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It has been five years since the appearance of our first 1ssue on
the mines and minerals of Mexico (on Boleo in 1998). At that nme

we 1ssued a “call tor papers.  hoping that other authors would come

forward to help us continue the senes. Since that utme several

]"IIL"-']"'!I._' have indeed pros ided addinonal reviews of several famous

Mexican localines, and these will be published shortly. At the same

gL Lt

tume, it became clear to us that we could not rely entirely on those

papers that were gomng o come in on their own. so o speak. 1 we

were to produce a comprehensive senes. Therefore we began 1o

work on assembling several arucles in-house on topics which were
not the proprietary favorites of any potential author known to us

SNaturally, one of the foremost of all Mexacan localities that came
o mind was the Oquela mine, source of countless thousands of
. sall & . : & " ™ v t Balt » g PR
wondertul muneral \[‘tLI.HL.I\ | roduced dunne the laslt !..I!. centunry
w—y laanct cuinarficiall b srivtnaall v mineral I -
dand al 1easl SUJ ka|~.|\'.|-:\ Tamuhar ti IMUALNY EVETY IMINCEral ool ecion
in the world. Oddly enough. however
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Ice on this world-cla

obscure and unpublished. outdated. PhD

Hoffmann (1967) in the archives of the Univer

s0, Editor Tom Moore tackled the daunting tasl > has spared
eftort 1n '.{.:-LL.i‘.'-j_ down CVery scrap ol imiformaton P“HIH!HI
L.‘.]imi”:!a.".;ki_ irom ':"'Lafl'nli\. documents. mui | collectuions. photo
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archives and interviews, that could be |

| the Ojuela mine
and adjacent Mapimi deposits; and he spent several days investigat
ing and exploring the site, above and bel
present the resuit here, which 1s considerably larger than onginally
anticipated, thanks to the success of Tom s investigations, and to the
generous help provided to him by many people in the U.S. and
Mexico. In addition. Peter Megaw, our Guest Editor for this series of
special 1ssues and a specialist in the economuc geology of Mexico.
was kind enough to provide a review of the geology. The generous
financial assistance of Mr. Phulip Rust was also essential to making
this publication a reality, and we truly cannot thank him enough
Readers hungening for still more on the minerals of Mexico will

not have long to wait. Our very next i1ssue. for November

- i . Y Y |
eround. We are proud o

December, will be Mexico-1Il, covering a selection of several more
famous localines and thewr minerals (including Fresnillo, Las
Vigas, Los Lamentos, and others). In addition, the text for Mexico-
IV (covering Santa Eulaha. the long-awaited monograph by Peter
Megaw) is nearly finished, and we are now turning our attention to
plans for Mexico-V. This series will continue until we have covered
all of the most important locahties

Readers may be wondenng whether we intend to 1ssue these as
separate hardcover editions, and 1 am happy to announce that the
decision has now been made to do so, in a hmited edition of 300
copies each. In fact, against this possibility we set aside 300 copies
of Mexico-1I from 1998, which we have just had nicely hardbound,
as well as 300 copies of the current Mexico-1l issue, and of course
we will hardbind 300 copies ol Mexico-lll in a L't"liph.' of months
['hese three books will be priced at 550 each (plus 52 postage each

in the U.S., and 54 postage each to other countnes), and you may

order all three at this time (Mexico-1ll will be mailed to you
separately when 1t 1s ready in November). Furthermore, for all
buyvers of the three-book set, we will reserve a copy of each
subsequent hardbound Mexico 1ssue when it comes out, to make
sure that vour set will always remain complete. VISA and MC
orders are now being accepted while the supply lasts, by e-mal
(muinrec@aol.com or via our website server at www.minrec org).
FAX (520-544-0815) and regular mail (paid by check, credit card
or bank transter)

But now, as we said when Mexico-1 came out, 1t is ume to sit
back once again in that comfortable leather chair, prop vour silver-
studded boots up on the mesquite coftee table. sip your marganta
and enjoy another rare reading expenence. As the red dusk settles
over the quiet desert. you can hear the distant sounds of the miners’
pick-axes cutting the imonite gossans in search of pockets, and
also the faint tapping sound of us at our computer keyboards
documenting it all for vet another special issue. Until then, buena
fortuna in your personal search for fine Mexican minerals

Wendell E. Wilson







famous mineral localities
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The Ojuela fRine

JRapimi. Durango. J1exico

Thomas P. Moore
5755 E. River Rd. #820

lTucson. Anzona 85750

with a review of the Geology by
Peter K.M. Megaw
S800 N. Camino Escalante
lTucson, Anzona 83718

The Ojuela mine, well known among collectors worldwide, is probably
Mexico’s greatest mineral locality and surely its most beloved. Discovered by
the Spanish in 1598, the deposit was actively mined for 350 vears, but did not
come to the notice of mineralogists until W.F. Foshag's visit in 1927. Mineral
specimens in significant numbers did not appear until the discovery of a huge

adamite grotto by Dan Mayers and Francis Wise in 1946. The 117 species
now known from the deposit include the world’s finest adamite (in a gorgeous
array of colors and habits), legrandite, kottigite/parasymplesite, and
paradamite, as well as superb specimens of scorodite, hemimorphite,
plattnerite, aurichalcite, rosasite, fluorite, calcite, wulfenite and other species.
It is also the type locality for paradamite, lotharmeyerite ,metakottigite,
mapimite and ojuelaite, and the co-type locality for scrutinyite. Collecting
activity at the mine complex is now relatively small-scale, but good specimens
continue to be found sporadically.




