W A A v e

ATACOCHA DISTRICT

Cerro de Pasco Province
Pasco Department

LOCATION

The Atacocha mines are located about 12 km northeast of Cerro
de Pasco on the Amazon basin side of the Andes. There are two
main mines, the Atacocha and the Milpo. The elevations of the
workings for the mines vary from 3,600 to 4,300 meters. The
workings are in very rugged country, with slopes of 30-35 degrees.
Johnson (1955) and Peterson (1962) have described the area and
their observations are summanzed below

GEOLOGY

Sedimentary rocks in the area are dommnated by the Permian
Mitu Formation, the Tniassic Pucara Formation, the Cretaceous
Goyllanisquizga Formation and the Tertiary Casapalca Formation
Intrusive rocks consist of stocks. dikes and sills of dacite, dacite
porphyry, diorite porphyry and andesite

Table 10. Minerals reported from the Atacocha district.

Common or Abundanit

Calcite Galena  Pynite Rhodochrosite Sphalernite

Rare or Locally Abundant
Fluorite *Orpiment
Jamesonite Quartz
Marcasite

Alabandite
Arsenopyrite
Chalcopyrite

Tennantite,
Tetrahedrite
Realgar

*Collector-quality specimens

The ore deposits consist of veins and irregular replacement
bodies, mostly in the Pucara Formation limestones and, to a much
lesser extent, in the Goyllarisquizga Formation and in the intru-
sions. Veins average 1 meter in width, but may be up to 4 meters
thick. Typical sulfide mineral associations are galena, sphalente
and pyrite, with minor second-generation pyrite and jamesonite
Non-sulfide gangue minerals are calcite, rhodochrosite and minor
fluorite. Arsenopyrite occurs intergrown with pyrite and frequently
replaces it. Realgar and orpiment are closely associated within the
veins in the upper parts of the Atacocha mine. These realgar and
orpiment-bearing veins cut the main ore mineral veins, but are not
directly associated with the lead-zinc orebodies and veins

MINERALS

Orpiment As.S,

The only important collector-quality mineral from Atacocha is
orpiment, which occurs in fine crystals and crystal masses. Indi-
vidual crystals are a deep orange to red-orange color, and over 2.5
cm in length on the best specimens. Most crystals average | cm or
less in length. They are more prismatic than Quiruvilca orpiment

Figure 80. A geologist offering orpiment speci-
mens at Atacocha. Rock Currier photo.

ON A TRIP TO ATACOCHA, 1974

Atacocha 1s another high Andean miming camp similar 1o
many others. After a while, all mining camps start looking the
same. We did not find many specimens when we visited there,
and the miners gave us strange looks. “Who in the world are
these strange foreigners who want to buy rocks from the mine?
It must be a joke. No one pays money for rocks.”

We got a nice tour of the surface facilities and were told how
many tons a day of copper, lead and zinc ores are mined and put
through the concentrator, how many hundreds of men work
underground and how many above ground, etc. 1 vividly
remember a giant 20-foot pile of broken rusty wheelbarrows
that were being accumulated for sale to a scrap metal dealer.
This spoke volumes about the lack of modern mining methods.

We located a geologist who was interested in minerals and
had a small collection of specimens from the mine. The
outstanding things in his collection were some orpiment Crys-
tals that he had collected. They were rather prismatic and totally
unlike any we had ever seen. He gave me two specimens but did
not want to trade or sell any others from his collection. He
promised to try to get more, but said they were from an area of
the mine that was partially caved in, and he did not want to
crawl through the parually collapsed tunnels if he could avoid
it. We never saw any more of these specimens. Again we
thought about the many good specimens that must have been

destroyed. RHC
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DHuaron Group

THE HUARON MINES

Cerro de Pasco Province
Pasco Department

LOCATION

Huaron hes 40 km south-southwest of Cerro de Pasco, on the
road from Canta, near Huayllay. The district i1s about 14-15 km due
west of the northwest shore of Lake Junin, and lies next 1o Lake
Huaron. The mines are located on the east flank of the Western
Cordillera of the Andes, at elevations ranging from 4,300 to 4 800

meters: the district 1s small, measuring about 3 km by 4 km (Fig
81)

HISTORY

Pasco Department was originally part of Junin Department: they
were divided after 1919 into the current configuration. Imitnially the
Huaron area was known as the Huancavelica District of Jumin
Department (Miller and Singewald, 1919). This led to confusion as
to precise mineral locations. The mine was referred to as the San
Jose mine in the 1920's, and is now considered to be in the San
Jose de Huayllay district. The Compagnie des
Mines de Huaron has been active at Huaron since
1912, and in continuous production since 1914
Ownership of the mines was partially sold off in
1987 10 several other companies. Peak output was
reached in the 1970°s, but fell off in the 1980°s as
ore grades declined and costs increased. The low
price of silver hurt the company also, as it has so
many Peruvian mining companies. In 1991 the
Compania Minera Huaron S.A., as the company is
titled, filed for temporary closure and reduction of
personnel. As of April 1991, ore production was
40% of normal (Cavanagh, 19937). Production
today is predominantly lead and zinc (approxi-

the dominant structural feature of the area. The Machay Group

limestones and Pocobamba sedimentary rocks are strongly folded,

and are intruded by quartz monzonites and quartz monzonite dikes,

with accompanying fracturing. This fracturing was followed by

alteration and mineral deposition by hydrothermal fluids. Follow

ing the intrusion of the dikes, the sedimentary rocks were further

compressed and fractured, and the fraciures were subsequently

mineralized by hydrothermal fluids. These fractures frequently

attain considerable width, and persist 10 great depth. The dikes

have undergone extensive hydrothermal alteraton, typified by

senicitization, kaolimzaton and pynuzation. Post-mineralization
Huayllay pyroclastic volcanics have mantled the region

I'he area has been glaciated, and surface oxidation is minimal

The ore 1s descnibed by Petersen (1965) as similar to that found at

Morococha. The deposits are composed of veins, shoots and

mantos (blanket hke orebodies). general zoming occurs from the
center of the district outward in an asymmetrical pattern

Huaron is described as a complex copper-lead-zinc-silver de

posit; distinct zonation exists from the center zone where copper

ores predominate, to an outer lead-rich zone. Five major cast-wesli

striking lead-zinc ore veins are distnibuted over 3 or 4 km, along

with two northeast stnking copper-ore veins. Ore

bearing veins vary from a few dozen centimeters

to 10 meters wide, and may exiend, in the larger

veins, over | 800 meters honzontally. Ore veins

have been traced 1o depths exceeding 500 meters

I'hree major periods of minerahizaton occurred

in the fracture zones. The mitial mineralization

consists of relauvely high-temperature minerals

deposited in the following order: milky quanz,

pyrite, enargite, and tetrahedrite. Enargite domi

nates the mineralization in the central pant of the

district, while tetrahedrite dominates the outer

part of the enargite zone. Reopening of the frac

tures caused the imnial mineralization 1o be brecc

mately 96% ), with lesser copper and minor silver

GEOLOGY

The Cretaceous Machay Group limestones and
Tertiary Pocobamba (Casapalca Red Beds) conti
nental sedimentary rocks are the dominant sedi-
mentary rocks in the area. The Huaron anticline is

ated, and the breccia was subsequently cemented
together by the next, second-penod generation of
medium-temperature minerals: milky quarntz, brown
sphalerite, and galena. Crystals of large size were
deposited duning this penod, usually on a botryoidal
gangue of sidente, dolomite and rhodochrosite. A
final, third period re-fractuning, followed by a




Figure 81. Geology of
the Huaron district
(from Boggio, 1985).
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Figure 82. Chalcopyrite twin on sphalerite,
2.6 cm, from Huaron. Cal Graeber speci-
men now in the Tom Gressman collection;
Wendell Wilson photo.

rapid deposition of hydrothermal minerals, resulted imtially in the
formation of minerals with colloform and botryoidal textures. This
rapid deposition continued with fine-grained crystallization and
continuous late precipitation of the carbonates, beginming with
siderite and gradually changing to dolomite, rhodochrosite, and
calcite. As a final pulse during this late-stage deposition. barite.
pale to reddish amber-colored sphalerite, galena, tetrahedrite,
polybasite and chalcopyrite were deposited.

Most of the ore being mined today 1s from veins in the second
stage lead-zinc mineralization zones. There are about 20 mines in
the Huaron district: in the south and middle part of the district are
the Andalucia, Restauradora, Cometa, Elena, Yanamina, Travieso.
Alanza, and Yanacreston mines; in the north part of the district are
the Shiusha, Mechita, and Patnck mines; and in the western part of
the district are the Fastidiosa, San Narcisco, and Constancia mines

The Alimon mine, a source of specimens, is not mentioned in the
literature

Table 11. Minerals reported from the Huaron mines.

Ankerite Enargite

Barite *(zalena

Calcue F’u|}. basile
*Chalcopyrite *Pyrite
*Dolomite

“Quartz

*Rhodochrosite

“Sphalerite
letrahednite

*Collector-quality specimens

MINERALS
Through the early 1990°s Huaron continued to furnish to the
mineral market a large percentage of mixed-sulfide mineral speci-

mens, many of which are mislabeled as coming from other
Peruvian areas

The Alimon mine is a small mine contributing the bulk of the
Huaron specimens. Most of the specimens are from just one or two

levels within the mine. It became a major supplier in about 1985 of
“textbook-perfect” chalcopyrite. sphalente, pyrite and other attrac-
tive minerals. These minerals are often nestled in groups of needle
shaped quartz prisms, some of which show delicate Japan-law
twins

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

Ankerite occurs as a relatively common minor accessory min-
eral, usually as small (about 1-mm), beige to pinkish colored
rhombic crystals. Some curving of the crystal faces results n
saddle-shaped crystals. Visually distinguishing between ankente

and dolomite 1s dathicult

Barite BaSO,
Crystals are zoned (white in the center, clear and colorless on the

edges) and are simple flattened tablets about 1 cm on edge

Chalcopyrite CuFeS

Chalcopyrite usually occurs as disphenoids, giving the crystals a
pseudo-tetrahedral crystal shape. Twinning is common. Chalcopy-
rite crystals are frequently coated by later, often microscopic,
chalcopyrite, sphalenite, tetrahedrite, marcasite (?) and enargite (?)
When not coated by these other minerals, chalcopyrite crystals can
be sharp and clean, with a lustrous dark golden yellow color
containing just a hint of greenish yellow overtone. When coated by
later-growth chalcopyrite, the chalcopyrite crystals are a dull, dark
golden vellow in color. Tarnished crystals are not uncommon
Pyrite crystals are often seen embedded in the chalcopyrite crystals

& DN &




Figure 83. Mine entrance at Huaron. Rock Currier photo.

Figure 84. Chalcopyrite with quartz and
sphalerite, 8 cm, from Huaron. Private collec-
tion; JefT Scovil photo.

like raisins in a cookie. Coatings of gray tetrahedrite on chalcopy
rite usually have a preferred onentation; on twinned crystals this 1s
reachly apparent, with each twin having a different reflectivity due
o the reflection of hight off the microscopic tetrahednite crystal
faces. Chalcopynite crystals often exceed 5 cm in size, and
aggregates of crystals can be considerably larger. In many speci
mens the chalcopynite crystals are scattered on and amongst the
usually white 1o gray prismatic quartz crystals that are typical of
the locality. Others are interspersed with complex black sphalenite

Cry stals

Dolomite CaMg(CO

Dolomite occurs as beige to pinkish colored saddle-shaped
crystals that make attractive specimens. Dolomite also occurs as
replacements after calcite. These dolomite pseudomorphs after
rhombohedral calcite are a pale beige-pink in color with a pearly

luster. Quanz 1s the most common associated mineral

(ralena PbS

Galena from the Alimon mine usually occurs as lustrous, dark
gray cubes having a shght bluish tint, and 1s commonly associated
with chalcopyrite. Some of the galena cubes are corroded, giving
them a skeletal appearance. The only distinctive feature of the non
corroded galena 1s a tendency toward wavy, npple-like hnes
crossing the cube faces; these lines resemble wavy strand lines on

a beach ]h'l." crvsials 'r|1l|l|r1:.'|f'~ average : 5 cm n size

Pyrite FeS

P'_'-T”L' 15 & very common associated mineral on specimens from
Huaron. The crystals are usually very bright, with the cube form
dominant. The cubes are often shghtly modified by pyritohedral

and octahedral forms that add extra. albeit small, faces to the edges
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Figure 85. Chalcopyrite crystal, 2 cm, with
tetrahedrite coating, on quartz, from Huaron.
Wendell Wilson specimen and photo.

and cormmers. Cube faces are generally stnated to some degree,
whereas the modifying faces are usually mirror-bright and non-
stnated. Cubes commonly range in size from | 10 2 cm, with
exceptional crystals reaching 5 cm n size. Quartz 1s commonly
associated with the pynte. An attractive and common specimen
combination from Huaron is long, tapered quartz crystals with

lustrous pyrite cubes nestled among them.

Quartz Si0

The quartz from the Alimon mine makes very attractive speci-
mens, particularly when combined with other minerals. The quartz
is distinctive, with a large aspect ratio (1:8 approximately). and 1s
commonly shightly tapered, giving crystals a quill-like appearance
The crystals are generally onented perpendicular to the matnix and
occur frequently in divergent sprays. They vary in color from white
1o colorless and are usually transparent, or nearly so. Prism faces
vary from smooth, with a glassy to brilliant luster and very fine
striations, to ribbed or bumpy, with a dull to satiny luster. The basal
areas of quanz clusters usually have many smaller, long, thin, hair-
like quanz crystals growing randomly around the larger ones. The
mitial impression one gets of quanz specimens from Huaron is of
white to colorless, porcupine-like aggregates of long, thin, tapered
crystals projecting out from the matnix, frequently with a divergent

habit. Japan-law twinning is occasionally present, particularly in

the denser clusters of small crystals that grow around the bases of
the larger crystals. Japan-law twins to at least S cm in size have
been collected.

An additiona! relatively common attribute of Huaron quanz is
the presence o' dark, blood-red inclusions of hematite. This feature
can help distinguish some Huaron quartz from other Peruvian
localities. The hematite occurs as minute flakes, shreds and
freckle-like stains, almost always with a distinctive hematite-red
color. The concentrations of hematite inclusions vary from moder-
ately heavy and obvious to the naked eye, to infrequent micro-
scopic shreds that are only observed under magnification. The
hematite inclusions generally occur on the same side of all the
quartz crystals in any given group. Bright cubic pyrite crystals are
commonly implanted among the quartz crystals, creating aesthetic
specimens. Sphalente 1s frequently the major matrix minera!l for
the quartz.

Sphalerite (Zn.Fe)S
Sphalente is thus far ubiquitous in the specimens marketed from
Huaron. It is usually present as blackish brown crystals with a

satiny to glassy luster. Crystal sizes to 5 cm are common. The most
abundant crystal forms are the tetrahedron, octahedron and
tristetrahedron. These forms are combined in crystals with a flat,
triangular octahedron face that i1s distinctive. Triangular growth
lines are common on crystals, as well as stnations from repeated
iwinning of the crystals. Sphalerite is frequently the matrix mineral
for the other mineral species.

Sphalerite occurs in two generations of crystals. The first, and
most abundant generation is blackish brown in reflected light, with
an amber to brownish red color in transmitted light. The less
common, second-generation sphalerite crystals usually occur as
letrahedral 1o warty-looking rounded crystals that rarely exceed a
few millimeters in size, on pyrite and chalcopyrite. These second-
generation sphalenites are usually lemon-yellow to pale amber in
transmitted light, with a silvery reflectance. Spectacular clusters of
sphalente with associated pynite, quartz and chalcopyrite dominate
the specimen supply coming from Huaron.
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THE CARHUACAYAN DISTRICT

Carhuacayan Province
Junin Department

LOCATION

The Carhuacayan district and mines are located approximately
25 km south-southwest of the Huaron district and about 55 km
northwest of La Oroya. Information on the distnct is limited.

The Carhuacayan deposit 1s related to a quartz-andesite stock
intruded into limestone. Cobbing er al. (1981) briefly describe the
district: “Complex lead-zinc-silver-copper mineralization occurs in
rachating veins within the stock, in replacement bodies within
megaxenoliths of hmestone and 1n contact-metasomatised tectonic
breccias surrounding the intrusion.”

MINERALS

Specimens of galena with pyrite and sphalerite have been
produced in limited amounts during the recent past but the mines
seem to have ceased producing specimens around 1984. Speci-
mens from Carhuacayan are frequently mislabeled as to locality

PbCuSbS

Boumonite occurs as shiny, | to 2-cm, barrel-shaped, metallic

Bournonite

black crystals. They are usually untwinned and stnated.

Pyrite FeS

Pynite occurs at Carhuacayan in fine pyritohedral and modified
pyritohedral crystals to at least 5 cm in diameter. They are very
difficult to distinguish from the pynite of other Peruvian locations
such as Huanzala. A large find was made in the early 1980’s; the
pyrites occurred as “floater” groups that were encased in a whitish
clay, and were collected from a clay-filled vein in the mine. This
clay coating was easily cleaned off. The pyrite crystals are
generally modified pyritohedrons, with one crystal anached to
another in a habit somewhat reminiscent of that of the Spanish
pyrites. Carhuacayan pynites are generally near perfect in form,
with a brilliant luster; the crystal faces may have small pits, which
1s an aid in distinguishing the locality

(Zn,Fe)S

A sigmficant find of sphalente in good specimens was made in
early 1983. The splendent crystals are a very dark blackish brown,
frequently twinned on the Spinel law, up to 4 cm in size, and asso-
ciated with cream to tan-colored, stalactitic, botryoidal dolomite.

Sphalerite
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MOROCOCHA DISTRICT

Yauli Province
Junin Department

LOCATION

The Morococha district is at about 4400 meters elevation and is
located roughly 17 km east-northeast of Casapalca and about
25 km west-southwest of La Oroya.

The Morococha district is a spectacular region of high glacier
clad peaks and lakes close to the crest of the western Andean range
It lies in a nearly east-west trending valley with its outlet to the
east. Three lakes occupy the valley, at elevations ranging from
4,350 1o 4,600 meters. The Quechua name Morococha means
“painted lake,” because of the brillhiant coloring of the altered rocks
surrounding the area (McLaughlin, 1945).