I ntroduction
P————

Ihe Mapimi mining district consists of a scattering of small

mines to the east and south of the town of Mapimi (25°50° N
latitude, 104751 E longitude, in north-central Durango State), and
one central, great mine. Were it not for this extraordinary mine, the
Ojuela. the distnct would be of hittle sigmificance for the mineral
collector. The other mines, exploiing small deposits of fluorite,
celestine, apatite, and magnetite won ore, have produced few
noteworthy specimens. But the polymetallic deposit at the Ojuela
mine has proveén 1o be one of Mexico's greatest troves of lead,
copper and silver ore—and ol crystals ol secondary minerals for
the collector. Some 117 species are known from the Ojuela mine; it

1s the type locality for five of them (lotharmeverite, mapimite,

metakotgite, ojuelaite, paradamite) and the cotype locality for one

(sCrutinyite)

I'he Oyuela mine today 1s a labyrinth of over 450 kilometers of
underground workings within the Bufa de Mapimi. a limestone
thrust escarpment which begins rising about 2 km to the southeast
of Mapimi, then sweeps upwards, striking southeast, to a peak
called La Bufa. some 5 km from the town. Large-scale commercial

Figure I. The mountaintop ruins of the Ojuela
mine today. The famous suspension bridge is
maintained as a tourist attraction. Photo cour-
tesy of Peter Megaw.

ore mining at the Oyuela ceased in the mud- 1940°s, but the fame of
the mine as a specimen-producing locality has been growing,
thanks to the acuvities of a local miming cooperative, for the past 60
yCdrs

Some like to call the Ojuela mine “the Tsumeb of Mexico,”
which mvites some nteresting compansons. Both Tsumeb and
Ojuela are large mines, of immense economic importance in then
respective heydays. exploiting hydrothermal polymetallic ore de-
posits. The Tsumeb deposit. however, 1s geologically a single huge
pipe (of enigmatic genesis), whereas the Ojuela orebody is many
tumes more complex in its structure. The Tsumeb mine is only 100
years old, whereas the Ojuela mine 1s 400 vears old:; but Tsumeb
produced specimens for the collector market throughout s 100-
year history, while Ojuela has done so only during the last 60 years,
after ore mining had largely come to an end (we almost dare not
think of what extraordinary specimens the miners probably en-
countered and crushed as ore or discarded as waste lllll'm::: those
340+ years). Both localities are noted for their rare species, their
abundant specimens for the micromounter, and their world-class
examples of several major minerals. But the Tsumeb deposit, with

its simpler geology, exhibits more complex mineralogy: roughly




Figure 2. Recent view of the miners’ village, the
Roebling bridge, and the discovery hole (bot-
tom center), seen from South Camp, November
2002. T. Moore photo.

250 Tsumeb species are known, whereas Ojuela offers only half
that number. Around a dozen major Tsumeb species attain world's-
best status, and for Ojuela the number 1s hkewise about halt that
Nevertheless, the most revered of the classic specimens from both
localines are very beautiful and utterly distinctive. Expenenced
collectors today will have grown up regarding both localies as
familiar sources. and acquiring immense respect for both—so there
1s ample jusufication for thinking of the Ojuela mine as the
“Tsumeb™ of the Western Hemisphere

Bancroft (1984) lists three possible denvations of the name
“Ojuela™: perhaps the mine was named for a long-ago missionary,
one Don Pi.'uh'n q.in,' “HIL'i.l. |‘s.'lih1["-\ it was named lor a thrh'
[l"'\l.‘l]'lhllfi:._' the eye ol a needle (ojuela. “hitle k}L\-I1 visible at one
point on the mountain above the mine; or perhaps the name denives
from hojuela, an old Spanish mining term for argentiferous galena
of a leaty texture. The needle-eve hole near the peak of the Bufa de
Mapimi is clearly visible from a certain vantage along the road into
Mapimi, but, for what 1t 1s worth, the present miners seem sure that
the leaf-ore etymology is the correct explanation for the mine’s
name. Indeed it 1s easy enough to imagine the first cries
something hike “hojuela, hojuela! —at the first sight of a leafy

lead-gray metallic outcrop, when the first party of adventuring

Spamards rode their horses up the echoing, pristine canyon in

1598, the official year of discovery

Somehow the region encourages such fantasies. The approach to
Mapimi from the north runs through plains spotted modestly with
scrub vegetation (huizache, candelilla, sangre de dragon—"dragon’s
blood,” with vivid red excrescences t||“HI]}._T ||IE_‘i'|. IJI'}. thin stalks),
but no visible human habitation. Moody-looking rndges mark the
horizons around a vast flatland which, as even a roadside sign
respectfully notes, falls within a “Zone of Silence™ (this zone
extends from the Bolson de Mapimi to the Big Bend area of West

Figure 3. Headframe of the America Dos (Tiro
2) shaft, in the valley northwest of the miners’
village, November 2002. T. Moore photo.




Figure 5. America
Dos (Tiro 2) shaft
and miners’ shack M - : b
in the valley north-west RoZiX A/ IV IV TVI7ME
' oS-y

of the miners” village,
November 2002, . :
I. Moore photo.

fexas). Wild peyote grows on hillsides, and it 1s said that shamans
and medicine men are about; some locals believe that extraterres-
tnals secretly gather here, or that meteorites fall more often on
these brown pavement-wastes than in other places

At a point on the southern edge of this vaguely mystical Zone, the
town of Bermejillo hugs both sides of the road but does not extend
laterally: it is a weary double stnp of grocery stores, bars, hittle
restaurants, and bus stops, with trucks and great cargo vans parked
two-deep all the time (no doubt because the road 1s a toll-free
alternative to a main north-south highway). But there are past glones
that could be sung—the Battle of Bermejillo was a major victory for
Pancho Villa's revolution, and in the heyday of the Ojuela mine the
town was a busy railroad loading-point for ore and bullion

At Bermejillo a two-lane blacktop road, Mexico Route 30, turns
due west, then runs for 24 kilometers along the valley to Mapimi

Figure 4. Crossing
the Roebling bridge
to the miners’ village,
November 2002,

T. Moore photo.

A few kilometers to the south of the road. a silhouetted part of the
Bufa de Mapimi may be seen; it i1s known as “La India,” as 1t
resembles the profiled face of an Indian woman asleep. dreaming
into the sky: and the miners give firm assurances that certain
patterns of ancient raindrops preserved on a shelt of limestone
beyond La India’s headdress are the footprints of one or more of
her lost and wandering children. Less romantically inclined visitors
might notice instead the many chicken-farm buildings strung all
along the valley for many kilometers on both sides of Mapimi. A
substantial percentage of all the frozen chickens processed and
packaged for Mexicans and Norte Americanos alike by the Tyson's
Company are raised here. When things are slow n the mine, some
miners get part-time jobs slinging live chickens by the handful (one
pair of chicken legs between each pair of abrading fingers) into
sacks, and soon the chickens are poured into cages, and these cages




Figure 6. Former Mapimi
dance hall, now being used as a
storage facility for recently
mined mineral specimens.