HISTORY

Deposits around Morococha were worked for a tume by the
Portuguese prior to 1634. Mining was again active in 1760, since in
that year applications were submitted to the viceroy for the right to
construct metallurgical plants. In 1915 the Cerro
de Pasco Corporation bought most of the mining
concessions from C. R. Pflucker, who had been
the owner for a number of years. As of 1970 the
district had seven major mines, three of which
were active, and had some 560 km of tunnels, of
which about 80 km were being used (Purser,
1971). In 1984 the new Huacracocha mine was
placed in operation. In 1989 the Morococha com-
plex suffered a devastating attack by “Shining
Path” guerrillas, who destroyed the compressed
air plant and other surface installations. In 1990
the mines were again operating, at 63% of capac-
ity (Cavanagh, 19937)

GEOLOGY

Morococha 1s considered to be part of the
Central Peru metallogenic sub-province, which
includes the Cerro de Pasco District, the Casapalca
District, and the nearby area of Yauli. Much of the

geologic and orebody data presemted here are abstracted from
INagell (1960) and Petersen (1965)

The stratigraphy consists of Permian Catalina volcanics and the
Jurassic Potosi Formation limestone. The main geologic feature of
Morococha i1s a gently northwest-plunging anticline with intrusions
cutting the anticline on the southwest flank. A large portion of the
principal mine area 1s occupied by limestone and dolomite of the
Pucara Formation, locally known as the Potosi Formation (Peterson,
1965)

Two main phases of igneous activity have been identified. The
first 1s the Anticona quartz diorite, which bounds the western
portion of the district. The second i1s the younger cross-cutting
guartz-monzomite porphvry of the Morococha Senes. Alteration by
the Morococha intrusions is extensive and pronounced, especially
around the San Francisco stock, and has created the colorful
alteration assemblage characteristic of the area. Contact meta
morphism extends as much as 1.6 km from the intrusives

‘\;l‘&ll:“ (1960) divided the distnct imto easterm and wesiern
portions based on the orebody types. Vein structures from the
dominant orebodies in the eastern part of the district, whereas pipe
and manto (blanket-like) orebodies predominate in the western part

of the distnct. Mineralization occurs over ap
proximately 50 square kilometers

I'he Catalina volcanics, host for the ore depos
its, and the San Francisco stock are the principal
rock types in the eastern part of the Morococha
district. The veins are open-space fillings with
well-developed euhedral crystals of enargite,
lennantite-tetrahednte, chalcopyrite, sphalenite
galena, pyrite, quartz and barnite in open vugs. The
ore minerals generally break cleanly from sharply
defined vein walls, allowing easy collecting of
specimens

Alteration products of the Potosi Formation and
the Gertrudis stock are the major rock types in the
western part of the Morococha district. The pipe
and manto replacement orebodies are of primary
importance. Open space-filling textures, such as
vugs lined with crystals of sulfide minerals, are
abundantly distnbuted in the manto and replace
ment bodies




. Figure 86. Geology of
' the Morococha district
‘ (from Boggio, 1985).
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Table 12. Minerals reported from the Morococha district.

Common or Abundant
Anhydrite Fluorite
Barite Galena
Bornite Gypsum
Calcite Magnetite
Molybdenite
*Pyrite
*Quartz

Rhodochrosite
Rhodonite
Scheelite
Sphalerite
“Tetrahedrite
tennantite
Wolframite

Chalcocite

Chalcopyrite

Covellite
*Enargite

Rare or Locally Abundant
Emplectite
Famatinite
Greenockite
Gypsum
Luzonite

Ailkinite
Alabandite
Ankerite
Arsenopyrite
Bourmonite

Native arsenic

Proustite

Pyrrhotite
*Siderite

Stromeyerite
Marcasite “Vivianite
Mauldite

Djurleite
Dolomite

*Collector-quality specimens

MINERALS

Both arsenic and antimony are present in the ores, and their
proportion varnies throughout the district, vielding a range of
tennantite-tetrahedrite compositions. Regional zoning 1s distinct.
with the center in the area of the San Francisco and Gertrudis
stocks, where quartz-molybdenite veins occur. Enargite occurs
mainly within, and immediately adjacent to, the intrusive rocks and
IS commonly associated with tennantite-tetrahednite, which 1s
found throughout the district. In the central or core zone, chalcopy-
rite is common, sphalerite rare, and galena practically absent, with
quartz and pyrite the main gangue minerals. The predominant ore
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minerals in the intermediate zone are tennantite-tetrahedrite, sphaler-
ite and chalcopyrite; galena is common and rhodochrosite, anker
ite, and calcite are the gangue mineral assemblage, which may be
locally abundant at the expense of quartz and pyrite. The dominant
mineral assemblage at the margins of the district is sphalerite,
galena, calcite and Ag-bearing tetrahedrite. Generally the arsenic
content of the ores decreases away from the central part of the
district

Next to pynte, sphalente 1s the most widespread and plentiful
sulfide in the district. Where enargite is plentiful, sphalerite is rare
or absent.

Pyrite is abundant both in cubic and pyritohedral habits. For
example in the Ombla orebody, vugs in the central part of the
orebody are typically lined with pyritohedral crystals, while vugs
near the margins of the orebody are lined with cubic crystals. The
cubes and pyrnitohedrons are up to 15 cm in diameter, and are
accompanied by well-formed quartz crystals. Quartz 1s common in
the Ombla orebody vugs and, near the margins of the orebody,
sphalerite occurs on or with the pyrite. or it occurs as the dominant
mineral in the vugs. occasionally associated with some galena. The
upper part of the Ombla manto is especially vuggy.

Bomite is found in small amounts throughout the intermediate
zones of Morococha district orebodies. Barite is sparsely distrib-
uted in the central part of the district, but has a tendency to be more
abundant at the fringes. Pyrrhotite and arsenopyrite are rare and
have been found at only one locality in the Morococha mine.
Bournonite occurs associated with aikinite and tennantite-tetrahe-
drite.

In the copper-lead-zinc-s.lver veins that cut the Catalina volcamics,
quartz, pyrite and sphalerite are the most abundant minerals and
were deposited early in the mineralization phase. They are fol-
lowed by smaller amounts of chalcopyrite and enargite which are
intergrown with tennantite-tetrahednte. Dolomite, ankente, sider-
ite, calcite and rhodochrosite were the last to form. The association




galena-tennantite-tetrahednite-rhodochrosite has not been observed
with enargite or bormite. In the orebodies which occur in the altered
limestones, pyrite 1s the dominant gangue mineral, and quartz is
subordinate. Fluorite 1s reported to occur along the edges of some
ol the orebodies

Common mineral specimen associations are chalcopyrnite-pynite.
lennantite-tetrahednte-chalcopyrite-sphalente, and sphalente-ga
lena; these associations commonly occur on a pyrite matrix and are
associated with vanable amounts of enargite and quartz. Chalcopy
rite frequently was deposited on dark brown sphalente. Much less
common is the red sphalenite ('n transmitted light) in vugs n
chalcopynte or other minerals, with tiny chalcopyrite crystals
perched on the sphalenie

I'he results of leaching by later fluids are observed in several
veins of the distnct. The first mineral leached 1s banite, then galena,
sphalente, pynite, tennantite-tetrahedrite, and finally the carbon
ates, 1n that order. Quartz does not seem to be attacked

I'he generalized paragenetic sequence 1s: hematite, magnetite.
quartz. molybdemte: pyrite: brown sphalente. (arsenopyrite)
enargite; bornite, chalcopyrite, tennantite-tetrahednite; galena, car
bonates: barite: red sphalenite, galena

Today Morococha 1s not an abundant source of specimens
Occasional specimens seen for sale are usually (but not always)

recycled from pre-existing collections

Beginning in 1991, a large amount of rhodochrosite. in bright
pink solid coatings of rhombs on matrix came on the market. These
rhodochrosites are attributed to the Manuelita mine, “near
Morococha.” These same specimens have also been labeled as
having been collected from Casapalca. and from the “Santa Rua’
mine. “near Morococha™ or “near Casapalca.” These particula
rhodochrosite specimens are discussed in more detail in the section

on the Santa Rita mine. Morococha distnct

Enargite Cu,AsS,
Abundant specimens of enargite were produced from Morococha
alt one ime, but never in the quality associated with other enargite

specimen-producing districts, at least not within the last 30 vears

Pyrite FeS

Once abundant, pynte specimens from Morococha are now
rarely seen. Crystals are usually pyritohedrons in sizes up to
several ceniimeters. Good typical specimens from here are about
6 x 7 cm, and are composed of bright pyritohedrons about | cm
across partly coated with small white drusy quartz crystals. Pyrite,
partly coating stout gypsum crystals, was recovered in abundance
in the early 1970°s; the appearance of these particular specimens
on the world market signaled the start of senous interest by

mineral dealers in the Peruvian mineral market

(Zn.Fe)S

Sphalenite has been collected in red-brown translucent crystals

Sphalerite

to at least ! cm on pvnie

Tennantite-tetrahedrite ¢) (Cu,Fe),,Sb,S

lennantite-tetrahednite can occur on enargite and on other
minerals. Crystals are black and are usually of simple tetrahedral
habit. Common associated minerals include pynite in pyritohedrons
rhombohedral calcite and white gypsum

Vivianite Fe:'(PO,).-8H.O

Dan Belsher (personal commumication, 1992) reports that
vivianite in hittle spravs ol attractive bladed crystals has been found
at Morococha. The specimens look totally different from the large

stout crystals collected from Bolivia

Figure 87. Rhodochrosite
crystal group, 9 cm, from
the Manualita mine near
Morococha. Rock Currier
collection; Jack Crowley

photo.

A ———r ———e——— e e A s

CoLqQui DisTRICT
Huarochiri Provmce

||I INa ,|r }| I".l":""|".'_'

LOCATION

H‘I'..' {'|1|ki'.J. distnict s situated at the headwaters
Eulalia River and rniver valley 75 km northeast of Limg
northwest of Casapalca. Elevatons of the working

4200 10 S.000 meters. The distnict measures about 161




south and about the same dimensions east-to-west. The district has
also been referred to as the “Huampar™ district on the Mining Map
of Peru (Boggio, 1985), and as the “Venturosa™ district (Boggio,

1985, p. 18). The name Colgui comes from the Quechua word for
“silver.”

HISTORY

The district has been intermittently worked since Spanish colo-
nial times. Between 1924 and 1929 the Colqui vein was mined for
silver. In 1958 the Colqui mines were acquired and operated by the
Compania Minera Huampar, S.A. Operations switched to the
Finlandia vein in 1958. The Finlandia mine produced mostly lead
and zinc, however, several ore shoots along the vein contained
high-grade silver-gold ore. Mines within the district include the
Aurelio, Colqui, Condor Pasa, Felicidad, Finlandia, Pio Pio, and
Venturosa.

GEOLOGY

Petersen and Diaz (1972) and Kamilli and Ohmoto (1977)
described the district and the following geologic data are abstracted
from their papers.

The Colgu district lies within the Tertiary volcanic belt of Peru.
In the district, the volcanic rocks are composed of andesite,
andesite wffs and basalts. A number of stocks are found in the
district. The volcanic rocks cannot be directly correlated with other
volcanic rock sequences such as those at Casapalca. The volcanic
rock has been extensively altered, particularly near the ore veins.
The tuffs have undergone the most intense alteration.

The Colqui district exhibits a mineralogical zoning that is
centered in the area of the Cobre vein; this is a small chalcopyrite-
rich vein situated northeast of the Colqui mine. Westward from the
Cobre vein the mineralization grades from copper to lead-zinc,
then silver, and finally mercury. The Finlandia, San Juan-Lourdes
and Vermouth veins are located between the Colgui mine and the
Cobre vein. These veins are principally sphalerite-bearing and
galena-bearing.

In the western part of the district, the Colqui and Mana Teresa
veins have been mined principally for silver. The Colgui mine and
vein has argentiferous tetrahednte as its principal ore mineral, and
it also contains sphalerite, galena, rhodochrosite, realgar and
quartz. The Mana Teresa vein contains silver-bearing minerals
with abundant pyrite and some stibnite (Petersen and Diaz, 1972).
At Pariamina, in the southwestern margin of the district are several
small fractures which contain cinnabar. To the east of the Cobre
vein is the Pio-Pio vein. This vein contains galena, pyrite, tetrahe-
drite and sphalerite, and appears to be transitional between the
lead-zinc and the silver zones. The silver-gold ore shoots of the
Finlandia vein are an obvious exception to this zoning pattern.

Table 13. Minerals reported from the Colqui district.

Common or Abundant
*Barite Pyrite
Chalcopyrite *Quartz
Galena Rhodochrosite
Marcasite

Rhodonite
Sphalente
*Tetrahedrite

Locally Abundant or Rare
Acanthite Native gold
Bomite

Cinnabar

Pyrargyrite
Pearceite
Polybasite
Proustite

Realgar
Native silver

Famatnite Stubnite

*Collector-quality specimens

MINERALS

Specimens from the Colqui district are frequently labeled as
coming from the “Huampar” mine: this is the name of the
company that operates the mines. The Colqui district produced
attractive barite for a short time. These include honey-colored
crystals about 2.5 cm in size, and also delicate white crystals that
are slightly smaller in size. Tetrahedrite occurred as large, bright
crystals on a microcrystalline drusy quartz and pyrite matrix. The
Colgqu district has also produced a little amethyst quartz. The
mines are currently idle.
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THE SAN CRrisTOBAL DISTRICT

Yauli Province
Junin Department

LOCATION

The San Cristobal district was once considered part of the Yauli
district; it 1s located a few kilometers south-southeast of Morococha.
The Yauli district proper occupies the Yauli Valley, about 10 km
north of the San Cristobal area. The principal San Cristobal mines
are the San Cristobal, Huaripampa, Carahuacra, Santa Rita and
Andaychagua. The San Crnistobal mine, however, is actually con-
sidered to be the southernmost mine of the Yauli district. The
Carahuacra mine, located in the south-central part of the original
Yauh distnict, hies midway between Yauli and San Cristobal. The
San Cnstobal mine i1s 19 km southeast from Morococha, just south
of Yaul (Fig. 88).

HISTORY

The San Cristobal mine has been worked since the early 1900’s.
The camp and principal adit lie at an elevation of about 4,700
meters. Most of the mining activity has taken place between that
level and the surface outcrops at 5,000 meters. Glaciers occupy the
valleys high above the camp.

During the early decades, small-scale mining for silver was
carmed out at shallow depths, below the vein outcrops, near the
snow line. Small-scale mining was also done during this same time
period in the Carahuacra section, which is the northwestward
extension of the San Cristobal district. In 1929, the Cerro de Pasco
Corporation began exploitation of the principal vein, known as the
Siberia. The mines, as of 1991, were owned by Centromin.

GEOLOGY

The principal structure in the district is the northwest-trending
Chumpe anticline. Monzonite porphyry stocks and dikes intrude
Excelsior phyllite and overlying Catalina volcanics in the core of
the Chumpe anticline. The two most important intrusions are the
Carahuacra and Chumpe stocks. The Carahuacra stock crops out
2 km north of San Cristobal. The Chumpe stock crops out near the
San Cristobal vein, but is not well mapped as it is partially covered
by a glacier. The Carahuacra mine replacement body manto
extends for 3 km in the Potos: (Pucara) limestone along the western
flank of the Chumpe anticline. The dominant minerals in this
deposit are sphalerite and pyrite with a gangue of quartz and
manganiferous siderite.

Ore occurs in veins that cut the Excelsior phyllite and the
Catalina volcanics, as well as in breccias and replacement mantos
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Figure 88. Geology of the San Cristobal-Yauli-Casapalca region (from Boggio, 1985).

along the contact between Catalina volcanics and Pucara lime-
stone. The major vein at San Cnstobal 1s 1 10 8§ meters wide.
Sphalerite and pyrite are the most abundant minerals, followed by
galena, chalcopyrite, tetrahedrite-tennantite, wolframite (hubnente).
calcite, siderite, quartz and marcasite. Hematite, acanthite, pyrar-
gyrite and barnite occur rarely. To the northwest, the adjacent
Carahuacra mine has been reported to contain native silver and
proustite in its upper levels.

The general sequence of crystallization shows a strong zonation
from the center of the Chumpe anticline outward. The sequence of
deposition 1s pyrite, wolframite, quartz, chalcopyrite, sphalente,
galena, barite, and carbonates. At any given location, only a few of
these minerals are present, and their relative concentrations vary
from one area to another. In general, the San Cnistobal ores are
higher in arsenic than antimony, whereas the Carahuacra ores are
higher in antimony than arsenic.

San Cristobal has two major veins, the Main vein and the Sibena
| vein. As of 1984, the Main vein and its branches have been mined
for a horizontal distance of 2.5 km and to a depth of 500 meters.

The mineralization is subdivided into three stages. The first was
a tungsten stage, consisting of pyrite, wolframite and quartz with
trace amounts of sericite and augelite. The second stage was the
base-metal phase, consisting of pyrite, chalcopyrite, sphalenite,
galena and barite. The third and final stage was mainly carbonate
with small amounts of sphalente and galena.

In the first stage, pynite, wolframite and quartz occur together;
pyrite was deposited first, followed by wolframite, and then by
quartz. The wolframite occurs in crystals up to 8 cm across, which
are commonly twinned. The majority of the chalcopyrite mineral-
ization occurred in the second stage, and was followed by the
deposition of sphalerite and galena. Pynte occurs as euhedral
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crystals on or in the chalcopyrite. This suggests that it was
deposited shortly before and through the chalcopyrite crystalliza
tion phase. Although uncommon, barite is found in crystals up to
several centimeters long, which are usvally associated with the
base metal phase (second stage)

Table 14. \hm*rdl*-. reported from the San Cristobal district.

Common or Abundani
*Quartz

*Siderite
Sphalenite

Chalcopyrite *Wolframite

Galena (Hubnente)

*Pyrite

Uncommon or Locally Abundant
*Barite *Pyrargyrite *Stephanite
*Native Silver
*Collector-quality specimens

MINERALS

Barite BaSO,

A small number of banite specimens, in large plates with bladed
pale blue-gray crystals to over 2.5 cm in size, were collected in the
late 1980°s and into the early 1990°s. Many of these specimens are
labeled as having onginated from San Cnistobal, but may be from
other Peruvian localities.

CaCoO

Calcite 1s associated with the sulfosalts

Calcite

Pyrargyrite Ag.SbS
Pyrargyrite occurs as dark red-black crystals that are up 10 &

least 2 cm across
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Figure 89. Geology of the San Cristobal
area (from Boggio, 1985).

Figure 90. Pyrargyrite crystal cluster, 2.8 cm,
from San Cristobal. Terry Wallace collection;
Wendell Wilson photo.

Pyrite FeS,

Pyrite occurs as large, shiny, pyritohedral to cubic crystals
perched on shghtly stubby quartz crystals. San Cristobal is best
known for its shiny pyrite crystals that are “outlined” or rimmed
with quartz crystals. These pyrite crystals are distinctive; the cubes
are commonly modified by other forms which causes a rounding of
the cube edges. Very typical of the San Cristobal pyrite-quanz

combination 1s that many of the pynite crystals show severe
fracturing. These fractures are filled with crystallized white drusy
quartz. This “healing™ of the fractures with quartz is a striking and
possibly unique aspect. Pyrites from San Cristobal also typically
show parallel growth on crystal faces, in “step-up” formation, and
this helps distinguish them from other Peruvian locations. These
pyrite specimens can be very attractive, and very large: the best
crystals are brilhant pyritohedra exceeding 6 cm across. Although
eclipsed by the Huanzala specimens (by sheer volume if nothing
else), the San Cnistobal crystals still rank as some of Peru’s finest
pyrite.

Quartz Si0,

White to colorless quartz crystals, with pyritohedrons of pyrite
resting on the quartz, are distinctive for San Cristobal. The crystals
have a good glassy luster and typical quartz terminations. The
quartz has a moderate aspect ratio, and there is nothing definitive
about the form or habit 1o distinguish it from other Peruvian
localities such as Pachapaqui

Siderite FeCO

Siderite, although not a glamorous mineral, does occur in fair-
quality mineral specimens for the species. The crystals are usually
dull 1o satiny in luster, in tan-colored discoids. Crystals exceed
| cm across in the better specimens. From 1978 to 1980 siderite
was commonly collected at the mine as large botryoidal masses up
to several kg in weight. When cut open these sidenites display a
concentric pattern similar to that of Argentine rhodochrosite.
Siderite is also a common matrix mineral for the superb pyrites
found at San Cnistobal.