The gold-painted bust in the
foreground depicts Mexican
Revolutionary hero Pancho
Villa. November 2002;

T. Moore photo. |

are to be seen stacked 'lL‘H-u!I..'L‘P on flatbeds of the chicken trucks
that seem dlr‘k"-.l_'k‘\ o be plving the Bermejillo road

A few Kilometers betore the outskirts and Innging palm trees of
Mapimi (the ruins of the old ore smelter are seen off 1o the right in
the middle distance), a sign marks the turnoft for the Ojuela
Bridge: the great structure built in 1895 by John Roebling, Inc..
New York, which was for a while the second longest suspension

bridge in the world. At the road imtersection. two colorful rock

shops wait hopetully for tounsts. and a man stands ready to lift a
After
cobblestoned surface ht‘:_‘.'l'l‘-u. and the road s jJrLH.tL‘ increases: this 1s

a short distance a

gate to give access to the bridge road
the former bed of the cog railroad which ran for 4 Kilometers from
the valley to the upland. where the major mine workings were, and
where the mine workers lived

A

slope nsing on one side of the clearing bears a few scattered adobe-

Al the crest of the cobblestone road a wide clearing opens

*+Y e

Figure 7. Adamite specimens
just collected from the San
Judas chimney and ready for
sale at the Mapimi storage
facility, November 2002.

T. Moore photo.

and-woodbeam ruins: the “"management™ part of the old miners’
compound

0l
families once hived, in a village which, at its peak, held over 5,000

Another nise on the opposite side, with only the
scantiest ruins, is the site where common miners and their
people. Looking between the massive bridge abutments, one sees
the precarious thrust and soar of the bridge as it spans the canyon,
and bevond it on the other side the entrance to the #4 shaft (once
called the Socavon shaft) far away on the opposite end. Walking
out onto this spindly structure is not an experience to be recom
mended for acrophobes, who will be distressed to feel the deck
swaying lazily under their tread. From the bndge's midpoint,
looking far down, one can see the black opening of the boca mina,
or Descubridora ("Discovery™) hole. near the floor of the canyon
beneath the miners’ village. At the other end, one armves at the
opening of the #4 tunnel: very near it 1s a bottomless glory hole,
and directly off the bridge one passes over a steel grating sealing




Figure 8. Former miner Lazaro de Anda (left), who is also
an agent for Top Gem Minerals, and Top Gem Chief Miner
Federico Salas Alzarado (right) point out locations of
lugares on a large claim map of the Ojuela mine while
Antonio Briones looks on. Mike New, a partner in Top Gem
Minerals, is at center. November 2002: 1. Moore photo.

the mouth to another bottomless hole. There 1s a story that once, in
197()'s. before this hole was sealed woman tell to her death
here, just managing to toss her mnfant child to her husband as she
toppled off the treacherous collar into the shaft. Today, short
guided tours into the #4 tunnel are available to the tounst. who may
also buy a souvenir mineral specimen or a cold drnink from the
vendor at a jerrybuilt wooden stand here (the specimen is hikely to
bée a barmte roselte or a pece of agaic from somewhere In
Chihuahua or Brazil). This vantage offers a good photo opportu
nity: the best view of the total span ol the bridee and of the
svmmetncal blutts of the miners village behind it, with the black
maw of the boca muna on which to anchor the viewfinder
Mapimi itself is, of course, a mining town, and offers a small
mining museum, where you may see¢ rows of old photographs on
the walls, and :,'LI.'\* CAdSOS Llll*i'l aving old wols. artifacts., and
documents (sorry, no mineral specimens) preserved from the great

days of mmmng. Mapimi also features a small barogque church, a

palm-lined plaza, dirt streets with blue-and-white houses. loose

dogs, and road-pummeled pick-up trucks in the dusty sunlight

Visitors who penetrate sheltered courtyards may find well-tended
fighting cocks in wire cages. The miners of the co-operative
orgamzaton often gather in a small plaza near the east end of town,
with an old dance hall on one side and a gold-painted stone bust of
Pancho Villa on the other. The dance hall now serves as a storage
facility for newly mined mineral specimens. The miners, young
and middle-aged men who. on typical evenings. socialize in this

plaza, are mostly brothers or cousins; there are a few restless

children about, but no women. The talk 1s of town life, food and
drink. work and wages. the legends of Villa, and the new adamite
ind aragonite just emerging from a promising zone deep in the San
Judas chimney. Great good fellowship in the plaza even extends to
the guest who may not understand many words of the language
For several decades now the miners’ main access to the vasi
underground workings of the Ojuela mine has been through tunnels
near the Amenca Dos shaft. The old headirame here 1s a prominent
landmark n the valley, and the remains of ore dumps around it
could furnish much happiness to micromounters even today. But
there are many other openings to the tunnels and stopes of the old
mine. and collecting 1s now going on in that deep zone in San
Judas. at a level so difficult of access that it takes the miners more
than two hours to climb down 700 meters of ladder to the
collecting area. Riscos, treasure, 1s the miners’ term for crystals,
and treasure-seeking 1s now the specialized order of things n
Mapimi. But at one time. of course, the treasure was ore, and
crystal specimens were mere stowaways in the great ore tonnages
that emerged from the #4 shaft. to be transported on burros’ backs
and by cogwheel trains down to the valley. The following section
describes this flooduide time at the mine, durning the decades around
the turn of the 20th century. and the trickles of activity in the
decades on either side of . This 1s a story of conquistador
explorers followed by civil wars and contusions, and these, in turn,
by grand-scale industnal capitalism, culminating at last in the
humbler hunt for the kind of riscos which Mineralogical Record

readers CNnjoy




Spanish Beginnings

Metal miming in Mexico began with the 16th-century Spanish
conguistadores and their treasure-seeking heirs. Although there are
some signs of rudimentary miming activities in the country by early
native American peoples before the Spanish conquest (Waszkis.,
1993). even these traces are confined to regions south of the present
state of Durango—the domains of the Aztecs—while for the wild
north the record 1s totally silent, even in legend, until the Spanish
incursions at the end of the 16th century

The earhest, small, Spanish silver mines in Mexico were at
Sultepec, Michoacan, Zacualpdn, and other sites near Mexico City;

the first large mine on a major lode was opened at Taxco, Guerrero,

in 1534, The subsequent “silver rush™ northwards took only a

couple of generations and, before 1t was spent, reached territory
well north of Mapimi: nearly every silver deposit so far discovered
in what is now the southwestern United States bears traces of
Spanish mining activity. This headlong northward rush left a trail
of exploratory workings, failed prospects, and vague memories
One founding myth has it that the town of Mapimi sprang up In
part because of a natural spring on the site (the town later became
a main watering place on the route between Mexico City and
Chihuahua). and because the Ojuela ore deposit was discovered
there by Spamards in 1598 (Rice, 1908).

e |

Figure 9. Towers of the Roebling suspension
bridge at Ojuela (miners” village side) shortly
after construction was completed in 1892, Photo
courtesy of the Mapimi mining museum and
Brad van Scriver.