Silver Ag

Fine specimens of coarse, steel-wool-like to crystalline aggre
gates of native silver on fine-grained galena and other sulfides have
been recovered. Native silver also occurs with pyrargyrite and
other sulfosalts in this same wiry habit

Stephanite Ag.SbS,
A few specimens of stephanite have appeared on the market

since 1977

Wolframite-Ferberite (Mn.Fe)WO, - Fe*"WO,

San Crnistobal has produced very good, distinctive wolframite
ferberite. Crystals are usually twinned, thin, broad-bladed and
spear-shaped. pseudo-hexagonal. black in color, strongly stnated

and standing on edge. Most specimens have been dissolved out of

quartz with hydrofluonc acid (HF), the net result being that no
quality quartz exists on these specimens. Many, in fact, have a
quartz matrix that 1s badly eiched and corroded. The best wolf-
ramite-ferbente specimens have individual crystal blades that
exceed 2.5 cm in diameter, and are at most a few millimeters thick

Wolframite-ferberite also occurs in stubby crystals associated
with pynite: these are totally different in appearance from the
bladed crystals. Although unlike the bladed habit, these stubby
crystals are also completely different in appearance from hiibnerite
wolframite-ferbente crystals collected from Mundo Nuevo, Pasto
Bueno, and Julcani, which are the other major hiibnerite-wolf
ramite-ferbenie sources in Peru. Chemically the wolframite-ferbente
from San Cnistobal ranges in composition from 27 1o 94% FeWo0
Many of these specimens were onginally mislabeled as from

Casapalca, probably due to the proximity of the two localities

The road up to San Cristobal led past the tungsten concentra-
tor at the Mar Tunnel. We were given an extensive tour of the
concentrator and told more about the concentration of tungsten
ores than we ever wanted to know. In back of the compound
against a hill was an old fashioned cement portal, inscribed
“The Kingsmill Tunnel,” which had a real npping small nver
coming out of a cement channel in its floor. | asked what it was.
“That is the drainage for the lower level of Morococha,” they
said. | protested, “But that’s about 60 miles away.” | was told
something like “No, in a straight line it is only about 23 miles.”
Mr. Kingsmill was one of the former directors of the Cerro
Corporation before Peru nationalized the mines, and this amaz
ing, mostly forgotten and now taken for granted engineering
feat was named after him.

San Cristobal. like many other high mining camps, 1s nnged
with yet higher mountains, their slopes dotted with mine dumps

and wnnels. Its production was mostly wolframite and other
tungsten minerals. It occasionally produced fabulous pyrite and
quartz specimens of a distinctive nature, and sometimes small
blocky wolframite crystals associated with pynite

We ammived just after a snowstorm and the camp was paved
with three inches of partally frozen slush covening a layer of

REMINISCENCES ON A TRIP TO SAN CRISTOBAL, 1974

mud; just the thing to make walking around a real misery. The
pavihhons where the miners lived also had three inches ol
partially frozen slush on their corrugated iron roofs, which
overhung the walls by about a foot. The slush was melting fast
and brisk nivulets of ice water were cascading off the roofs
Every ime we would knock on a door we tned to avoad getting
a pint of wce water down the back of our necks; we were nol
always successful

Mineral specimens were scarce, but two or three of the
miners had quartz specimens that consisted of beautiful, than,
2.5-cm butterfly bladed twins of some black mineral that was
thinly coated with tiny quartz crystals. | thought, correctly as i
turned out, that | might be able to etch them off with hydrofluo
rc acid (HF) and produce spectacular specimens. This mineral
tumed out to be almost pure won tungstate (ferbente). Some ol
the specimens we got later, however, were more heavily cov
ered with quanz crystals, and we discovered that, when the
ferberite was exposed by etching with HF, they were etched and
not-well formed. We only got about two dozen of these
specimens, and wondered how many more had been ground

into dust when run through the mull
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THE CASAPALCA DISTRICT

Huarochiri Province

Lima Department

LOCATION

I'he town of Casapalca and Centromin’s Casapalca mines are
about a four-hour drive east from Lima. The town s at an elevation
of 4,200 meters: mining in Casapalca centers on the Cerro Casapalca
(later named Cerro Carlos Francisco), a mountain nsing o over
5,200 meters east of town

A second Casapalca mine was established by Compama Minera
Casapalca S.A., in 1987. The mine is at 4,700 meters and 1s only
7 km from Centromin’s original Casapalca mine. Operations at this

&

new underground mmne began in

producing 400 metnc tons per

HISTORY

Early miming for silver stanted on the high outcrops whern
scattered deposits ol nch ore were found I'he Backus and Johnston
Company began systematic exploration and development of the
arca in the late 1800 s, and were subseguently bought out by th
Cerro de Pasco Corporation. In 1919 the most important producer
wias the Carlos Francisco mine, followed by the Aguas (
Carmen. San Antomio, and Chuguichuccho mines. As
Casapalca was owned by Peru’s Centromin; the mine
ing at 61% of capacity at that ume, a reflection of the lov

stiver dunng the past several vears




Figure 91. The Casapalca mining camp, at an
elevation of 15,000 feet. Rock Currier photo.

GEOLOGY

Epithermal silver ores which contain acanthite, proustite, pyrar-
gyrite and miargyrite were found with pyrite in a sihiceous and
pyritic gangue. These silver-rich ores were the original targets of
the early development work, and existed only in the highest part of
the veins; they did not last long. Deeper exploration of the
mineralized zones located silver-bearing veins which contain py
rite., galena, sphalerite, chalcopyrite, tetrahedrite-tennantite and
bournonite in a gangue composed of quartz, calcite and rhodo
chrosite

The stranigraphy of the district 1s as follows: hmestone of the
Upper Cretaceous Machay Formation i1s overlain by shale, sand
stone, redbeds and conglomerates of the early Tertary Casapalca
Formation: the Casapalca Formation is. in tumn, overlain by andes-
iic tuffs and flows of the Tertiary Carlos Francisco Formation
Intrusive rocks in the Casapalca area consist of diorite and syenite
of unknown age. Some of the intrusions predate the mineralization,
and none of the intrusions appear 1o be directly related to the
mineralization found at Casapalca. However, skam zones encoun-
tered at depth in the Cretaceous Jumasha Formation limestones
(which do not crop out), coupled with hot water encountered at
depth in the mines, strongly suggests a nearby heat source driving
the mineralization.

The principal veins of the district are part of a northeast-striking
fracture zone which i1s about 5 km long. Most of this fracture zone
has been explored for potential ore. Wu and Peterson (1977)
describe the fracture system of the veins at Casapalca as follows
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One significant feature of the fracture system is the continuity
of open spaces along the veins. This 1s especially demon-
strated by the 241 and 242 veins where a single fracture with

an open space up to 2 cm can often be traced for over 100
meters.

According to Rye and Sawkins (1974) the fracture zone has been
divided into two main ore-bearing sections, the Aguas Caliente in
the southwest portion of the deposit, and the Carlos Francisco in
the northeast portion of the deposit

Casapalca ores show a gradual lateral zonation. The paragenesis
of different major veins can be correlated, and four stages of
mineralization. without obvious time breaks, have been identified

Three main zones of mineralization have been defined which are
based on alteration, metal content. and mineral type (Centromin,
1977). as modified by Wu and Petersen (1977): Zone I is intensely
silicified. with no carbonates in the central part and pure calcite at
the edges of the zone. Arsenopyrite and hubnerite occur in this
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zone. Pynite is predominantly cubic rather than pyritohedral.
Sphalerite i1s abundant, chalcopyrite is common, galena is minor,
and tetrahedrite 1s rare and As-rich. Zone Il contains abundant
carbonate and sericite, and the sphalerite is usually dark in
appearance due 1o chalcopyrite inclusions. Sphalerite, galena and
tetrahedrite are the dominant ore minerals, chalcopyrite is rare, and
pyrite occurs as pyritohedrons. Bournonite is also present. The
tetrahednite in Zone Il i1s Sb-rich. Zone Il has a subzone where
chalcopyrite is relatively common in association with pyrite. Zone
Il (pernipheral zone) has dolomite, siderite and rhodochrosite as
the dominant carbonates, and they are all very common. Sernicite is
ubiquitous and common. Bournonite, geocronite, stibnite, orpiment
and realgar are typical of this zone. Tetrahedrite is usually associ-
ated with galena, and sphalente 1s much less common. Pynite 1s
predominantly pyritohedral

Wu and Petersen (1977) have divided the mineralization into
four stages based on temperature of deposition and the type of
mineralization. Stage I is the zinc-lead stage, Stage /1 is the copper
stage, Stage IIl is the copper-silver stage, and Stage IV is the
gangue stage (quartz and carbonates). The beginning of chalcopy-
rite crystalhization was later than that of sphalenite, galena and
pyrite within stage |, and tetrahednte deposition corresponds
mainly to a single well-defined event within stage IIl. Minerals
formed in stage | are abundant in most of the vein system and often
continued to crystallize within stages Il and Ill. Chalcopyrite and
tetrahedrite charactenize stages Il and 111, respectively. Stage IV is
rather distinct in most of the veins. Carbonate deposition in this
stage may be divided into two periods: calcite 1. pearly-white
carbonates (calcite and/or dolomite); and calcite Il. Large rounded
balls of dolomite crystals with a very pale pinkish tint, resting on
the sulfides. are one of the habits that the pearly white carbonates
stage takes.

The general order of crystallization in the veins appears to have
been quartz, manganoan calcite, rhodochrosite, quartz (II), pyrite,
sphalenite, galena, chalcopyrite, tetrahednite, quanz (111), chalcopy
rite (II), jamesonite and bourmonite, and pyrite (Il), sometimes
followed by a late crusting of thin layers of quartz, calcite and
pyrite. Chalcopyrite is common in the deeper workings of the
central or Consuelo vein located in the Carlos Francisco section.
Sparse chalcopyrite occurs throughout the ore zone and has been
observed in small lenses at surface outcrops. The Aguas Calientes
section contains more calcite and rhodochrosite, commonly with
tetrahedrite, whereas the Carlos Francisco section contains more
quartz and tends to have more vugs. The dominant sulfide 1s
sphalente with lesser quantities of chalcopyrite, galena, tetrahe-
drite and pynite.

The most abundant and widespread vein minerals are sphalerite,
galena and pynte. Sull widespread, but of lesser importance, are
quartz, chalcopyrite, tetrahedrite and the carbonates. Bournonite
can be fairly common in places. but is always present in small
quantities relative to the other ore minerals. Late-stage realgar and
orpiment are reported from the upper levels, and are recorded as
common in the peripheral zone where they occur with stibnite and
Pb-Ag sulfosalts (McKinstry, 1927; McKinstry and Noble, 1932)
Arsenopyrite, geocronite and hiibnerite have also been reported.
but are quite rare.

Quartz and calcite are commonly associated in the majonty of
the veins. Sphalerite can be light or dark in color: the dark-colored
sphalerite contains numerous blebs of chalcopyrite, while the light-
colored sphalerite is free of them. The tetrahedrite is Sb-nich and
As-poor. According to McKinstry and Noble (1932), the tetrahe-
drite crystals are commonly replaced by chalcopyrite in ores from
the Aguas Calientes section. This usually occurs on the outer
margins of the crystals. Specimens of tetrahedrite from this area

are frequently coated by a golden layer of chalcopyrite or are
vanably replaced by chalcopyrite. McKinstry and Noble (1932)
also mention that bournonite 1s a common associate of the tetrahe-
drite, and is usually found in a band of irregular width which lies
between the galena and the tetrahedrite. There is also some late
stage bournonmite which grew as independent crystals interspersed
with the other minerals

Hypogene leaching was recogmized by McKinstry and Noble
(1932) in veins from both the Carlos Francisco and the Aguas

Calientes sections. Galena and sphalenite are usually etched, whereas
the late-stage sulfides are not. Barite is the first mineral 1o be
leached, then the sulfides (in the order tetrahedrite-galena-sphaler
ite, pyrite, and chalcopyrite), and finally the carbonates with

deposition of new sulfides terminating the process

Table 15. Minerals reported from the Casapalca district.

Abundant
*Dolomite
“(yalena
*Pyrite
"Quartz

“Calcite

*Manganoan
calcite

“*Chalcopyrite

*Rhodochrosite
“Sphalerite
*Tetrahedrite

Locally abundant or rare
Acanthite
*Anhydrite
Arsenopyrite
“Barite
Bomite

Diaphorite Orpiment

“Geocronite Polybasite
“Gypsum

Hiubnernte

Pyrargyrite
Realgar

Jamesonite Rhodonite
Boulangerite Stibnite

*Bournonite

Miargyrite

*Collector-quality specimens

MINERALS

McKinstry (1927) described Casapalca as a great specimen
producing source, particularly for bournomite. Vugs were reported

as very common: he described them as follows

Vugs are first lined with sphalente crystals, some of which
are a centimeter or more in diameter. Upon the sphalerite 1s
bournonite and around the latter crystals, and frequently upon
them, quartz prisms attached by their bases form radiating
groups. Perched upon all of these minerals are wfts of calcie
scalenohedra. Galena and tetrahedrite are usually not well
crystallized; occasionally galena crystals are intergrown with
the bournonite as though the two minerals had started crystal
hizing from different centers and interfered with each other
during growth. Tetrahednte 1s commonly pitted as though by
etching and 1s sometimes covered by a hilm ol chalcopyrite
The pyrite, where it has had an opportunity to crystallize in
open vugs, 1S usually in quite perfect pynitohedrons. Where
replacing wallrock it i1s usually in cubes, while octahedrons of
pyrite are unknown at this locality. Bournonite crystals are
splendent and some are nearly a centimeter in diameter
Usually the basal and prism forms dominate. In portions of
the veins, pink cleavable rhodochrosite is abundant; in others
the carbonates take the form of manganiferous calcite and

dolomite. Rhodonite occurs sparingly in grains up to | ¢cm

McKinstry in a later article (McKinstry and Noble, 1932) descnbes
the Carlos Francisco vein

Some of the open cavities in the Carlos Francisco mine are a
foot or more wide and measure ten feet or more lengthwise
They are lined with quanz, calcite, sphalente and bournonite.
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Figure 95. Tetrahedrite crystal group,
8.1 cm, from Casapalca. Terry Wallace
collection; Wendell Wilson photo.

all well crystallized. In some vugs the early sulfides,

galena and sphalente. are pitted and etched. but the tetrahe

drite and bournomite are fresh. Occasional pyritohedrons of a
late generation of pyrite rest on the sphalenite. Vugs from the
Aguas Caliente mine, showing similar etching of galena and

sphalente, contain tetrahedrite crystals entirely coated by

Figure 93. Tetrahedrite crystal group, 12 cm,
from Casapalca. Rock Currier collection; Jack
Crowley photo.

Figure 94. Tetrahedrite crystals with quartz,
12.5 cm, from Casapalca. Rock Currier collec-
tion; Jack Crowley photo.

chalcopynte. Bournonite in these specimens 1s unetched bul
bears a dusting of minute pyrite crystals. Tiny quarnz crystals
rest on the coated tetrahedrite but not on the bournonite: in
fact one bournonite crystal clearly grew around one of the

quartz crystals




Specimens collected from Casapalca today are essentially iden-
tical to those described by McKinstry over 60 years ago. Beautiful
examples of tetrahedrite, bournonite and mixed sulfide specimens
are still occasionally available on the mineral market. Casapalca
has been notable for its lack of enargite, a definite distinction when
one tries to identify mineral specimens from here. However, in
1992 some enargite supposedly from Casapalca appeared on the
market.

The main Casapalca mine has furmished good to excellent
specimens of quartz, bournonite, galena, sphalerite, pyrite, calcite,
manganoan calcite and tetrahednte. The tetrahedrites occur In
crystals to over 8 cm in size; they are some of Peru’s largest and, it
can be argued, some of Peru’s best. Most of the minerals seen for
sale today are from the main Casapalca mine.

Anhydrite CaSO,
A few specimens of massive purple anhydrite with some accom-
panying pyrite were found in the 1970's.

Barite BaSO,

Barite 1s an uncommon mineral in collector-quality specimens
from Casapalca. It tends to be colorless, clear 1o white, and n
thick, distinctly bladed, crystals. Quartz casts after bladed banite
are often found; the quartz forms drusy coatings over the barite,
which has in some cases been leached away.

PbCuSbS,

Bournonite i1s a relatively common associated mineral al

Bournonite

Casapalca, usually crystallized on galena, and less commonly on
sphalerite and tetrahednite. It rarely occurs by itself as quality
specimens. Crystals are often only partially formed and are usually
bright in luster, commonly with a bluish tint. Forms are complex to
relatively simple barrel-shapes with distinct stnations. Flattened,
more discoidal-looking crystals also occur, and these can be
difficult 1o differentiate from the more complex forms of tetrahe
drite-tennantite.

Calcite CaCO

Calcite, when present, can be one of the more distinctive
minerals that help to differentiate Casapalca specimens from those
of other Peruvian localities. It typically occurs as opaque white to
cream-colored, rather narrow scalenohedrons that frequently occur
in little bundles and sprays. It is generally one of the last minerals
to crystallize when in this habit, and this, in combination with the
distinctive quartz crystals from Casapalca, 1s most helpful n
identifying specimens. In addition, this habit of calcite fluoresces a
bright orange under shortwave ultraviolet and an even bnghier
intense orange with a hint of pink under longwave ultraviolet. This
colorful fluorescence 1s distinctive and can be a real aid in identify
ing Casapalca specimens when this type of calcite 1s present

Calcite also occurs in flattened rhombohedral discoids of the
type referred to as “nail-head™ calcite, as well as being present in
the typical rhombohedral form. One type of calcite occurrence 1s
the small (up to 5 mm) white crystals sprinkled randomly on quanz
crystal plates. This gives the quartz the appearance of having been
sprinkled with “rice grains.” Calcite also occurs as coatings on
quartz crystal plates, with the calcite occurring preferennially on
one side only of each crystal, or sometimes on two or three
surfaces; this makes it look as if “snow™ has fallen on the quanz
specimens. It 1s also common for specimens that have had a heavy
coating of calcite over the other minerals 10 have had this calcite
dissolved off in acid by the piriteros.

Manganoan calcite crystals generally have a bladed habit, with
skewed saddle-shaped rhombs as the common form. Other habits
are also present. including long thin bundle-like masses of crystals
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with a stretched scalenohedral habit. Crystals up to 3 ¢cm in size
have been recovered on matrix specimens that are over 25 cm
across. These crystals have an attractive pale pink color

Although they are not common, some of the finest Peruvian
manganoan calcite specimens have come from Casapalca. From
1978 1o 1984 manganoan calcite was relatively abundant, predomi
nantly as scalenohedrons. Some specimens have crystals as large as

10 cm n size on matnx associated with quartz and sphalerite.
Although the scalenohedrons are generally not lustrous they still
make attractive specimens. The combination of pink manganoan
calcite scalenohedrons and brown, twinned sphalerite, both on
quartz crystals, 1s a most attractive association and is quite typical
of Casapalca.