Through the Discovery Tunnel, the Spanish mined the deposit
tor silver until their departure in the 1820°s, smelting the ores “with
great success” (Rice, 1908) in adobe furnaces. Although pertinent
records are practically non-existent, it seems safe to say that during
the colomal perniod the Mapimi mines contributed largely to the
general success of silver mining in New Spain (Mexico). These
New World operations often emploved the latest European tech-
niques: e.g2. the use of gunpowder for underground blasting was
introduced in America only a few vyears after its development in
Europe. And Bartolomé Medina’s “patio process™ for the amal-
gamation of silver ores vastly increased production after 1555,
when Medina invented the process in southern Mexico (the pro-
cess, however, was not used in Mapimi)

T'he mining Ordenanzas of 1783, the so-called New Code of
Charles 111, was “the most complete mining code compiled by any
nation up to that time” (Bernstein, 1964), and 1792 saw the
founding of the Mexican School of Mines, the first technical
school in the New World. A final great boom of Spanish-Mexican
stlver ]"II'HE.!ULHHH took place in the two decades just before the
Wars of Independence (I1810-1821). with Mexico producing
between $20,000,000 and $25,000,000 in silver and gold annually
(Jenmison, 1923a)—a 5-fold increase from a century earher
(Bernstein, 1964).

*




Figure 10. Constructing the deck of the Roebling
suspension bridge, ca. 1892. Photo courtesy of
the Mapimi mining museum and Brad van
Scriver.

But working conditions n these mines were brutal from the
earliest Spanish days, when mining had significantly contributed to
the depopulation of aboriginal peoples. Miners carmed ore out of
the workings in loads of up to 200 pounds, in bags ol leather or
ixtle fiber which hung at their backs from straps secured across the
forehead. Sull to be seen today are the remnants of the long series
of steps hewn into the limestone of the Bufa de Mapimi, where
these miners ascended, bearing their loads, along the canyon walls:
the cog railway later built here had to traverse grades of up to 14%.
Although silver mining in New Spain had done much to remake the
world economically and pohitically, and had provided the prime
impetus for the development of modern Mexican civilization and
culture, 1t left behind a largely unwritten history of pre-industnal
misery

18201876

In 1810 Napoleon invaded Spain, the New World colonies felt
themselves npe for freedom, and in Mexico the War of Indepen-
dence broke out. The widespread anarchy, vengefulness and de-
structiveness of this war, which lasted until 1821, made a

wasteland of the country, and brought disaster for the mining
industry. No records of events specifically at Mapimi are available
for this penod, but the general picture is clear: in the account of
H. G. Ward, British chargé d'affaires in Mexico in the 1820s, “The
civil war destroyed the

machinery and works of the mines

T

themselves . . . [and] mining towns were surrounded by insurgent
parties, which occupied the whole of the open country, and
rendered 1t impossible either to receive supplies or to make
remittances without the protection of a large escort™ (quoted n
Jemison, 1923a). Mines collapsed. roads fell into disrepair, pros-
pectors stopped working, and most of the Spanish and Creole mine
owners either were killed or were expelled from the country by the
new government. Remaining mine owners and managers found
that many mines which had yielded a profit under peon labor could
not survive with properly paid workers. Between 1810 and 1821,
the yield of the Mexican mines fell from $27 million to $5 million
yearly (Dahlgren, 1883)

Around 1825, the new Mexican government decided to abandon
Spanish precedent and seek foreign investment, inviting govern-
ments and private entities in Europe (excluding Spain) and in the
U.S. to develop Mexican mines. Most of the early money was
British, thanks to the promotional skills of an anglophile former
Guanajuato miner, Lucas Aleman, who had spent the vears of the
war in self-exile in London and was now the first Foreign Minister
of Mexico. This early investment came in a surge which Dahlgren
(1883) calls the “Great English Excitement™ of 1824-1834, when,
through Aleman’s efforts, the British United Mexican Mining
Association was capitalized for £1,200,000. Persisting unul the
start of the 20th century, the Association controlled numerous
mines and smelting works in Sonora, Chihuahua, Durango,
Zacatecas and Oaxaca (Graham, 1907). However, even during the
decade of the Excitement, shareholders sustained immense losses.
mostly because there were no railroads in Mexico, and heavy
machinery and ore could only be moved on the backs of mules.
Aleman’s party fell from power in 1837, and he had to go mto
hiding for a few years: in 1840 he opened a cotton factory, which
soon failed

Other foreign investments in Mexican mining during this penod
proved evanescent. Commitments of capital by the assorted parties
clearly were premature, though the parties themselves come across
in the literature as colorful and even romantic: a group of Scotsmen
worked a surface bonanza at the Rosario mine in Chihuahua,
operated a mint, and hauled Cornish mining machinery into the
country: French capital came in via a Pansian banker named
Oecker, who worked many mines but “wrought untold havoc,
ladvancing] loans at usurious interest to the government . . . some
say that Oecker was shot by the commune in Paris in I871"
(Graham, 1907). A German orgamizanon, the Eberfeld Mining
Company, briefly held properties in Hidalgo and the State of
Mexico. One early U.S. company, the American Mining Company,
operated at Temascaltepec in the 1820°s but “had only a brief and
troubled existence”™ (Graham, 1907)

During these decades, parts of the country, especially in the
north, were terrorized by outlaw bands who exacted tribute from
the mining companies and anvone else who could pay it (Jenison,
1923b). Roads were still largely lacking in the interior, and in the
wilder northern regions there was trouble with Comanches and
Apaches. Continued political instability, then the 18461848 war
with the United States, then the French intervention of the 1860's,
all conspired to suppress Mexican mining through most of the
middle decades of the 19th century