CuFeS

Chalcopynite 1s a common mineral at Casapalca, particularly as

Chalcopyrite

coatings on, and as a replacement of, tetrahedrite. It also occurs as
excellent euhedral to poorly-formed crystals and crystal masses
having an intense deep yellow color and bright satiny or dull luster
The best specimens, which often occur with sphalerite, have
lustrous, golden yellow sphenoidal crystals which are commonly
twinned. The individual crystals often exceed 4.5 cm in size, and

OCCur in groups over 9 cm across

Dolomite CaMg(CO,)

The most attractive dolomite at Casapalca i1s from the “pearly
white carbonate stage,” where it is found as large globular, ball
shaped aggregates of tuny, cream to pale pink, rhombohedral
crystals. These ball-shaped aggregates can be many centimeters
across. Dolomite is also found as small to microscopic-size
rhombic and saddle-shaped rhombic crystals. The microscopic
crystals are among the last minerals to crystallize. The dolomite

does not fluoresce

Enargite Cu,AsS,

First reported from Casapalca in 1992, enargite in vanous-sized
plates up to about 25 cm across has been offered for sale by the
piriteros, who insist the location is Casapalca. These specimens
may be from the nearby “new” Casapalca mine mentioned above

The matnx for the specimens 1s quartz, in white to transparent
non-tapered crystals which come in various lengths up to about 5
cm long. Small enargite crystals are scattered on the quartz. The
quartz, in tum, 15 coated by chalky, beige 1o cream-colored
dolomite or calcite; these carbonates occur as small, crude rhombac
crystals. Implanted on the carbonate 1s more enargite in single
crystals (frequently doubly terminated) and small crystal groups up
to about 3.5 cm. Some enargite crystals appear to be coated with
micro-drusy enargite, and others appear to be coated with micro

crystalline pyrite. The enargite crystals are not lustrous

(;alena PbS

Galena occurs most often at Casapalca as cubes and cubox
tahedrons; in some cases this combination 1s more octahedral than
cubic. Crystals can be corroded, with a satiny luster, or very bright
and murror-like in their reflectance. Bnight, lustrous crystals are
uncommon. Some galena crystals have a melied appearance that
tends to obscure the onginal form, and these “melted * crystals may
have a bluish, somewhat indescent tarmish or a satiny luster. Galena
1s frequently found intimately associated with bournonite, with the
galena acting as the host mineral on which the bournonite has

crystalhized

Pb,.(Sb.As).S

Geocromite 1s a very rare mineral at Casapaica in specimen

(yeocronite

quality. A few small specimens having twinned, steel-gray, 1-cm

crystals were recovered in 1951
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Gypsum CaS0,-2H,0

Dan Belsher (personal communication, 1992) reports that gyp-
sum “occurs in crystals up to I8 inches long, similar to those found
at Naica, Mexico.”

Muscovite KAL(S1,ADO,(OH.F)
Muscovite (sericitic) i1s common as a minor late-stage associated
mineral. It i1s usually presenlt as near-microscopic, wispy, flaky,

delicate masses which possess a white to cream color.

Pyrite FeS,

Although pynite 1s usually associated with many other minerals
at Casapalca, it generally does not occur as large groups of solid
pyrite like those so common at Quiruvilca and Huanzala. Pynite, as
bright, unstriated to lightly stnated pyrnitohedrons and cubes of
small size, 1s a common minor associate with other sulfides and
sulfosalts. Some of the best pynite specimens from Casapalca are
pyritohedrons over 2.5 ¢m across. These pyrite crystals are com-
monly associated with lustrous quartz crystals; this combination
makes for aesthetic crystal groups. Pyrite is often the matrix
mineral on which the other minerals are deposited; it 1s not usually
found in cubes, and not in exceptional specimens when 1t 1s. Of the
good crystals the cubic pyrite specimens, due to their ranty al
Casapalca, tend to be prized by collectors specializing in Peruvian
mineral specimens. Cubic pyrite crystals rarely exceed 5 mm in
diameter. Octahedral pynite does not occur at Casapalca.

Quartz Si10,

Quartz is usually found in association with the other minerals
from Casapalca. Quartz has had a long penod ol deposition at
Casapalca, so it is not uncommon to find it as the matrix (often
with pyrite) for the various sulfides and sulfosalts or to find it as
one of the last minerals to crystallize on the other minerals. On
some specimens quartz shows two generations of crystalhization
the first generation i1s a drusy coating of small crystals, with no
distinctive individuals; the second generation is less drusy-like,
with more individuality to the crystals and with larger crystal sizes
However, this demarcation can be obscure. Early-formed (first
generation) crystals appear to be more milky white in color, usually
with a satiny luster, while later (second generation) crystals vary in
color from translucent milky white to bnight, gemmy, clear,
colorless crystals

It is common for quartz from Casapalca to have a satiny luster on
the prism faces and a bright-glassy luster on the pinacoid faces
Crystals are frequently opague or translucent at the base and near
water-clear at the termination. As seen when viewed vertically,
these quartz crystals tend to have a strong triangular rather than
hexagonal development due to the dominant growth of alternating
prism faces. Casapalca quanz also has a tendency toward scepter-
ing of the crystals. Sometimes this sceptering is very pronounced
and thus, beautiful quartz specimens can result. Casapalca quartz
occasionally may show a tapening habit, but this is uncommon.
Those tapered quartz crystals form individuals with a wide center
which tapers toward the top and the bottom of the crystal in what is
known as a “Tessin” habit. Generally these crystals are somewhat
frosty in luster, with bright terminal faces, and they occur in groups
or small clusters of crystals that are up to several cm in size.

Casapalca quanz 1s usually not stnated on the prism faces, but
instead has a senes of small vertical growth marks which give a
parallel growth appearance to the prism faces. The quartz from
Casapalca is usually distinctive enough that it helps to identify
Casapalca specimens. When quartz and calcite occur together, they
form a charactenistic combination of color, habit and form which
distinguishes Casapalca specimens from those of other Peruvian
localities.

Sphalerite (Zn.Fe)S

Sphalerite is commonly found on specimens from Casapalca.
The luster vanies from very bright to dull; most sphalente speci-
mens collected recently have bright faces. It is frequently transpar-
ent to translucent with the transparent crystals often quite gemmy
Sphalerite in transmitted light varies from pale straw-vellow,
through yellow, to a deep reddish amber (almost ruby-red), and
dark brown. Crystals in reflected light are silvery to blackish brown
in color, and sometimes exhibit a bright. dark bluish black tarmish
or a golden-yellow chalcopyrite film that looks like golden spray-
paint. Crystal size is vanable, and usually parallels that of the other
cogenetic minerals, rarely exceeding 5 cm. Rye and Sawkins
(1974), however, report that sphalerite crystals in vugs in the Carlos
Francisco section exceed 10 cm n size. Crystal forms are often
complex with a tendency toward modified octahedrons or positive
and negative tetrahedron giving the crystals an octahedral appear-
ance. Spinel-law twins are not common. Casapalca sphalerite
generally i1s not stnated: this fact differentiates 1t from both
Huanzala and Quiruvilca sphalerites. The best sphalerite specimens
from Casapalca are the gemmy dark amber to reddish crystals over
3 cm n size associated with brnight colorless quartz crystals and
bright golden pyrite and chalcopyrite

Tetrahedrite (Cu,Fe),.Sb,S

Tetrahednite 1s a common mineral in specimens from Casapalca
Crystals can be very large for the species, 1o more than 8 cm on
edge, and range in habit from simple tetrahedrons to the more
complex habits usually associated with tennantite. These more
complex habits may reflect an increase in arsenic relative to
antimony within the structure of the mineral. Luster varies from
dull (in corroded crystals) to brilhantly metallic. Some crystals
have an indescent tarmish, although they still maintain a high luster

The majority of tetrahedrite crystals from Casapalca are simple
tetrahedrons with minor modifications by other forms and are
satiny to brilliant in luster. Chalcopyrite is common as both a
coating on and a replacement of the tetrahedrite. Commonly
associated are quartz and sphalerite. It is interesting to note that on
some specimens with well-developed | 111 faces and small (211
faces, chalcopyrite preferentially coats only the octahedral faces:.
this leaves a bright shiny silvery-black reflectance on the other
faces contrasted by a deep golden yellow reflectance on the
octahedron faces. It 1s not uncommon to find microscopic pyrite
crystals on the tetrahedrite crystals

Most of the good tetrahedrite in recent times came out in the very
early 1970’s. Since 1980 Casapalca tetrahedrite has virtually
disappeared from the specimen market, except as recycled speci-
mens.
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THE SANTA RiTA MINE,
MOROCOCHA DISTRICT

Yauli Province
Lima Department

LOCATION

The Santa Rita Pb-Zn-Ag-Cu mine is located a few km east of
and above Casapalca, high in the Ticlio pass at 4800 meters
elevation. The entrance to the mine is right in the pass. Although a
part of the Morococha district, it is treated here as a separate mine.
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The Santa Rita and nearby Huacracocha mines were producing
approximately 600 metric tons per day of ore in 1991. The Santa
Rita mine has been providing fine specimens of galena, sphalenite,
rhodochrosite and quartz in fine scepter crystals, since about 1987
Nothing, however, has been published on its geology.

MINERALS

Many fine Peruvian rhodochrosite specimens were offered for
sale in 1991. Most of these consisted of simple, lustrous, rhombic,
deep pink crystals over 2.5 cm in size. There is some confusion
about whether these specimens originated from the Santa Rita
locality; the Manuelita mine, Morococha district, also produced
fine rhodochrosite specimens, at about the same time as the Santa
Rita mine. Some of the specimens were listed as “near Morococha™
by one of us (RHC) at the 1991 Tucson mineral show. Actually
these rhodochrosites were mostly from the Manuelita mine, which
1s east of the Ticlio pass and down near Morococha, along the road
to the La Oroya smelter complex. Labels on the rhodochrosite
specimens gave their various locations as Santa Rita mine,
Casapalca; Santa Rita mine, near Morococha: Casapalca; and
occasionally San Cristobal, Yauh district, because the Santa Rita
mine has also been considered as part of the Yauh distnict, which 1s
not too far from Casapalca. A few rhodochrosite specimens were
also labeled as from the Manuelita mine. Very little has been
published about the ore deposits and minerals of the Manuelita
mine.

Distinguishing between rhodochrosite specimens from the Santa
Rita mine and the Manuelita mine 1s very difficult. Rhodochrosite
from the Santa Rita mine tends to be on, or associated with, quarnz;
the rhodochrosite crystal size 1s up to at least 2.5 cm on edge; and
the rhombohedrons are frequently curved on the larger specimens
These can look similar to the rhodochrosite collected from Silverton,
Colorado. The Manuelita mine rhodochrosite, on the other hand, 1s
generally in smaller crystals, may be attached directly to the rock
matrix without the quartz crystal substrate, and tends to form drusy
crusts. Centromin’'s Casapalca mine has not produced any rhodo
chrosite, so it can be eliminated as the source.

The confusion is partly due to the way the mines are laid out. A
piritero going out to get specimens in this area will normally first
stop at Casapalca, then go on to the Santa Rita mine, then go over
the top of the pass, and then down the other side to the Manuelita
mine. Quite often the piritero will acquire a few or a lot of
specimens from each location. Whichever location has the largest
amount of matenial from a particular tnip will usuvally end up
carrying the label for the entire amount. These specimens are
usually then offered for sale as all from the same mine. To further
confuse things, along with these particular rhodochrosite speci-
mens were a number of similar rhodochrosite specimens from
Uchucchacua. These occur in both the scalenohedral and rhombo-
hedral forms, came out in the same time frame, and some of these
are mislabeled as Casapalca or Santa Rita. A further complication
with this locality 1s the large number of “Santa Rita” mines in the
big mining districts of Peru; it 1s a very common mine name

Rhodochrosites from Uchucchacua are, for the mosi part, dis-
tinctly different and are discussed in detail in the section dealing
with the Uchucchacua distnict.

In 1992, along with the rhodochrosite specimens, many interest-
ing specimens of drusy quartz were brought out from the Santa
Rita mine. Some of these quartz specimens are colored pink by
underlying rhodochrosite. At times the quartz i1s dusted with a late-
stage coating of dark, botryoidal pyrite which makes for attractive
specimens.

Sphalerite from Santa Rita is frequently gemmy, with a bright

luster and a yellowish green color. Crystals may exceed 2 cm on
the better specimens. Microcrystalline, pale pink rhodochrosite is
the matrix on some specimens
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THE PACOCOCHA DISTRICT

Huarochiri Province
Lima Department

LOCATION

The Pacococha distnict is located 4 km southwest of Millotingo,
on the banks of Pacococha Lake about 20 km nearly due southwest
of Casapalca, and about 35 km southwest of Yauli. Elevations range
between 4,600 and 5.200 meters; the district covers an area of

about 4 x 6 km. Pacococha is one of the highest mining camps in

the world, with some adits located at 5,100 meters (over 16500
feet) elevation. Pacococha is situated among the mining districts of
Viso-Arun, Millotingo, Pucacorral and Chanape. Millotingo 1s
considered to be part of the Pacococha district by Ly and Arce
(1965). Petersen (1962) and Ly and Arce (1965) briefly describe
the district, and much of the data given here is abstracted from their
'r';_'['k'rﬂ\.

HISTORY

Scattered workings suggest some mining was going on dunng
the Colomal penod.. Modern development began in 1950 with the
butlding of a 27-km road from the Central Highway to the district
The main mine in the 1970°s was the Punsima, followed in order of
size¢ by the San Alejandro, Incataycuna, San Dawvid, Reserva,
Carolhina, Colquechaca, Santiago Mavyor, and Santiago Menor. As
of the mid- 1970°s, approximately 42,000 meters of drifts had been
completed on 24 veins in the vanous mines. In late 1991, unless
further reserves were discovered, the hife for the distnct’'s mines
was estimated at four years (Cavanagh, 19937). The formal name
for the company mining the distnct 1s the Sindicato Minero
Pacococha S.A

GEOLOGY

I'he predominant rock types at Pacococha are Cenozoic andes
iic volcanic flows which have a composite thickness of 700-1000
meters. These flows are interlayered with tuffs and rhyolites. The
volcanic rocks have been intruded by several hine-grained diabase
or diorite porphyry stocks, which have pyntized, silicified,
kaolinized, and otherwise altered adjacemt volcanics

Mineralization is by fracture filling, with the larger veins having
lengths of 500 to 1000 meters and thicknesses of | 1o 1.5 meters
Outcrops of these veins are composed of quartiz with a boxwork
structure caused by weathered-out sulfides. Veins are discontinuous

and new reserves must be continuously sought

Table 16. Minerals reported from the Pacococha district.

Common or Abundant
Chalcopyrite Galena Quartz

*Dolomite Pyrite Sphalente

Rare or Locally Abundant
*Calcite
Fluorite

Banite *Marcasite

Bomite

Acanthite Pyrargynite

Arsenopyrite Rhodochrosite
letrahedrite

Orpiment

*Collector-quality specimens
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MINERALS

Vein mineralization i1s predominantly chalcopyrite, galena, dark
sphalerite, and quartz, with lesser pyrite. Tetrahedrite, silver
sulfosalts, acanthite, marcasite, fluorite, barite, calcite and rhodo-
chrosite are minor constituents. Pyrite 1s usually present as string-
ers in the veins and is also disseminated in the wall of the veins as
small cubes. High-grade veins have almost no quartz. Quarz s
usually found in the sub-economic portions of the veins or where
the veins narrow and pinch-out.

Some veins are located in the upper parts of the diabase stocks;
these have a more complex mineralogy than do the veins in the
tuffs and andesites. Typical minerals in these upper portion veins
are pyrite, sphalente, chalcopyrite, arsenopyrite, galena, bornite,
pyrargynie, tetrahedrite, trace gold, calcite, and quartz.

The Pacococha district i1s often confused with the Castrovirreyna
district because of the presence of Pacococha Lake and an adjacent
settlement, informally called Pacococha, within the Castrovirreyna
district. Specimens from mines near this lake are frequently labeled
as from Pacococha.

CaCoO,

Calcite 1s found at Pacococha in long, colorless crystals showing
both the hexagonal prism and the scalenohedral forms. Calcite is
often found with rhombohedral dolomite.

Calcite

Dolomite CaMg(CO,),
Dolomite occurs as colorless to translucent white rhombohedra
implanted on other minerals.

Marcasite FeS.

Marcasite occurs on flat plates, as bright six-sided crystals
These specimens are attractive but not outstanding. Marcasite from
Pacococha has often been mislabeled as from Casapalca

Pyrite FeS
Pyrite is usually the matrix matenal at Pacococha, but is also
rarely found in specimens with crude pyritohedrons and stnated

cubes

Quartz Si10
Quartz occurs as colorless, non-tapered crystals with a moderate
aspect rato. Quartz i1s also present as small crystals and drusy

coalings

Sphalerite (Zn.Fe)S

Sphalenite at Pacococha is the very dark, nearly black variety
This 1s an aid in differentiating specimens from this locality from
sphalerite specimens originating from the Castrovirreyna distnict,
which are lighter in color

e ——— s et e maewe s

THE MI1LLOTINGO MINE
Huarochiri Province
Lima Department

LOCATION

The Millotingo mine is located a few kilometers southwest of
Casapalca, midway between the Pacococha mines and the Casapalca
mines. The Pacococha Cu-Pb-Zn district is a short distance to the
southwest . Millotingo is considered by Ly and Arce (1965) 1o be
part of the Pacococha district.

HISTORY

In production since about 1958, the Millotingo mine is a nch but
small silver mine whose ore 1s largely composed of silver-bearing
sulfosalts. In recent years ore grades have dropped substantially,
and since 1987 the company has been operating at a loss. In March
of 1991 the phone lines to the mine were out, workers were being
paid late, and morale was low. The mine was expected to be shut
down before the end of 1991, as the mine could not operate at a
profit unless the price of silver rose to over $5.21/ounce (Cavanagh,
19937). Owned primarily by the Zacanas family, the company’s
formal name 1s Compania Minera Millotingo S.A

GEOLOGY

The main veins at the Millotingo mine have a northeast strike,
and in the past have averaged 30 to 40 ounces of silver per ton
Current ore grades in the veins are averaging 9 ounces/ton silver.
The two main veins run into the southwest side of a very steep
quebrada (valley) which, in tum, runs northwest into the Rimac
Gorge. Workings follow these southwest-trending veins and also
extend under the guebrada 1o the northeast. The veins are nearly
vertical with silicified andesite as the wall rocks.

Table 17. Minerals reported from the Millotingo mine.

Chalcopyrite Orpiment

*Proustite

*Pyrargyrite

Miargyrite Quartz

*Collector-quality specimens

MINERALS

The minerals mined are mainly proustite and pyrargynite. Pyrar
gyrite has been collected in crystal sizes to over 3 cm. Good
mineral specimens from here occasionally appear on the market. It
is common for specimens from the Millotingo mine to be labeled
as collected from Pacococha district, as this district i1s only a few
km away

AS ASS
A very lew proustite microcrystals were found durning the

Proustite

1980°s, and a few specimens were found in 1981 amid one or two
small lots of other minerals. The proustite 1s mostly in microcrys-
tals 3 to 4 mm long. with beautifully formed scalenohedra. a bright
luster and a transparent red color. A few specimens were collected
that have microcrystals of proustite nestled in a quartz crystal
matrix. associated with orange microcrystalline orpiment crystals.
Pyrargyrite Ag.SbS

Pyrargyrite is rare in good crystals at Millotingo. It usually
occurs as 4-mm or less sized crystals with a prismatic habit and a
deep red color. These specimens can make excellent micromounts
Associated minerals can include quanz, chalcopyrite, orpiment and
other sulfides.

Pyrargynite has been collected from Millotingo in fairly good
sized crystals for the species. but the quality is not as good as those
collected from San Genaro in the Castrovirreyna district. Crystals
exceed 5 cm in size, but are satiny or etched-looking, and do not
possess the desirable bright luster. In 1980-1981, a number of
specimens came out with large crystals, up to 3 cm long, on matrix
They are well-formed, with typical pyrargyrite habit and good dark
red color, but with a dull luster.