Another factor inhibiting progress was the by-now outdated state
of Mexican mining technology. Spanish methods which had worked
well enough for easy, high-grade ores in near-surface deposits
proved inadequate for exploiting the deep-seated, lower-grade ores
which remained. The ores of the Ojuela mine make a good case in
point. These deposits consist of structurally complex mantos and
“chimneys™ of polymetallic ores: the orebodies which emanate
from the larger structures wind like pasta noodles through fault-



Figure 11. The Penoles
cogwheel train carry-
ing miners and ore
sometime in the 1890’s,
Photo courtesy of the
Mapimi mining
museum and

Brad van Scriver.

gouge and other zones of greater permeability to mineralizing
solutions, in highly folded and faulted limestone (see under
Geology). The intncate system of shafts, stopes and adits for
mining such a deposit was already well developed at the Ojuela
mine by the mid-19th century, but local mining methods, long
cherished and in their ways efficient, were necessarily slow, and
the Mexican miners were resistant 10 change. The men would
gopher into tiny, irregular stopes with long-handled hoes and iron
scrapers: with these they would dislodge the soft oxidized ore from
the vein, then sweep it into small pans, 1o be loaded into the
immemonal rawhide sacks to be carried out on the miners’ backs
(Rice, 1908a). “Chicken ladders,” primitive winzes, and other

hallowed technologies complemented the hoes and scrapers. In-

deed, to this day, visitors to the underground workings will find,
and must often use. these chicken ladders: simple notched logs,
“much scorned” according to Rice (1908a), but held dear by the
stauncher traditionalists among Mexican miners

Laws governing mining and mining finance during this perniod
were also ineffective, in fact contradictory and incoherent. In 1842,
the Mexican government passed laws expanding the rights of
foreigners 1o acquire and run mines, and encouraging exploration:
as a result, the production of silver in Mexico during 1841-1850
was one-third again higher than it had been in the preceding
decade—though still nowhere near what it had been during the
final decade of Spanish rule (Bernstein, 1964). At the same time,
however, federal and local taxation on mines kept increasing, and
any remamning profits of the mine owners were often expended n
paying tribute to bandits. A constitutional change in 1857 permit-
ted individual Mexican states to legislate on mining matters, and
tax burdens were thereby turther increased. Operating decisions
made by boards of directors in Europe or by their agents in Mexico
frequently “demonstrated a folly, extravagance, and incapacity
which became matters of constant amazement™ (Bernstein, 1964)
By 1867, the mines of the Mapimi district, like many important
mines throughout the country, had been almost abandoned. Bul
modemrn enterprises such as the Compania Minera de Penoles, S.A.,

under a new political regime, were soon to bring on a golden era of
Mexican mining. It is during the 20 years or so preceding the birth
of the Penoles Company in 1887 that the history of the Ojuela mine
comes into focus at last

18761910

In November 1876, General Porfirio Diaz was elected President
of Mexico. He held on to the office (by whatever means) unul
1910, and during that long reign he profoundly modernized
Mexico, in mining as well as in other areas. For a personality
sketch, and a summary of some achievements, of this remarkable
chief executive/dictator see Bariand er al. (1998).

Diaz” first prionity for the mining industry was to tghten its
federalization, reducing the regulatory powers of state and local
governments and lightening arbitrary, corruption-riddled tax as-
sessments on the mines. His second priority was to encourage and
smooth the way for foreign investment on a scale vastly greater
than in the earlier period. U.S. and European interests were assured
that any investments they made would be safe; the federal govern-
ment of Mexico would guarantee investors™ titles of ownership in
perpetuity if they would pledge to remit taxes to the Mexican
treasury on simple, transparent terms. New mining laws passed in
|884 and 1886 revised the earlier tax codes with the effect of
greatly reducing the overall tax burden for foreign companies. A
code passed in 1887 empowered the President to make special
contracts with mining companies willing to invest not less than
$200,000 within five years. By 1895 there were about 40 American
companies operating in Mexico, mostly in the northern states
(Waszkis, 1993). Conditions still being somewhat wild in the north
particularly, Diaz also saw to building many more roads and
railways into the interior, and to reducing the danger from
Comanches, Apaches. and outlaw bands. Near the end of his rule,
it could plausibly be written that Diaz had “turned his attention to
civil matters [so effecuvely that] Mexico today affords more
protection than many of the states of [the United States]” (Graham,
1907).




the Ojuela miners’

Figure 12. Cogwheel train track approaching
village sometime in the

1890%. Photo courtesy of the Mapimi mining
museum and Brad van Scriver.

I'he Diaz government also encouraged foreign capital to invest
in infrastructures to broaden the scope and potential of mining. The
most important of these were ratlroads, and the next most impor
tant were ore smelters. Up to this tme. most Mexican ores had
been shipped to the U.S. for smelting, and the freight charges had
made the lower-grade ores unprofitable, but now, as copper and
lead mining joined silver mining, it was clear that smelting as much
ore as possible in-country would profit everyone. The lead was
taken by the Guggenheim family of the United States: having
grown rich from mining investments i Colorado and having built
their own ore smelters there, the Guggenheims first began import-
ing silver ores from Mexico, then soon decided to lease mines in
Nueva Leon and Jalisco and to build smelters in Monterrey and
Aguascalientes 1o process the ores. A senes of capitalistic maneu-
vers enabled the Guggenheims finally to gain control of the
American Smelting and Refining Company (ASARCO), whose
network of custom-built smelters to process diverse kinds of ores
throughout Mexico did much to rejuvenate the whole Mexican
mining industry. The stage was set for rapid developments in
Durango and other Mexican districts

In 1865, some of the Mapimi district mines were purchased from
local owners by one A. B. Sawyer. who sold them. some years
later, to the Durango-Mapimi Mining Company, incorporated in
Council Bluffs, lowa. This firm, many of whose stockholders were
rich men of Durango, spent more than $100,000 on infrastructure,
consolidated eight district mines (the Ojuela, San Vicente, Socavon,
Santa Rita, El Carmen, Santa Mana, Soledad and San Judas), and
smelted upwards of 20 1ons of ore a day for several years. Dahlgren

(1883) reports that the Mapimi district was then “the seat of a
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heavy smelting operation,” processing ore from a group of district
mines. The Ojuela, at the time only 768 feet deep. is listed with the
rest and in no particular way distinguished from them. In fact,
Dahlgren’s 1883 list of Mexico's “best mines from past history,”
lists for Durango State the San Dimas, Topia. Guanacevi and
Gabilanes mines. without even mentioning the Ojuela