THE YAURICOCHA DISTRICT

Yauyos Province
Lima Department

LOCATION

The Yaunicocha district is sitvated about midway between
Julcami and Casapalca, 16 km west of the divide between Lima
Department and Junin Department and a short distance west of the
small town of Huachucmillo. Three glacially carved lakes,
Yauricocha, Onacocha, and Acococha, lie southeast of the mines
I'he Spanish colomalists first worked the district for gold and silver
to a depth of 250 meters. Today the district produces copper, lead.
zinc and silver (Fig. 96).

GEOLOGY

Much of the geologic data presented here are from Petersen
(1965). The Yauncocha orebodies are closely associated with a
granodiorite stock located on the limb of a major anticline of
Cretaceous Machay Limestone to the west and a synchine ol
Tertiary Casapalca Red Beds to the east. Two granodiorite stocks
crop out in the mine area, and several others have been encountered
in underground workings. The contacts between the stocks and the
country rock are sharp. These stocks generally exhibit a cylindnical
shape that extends over considerable vertical distances (at least 300
MELETS 1IN ONe case)

The Casapalca Red Beds show bleaching for a considerable
distance from the contacts with the stocks. Alteration of the red

Figure 96. Geology of
the Yauricocha district
(from Boggio, 1985).

beds has caused hematite to tum to pyrite, sandstones 1o quartzite,
and shales 1o homlels. The Machay Limestone, in the immediate
area of the intrusions, 1s altered to thin zones of skam. Farther away
from the contacts with the intrusions, it 1s bleached or recrystal
lized

There are two types of orebodies being mined: one is copper

nch and the other 1s lead-zinc nch. The copper orebodies occur
only in altered rock, whereas the lead-zinc orebodies may be found
in nearly unaltered limestone. The copper orebodies, which sus
tained production through the 1960°s, are located within pipe-like
pynite-nch bodies close to the granodiorite stocks. Most copper
orebodies are elongated in an east-west or north-northwest direc
Lion

Pyrite composes 60-80% of the sulfide orebodies. In general,
cubes formed first and pyritohedrons and octahedrons formed later
The pyntohedrons and octahedrons are more abundant 1oward the
centers of the orebodies

In the copper-nch orebodies, the most important Cu-bearning
mineral 1s enargite, which 1s commonly associated with quantz and
pyrite. Small amounts of late-formed chalcopyrite, bormite and
covellite may occur on the enargite in vugs. Empty casts with the
morphology of bante or gypsum crystals are relatively common in
the massive enargite ores

Chalcopyrite 1s the second most abundant Cu-beanng mineral
Bornite 1s generally associated with chalcopyrite and also with
enargite, but less frequently. Digenite, djurleite, chalcocite, covellite
idaite and tennantite-tetrahednite occur mainly in the bormite-nch
ores. Bormite has been replaced by chalcopynite, covellite, digenite,
chalcocite and sphalenite

I'he edges of enargite-bearing orebodies are charactenzed by the
presence of tennantite, which may be replaced by enargile

Tennantite 1s also found in small amounts within massive chal

YAURICOCHA
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copyrite ores. Bismuthinite, stannite (?), emplectite and gallite (?)
occur mainly with the enargite-pyrite ore. Realgar and orpiment
occur in very small amounts on the margins of the upper level
orebodies.

In the lead-zinc rich orebodies, chalcopyrite i1s the Cu-bearing
mineral usually associated with galena and sphalerite. Tennantite
tetrahedrite is a less common associated mineral in these orebodies.
Most sphalernite 1s the dark, Fe-beaning vanety, except for late-
generation sphalerite, which is lighter in color. Fluorite and
arsenopyrite are occasionally found in the lead-zinc ores.

Boumonite 1s not common in the lead-zinc orebodies and, where
found. is usually associated with galena. It may be parnally
replaced or overlayered by tetrahedrite-tennantite. Enargite rarely

replaces bournonite. In the Purisima Concepcion West section of

the lead-zinc orebody, plagionite occurs with galena, pynite and
arsenopyrite. In the San Jose de Alis prospect, north of Yauncocha,
geocronite occurs intergrown with galena.

Barite is uncommon and, like quartz, appears to have crystal-
lized earlier than the sulfides. Hydrothermal solutions depositing
either copper or lead-zinc appear to have leached the early-formed
barite. A late generation of calcite is found associated with quartz
and sphalerite, peripheral to the main orebodies. Quartz is ubiqui-
tous throughout the orebodies and seems to have crystallized
durning several pulses of mineralization. Thomson (1960) has
identified four generations of quartz deposition.

Oxidation and supergene enrichment extend from the surface 1o
the deepest levels in some orebodies, whereas other orebodies
display almost no oxidation or supergene enrichment. Supergene
sulfides include covellite, chalcocite and digenite.

MINERALS

Although Yauricocha has good potential for producing mineral

specimens, very few have been recovered for the mineral market.

Table 18. Minerals reported from the Yauricocha district.

Common or Abundant
Bomite Enargite Pyrite
Chalcopyrite Galena Quartz

Sphalerite
Tennantite-tetrahedrite

Uncommon or Locally Abundanit

Arsenopyrite  Chalcocite Geocronite
Azurite Covellite Hematite
Barite Digenite Idaite
Bismuthinite  Djurleite *Malachite

Orpiment

Polybasite
Realgar
Sidenite
Bournonite Emplectite

Calcute Fluorite Plagionite

*Collector-quality specimens

Tnips to the locality by Peruvian dealers in the 1980°s were
generally fruitless, other than the acquisition of some low-luster,
poor-quality pyrite.

Azurite Cuy(CO,),(OH),
Although not mentioned in the literature, azurite has been found
as uny crystals on dull, shghtly corroded pyrite, and as below.

Malachite Cu,(CO,XOH),

Yauricocha is one of the few mineral localities in Peru that
actually has an oxide zone. Although malachite is not officially
reported from Yauricocha, it i1s present in the oxide zone. The
malachite in the best specimens, which are now rare, occurs as
botryoidal aggregates, sometimes with minute azurite crystals
nestied in the crevices. A specimen acquired by one of us (TS) in
the late 1970's had been used as an ash-tray by one of the mining
engineers before it was rescued, cleaned and sold. It 1s reminiscent
of malachite from Bisbee, Arizona, and measures about 15 cm
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DHuancavelica Group

THE JuLCcANI DISTRICT
Angaraes Province
Huancavelica Department

LOCATION and HISTORY

The Julcam district 1s located about 65 km by road southeast of
the city of Huancavelica, at an elevatnion of 4,200 meters. The
district has been mined discontinuously since Spamish colomal
times. Senous mining has been conducted since about 197, and
large-scale mining commenced in 1936. The present operator is
Alberto Benavides Q.. who founded the Compania de Minas
Buenaventura S.A. in 1953. Julcam 1s one of Peru's largesi
producers of silver and bismuth

GEOLOGY
Goodell and Petersen (1974) and Petersen er al. (1977) have
descrnibed the geology and mineralogy of the Julcam area. The
mineralogy in these papers, as well as one published by Goodell
(1974), 1s used as background for the following synopsis of the
district geology and ore deposits.
The Julcam district 1s dominated by a senes of rhyodaciuc 1o
dacitic dikes, volcanic domes with related eruptive
rocks, and pyroclastic matenal described as the
Julcam volcanic center. There were three phases
of activity. The first or main stage acuvity 1s
characterized by explosive pyroclastic eruptions
The second stage resulted in the formation of a
series of domes, and the third and final stage
consisted of recurrent doming and dike formation.
Hydrothermal alteration and muneralization oc-
curred more or less simultaneously with the intru-
sion of the third stage volcanic domes and dikes
Ore mineralization is generally confined to
fracture filling, with limited replacement of the
country rock within the vein structures. The min-
eralized area, containing the major mines of the
district, measures approximately 3 x 5 km. Ore
solutions appear to have spread upward and out
ward from several centers. This resulted in clearly
defined zoning patterns. These centers are also the
location of the major mines today. Some of the

more important mines are the Hermima (in the south) and Mimosa
(in the north), followed by the Estela, Temtadora, Lucrecia, Rita,
Sacramento (Sacramento Otomi ), Acchilla, and Manto mines
Generally, as the ore-bearing solutions moved upward and
outward from the innermost centers of the Herminia vein system
they first deposited pynite-wolframite-enargite-banite, then enargite
pyrite-tennantite/tetrahednite, then a zone of complex silver and
bismuth sulfosalts with bismuthinite (Robinson er al., 1997 Vaydak
1993), and at a greater distance they deposited galena, followed by
lead sulfosalts, orpiment, and realgar. Pyrite was deposited fhirst
throughout the vein system, particularly in association with enargite.
smaller amounts of pynite also crystallized later. Banite commonly
crystallized with, or slightly after, enargite and extends beyond the
area of enargite deposition. In the outermost fringes of the zomng
sequence, barite precipitated with tennantite/tetrahednie, followed
by bismuth sulfides and sulfosalts, then galena, followed by
orpiment, realgar, and lead sulfosalts. Galena 1s the main ore
mineral in the distal parts of the zoning sequence
Pyrite-gold-tungsien mineralization is the dominant mineraliza
tion in the Tentadora mine. which 1s thought to be in the innermosit
zone of the Hermimia vein system
he Mimosa vein system is in the northern part of the distnict. In
this vein system, tennantite/tetrahedrite 1s the dom
nant mineral in the innermost assemblage, with
galena being the dominant mineral in the outer
zones. The Mimosa system s similar to, and
somewhat simpler than, the Herminia system
Pvrite was the first mineral to crystalhze, fol
lowed, in order. by tennantite/tetrahednite, sphaler
ite with chalcopyrite, and sidente. Thas first stage
of mineralizaton was followed by crystallization
of bismuth-beanng minerals, followed by galena
then lead sulfosalt-bearing mineral assemblages
In both the Herminia and the Mimosa vein sys
tems, the final mineralization phase was a crystal
lizaton of sphalente and siderite
Southwest of the Mimosa mine is the Estela
vein system. The inner zone of this sysiem is
dominated by pynte-wolframite mineralization
followed by tennantite/tetrahednite-chalcopynite
arsenopyrite-bismuthinite, and finally by galena
sphalente mineralization




Figure 97. Geology of
the Julcani district
(from Boggio, 1985).
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MINERALS

The reader is referred to Goodell (1974) for an excellent shor
description of the minerals reported from Julcani

A help in disuingmishing mineral specimens from Julcam 1s the
matrix rock. If the matrix i1s country rock, it will be an altered,
siliceous volcanic rock, usually with anhedral quartz phenocrysits,
ongmnally rhyolitic to dacitic in composition

Aikinite PbCuBi1S

Aikinite has been identified by one of us (JAC) in two specimens
provided by two individuals, both specimens attributed to Julcani
It occurs as coatings of tiny, acicular, steel-blue, metallic-lustered
crystals up to 3 mm long associated with chalcopyrite, tetrahedrite
and enargite. It could easily be mistaken for boulangerite or
bismuthinite. Identification was made by X-ray powder diffraction
analysis.

Arsenopyrite FeAsS

Arsenopyrite occurs as brilhiant, silvery, prismatic crystals with
flat, tnangular or wedge-shaped terminations. The crystals are
usually on the order of a few centimeters in maximum dimension
According to Goodell (1974), arsenopyrite 1s restricied to the
Estela mine. In 1993 a small find of arsenopyrite was made at Jul
cani, presumably from the Estela mine. The specimens are in flat 1o
mounded plates composed ol near-sohd coatings of bnght, silvery,
simple prismatic crystals up to 6 mm diameter and about | cm

long. Colorless or very pale yellow to yellowish green apatite crys-

tals up 10 2 cm long are frequently implanted on the arsenopyrite.

Table 19. Minerals reported from the Julcani district.

Major Mines and Common to Locally Abundant Minerals

Herminia Mine
*Chalcopyrite
*Enargite

Arsenopyriie Galena
*Barite *Pyrite
*Bismuthinite Semseyite
*Bournonite *Siderite

Andorite Sphalente

*Stibnite

“Tennantite-
tetrahedrite

Wolframite

Aramavyoite

Lucrecia Mine
*Barite *Tennantite-tetrahedrite
Galena

Tentadora Mine
Galena Quartz
Pyrite Sphalerite

Wolframite

Estela Mine

Tennantite-
tetrahedrnite

Wolframite

*Apatite Galena
“Arsenopyrite Pyrite
“Bismuthinite

Chalcopynite

Sphalenite

Mimosa Mine
Galena
Sidente
Sphalenite

Tennantite-
tetrahedrnite

*Bismuthinite
*Boulangerite
Chalcopyrite

Sacramento Mine
*Orpiment Realgar

Minerals reported with no specific mine listed
*Aikinite Friedrnichite
Bomite Gustavite

Krupkaite
Marcasite
Pavonite

Scheelite

Calcite Hammarite
*Cosalite (7) Hodrushite

*Collector-quality specimens

Barite BaSO,

Barnite is relatively common at Julcami as bladed crystals and
mound-like crystal aggregates. This latter habit i1s similar in shape
to barite from the Mibladen, Morocco vanadinite area. Barite 1s
frequently associated with the sulfides and sulfosalts. Crystals may
exceed 5 cm in size and, according to Goodell (1974), have been
recorded up to 25 cm in size from the Herminia mine.

Commonly white, barite can also be gray-blue, pinkish or
colorless. Julcanmi produced some quite attractive thin, flake-like or
wafer-like barite in 1987. A substantuial amount of very pretty and
choice banite, covered with sidente and associated with galena
crystals, was produced in 1988. In the early 1990°s, Julcani
produced a small amount of attractive yellow barite which 1s
associated with siderite.

Bismuthinite Bi.S,

Bismuthinite is found as lustrous, steel-gray, needle-shaped
prismatic crystals that superficially resemble stibnite. Bismuthinite
can achieve crystal lengths up to several cm, which make excellent
specimens for the species. White bladed barite is a common
associated mineral

Boulangerite Pb.Sb,S
Boulangerite occurs in hair-like, sometimes matted, crystals.

Bournonite PbCuSbS
Boumonite usually occurs as splendent black to steel-gray
crystals up to 2.5 cm across. It frequently occurs with bladed
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banite, bismuthinite, boulangenite and jamesonite (these last three
identifications are questionable as they are visual observation
only)

Cosalite (?) Pb,Bi.S.

Cosalite (7) has been tematively identified by one of us (JAC) in
one specimen attnibuted to Julcani. It occurs as long, thin, prismatic
crystals with metallic luster and typical arsenopyrite-gray color
where crystals have been broken; the cosalite (7) i1s partially
covered with drusy quartz. It is also associated with tetrahedrite
and chalcopyrite. Identification was made by X-ray powder dif
fraction analysis.

Fluorapatite (?) CaPO,).F

Apatite occurs in sharp crystals, usually as simple hexagonal
prisms with flat terminations. They are near-colorless 1o a pale
yvellow, greenish yellow, or yellowish green color. Larger crystals
are frequently zoned. In the case of single-terminated crystals, the
base 1s white or colorless and the termination may be greemish in
color. In the case of doubly terminated crystals, the midpoint 1s
white or colorless and both terminations may be greenmish in color
Julcani apatite fluoresces a cream-yellow color that vanes n
intensity due to zoning within the crystals. Rarely, apatite crystals
may exceed 2.5 cm in length. Associated minerals are usually
white to near colorless, tapered crystals of quartz and small crystals
of siderite and pyrite. Arsenopyrite, frequently found in drusy
crusts, often forms the matrix mineral for the apatite crystals

(Galena PbS

Galena occurs as shiny gray crystals. These are usually highly
modified cubes tending toward the octahedron or dodecahedron
forms, sometimes 1o the degree that the cube is no longer distin-
guishable. Some galena has a “cnnkly™ surface, possibly due to
etching.

Jamesonite Pb,FeSb.S .
Jamesonite 1s megascopically indistinguishable from boulangenite
and bismuthinite.

Orpiment As.S

Orpiment occurs in bnght orange, glassy, lustrous, pencil
shaped crystals that are up to at least 2.5 cm in length. They are
distinctly different in appearance from the orpiment crystals found
al Quiruvilca.

Pyrite FeS

Pyrite, commonly in pyritohedrons, is usually a minor constitu-
ent on most mineral specimens. Where present, crystals may reach
| ¢cm across. Dunng the past several years botryoidal pvrite
specimens, typical for Julcami, have been produced in small
numbers in handsized specimens.

Quartz Si0,

Quartz is usually present on Julcani mineral specimens, com-
monly as very small, white to colorless drusy crystal coatings and
as the matrix for other minerals. Quartz also occurs as milky white,
nearly opaque crystals which have a strong tnangular development
when viewed along the c-axis. Crystals can also be shightly barrel-
shaped and at least 2 cm long.

Siderite Fe**CO,

Siderite 1s common as a minor accessory mineral and also as
good specimens in its own night. It is beige to brownish in color,
and is usually found in flattened rhombohedral crystals that are
quite discoidal in appearance. Siderite commonly occurs on barite,
sometimes with galena. Very nice stalactites and “worms™ of

siderite up to 15 cm long were recovered from 1988 1o 1990. These
make rather interesting specimens

Stibnite Sb.S

Stibnite in the specimens seen occurs as typical, acicular,
metallic luster crystals up 10 several mm in length. Barite is a
common associated mineral

Tennantite/ Tetrahedrite (Cu.Fe),,As.S,, - (CuFe),.Sb.S
Tennantite/tetrahednite crystals are usually complex in form,
though such complexity 1s more typical of the As-rich end member,
iennantite. It rarely occurs in simple tetrahedrons. Crystals are
usually lustrous and black to silvery black in color. It also occurs as

casts alter enargite

.ﬁ.

THE CASTROVIRREYNA
DiISTRICT

Castrovirreyna Province

Huancavelica Department

LOCATION

The Castrovirreyna district (Fig. 105) is located along the road
which leads from the city of Huancavelica 1o Pisco on the Pacific
coast. The district is named for the town of Castrovirreyna

The Castrovirreyna district 1s composed of a senes of volcanic
peaks that average about 5,000 meters in elevation. There are 18
peaks exceeding 4,700 meters in the district . Snow in the winter
months i1s common. The Western Cordillera divides the district into
two halves. Many large glacial lakes are present. Orcococha, one of
the largest, 1s in the Atlantic watershed and Pacococha, about 7 km
to the west over the divide, 1s in the Pacific watershed. The terrain
is strongly glaciated, which creates sharp angular relief. The dark
volcanic rocks are colored by areas of manganiferous and hmonitic
alteration and weathenng. Masias (1924) descnibed the area from
atop 5,000-meter Monserrate Chico hill

As no wind blew, the lakes appeared as exiensive surfaces of
lead. To the front, the snowed-under nbbon of the cordillera
peaks extended hike a rampart, an immense wall with s
scarps and parapets. It seemed like a cyclopean fortress placed
by God to defend our native soil. Above the level of the lakes
the different mineralized hills nise to a great elevation, some
forming greal masses and others, volcanic cones or needles of
vaned forms

HISTORY

The district’s mineral deposits were discovered in 1590, but the
mines closed a short iime later in response 10 the occurrence
(according to legend) of various supernatural events (Purser, 1971)

Senous mining operations began again in 1946

GEOLOGY

The Castrovirreyna district is bnefly descnbed by Masias (1924)
and Purser (1971) and the following geological discussion is
abstracted from their papers. Very little other information on the
district 1s available

Rocks in the distnct are flat-lying Cenozoic andesitic volcanics
with some dacite and rhyolite present. A buned intrusion s
inferred from the mine geology
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Figure 100. Bournonite crystal on pyrite, 3 cm,
from Julcani. Philip Goodell collection; Rock
Currier photo.

Figure 101. Bismuthinite crystal group,
6.5 cm, from Julcani. Philip Goodell col-
lection; Rock Currier photo.

Figure 98. Enargite crystals partially coated by
chalcopyrite on the prism faces, 12 cm, from
Julcani. Galena Rock Shop specimen; Jeff Scovil
photo.

Figure 99. Fluorapatite crystal, 2.8 cm, on
arsenopyrite, from Julcani. Harvey Gordon
specimen; Jeff Scovil photo.




Figure 102. Bournonite crystal with black
semseyite on barite, 7 cm, from Julcani. Philip
(zoodell collection; Rock Currier photo.

Figure 104. Pyrargyrite crystal cluster, 2 cm,
Figure 103. Enargite crystals coated by chal- with calcite, from San Genaro. Cal Graeber
copyrite, 7.6 cm, from Julcani. Philip Goodell specimen now in the Frank Knechtel collec-
collection; Rock Currier photo. tion; Wendell Wilson photo.




Figure 105. Geology of the
Castrovirreyna district
(from Boggio, 1985).
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There are four major mines in the district. The largest are the
Caudalosa and Candelana mines, which are found in the Caudalosa
vein-group. Another major mine is the San Genaro mine, east of
the Caudalosa mine near the village of Choclococha, in the San
Genaro vein-group area. The third is the Carmen-Lira mine in the
La Virreyna vein-group. The Carmen-Lira mine is the source for
most of the sulfide-bearing mineral specimens from the district.
Near the Caudalosa mine are several smaller mines including the
Reliquas, Dorito, San Pablo and Madona. The Reliquias is the
largest of these.

The Pb-Cu-Zn-Ag veins in the district run more or less east-west
in the andesite-to-rhyolite country rock. They frequently contain
proustite, pyrargyrite and other rarer silver sulfosalts. Silver con-
tent of the ores from the district increases from west (o east. There
are three main groups of veins; the La Virreyna group, just east of

Pacococha Lake, the Caudalosa group, at the northwest end of

Orcococha lake, and the San Genaro group, a few km north of the
eastern pant of Orcococha Lake. Veins vary from 30 cm to 3 meters
wide, with quantz usually the dominant gangue mineral. The
Caudalosa mine veins have been traced a horizontal distance of
1,500 meters. In the La Virreyna group, the Carmen-Lira veins
usually contain tetrahedrite, chalcopyrite, galena, sphalerite, pyrite
and quantz. The Huachacolpa district, several km to the northeast,
is considered to be an extension of the Castrovirreyna district by
Masias (1924).

The Caudalosa mine ores are composed of Ag-rich galena,
sphalenite and pynite, plus or minus stibnite. Gangue minerals are
quartz, manganoan calcite and rhodochrosite. Deposition in the
Caudalosa mine occurred in four stages. In the first stage, pyrite,
galena, sphalente and enargite were deposited. In the second stage,
pyrite, sphalerite and chalcopyrite were deposited, galena was
replaced by boulangerite and bournonite, and enargite was re-
placed by famatinite. In the third stage, conversion of lead-bearing
minerals to jordanite, replacement of copper-bearing minerals by
tetrahednite, and deposition of pearceite and proustite took place.
In the fourth stage, deposition of stibnite, rhodochrosite, pyrargy-
rite and polybasite occurred.

At San Genaro, on the east side of the divide, there are three
stages of mineralization. The first stage is marked by the deposition
of pyrite, sphalerite, galena and chalcopyrite. The second stage is
marked by proustite. The third stage i1s marked by pyrargyrite,
polybasite and other sulfide/sulfosalts in small amounts.

Neither Masias (1924) nor Purser (1971) discuss the Carmen-
Lira mine.

Table 20. Minerals reported from the Castrovirreyna district

Common or Abundant
Jordanite
*Miargyrite
Pearceite
*Polybasite
*Proustite
*Pyrargyrite

*Barite
*Boulangerite
*Bournonite
*Chalcopyrite
Enargite
Famatinite
*Galena

*Pyrite
*Quartz
*Rhodochrosite
*Native silver
*Sphalerite
*Stibnite

Rare or Locally Abundant
*Aramayoite Calcite
Acanthite

Arsenopyrite

Realgar
Hematite *Tetrahedrite

Marcasite

*Collector-quality specimens

MINERALS

Most mineral specimens from the Castrovirreyna district are
simply labeled “Castrovirreyna,” with no specification as to which
mine they came from. Confusion also exists regarding mineral
specimens collected from the Castrovirreyna vs. the Pacococha
mining district. This confusion, related to geographic location, is
the result of there being a Pacococha district and mine near
Millotingo; in the Castrovirreyna district, there is a Pacococha
Lake, and hill, with mines adjacent to both, located in the western
part of the distnct. Specimens from the Carmen-Lira mines are
frequently labeled as “Pacococha, Huancavelica.” To add to the
location problems for the district, there 1s another large, operating,
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Caudalosa mine in the Huachacolpa district, just north of the
Castrovirreyna district. The majority of good specimens of chal-
copynite, sphalente, galena and tetrahednte labeled “Pacococha”™
are actually from the Castrovirreyna district. A help in differentiat-
ing the two locations labeled as “Pacococha™ is that the Pacococha
mines near Millotingo have produced (in comparnson to the
Castrovirreyna district) very few mineral specimens. Generally, the
Caudalosa and Carmen-Lira mines produce mixed sulfide speci-
mens, and the San Genaro mines produce silver and silver-sulfosalt
minerals. The San Genaro mines produced a significant number of
very fine-quality sulfosalt specimens, primarily miargyrite and
pyrargyrite associated with aramayoite, native silver, proustite and
barite, in the mid-1970s through the middle 1980°s

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

Ankerite is a common accessory mineral in the west side of the
district, and 1s one of the last minerals 10 have formed. Ankerite
crystals occur as poorly formed rhombohedra usually having a dull
beige or tan color and a chalky appearance. It is present as small
crystals and aggregates which coat the other minerals. Larger
ankerite crystals commonly have pinkish cores; this may reflect a
change from kutnohorite(?) to ankenie as the crystals grew
Ankerite from the Pacococha area of Castrovirreyna is distinctive
enough to help identify specimens from there. Specimens from the
Pacococha district near Millotingo do not have this distinctive
appearing ankerite.

Aramayoite Ag(Sb.Bi1)S,

Aramayoite 1s a relatively common but minor accessory mineral
on specimens of miargyrite and pyrargyrite. It occurs as iron-black,
crystalline, platy masses on the sulfosalts. It can be easily over-
looked as 1t resembles miargynite.

Barite BaSO,

San Genaro 1s the most prolific location for barite in Peru. Barite
occurs in the San Genaro mine as translucent to opaque, white 1o
off-white bladed crystals in good and sometimes large groups
associated with sulfides and quartz. These groups are often dam
aged. The barite crystals may have white centers which are less
transparent when compared to the white edges: this creates a two-
tone effect on the crystals. The barite crystals average about 2 cm

In size, but may be up 1o 10 cm long, and occur in plates up to

about 22 cm across, associated with milky quartz. These large
barite specimens may weigh up to several kilograms. Most of these
specimens have been purchased by European mineral dealers
Barite also occurs at the Caudalosa mine

Calcite CaCO

Pink manganoan calcite has been visually identified as fine-
grained pink coatings on stibnite and other sulfides from the
Caudalosa mines

CuFeS
Chalcopyrite at Castrovirreyna is dark yellow-gold in color, with

Chalcopyrite

a bnght and shiny luster. It occurs in the better specimens as sharp
crystals over 2 cm across. Some crystal faces are mirror-bright with
no striations, while opposing faces are stnated and very shghtly
eiched. The crystals are frequently twinned. Tetrahednite may
occur on the chalcopyrite. In the Carmen-Lira mines, chalcopyrite
crystals may exceed 2 cm in size. The crystals have a bright luster,
sometimes with an indescent tarnish. One Carmen-Lira specimen,
about 5 x 6.5 cm in size, has very sharp, bright, gold-colored
chalcopyrite crystals 2 cm across on a bed of clear glassy quanz
crystals which average about 2.5 cm long.

(salena PbS

Galena occurs both as dull, etched-looking crystals and as
lustrous bluish-silvery cubes and cubes modified by the octahe-
dron. It occurs both on and with sphalerite or chalcopyrite. Galena
frequently has tnangular surface growth features on some faces. It
also occurs as crystals with a “melted” look. The melied-appearing
galena has considerably brighter luster than the etched-looking
galena.

Kutnohorite Ca(Mn Mg FexCO,)

Kutnohorite has been tentatively identified in pale pink rhombic
crystals with a satiny to dull luster. They have also been found at
the core of ankenite crystals.

Miargyrite AgSbS

Miargynite occurs at Castrovirreyna in crystals up to 3 cm in
size. Most specimens, however, consist of botryoidal miargyrite
coated with microscopic to small red-black miargyrite crystals
with other minor associated minerals

Pyrargyrite Ag.ShS

Found at Castrovirreyna in magnificent crystals to over 4 cm in
size, pyrargyrile is more COmmon as microscopic crystals up 1o a
few millimeters in size. The best pyrargyrite specimens have 2 x
4-cm crystals. San Genaro has produced some of the largest
pyrargyrite crystals in the world. The best specimens are descnibed
as “golfball”-sized crystals which are lustrous and deep ruby-red 1o
red-black in color. Perhaps the best specimen of pyrargyrite
collected from San Genaro 1s now in the Houston Museum ol
Natural Science

Pyrite FeS

Pyrite occurs at Castrovirrevna as lustrous pyritohedrons up to
| cm in size, frequently associated with tetrahedrite in the Caudalosa
mine. The Carmen-Lira mines commonly produce pyrile associ
ated with vanous ore minerals, but it does not generally form good
specimens there by iself

Quartz 510

Quartz from the distnct 1s usually opague milky white in color
Other than the strong milky-white color, they are typical in crystal
appearance. Quartz has been collected from the Caudalosa mine as
drusy quartz which forms molds of now-absent tabular barite. The
Carmen-Lira mine has guartz that occurs both as drusy coatings
and as individual crystals exceeding a few centimeters in length
I'hese crystals are typically clear to colorless, with a very shghi
taper and somewhat tnangular cross-sections. The San Genaro
mine produces milky quartz crystals which typically exceed | cm
in length

According 1o Dan Belsher (personal communication, 1992)
amethyst occurs in fairly mice specimens from the San Genaro
mine, as “milky amethyst which looks hke Guanajuato, Mexico
amethyst, with some occurming in plates to 9 inches square with
crystals to 5 or 6 inches long, fairly lustrous, sometimes sceptered

and very prefty.

Silver Ag
In the San Genaro mine native silver occurs as wiry aggregates

mixed with the silver sulfosalts

Sphalerite (Zn.Fe)S

In splendent dark brown to hght vellow crystals, sphalente n
reflected light often has a silvery look, particularly in the highter
colored crystals. Crystals vary from well-formed to subhedral
cubic shapes, and to poorly formed tetrahedrons. The best of these

crystals can be up to about 2 cm across, associated most commonly

¢ Yi ¢




Figure 106. (right) Pyrargyite crys-
tal group, 5.2 cm, from the San
Genaro mine. Terry Wallace col-
lection; Wendell Wilson photo.

Figure 107. (below) Miargyrite
crystals coating a pyrargyrite crys-
tal group, 4.2 cm, from the San
Genaro mine. Terry Wallace col-
lection; Wendell Wilson photo.

Figure 108. (below right) Miargyrite
crystal cluster, 11 cm, from the
San Genaro mine. Bill Smith col-
lection; JefTf Scovil photo.

with quartz and galena. Sphalenite tends 1o be gemmy in the pale
straw-yellow, yellow-green or dark reddish-amber colored crystals
Sphalenite from the Carmen-Lira mines occurs in good crystals
these vary from a dark brown to amber-yellow color in transmitted
light, and possess a silvery to indescent luster. Crystals generally
do not exceed 2.5 cm in size, even in the best specimens. In the
Carmen-Lira mine, the sphalerite crystal habits are complex
giving nse 1o rather rounded crystals. Better specimens are usually
dominated by orange 1o amber-yellow crystals about | cm in size

associated with white quartz, galena, chalcopyrite and siderite

Stibnite 5b.S

Stibnite occurs as needle-like crystals in fan-shaped sprays on
milky quartz crystals. The crystals are generally on the order of
7 c¢cm or less in length, with the sprays at least 7 cm across. In rare
cases the subnite has been replaced by finely crystalline galena

this creates unusual and pretty specimens. Probably erroneously

labeled as from the San Genaro mine, the stibnites are most likely
from the Caudalosa mines. Stibnites from the Caudalosa mine are
sometimes coated with tuny, pale pink crystals ol manganoan
calcite forming a solid covering over the stibnite. The underlying
stibnite has a frayed look to it. Stibnite crystals from the Caudalosa

mine can reach several ceniimeters long

Tetrahedrite (Cu.Fe),.Sb,S

letrahedrite in good specimens 1S not common in the
Castrovirreyna district. The Carmen-Lira mines have produced
simple tetrahedrons, 1 cm or so in size, with dark gray color and a
satiny to bright metallic luster. Tetrahednite crystals are usually
slightly modified by other forms. The satiny crystals are usually
shghtly etched and pitted when viewed under the microscope
Tetrahednite comes with a vanety of associated minerals including

chalcopyrite, sphalerite, quanz, siderite and dolomite.
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Conclusions

Mining in Peru has been going on for more than four centunes
During most of this long period of ume, the bonanza years for
many of the mines, virtually no mineral specimens were saved. It 1s
only since the 1970’s that any senous effort toward saving speci-
mens has been expended. Literally thousands, possibly millions of
tons of specimens have been crushed and run through the mills or
discarded onto the mine dumps. The wonderful specimen produc-
tion from Peru during the past 20 or 30 years is only a small
window into what must have been mined over the centuries.

Mineral specimen production from Peru has been in a slump
since 1989 due 1o low metal prices and political problems
However, with the on-going privatization of Peru’s mines, speci-
men production can be expected to improve in the future. Peru 1s
still considered by mining companies to have a tremendous
potential for additional ore deposit discoveries. With this potential,
exploration and development can also be expected 10 increase in
the near future, opening up new sources for mineral specimen

production. Due to the discouragement of muneral collecting
practices at the mines by management, specimen production may
never achieve the volumes seen in the late 1970°s and early 1980s

Sull, with the ingenuity of the miners and the lure of additonal
income 1o supplement their low wages, specimens will surely be
collected and offered for sale. We can be optimistic about Peru’s

future as a continuing source of fine mineral specimens
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books for evervone

Book catalog #1 $2.00

Mining, mineralogy, gemology & jeweln

Book catalog #2 $2.00

Early science, technology & antigue
screnfttfic instruments

Antique Scien tiﬂc Instruments

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

¢ Bpreializing in ""t
{
Brenl Elnemiom 1

Afahan & Pakintani

Pramatiter Minerale
|

lists ismnri

#i. @hodda
Catalogs online at: http://www. gemmary.com/rch/

E-mail: rcb@gemmary.com #iox 51

Short Hills. N.J. n7o78

'E.J l"l- I'|1n|-|

Current illustrated catalog $5.00

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

Encyclopedia of Mineral Names

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

The book you have all been waiting for! 14" 11 348 formes

Over 300 pages
A treasure of information

$40US in US and overseas
g $40CDN in Canada
and a promising research tool

Price includes shipping and handling

Order from

For each IMA-approved mineral species:
PP P Mineralogical Association of Canada

* origin of the name

* discovery locality

* key references

* chemical formula

* crystal system and symmetry
* correct spelling

Up-to-date to the end of 1996

P.O. Box 78087

Meriline Postal Outlet

| 460 Merivale Road

Orttawa, ON, Canada K2E I1BI

Fax your credit card order

(Visa or Mastercard)
to(613) 226-4651

UNUSUAL CRYSTALS
FROM
AROUND THE WORLD

CORUNDUM IS
OUR SPECIALTY!

GEM-FARE
P.O. Box 213
Pittstown, N J, 08867
Phone/Fax (908) 806-3339
REQUEST CRYSTAL LIST

LIMITED TIME OFFER

UNKNOWN IDENTIFICATION

[ODAY'S THE DAY

Stop Smoking

L]
Vﬁ.rrmicun Hear! Association

¢ 105 ¢

1Schooler’s

Minerals & Fossils
Ll i o I I e e
Choice Specimens for the
Collector and Museum

Shows Only
e e g . . g . .
Please Write with Specific Wants
Buying Single Specimens &
Collections

PN




Available
for the first time
one of the
finest mineral

books
ever written.

9" x12°

408 Pages

507 - Colored Mineral I‘hnhlgmph_«

Cost: $170.00 cloth bound
$250.00 Leather bound - Limited Edition
$ 8.00 Shipping & Handling in USA

e Order thru: SANCO PUBLISHING, SANCO LTD,,
PO Box 177, Appleton, W1 54912-0177
Phone (414) 739-1313; Fax (414) 734-4999
*AREA CODE AFTER JULY 1ST (920)

* Books will be available at
e MASTERCARD or VISA acceptable Springfield, Denver, and Tucson Gem & Mineral Shows

be. Toin s
Jan. 27- Arizona Mineral & Fossil Show

Feb. 16 (Executive Inn. Rm. 237)
ln apa o Feb. 13-15 Tucson Gem & Mineral Show
x (Convention Center)

Specializing in Russian and e Neﬁr::gl o g
Now Chinese Minerals. Mar. 15-16 Clifton New Jersey Gem
& Mineral
Apr Rochester Mineral Symposium
New Jersey Earth
Science Gem & Mineral
Mineral Fest ‘97"
Marlboro, New Jersey
East Coast Gem & Mineral Show
4 Colorado Mineral & Fossil Show
(Holiday Inn North, r. 210)
Franklin-Sterling Hill Gem & Mineral
Nassau Mineral Show

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

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

Photo by Jeff Scowil

¢ 106 ¢




C The Sunnywood
Collection

' custom mounted MINERALS & FOSSILS |

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

Custom Mounting Available!

See our
VIDEQO CATALOGS Tppp—— — ——
$7.50 eq. SPECIALIZING IN LTH:IA \LD SPECIMENS
(refundable with purchase) FROM COLOMBIA

VISIT OUR WEB SITE AT I”.0. BOX 6505 DENVER, CO 80206
e 303-388-7964 Fax 388-7965

THE SUNNYWOOD COLLECTION hitp://www.emeralds.com
12068 E. Amherst Place
Aurora, Colorado 80014
tel/fax 303-368-7497
E-mail: minerals@sunnywood.com

77 iz e .o

Spectacular Rbodocbrosites
Call and ask about recent mining discoveries

Frank & Eleanor Smith

Classic Mineral Specimens

P.O. Box 2256 ® McKinney, Texas
75070 e [Dallas Area)
(972) 529-1080 # Fax: (214) 529-1140

Now on the Internet '
Please visit Peerless Minerals @A N @, jILL (M/ -
Rocks 2 GO Home 'I'aﬁf . . . EINRI(; H
http://www.rocksZgo.com Dealers in Fine Mineral Specimens * Free Quarterly Catalogs
‘L-maui. ',‘:IH'k."l'[f”ﬁ_l.‘['i.'_\:[;ﬂ_;,ﬂm 16216 Copperwood Lane ® Grover, MO 63040 (5t. Lowis a

Wreid )

Fel: 314-230-8323 = Fax: 314-256-6540) = e-mail: WEINRC Hie AOL.COM




¥ i i i i C
Limited Edition! a0

of a Valuable Reference Work

SPECIAL
HARDCOVER

LEATHER-BOUND
EDITION

0l this issue

is available from

the Circulation Manager
WHILE SUPPLY LASTS

$49 plus $1 postage (U.S. & Can.)
(fore I_Ul orders add $1

Order {from
The l\/ﬁm‘r'alogiccﬂ Record

PO. Box 35565 = Tucson. Arizona 85740

WW@ AVAVA VA VA YAV

Crystal Clear.