After the mid- 1880°s, when the Durango-Mapimi Mining Com-
pany went bankrupt and disbanded (Southworth, 1905; Bernstein,
1964), a new company, not part of the Guggenheim carel. began
operations in the Mapimi distnict. This Compania Minera de
Penoles. backed by U.S., British and German capital, had already
been working a silver mine about 60 kilometers west of Mapimi
(Rice, 1908a). After complex negotiations with diverse local
proprietors and with the old Durango-Mapimi Company, Penoles

led the “crown jewel” of
1988). On August 6, 1891, Penoles

Manuel Loval Fernandez announced the

purchased the Ojuela mine. which 1t ca
the distnict (Campos er al
Company officer C
successfully completed purchase in the company newsletter (Cam
pos ef al., 1988)

Although the details of the early capitalistic arrangements which
created the Penoles Company remain a bit unclear in the available
literature, a I'Hl]j:_lh account can be reconstructed as follows:

The company was seeded with monies furmished by José Mana
Bermepllo, “a Spamish capitalist of Mexico™ (Bemstein, 1964),
who employed an American mining engineer, Charles Reidt, to
modernize the equipment and resume large-scale mining at Mapimi
I'he effort resulted in the discovery of “one of the greatest mining
bonanzas in the Republic of Mexico™ (Southworth, 1905), and the
new company was promoted heavily in the United States. One of




the promoters, who was buving ores in Mexico at the nme, was
Jacob Langeloth of Frankfurt-am-Main. through whom the fledg-

ling Penoles Company became in some manner “closely con

nected” (Bernstein, 1964) with Langeloth’s own American Metal
Company. That organization, founded in June of 1887, was con
trolled by Henry R. Merton & Company. London; Ladenburg,
Thalmann & Company, New York: and Metallgesellschatt, Frank-
furt, Germany. The Merton organization had originated in Frank
furt in 1824, when the banker Philip Abraham Cohen established
an agency there to sell ores in Germany: Ralph Merton married
Cohen’s daughter. and their son Henry opened a branch of the
Merton Group in London. Ladenburg, Thalmann was the Merton
Group branch established in New York around 1880; this group had
sent a Mr. Palmer Budd to Mexico to investigate possibilities for
exporting metals. Jacob Langeloth, a member of the board of
directors of Metallgesellschaft, negonated the connection between
the new Penoles Company and the Merton Group, with the
encouragement of Chairman Wilhelm Merton; another member of
the same constellation was a company founded in 1890 in Mexico
by Langeloth, the Compania de Minerales y Metales, S.A., con-
trolled. as was the American Metals Company. by the triumvirate

of Merton, Ladenburg-Thalmann, and Metallgesellschaft. However
murky the details of these arrangements might be, it is clear that the

Penoles Company before the first World War was truly a mulu-

nationa

corporation, with 49% of its capital investment coming

from Germany. Officially organized on March 1. 1887, the Compaiia

Minera de Pefnoles by 1903 had grown to become the largest
independent base-metal enterprise in Mexico (Bernstein, 1964),
and a worthy nval to the ASARCO empire of the Guggenheims
The 24 years between the consolidation of the Penoles Company
and the fall of Diaz (1911) were the great glory days of mining al
Mapimi. The company began by building an ore-smelting facility 6
Kilometers from the Ojuela mine—at what had long been called the
Hacienda de Agua (“House of Water™), near the hallowed old spring
around which the town of Mapimi had grown up. A primitive plant
of Castihan furnaces had been functioning marginally at the site
since 1862, but the new smelter was an ultramodern facility,
consisting of six water-jacketed furnaces with a daily capacity of
150 tons each. To connect the mine with the Mapimi smelter and the
smelter with the outside world, a 24-Kilometer stretch of railroad
was built, terminating at the Bermejillo station of the Mexican
Central Ratlroad system: with that system from the beginning there
was an “arrangement whereby the Penoles company [operated] its

own trains over the tracks of the National Railways, [having] its

own locomotives and other rolling stock, and [was] therefore not
dependent for cars on the railroad company™ (Parsons, 1925).
Meanwhile the famous Roebling Bridge (see later) was built to

connect the miners’™ village of Ojuela with the #4 shaft on the other
side of the canyon. A 2-mile stretch of cog raillway was constructed
to negotiate a dechvity of 1100 feet between this high-altitude

complex and other facilities and mine openings in the valley,

including the Amenca Dos shaft, used for many years as a prnimary

Figure 13. Ojuela miners’ village ca. 1895-1910.
Photo courtesy of the Mapimi mining museum
and Brad van Scriver.
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Figure I4. Peioles Company stock certificate
dated 1912. Courtesy of Peter Megaw,




Figure 15. Over 4,000 50-kg Ojuela mine silver bars
totaling about 7 million ounces, awaiting shipment
from the depot in Bermejillo, ca. 1895-1910. Photo
courtesy of the Mapimi mining museum.

ore outlet for the mine's lower workings. The headframe of this
famous shaft sull stands as a prominent landmark today
The whole operation was conceived in precisely the grand and

progressive style envisioned by Diaz for contemporary Mexican

industry. The Mapimi smelter facility offered comfortable housing

for employees (with electnic hghting!), and there were ample
warehouses for the ore at the railroad terminus, and telephone lines
linking train stations, smelter, and mine. The miners themselves
were comiortably set up in a self-contained miners™ village at
Ojuela (see later)

In just a few years the Penoles (1"”|l"df‘.:'~ had converted a nest of
insignificant, local ore-scratching activities at the Ojuela deposit
Into a massive, efhicient system encompassing the whole Mapimi
district: in 1893 only 32 mines in the region had been in operation
annually producing metals valued at 5672977, but by 1899, 218
mines were yielding metal values of $4.037.866 (Villarello, 1906)
Most of these “mines” were later incorporated into the greater
Ojuela mine, a patchwork of claims and workings centered around
the Amernica Dos shaft, the cog railway, the miners’ village, the
suspension bridge and the #4 shaft complex