The Meiji EM Series of Modular Stereol {51 A3

If you are looking for precision, durability, quality and value in a ”
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.

MMEIJI
TECHNO

MEIJI TECHNO AMERICA

2186 Bering Drive, San Jose, CA 95131, Toll Free Telephone: 800.832.0060
FAX: 408.428.0472, Tel: 408.428.9654




22nd LYON Mineral & Fossil Show!

— p—

“A WEEK
BEFORE MUNICH"

. |

(100 Dealers)

1 _ES[;{( e Teted'Or
103 bd. Stalingrad

November 14-15-16, 1997 | |
691 {H_} \f-"lllvurhanm*

1
=

H
|
I

1
—

Contact: ASEM (L’Association Sud-Est Minéralogique)
Mr. Laverriere, 9 bis rue du Colombia, 69380 Chazay-d’Azergues, France
Tel: 04-78-43-11-28 Fax: 04-72-54-02-23

Ly Ly Ly Ly Ly Ly Ly Ly Ky KLy KKy Ky

998 MINER AL CALENDAR | IITITNE [N

Beautiful mineral specimens .

from many of the great American .
VAmmun Heart Association }

Museums. All proceeds will

be used in support of MSA

educational programs.

Order from:

Mineralogical Society of America

1015 Eighteenth Street, NW, Suite 601
Washington, DC 20036-5274 USA

Phone: (202) 7754344 Fax: (202) 7750018

T :'IP'-I: Hix

g, twelve .
1 s 'l‘"‘-\. ;-1 s -I' " & A W
ages. $12.0C

MSA Mineral Calendar:

" x 1e " closed, twelve 9" x 11

~ For Sale
RARE Species COLLECTION

NEW
MINERALS

WORLD DIRECTORY
OF

MINERAL
COLLECTIONS

Becks for Ceollectors
[ ‘ \ e T

=3
l0ssarv of

MINERAL
SPECIES

1990-1994 ‘ 19(}5

|

\ > INTERNATIONAL
- MINERALOGICAL
ASSOCIATION

by Fleischer & Mandarino
Basic informanion on
all 3,521 vahd minerals
288 pages, S18 + 52 posl

by Clopton & Wilson
Detailed index 10 the

by the LML.A,
Basic information on
444 mineral museums.
293 pages, $16 + 52 post

by J. A. Mandarino
Detailed abstracts on 219
new mineral species.
224 pages, $20 + 52 post.
(sottcover)

S 2T CARD

ORDER!
. S20-544-40815

el

complete run of Min. Reg
112 pages, $25 + 52 posi

(hardcover) ( softcover) (hardcover)

The Mineralogical Record
P.O. Box 35565 ® Tucson, Arizona 85740




2-inch Dioptase Crystals Excite Collectors!
So does our Video Catalog!

Flmwouod, Tennessee

Mot

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 Accepted 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 FEL: 61-3-9314-9612 | |
FAX: 619-534-8180 (attn. Rob) TEL: 03-9798-5845 FAX: 61-3-9315-1819 | ,LUSHGJ;‘% |
Email:lavinsky@jeeves.ucsd.edu FAX: 03-9798-2873 e

S |

I
J




Now on The Web at the FABRE MINERALS Home Page!

FABRE MINERALS e ollcctjng

dl X h"‘l”n—'!--
Jordi Fabre -

Show

ol

C/Arc de Sant Marti 79 Local
Personalized itinerary according
08032-BARCELONA (SPAIN) tn;mhl:‘:g[:“r ing

T (3) 4504478 - Fax (3) 4504745 ;. =~ R\ S “;ﬁdm_
: - per day, all inclusive,
et | rucso on ditficulty of
access + level of hooury desired.

Internet , - .: ,‘ 5 [M E‘ﬂﬂt‘ﬂ]ﬁlh’\. '.'il"i_hiﬂlh.
http://www.fabre-minerals.com/index. html ph@:.mtm gems, foseils,

uch more
E-mail: enquiry@fabre-minerals.com

HArre>ITMZ—< MID>»D & MZ-—mT

kor Further [nfo+ Brochure ( ontact

Alfredo Petrow Richard [ale
Fax: 5914281784 Phone 591 -42-41979
Box: 1728 t Mail dalettho et
( ochabambe-Dolivia  ( ochabamba-Bolivia

Loo-hr% for Fine Specimens?
' Order Ow Mineral Video Todoy! |

Russell E. Behnke
Buying & Selling Gem
Crystals and Worldwide Classics

FREE PHOTOS

Will be sent in response to your Want List!

Pvromorphite, Les Farges, France

CALL (203) 235-5467 {1 %7 ‘ Video Catalog.
161 Sherman Avenue « Menden, Connecticut 06450-3352 Send SLSU for our Mineral .

b e —————— | Over one hour of top quality Minerals
from $75 to $25,000.

AAARAAAARAAAAAARARA AR AR RN AR

400 F/year Stuart & Donna Wilensky

’.0). Box 386 [H'F‘T MR, 203 Sullivan St
Wurtsboro, NY 12790
Shop (914) 888-4411 » Home (914) 695-1550
Fax (914) B88-28R0
E-MAIL Address: STUWIL@2AOL.COM

A New Magazine abom See us on the WEB at |'1.H|* members.aol.com
. stuwil /pagel.htm
Mineralogy, Geology & Paleontology | wid s

EDIMONS DU PIAT « Tel/Fax: 33-471-66-54-67

| bis. rue de Piat. F-43120 « Monistrol/Loire. France
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Geology and Meteorite
Museums
University of New Mexico

Curators: Gary Smuth (Geology)
Adrian Brearley (Meteorites
Tel: (505) 277-4204

Dept. of Earth & Planetary Sciences

Northrop Hall, Umv. of New Mexico

Albuquerque, NM 87131

i{:'lllr'-' -4 .".1 I‘ IL'IU\L‘LJI on Hu._'|"|1'n.r|
hohdavys)

Specialties: Worldwide munerals and
meteorites, New Mexico fossils,

Harding Pegmatte Mine Collection

New Mexico Museum of
Natural History & Science

Chiet of Collections: Suzanne Cowan

Geosa. Coll. Mgr.: Ruby Wilhamson
Tel: (5035) 841-2800)
Fax: (505) 841-2866

1801 Mountain Road N'W

Albuquerque, NM 87104

Hours: 9-5 Daily except
non-hohday Mons., Sept.-Jan

Specaialties: Southwestern fossils and
munerals

Accessible to persons with disabihties

Colburn Gem &

Mineral Museum
R ebec
Curator: Susan Granados
fel: (704) 254-7162
Fax: (704) 251-5652
Pack Place Educanon.
Arts & Science Center
2 South Pack Square
Asheville, NC 28801
10=5 Tues.—Sat. (all vear):
1-5 Sun. (June-Oct

Executive Director a Lamb

Hours

Closed Mondavs and hohdavs

Specialnes: North Carolina and
worldwide minerals and gems
Accessible to persons with disabihities

Museums listed alphabetically by ary

Montana Tech

Mineral Museum
Curator: Richard Berg
Adjunct Curator: Lester . Zethen
Iel: (406) 496-4414
¢/0 Montana IL_'- li
Butte, MT 59701
Hours: 85 daily June-Labor Day;

M-F & Sun. afternoons
Labor Dav-May

qjt*HI

Specialties: Montana & Idaho minerals:

svsiemancs

Harvard Mineralogical

Museum
Curators: Dr. Carl A. Francis
Willhlam Metropolis
Iel: (617) 495
24 Oxtord Street
Cambridge, Mass. 02138
Hours: 9-4:30 M-Sat.: 1|
Specialties: Systematic
Mineral Collecuon

4758

4:30) Sun

William Weinman

Mineral Museum
Asst. Curator: Doug Gravely
Yel- (7700 386-(0576
51 Mineral Museum Dr
White, GA 30184
1O=4: 50 Tues.—Sat
Specialty: Georgia &

Hours

worldwide munerals & tossils

Western Museum of
Mining & Industry

Curator: Terrv A. Girouard
Tel: (719) 495-2182
[elnet pac.ppld.ord (Library Cat
Ihr. of Educ.: Eric L. Clements
lel/Fax: (719) 488-088()
1025 North Gate Road
Colorado Springs, CO 50921
Hours: 94 M-Sat.. (12-4 Sun.,
June—Sept. only). closed hohdays

Specialties: Colorado munerals & ores,

Western mumng equip. &

memorabiha, 11.(000-vol. research

hibrary

-3 Sun

Denver Museum of
Natural History

Curator of Geology: Jack A. Murphy
Tel: (303) 370-6445

Dept. of Earth Sciences

20001 Colorado Blvd

Denver, CO 80205

Hours: 9-5 daily

Hpv~LﬂHv~ Colorado minerals

Geology Museum
Colorado School of Mines

Curator: Virgima A. Mast
Tel: (3003) 273-3823%
Golden, Colorado 80401
9—4 M-Sat., 14 Sun
closed on school hohidavs &

Hours

Sundays in the summer
Specialues: Worldwide minerals;
Colorado mining & munerals

A. E. Seaman
Mineralogical Museum

C urator !t‘:]tIL'Ti]n;:'-.
George W. Robinson
Adunct Curator: r. John A
lel: (906) 487-2572
Michigan Technological Unn
Houghton, Michigan 49931
Hours: 9-4:30 M-}
Specialey: Michigan munerals

laszczak

coppet

minerals & worldwide mainerals

Houston Museum of
Natural Science

Curator (muneralogv): loel Bartsch
Tel: (713) 639-4673
Fax: (713) 323-4125
| Herman Carcle Drive
Houston, Texas
l'i!"L'JT'\ -6 .'ﬁ.'l '"'\.ii. !. :.' {1

Specialny

T ¥
Sun
Finest or near-finest

KNnown specimens




I'HE MUSEUM. DIRECTORY

Grandfather Mountain

Nature Museum
Curator: Jack Hanahan
Tel: (704) 825-2125
T04) 675-4879
Manager: Winston Church
Tel: (704) 733-1059
PO. Box 129
Linville, NC 28646
Hours: 8-5 daily (winter)
86 daily (summer)
Specialies: No. Carolina munerals,
birds, wildflowers, mushrooms,
amimals

Natural History Museum
of Los Angeles County

Curator (mineralogy
Dr. Anthony R. Kampt
Collections Manager
Dorothy L. Ettensohn
Tel: (213) 744-3328
900 Expositon Blvd
Los Angeles, CA 90007
Hours: 10—4:45 Tues.—Sun
Specialues: Cahf. & worldwide
minerals, gold, gem crystals,
coli wred gemstones
Support organization
The Gem and Mineral Council
Website: http://nhm.org/ ~gmc

University of Delaware
Mineralogical Museum

Curator: Dr. Peter B. Leavens
Tel: (302) 831-8106
E-Mail

PBL@BRAHMS.UDEL.EDU

Department of Geology
University of Delaware
Newark, DE 19716

Hours: 8:30-4:30 M-}
Specialty: Worldwide minerals

Carnegie Museum of
Natural History

Collecnon Manager: Marc L. Wilson

lel: (412) 622-3391
4400 Forbes Avenue
Pittsburgh, PA 15213
Hours: 10-5 Tues.—Sat.,
10-9 F, 1-5 Sun.,
closed Mon. & hohdays

Specialty: Worldwide minerals & gems

Musée de géologie
de I"Universite Laval
Curator: André Leévesque
lel: (418) 656-2193
E-mail: alevesqui@ggl ulaval.ca
Fax: (418) 656-7339
[ﬁ'trlﬂ'!:‘r. |}t‘;‘l . 4th tloor
Adrien-Pouhot Building
Québec, Que., Canada GIK 7P4
Hours: 8:30-5 M-I
Specialties: Quebec and worldwide

minerals and fossils: Miguasha hshes

Museum of Geology

Dhrector: Philip R. Bjork

Tel: (6005 394-2467
South Dakota School of

Mines & Te« }'IHL‘|-"'_;!"-
501 l St _Ihr\&‘}‘h Street
Rapid City, SD 57701-3995
Hours: 8-5 M-F, 94 Sat., 1-4 Sun
Specialty: Black Hills minerals,

L"\.r" pt‘;_[ﬂ]l?:{;'x

New Mexico Bureau of

Mines & Mineral Resources—

Mineral Museum

Director: Dr. Virgnl W. Lueth
Tel: (505) 835-5140
E-Mail: vwluethi@nmt.edu
Fax: (505) 835-6333%

Assistant Curator: Lynn Hewzler
Tel: (505) 835-5166

New Mexico Tech

801 Lerov Place

Socorro, NM 87801

Hours: 8-5 M-F 10-3 Sat., Sun

Specialties: New Mexico minerals,

miming artifacts, worldwide munerals

Penn State Earth &

Mineral Sciences Museum

Curator: Andrew Sicree
Iel:- (R14) B65-6427

Sterdle Buillding

Unmiversity Park

State College, PA 16802

Hours: 9-5 M-F & by Appt

closed hohdavs

Specialties: Mineral properties
exhibats; “velvet” malachite: old
Penna. minerals, miming art

Additional listings welcome!

Send vital information. as shown. to the editor. There 1s .

Arizona-Sonora

Desert Museum

Curator: David W. Thaver

Mineralogist: Anna M. Domatrovi
Tel: (S20)) 883-1 384
Fax: (520) BB3-25(x)

2021 N. Kinney Road

Tucson, AZ 85743-891%

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

7:30-6 Daly (Mar.-Aug
k'n'.!‘*L-.:li[‘-. Arizona muinerals

Marshall Mint & Museum
Curator: Hugh Rov Marshall
Tel: (702) B47-0777
Fax: (702) 847-9543
PO Box 447 (96 N. C St
Virginia City, NV 89440
Hours: 9-5 seven davs
'\:‘. |-{1 precious

metals specimens

\"I": Clalties

Europe

Mineralogical Museum
School of Mines, Paris

Curator: Lvdie Touret

Tel 311) 140-51-9143

Fax: (31) 146-34-2596
E-mail: touret@musee.ensmp.fr
6l), Boulevard St. Michel
F-75272 Paris, Cedex 06, Franc
Hours: 2-6 Tue.—Fn

10-12, 2-5 Sai

Specialnes: Worldwide maneral

“type  specimens, one of the best

Wi :Lt'-.‘- ‘.-.il sVSLCIMatu ollections

Giazotto Mineralogical

Museum
Curator: Adalberto Giazotto
Tel: 39-50-501587
Lungarno Gambacort: Y
Pisa, Italy
Hours: by Appomntment
Spe 1aley: ltalilan and Worldwide

Minerans

modest annual fee (lower than our regular advertising rates




/" WASHINGTON, DC AREA
. BUYING & SELLING GREAT MINERALS Handbo Ok Of
AT SHOWS. BY APPOINTMENT IN
VIRGINIA, AND BY MAIL (NO LISTS) MIN E RA L O
. PROMPT RESPONSE TO INQUIRIES! ( ; .

C. CARTER RICH Anthony * Bideaux +« Bladh « Nichols

—FINE MINERALS—

« SEE ME IN SYRACUSE, NY, SPRING- Prepaid VOLUME I—Elements, Sulfides, Sulfosalts
FIELD MA, AND DENVER AT THE H.I lll'llt'!"\ -u-‘HH }_}“}!‘t.\‘ 'S"H} . Sf} \hli,l}”]g {\' }lil”f”i”g
« | AM LOOKING FOR COLLECTIONS onlv.
TO PURCHASE FOR CASH! Credint

|  POBOX#69 .' cards not  VOLUME II—Silica and Silicates
\(ALDIE, VA 20105 (703) 327-6373 / accepted. 904 pages (bound in two parts), $135 +

$7.50 shipping & handling (surface mail)

(surface mail)

MINERAL DATA PUBLISHING
P.O. Box 37072, Tucson, Arizona 85740 USA
Richard A. Bideaux, General Partner (520) 297-4862
FAX: (520) 297-6330

P.O. Box 6214
Rome, Georqgia 30162-6214 Ed R
Tel: 706-291-4618 Ogers
E-mail: Jendon6214@AO0L.COM Rare & Out
of Print Books

Catalogs issued (719) 539-4113
r 8 on mineralogy, Fax 539-4542
gemology, mining, Send or fax us
meteoritics, your want lists.
paleontology e-mail:
& exploration erogers@liynx.sni.net

PO Box 455 - Poncha Springs, CO 81242 USA

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

EXCALIBUR MINERAL COMPANY
ALTHOR PRODUCTS 1000 North Division Street - Peekskill, NY 10566-1830

Tel: (914) 739-1134 Fax: (914) 739-1257
www.bestweb.net/~excalmin

HAWTHORNEDEN

FINE MINERAL SPECIMENS
Thumbnail to Cabinet Size

WANTED TO PURCHASE—OLD COLLECTIONS

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

Three miles south of Bancroft, Ontanio, on the West side of Hwy. 62

Wendy & Frank Melanson
L Amable, Ontanno KOL2L0
Tel: (613) 332-1032 « FAX: (613) 332-0585




BUY-SELL-TRADE

OPEN BY APPOINTMENT

Ross C. Lillie
7249 Woodlore Dr.
W. Bloomfield, M| 48323 = Tel./Fax: (81

FINE MINERAL SPECIMENS

35 MINUTES FROM DETROIT AIRPORT

NORTH STAR MINERALS

SPECIALIZING IN THE MISSISSIPPI VALLEY-TYPE
DEPOSITS OF SOUTHERN ILLINOIS

Michigan

0) 926-9929 —

NATIONAL MINERALS

Your prime source for TOP QUALITY
aesthetic ZEOLITES and Bulk Material
By the Piece, Flat or Kilo
Competitive Prices, Excellent Service
FAX/Mail requirements to
NATIONAL MINERALS, G3/7 Sunder Nagar
Malad (W), Bombay-400064, INDIA
| 81 874-9984, 872-6874. Fax: 91-22-873-6161 .o

...L“t...

Ji-'

july 12-13 Culver City, CA

July 19-20 Colorado Springs, CO
New Carrollton, MD

San Francisco, CA

.\ulﬂ -
Aug
Springfield, MA

Denver, CO
Holiday Inn rm. 241
DEALERS ONLY

Houston, TX

OLD & RARE BOOKS

GEMOLOGY. MINERALOGY
ECONOMIC GEOLOGY, MINING HISTORY
Catalogue $2

Frederick Blake
* Bookseller «
|1 Oakway Drive

Stony Brook, NY 11790
(516) 689-3754

z 516) 689- R

MICROS Only

Fine Microminerals for Hn
Discrirminating Collector
SATIS "l.f TION GUARANTEED
FREE general & advanced collector lists

. . A

SIMKEV MINERALS

Rodney V. Lee
79 Pine Street S5o., Linit
Port Hope, Ontano, Canada L1A 3G
FAX: (905) 885-1161
TEL: (905) 885-54E13

Rare Species?
Common

Minerals?

{Jur customers say:  Quality matenal,
accurate labels, excellent wrapping.” Find
out why! $2 brings 20 pages of listings,
$3 puts you on our mailing list for a year

‘Minerals Unlimited

PO. BOX R77-MR

RIDGECREST, CALIF. 93556-0877

e

¢
Exquisite = Unique

fossil shows around the world.
INDIA
K. C. Pandey Managing Dir

Shyam Castle, Brahmgiri Nashik Road
Nashik, India 422 101

Fax: 91-253-564598
E-mail: superb@giasbm01.vsnl.net.in

([ N
"uL -/
BN (AL 2

“ -tl!’!‘"

Tel: 91-253-566227 also 91-253-566237

-
¥4+ Rare » Aesthetic

EXPORTERS OF INDIAN GEOLOGICAL SPECIMENS

SUPERB MINERALS
(INDIA) PVT. LTD.

Your direct source from Indian Quarries and Mines. Any Quantities,
Any Sizes (Museum Specialists). Look for us at top mineral and

SHOWS IN USA

(1) Springfield, Aug. 7-10
(2) Denver Holiday Inn
Rm. 225, Sept. 10-14
(3) Greater Denver Gem
& Mineral Show, Sept. 12-14

-

We Operate Around the Clock -

Iit's Team Spirit!

J

J WEST COAST
ENTERPRISES

Worldwide Service, Lowest Prices

Common & Rare Species and Unusual Specimens
Micromounts to Museum Sizes

Locality Species (Franklin, Tsumeb, Laurium, etc.)
We Buy Your Surplus items

SEND US YOUR WANT LISTS!

WRITE FOR MONTHLY CATALOG!
36273 Exeter Court, Newark, California 94560, US.A.




WRIGHTS

Fine Mineral Specimens!
‘We Buy Collections!

Rock
SHOP

1997 SHOWS

Raleigh. NC Apt. 4-6 Denver, CO
Westhield. NJ (NJES

Show) Apr. 26-27
springfield, MA

Aug. 8-10 | Jackson, MS (National
Show) Oct. 17-19

3612 ALBERT PIKE, HOT SPRINGS, AR 71913 « Tel: (501) 767-4800

Monteregian Minerals
rare species ¢ microminerals

i Mont Saint-Hilar

Lt § It i [ I
P.O. Box 53077, Dorval, Québec
H%S 5W4 CANADA

G. Carlo

‘Friovavant:

mineralogist

Wurtzile Carrara

1920 Via Pie di Marmo
Rome. Italy
Hours: 10-1 and 57 Mon.-5Sat
T e e T —————————— R e -
Phone: O6-678060GT
T — e —————— e
NO MAIL ORDERS PLEASE

See us al the Munich Show, =2 410

Nunlephtupik
Ancient Inca God of
Collecting Luck

caosel

GEMS AND MINERALS

1202 Perion Drive
Belen, New Mexico 87002
505-864-2145

|| 1-year subscription to our mineral listings: $1

Now expanded to 100 Specimens
for Video Volume 8 in March!

FAl

SECAM
FORMAT

CALI
0r
WRITE
FOR
INHD

FINE MINERALS

on our Full-Length COLOR VIDEO
$10 postpaid in the U.S.
Subscriptions available

SATISFACTION GUARANTEED!

“An excellent video of specimens for
sale. The photographic quality is among
the best I've seen.” (Wendell Wilson)

I.C. MINERALS = PO. Box 1376
Goldenrod, FL 32733-1376
Tel. & Fax: 407-695-7299
Email: ICMIN@AOL.com

200 mmutes from downtown Orlando

i' Nikhil Gems

SIRHIL GEMYS 1019 Darvve-Vishel - 47 8L Sepranses Road, Viamba S
DA Tel: 9120602000 & %7000 F AN 9001004 & MR-9T7

@Tysons’ Minerals

fine mineral specimens

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

(403) 452-5357
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Oceanside

gem imports, inc.
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New Carrollton, MD (Ramada Hotel) Aug.1-3
W. Springfield, MA (Eastern St. Expo) Aug. 8-10
Denver, CO (Merchandise Mart) Sept. 12-14 ADVENTURE
MINERAL CO.

Minerals

Mountain Minerals International

P.O. Box 302 e Louisville, Colorado 80027-0302
Tel./FAX: (303) 664-1009

From Michigan’s
Copper Country

Lists Issued’

- O~

Box 716 « Launium, Michigan 49913
(906) 337-2634

" ACRYLIC DISPLAY CASES [+

WITH WALNUT BASES
HxWxD
4x4x4" $13.75ea Other sizes available, plus

4x6x4" $1595ea i Supplier of MFF-Line Fi
ass domes. Ask for a list uppher o ine Flats
Bx6x6" $1795 ea 9 # Perfect Fit*, Cotton Filled

Setup, Foldup, Perky
Collection & Display Boxes for
Rocks, Minerals and Fossils
—Send three stamps for complete catalog— Call or Write for a Free Price List

DAVID SHANNON MINERALS | Phone (303) 428-8771

6649 E. RUSTIC DR. MESA, AZ 85215 (602) 985-0557 Phone/Fax Fax (303) 428-8773
8890 N. Federal Bivd., 52-D
Denver, CO 80221
Order Desk 1-800-762-5639

Wholesale only 1o the trade piease have your tax # ready

Over 1,000 Mineral Listings plus Boxes & Supplies

{ AWRENCE H. CONKLIN _
Mineralogist WILLIS' EARTH
TREASURES |

s Franklhin Huorescent Mineral
o ln Fine Mineral 'NI'H- T IR L
'y r=1||'|_1| | |J|.!'| i Vaawa

can substitute for the personal | [sumeb Specimens

RBook Trimmers

examination of a mineral specimen. | Rhodochrosite, Argentina

Malachite, Jawe, Alnica

Hundreds of fine examples await |l Willis' Earth Treasures |

309 Prospect Street

your inspection the next time you | onihisns - ripee:h
visit New York. | (908) 859-0643

Gallery-showroom | Lawrence H. Conklin | * Blue Sky Mining
hours 10 to 5 2 West 46th Street Ask to receive JON. Fudend Bhd. 8
Mondays-Fridays New York, NY 10036 my free lists | ook e

No appointment which are now

necessary. 212-382-0304 __J: published regularly
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Vol 1, No 1, Mineralogical Record, Spring 1970

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

* Compiling and publishing information on mineral localities,
and important mineral collections.

Encouraging improved educational use of mineral specimens,
collections, and localities.

Support a semi-professional journal of high excellence and
interest designed to appeal to mineral amateurs and
professionals, through which FM activities may be circulated

Operating informally in behalf of minerals, mineral
collecting, and descnptive mineralogy, with voluntary support
by members

The Mineralogical Record has agreed to an affiliation with the
Frniends of Mineralogy whereby it will publish its written
matenal and news of its acuivities. The Friends of Mineralogy
will support the Mineralogical Record, since the aims of both
are similarly educational and directed toward better
coordination of the interest and efforts of amateurs and
professionals

Chapter News:

Colorado Chapter: Order Now!! Minerals of Colorado,
prepublication price, $90.00 + $3.00 shipping: CO residents add
$6.48 tax. Check or Credit Card # and Exp Date with name,
address and phone to: Friends of Mineralogy—Colorado
Chapter, P.O. Box 11005, DENVER, CO 8021 1-0005

Great Basin Chapter: For information contact: Steve Scott,
5690 Park Street, Las Vegas, NV 89129

Midviest Chapter: For information contact: Dr. Henry
Barwood, Indiana Geological Survey, 611 N. Walnut Grove,
S5-409-A, Bloomington, IN 47405

Pacific Northwest Chapter: 1997 Mineralogical Symposium
for information contact Wes Gannaway, 1604 Brookwood Dr.,
Ferndale, WA 98248

Pennsylvania Chapter: Mineralogical Symposium and field
trip, West Chester University, PA: Oct. 24-26, 1997.
Information contact: Roland Bounds, 215 Stamford Dr.,
Newark, DE 19711

Southern California Chapter: For information contact:
Garth Bricker, 410 E. Elder St., Fallbrook, CA 92028

Co-Sponsor, with the Tucson Gem & Mineral Society and the
Mineralogical Society of America, of the Annual Tucson
Mineralogical Symposia.

W Li P . :
1997 Contest Theme: Fluorite

Categories: Juniors, Amateur Adults, Professionals, Digital or
Computer Enhanced Photography.

RULES:
* Matted 8 x 10 print. Matt must be 11" by 14”.

&

The photo must be related to the contest theme, FLUORITE

* Each photo must have caption with locality, scale,

photographer, and other information submitter deems
relevant.

Photos will be displayed at the 1998 Tucson Gem & Mineral
Show, for public vote.

All submitted photos become the property of FM. Copyright
will be retained by photographer, but FM will have royalty-
free use.

A non-monetary award will be presented to winners in the
Junior and Amateur categories.

Contest deadline: November 1, 1997

Mail submittal to:

Dr. Karen Wenrich, P.O. Box 5054, Golden, CO 80401

1997 Officers:

President:

Beau Gordon, P.O. Box 6214, Rome, GA 30162-6214

(706) 235-9121 e-mail: jendon62 14@aol.com
Vice-President:

Nelson Shaffer, 530 Cabot Ct., Bloomington, IN 47408
(812) 855-2687 e-mail: shaffem@ indiana.edu

Secretary:

Mike Howard, 3815 W. Roosevelt Rd., Little Rock, AR 72204
(501) 296-1877 e-mail: JMichaelH@ 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 B0123-4315

Treasurer:

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

Newsletter Editor:
Credo Schwab, 4701 W. San Rafael St., Tampa, FL 33629

¢ 118 ¢




SERVICES

COLLECTIONS PURCHASED

Need cash? We will visit and evaluate your collection,
or any part you wish to sell. CASH PAID!

* COLLECTION RESTORATION

Professsional curatorial care for specimens in public and private
collections—cleaning, preservation, preparation, restoration.

* APPRAISAL SERVICE

Need to know the value of your specimens in the current

market? We can furnish an accurate appraisal.

$

estern

Mr inerals
+t

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

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

Mineralogical Record Inc.
Board of Directors

Volunteer Coordinators
Eastern U.S.

Circulation Netheriands

Thomas M. Gressman (Pres.)
7753 Emerald Peak
Littleton, CO 80127

Marshall Sussman (Vice Pres )
618 Hartrey
Evanston, IL 60202

Patricia A. Carlon (Secr.)
1110 E. Emerson
Bloomington, IL 61701

An Soregarol (Treas.)

1376 W. 26th Ave
Vancouver, BC V6H 2B1

Anthony R. Kampf
Mineral. Section,

Natural History Museum
900 Exposition Bivd
Los Angeles, CA 90007

Mary Lynn Michela
7413 N. Mowry Place
Tucson, AZ B5741

George W. Robinson
Seaman Mineral Museum, MTU
1400 Townsend Drive
Houghton, MI 49931-1295

Abraham Rosenzweig
P.O. Box 16187
Temple Terrace, FL 33617

Terry C. Wallace
Dept. of Geosciences
Univ. of Arizona
Tucson, AZ B5721

Wendell E. Wilson
4631 Paseo Tubutama
Tucson, AZ 85750

Charles & Marcelle Weber
1172 West Lake Ave
Guiltord, CT 06437

Advertising Information
All advertising in the
Mineralogical Record must be
paid in advance of the closing
date. Telephone orders not
accepted. Write 1o the edior for
rates

Closing dates:
Jan -Feb. i1ssue Oct. 15
March-Apnl 1ssue Dec. 15
May-June issue Feb. 15
July-Aug. issue April 15
Sept.-Oct. issue June 15
Nov . -Dec. issue Aug. 15

An additonal 20 days past the

closing date are allowed n which

advertisers may make changes
(excluding size changes) in ads
already paid for

n
Wendell E. Wilson
Graphic Production
Capitol Communications
Crofton, MD

Printing
Cadmus Journal Services
Easton, MD

Color Separations
Holks Phototechnics
Tucson, AZ

P.O. Box 35565
Tucson, AZ 85740
520-297-6709
Editing, advertising
4631 Paseo Tubutama
Tucson, AZ 85750
520-299-5274

Foreign Payments
Hemittance may be made n loca
currency, at prevaiing exchange
rates, without surcharge. to the
’rgli[:rﬂrr‘lg peopie

Belgium
Paul Van Hee
Marnale: 43
B-2900 Schoten

Canada
Mrs. J. W. Peat
36 Deepwood Crescent
Don Mills. Ontano M3C 1NB

Great Britain
Paul Lowe
Endsleigh
50 Danell Road
Truro,. Cormwall TR1 2DA

Maly
Renato & Adnana Pagano
P.O. Box 37
I-20092 Cinisello Balsamo MI

Japan
Bon Earth Sciences
Tsukasa Kikuchi
Nagata Bidg. 201
19-10 Kitaotsuka 2-chome
Toshima, Tokyo 170

W J R Kwak
Kabeljauwallee 23
6865 BL Doorwerth (Gid)

Norway & Sweden
Gerr Wik
N-2740 Roa
MNorway

South Africa
Horst Windisch
30 Van Wouw Street
Groenkioo!, Prelona

Germany
Chnstian Wese Verlag
Oberanger 6
D-80331 Munchen 2

Affiliated with the Friends ol
Mineralogy, an independent
non-profit organization
devoted 10 furthenng amateur
and professional interests in
mineralogy For membership
ntormathon contact
Roland Bounds, Treasurer
315 Stamford Drive

Newark, DE 19711-2723

Opinions expressed
are those of the authors and
do not necessanly reflect
those of the Mineralogica
Record Inc_ . its editonal staff
or directors




collections.

All Kinds:

Seavching the world . . .

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

o Fine Display-Quality Mineral Specimens,
Rare Species, and Fluorescent Minerals:
Send for our lists of thumbnail, mimature, and
cabinet specimens. First quality mineral specimens for
collection and display, plus rare species for systematic
collecnon, reference, and research. Fluorescent
minerals are available for display and systemaric

Micromount and Specimen Boxes of

Boxes: Separate histings are available detailling prices
and sizes of micromount. Perky Boxes, plastic
magnifier boxes, white cotton-lined specimen boxes,
display stands, gem display boxes, paleomagnetic
sampling cubes, showcase boxes, white folding boxes,
display bases, etc.

Meteorites, Tektites, Moldavites,
Fulgurites, and Trinitite:
Specimens of all sizes for private collections and

institutional display, from worldwide localities. New
and used books also available.

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
books

Back Issues of the Mineralogical Record:
Ask for our listing of out-of-print issues currently in
stock. Send us vour want hist, if vou need back issues
to complete vour set. Send us vour offers, if vou have
back issues available for sale

Worldwide Mail Order Service:

For more than 35 vears, since 1959, we have been
all}"pl\'mg Minerals, Metcorites, 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—addresses are given below.

Price Laists:

Send very large SASE for price lists on anv of the
above subjects. Non-USA, send two International
Reply Coupons. OR . . Check out our new web
site on the internet to see price lists and color
photographs: http: //www.minresco.com

Mineralogical Research Co.

Eugene & Sharon Cisneros

15840 East Alta Vista Way, San Jose, California 95127-1737
e-mail: xtls@minresco.com ® PHONE: 408-923-6800 » FAX: 408-926-6015

Look for our booth at major Western U.S. Shows
A Duvision of the Nazca Corporation

Fr

rs Index

o W Y
Advertise

Adventure Mineral Company
Althor Products

Anzona Dealers

Barlow Boo

Behnke Russeall

Blake Fregenck

Biue Sky Mining

Caiforrua Dealers
Canadian Mineralog:st
Carousel Gems & Minerals
Collector's Edge

Colorado Dealers

Conkdin, Lawrence

Delta Bravo Minerais
Denver Box Company
Denver Show—Hohday Inn
De Trin Mineral Company
Excalibur Mineral Co
Fabre Minerals

Fioravanti, Gian-Carlo
Frends of Mineralogy
Gem Fare

Gemmary Books
Hawthorneden

|. C. Minarals
Jendon Minerals
K ristalie
Lavinsky. Roben
Le Minéral magazine
Lyon Show
Meyi Techno Microscopes
Mineral Data Publishing Co
Mineralogical Record
Advertising Intormation
Back Issues
Books for Collectors
Subscription Information
Mineralogical Research Co
Mineralogical Society of Amenca
Minerals Unlimited
Monteregian Minerais
Mountamn Minerals international
Museum Directory
Nanonal Minerals
Nkl Gems
North Star Minerals
Obodda. Herben
Oceanside Gem Imports

bl WL\

Pala Inernahbonal

Peerless Minerals

Petrov and Dale

Proctor. Keith

Queens University

Rich, C. Caner

Rocksmiths

Rogers, Ed

Schooler's Minerals & Fossils
Scortecci, P. B

Shannon, Dawid

Simkev Minerals

Springheld Show

Sunnywood Collection
Superb Minerals India
Tucson—Anz. Mineral & Fossil Show
Tucson Gem & Mineral Show
Tyson's Minerals

Weinnch Minerals

West Coast Enterprises
Western Minerals

Wilensky. Stuart & Donna
Wilhis Earth Treasures
Wnght's Rock Shop




ONE OF THE WORID’S PREMIER CRYSTAL COILLECTIONS

Featuring Gem Crvstals, Gold Specimens and Hundreds of Worldwide Classics
Hundreds ot Specimens Priced under $1,000. Write tor List
Order vour 96-mimute Video! (see below

Photo by
Harold & Enca
Vvan Pell

10

I \\lll l"ll ll{\\lll\(T around the country SNVINg P]’I‘a.lh' ‘-]‘IH‘J'.[‘I:H'N Of 1

collection. Please contact me so that 1 mav visit vou when | am i vour arca

1 B0

You can preview this collection with a 96-minute, professionally prepared video. This live-action presentation features
specimens, individually filmed, and 35 mine location photos to illustrate the history and workings of many great mine:s
crystal treasures. This unique, educational video graphically illustrates the
To order your video send $29.50 plus $2.50 postage

L
5 and their

OllacChiorn

12 crtena used to assembie this worig-class

The video offers an opportunity to see and study Procto

Dr. Wendell Wilson in his video review in M.R., Nov/Dec 1992
r'“.-'] on ¢

p. 504, says “The collector of aesthetic mineral specimens will
find much to savor in Keith Proctor's video catalog of his
collection It really delivers in terms of extraordinary
mineral images and specimen information and will stand for
many years to come as a histoncally valuable documentation
of one of the great private collections of our ime.’

KEITH PROCITOR

SS RAVEN HITISCOCOLR (O] ORADO SPRINGS COLORADO SR 1 slG e | F '8 -x |

exquisite specimens at leisure. Many are pictu
rf-""u'ﬂl"."!rlq furh?dbl“- I.'”D,“,Ir.”] '—1 cﬂdf'”_‘- |'_‘_|" flr-”. ;"'U'”::- r‘r-|1;._...--.|_ Y
be seen, and their three-dimensional shapes 10 be fully

realized, as reflechons play across crystal faces and gemmy

intenors
ever assembled.” Video Review: Nov/Dec 92

this really is one of the best private collection:




Cournuiline

Selling?

Pala International
pays cash for

* New Finds

* Collections

* Duplicates

e

Rl SHrmition!

912 South Live Oak Park Road * Fallbrook, California 92028 « 619-728-9121
800-854-1598 - FAX 619-728-5827
Photo by

Wilham F. Larson
_ Harold and Erica Visit our Showroom Monday—-Saturday 10-5:00 President
van Pell. Los Angeles
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