The railroad linking Mapimi to the station at Bermejllo was
expertly managed by the engmneer Charles Reidt (Southworth,
1905), and the cog railway made possible the transport of large
machinery to the upland mine workings. But certainly the most
dramatic element of the central complex was the suspension bndge
which, at the ume of its construction, was the second longest such
span in the world. It connected the miners village with the #4
shatt. Company literature credits the bridge to a “German engineer,
Santiago Minguin™ (Campos er al., 1988), but the contracting firm
was that of John A. Roebling. New York. Mineral-collecting
historians will recall that it was John A. Roebling’s son Washington
Roebling who, after distinguishing himself as a Umion Army

colonel during the Civil War, went on to build one of the greatest
private mineral collections ever assembled in the United States.
and to build the Brooklyn Bnidge (see Roe, 1990). Although
differing radically from the Brooklyn Bridge in the needs and the
neighborhood that it served, the Ojuela brndge nevertheless in
stantly became “one of Mexico's man-made wonders™ (Bancroft,
1984). It 1s 325.83 meters long and 1.83 meters wide, and is
suspended 80 meters above the arroyo floor by six main steel
cables each 5 cm in diameter. Hotfimann reported in 1967 that
although its wooden planking was in disrepair, the bridge remained
structurally sound: Bancroft in the 1980's found it “charming and
secure.” For its 100th anmiversary in 1991 the bndge was fully
restored 1o serve as a tounst attraction.

I'he miners™ village. constructed from scraich by the Penoles
Company, was, in its ume, as much a trrumph of modernity as was
the Roebling bridge. Around 19035, about 5,000 people lived in the
town, in houses furnished rent-free both to single miners and to
those with famihies. The company provided the town with water
from the spring at Mapimi via a complex system of pipes and a
200-horsepower pump: free public baths with both hot and cold
water were available in the town (Southworth, 1905; Rice, 1908b)
Among other amenities provided were a schoolhouse with two
teachers. a full range of stores, a billiard hall, and a modern theater
in which traveling acting companies performed: Bancroft (1984)
mentions brothels as well, but 1t is unclear whether these too came
courtesy of the company. There was a company doctor resident
full-time in Ojuela, and there was a company hospital in Mapimi,
with professional medical staff and modern surgical facilities
Moreover, the miners were paid far above average miners’ wages
then prevalent in Mexico, and the men could claim as much of their
pay each day, including advances, as they desired. No wonder that

even during these boom times, when other mines were chronically
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Figure 16. The Mapimi town plaza, ca. 1895-1910.
Photo courtesy of the Mapimi mining museum.

short-handed, “the Penoles Company had no trouble in getting all
the miners that it desired (Rice, 1908b)

Minming technology, too, was modernized during the 1890's. A
large new steam generating plant was built to power the hoists and
pumps, to hght the mine workings, and to run the diamond dnlis
used in prospecting for new veins (Southworth, 1905). A facility
was constructed to process arsenic from the highly arsenical ores,
achieving an average production of 1500 tons of refined white
arsenic per vear (Bemnstein, 1964). A second remarkable suspen-
ston bridge, this one 60 feet long, was buillt underground, using old
hoisting cable, in order to bndge an old stope so the ground on the
other side could be prospected (Rice, 1908b). A new, sophisticated
system for prospecting by taking corngs along the dnfts with the
diamond dnlls was also devised (Rice, 1908b)

As the regime of Diaz neared its end, about 1200 miners were at
work underground in the Ojuela mine, and 500 tons of ore a day
(the great bulk of 1t oxide, a small pant sulfide) were being
produced (Rice, 1908a). The average annual net yield was two
million dollars, and shareholders earned monthly dividends of
forty dollars per share (Southworth, 1905). At the same time, other
companies were winning large profits from many other mines in
Durango, often smelting their ores in the Penoles smelter at
Mapimi and paying Penoles well for the privilege (Villarello,
1909). Contemporary accounts from the years [1900-1910 nng

with good cheer, optimism and satisfaction

1910-ca. 1945
When President Porfino Dhaz attempted to run for stull another
term n 1911, he found that enough resentment against him had

accumulated to start a revolution. Of course, patnotic and eco-
nomic resentments reinforced each other: the feeling that Dhaz
“had literally sold Mexico off to foreign capitalists™ (Banand er al.,
|998) echoed emotions of a century earlier, when three centunes of
foreign (Spanish) exploitation had finally sparked the wars for
independence. Diaz had saved Mexico from backwater status
among nations, but his economic policies, of which the most
important were mining policies, had so favored large foreign
enterprise over small Mexican enterprise that by the end of 1912,
only $15 million of investment in mining out of a total of about
$323 million was purely Mexican (Jenison, 1923b)

Between 1911 and 1920, as federal presidents came and went
(two “went” by assassination), confused civil warfare returned to
the countryside, to the detriment of such inherently peace-loving
enterprises as the metal mines. Further echoing what had happened
a century earher, “general lawlessness prevailed . . Raids,
‘confiscation’ of supplies, ore and concentrates, and bulhion,
levying of tribute, and the Kidnapping and murder of employees by
bandits and guerillas became commonplace™ (Jenison, 1923b)
Even while these conditions were seriously curtailing production at
many mines, the government of President Venestiano Carranza
massively increased taxes, with the idea of breaking up some of the
large foreign holdings, preventing further speculation, and discour-
aging the foreigners’ exploration for new deposits (Jenison, 1923b;
Waszkis, 1993)

World War | provided something of a boost for the mines, as it

caused metal values to nise, but the silver mines suffered from the
reduction in imports of German cyanide, and all mines suffered
from the U.S. embargo on dynamite shipments to Mexico, whose
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government was pro-German (Bariand er al., 1998). By 1919, only
about 12% of all Mexican metal mines, and 21% of Mexican
smelters, were still in operation (Waszkis, 1993). The Constitution
of 1917 proclaimed the principle that the Mexican nation owned all
natural resources in Mexico. In 1924, President Plutarco Elias
Calles interpreted the controversial Article 27 of the Constitution to
mean that the government could expropriate (seize) any foreign
concession 1t held to be undesirable (Banand er al., 1998)—so
much for Dhaz' guarantee that foreign investors would be consid-
ered to own thewr Mexican interests “in perpetuity.” In reality,

though, almost no foreign interests suffered expropriation, and the

Peiioles Company seemed particularly safe, since during World

War 1, to placate its British and American interests, it had restruc-
tured itself to eliminate the German interests; the Compaiia de
Minerales y Metales had done the same, and in 1920 it merged with
Pefioles. By the early 1920’s Peifioles, from its many mining
involvements, was providing about a third of Mexico's total lead
production and a fourth of its silver production (Parsons, 1925), so
It was too important to be threatened by the general mood of
socialism, populism, and xenophobia—the complex of feelings
symbolized well by the famous figures of the times’ two eminent
bandits/freedom fighters, Pancho Villa and Emiliano Zapata

New tax laws in 1918, a return of civil order, and some easing of
the restrictions on foreign investors, helped Mexican mining revive
considerably during the 1920’s. Exploitation of complex poly
metallic ores like those of the Mapimi district was greatly fur-
thered, too, by the maturation of the selective flotation process in
the 1920's: fine particles of different metals, clinging to different
oills and chemicals when mixed with air and water, could be
recovered separately. Thanks to the invention of galvanization and
the resultant surge in demand for zinc, Mexican zinc production
rose from 1200 tons in 1921 to 175,000 tons in 1929; lead
production rose from 45,000 tons in 1917 to 175,000 tons in 1929
(Waszkis, 1993). Although no new major deposits were found
during this time, Mexico in the 1920°s became the second largest
lead-producing country in the world, and one of the largest zing
producers (Waszkis, 1993)

A 1925 article by an editor of the Engineering and Mining

Journal (Parsons, 1925) passes on optumistic reports by Heath
Steele, then president of the Penoles Company, about “expanded
operations” and new plans for Pefoles in Mexico. The company is
referred to as “the Mexican subsidiary of The Amencan Metal
Company, and one wonders whether American Metal had also
severed its former German ties; the habit of leaving the company's
real structure and ownership somewhat vague seems to have
persisted. Suspiciously, according to a much later source, non
Mexicans still controlled 95% of all Mexican mining operations in
1926. IJL‘\UIIIL' the attempted reforms of the revolution (Waszkis.
1993)

The 1925 report descnbes the company’s “plans for extensive
underground development at several of its properties and
further important additions to plant and equpment, looking 1o
increased production and more economical operation” (Parsons,
1925). Smelting operations were now being transferred from the
old near-site plant in Mapimi, closed in 1919 (and from two other
older plants, at Villaldama and Cerralvo), to two new, much larger
smelters, at Torreon and Monterrey. The latter smelter was one of
Mexico's only two lead-refining facilines, with the capacity to
produce 7,000 tons of lead bullion per month. The executive offices
of the Pefnoles Company were also then in Monterrey. The Torreon
smelter was also used during this time for preliminary recovery of
arsenic from the Mapimi ores, the concentrate being sent back to
the older arsenic plant in Mapimi to be refined and barreled for
shipment

*

Figure 17. Commemorative spire in Mapimi
marking the entrance to a building in which
Don Miguel Hidalgo v Costilla, revered as the
Father of Mexican Independence, was impris-
oned while on his way to Chihuahua City to be
executed in 1811.

Exploratory dnlling in the Ojuela mine (there are today some
800 kilometers of exploratory dnll holes) was in high gear during
the 1920’s, and drill cores from 850 meters below the water table at
the mine’s “bottom™ revealed rich sulfide ores, pnmanly arsenopy-
rite, at depth. A new, much more powerful pumping plant was
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installed during this time “to make possible development below the
water level, where no work has been done heretofore” (Parsons,
1925). This innovation would prove to be of major significance for
mineral collectors, since the great adamite and legrandite pockets
which clustered around the water table at ca. 1,200 feet would
come within reach once these first really senous pumps were
emplaced in the mud-1920's

I'he 1925 report concludes by affirming that “a period of real
prosperity seems assured.” However, Hoftmann (1967) wnites that,
as early as 1923-24, “the production of the mines began to
decrease rapidly, and the glowing report has the sound, n
retrospect, of company “spin.” Metal prices in general declined
during the 1920's, and fell very steeply during the world economic

depression of the 1930°s. In 1932, major flooding in the Ojuela

mine's lower levels (despite the new pumps) paralyzed operations,
ind the problem of nsing waters continued to plague the mine
throughout the few years remaiming to it. There were temporan
upturns, as in 1934, when the U.S. Treasury bought huge amounts
of silver and very bnefly doubled the price of the metal, but the
downward trend at the mine continued inexorably, and by the late
1930°s production of ore in the Mapimi distnct had almost ceased
(Hoffmann, 1967). The last small upward blip came during World
War 11, but very soon after the end of hostilities in 1945 the Ojuela
mine switched to its present regime of being worked by local co-
operatives of Mexican miners, by contract agreement with Pefoles
I'he era of large-scale industrial mining of ore was over; the era of
local entrepreneurship, with a gradually increasing focus on
specimen-mining, began

Figure 18. Bruce Thompson, one of the earliest
American mineral collectors to visit the Ojuela
mine, at the entrance to an adit (probably
America Dos) in 1947. The mine mule is
strapped with water barrels for the miners.
Thompson and his brother *“Slim™ spent a
week going underground, visiting the impor-
tant lugares known at the time for adamite,
wulfenite and other species. Photo courtesy of
Bruce Thompson.

el

1945-Present

'he inauguration of President Lizaro Cardenas in 1935 began a
new phase of Mexican nationalism and economic-industnal protec-
tionism. Cardenas did not seek to close Mexico entirely to foreign
investors, but so discouraged outside investment and expertise that,
for example, a foreign engineer. in order to obtain a six-month
work passport, had to prove that no Mexican was available for his
job (Bernstein, 1964). One effect of the new protectionism was that
it encouraged the growing movement toward forming producers
cooperatives in the mining industry, as these cooperatives seemed,
in the government's view, to offer “the best way to free the
Mexican miner from his dependence upon foreign capital and to
develop in him a sense of managenal responsibility” (Bemstein,
1964). Although controversial from the start, cooperatives were
organized throughout Mexico in the mid-1930s. As ores in the old
mines ran out or became too lean to be profitably worked by the
companies, the cooperatives were allowed to lease the mines and
sell to the companies whatever ore they could dig. The miners who
joined cooperatives would forfeit the severance pay they would
otherwise get from the companies if the mines were shut down, but
at least they remained employed in their trade. Of course. the
system had many problems, especially when many cooperatives
proved unable to sustain themselves and required massive govern-
ment subsidies. Also, the cooperatives tended to prefer to work old.
established mines (as in the Mapimi district), and found few new
deposits, although a major onginal goal of the movement had been
10 set miners free to open and develop new or long-neglected
mines. Furthermore, because they paid minimal taxes, the coopera-
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tives narrowed the national tax base and thus deprived the federa
and state governments of the very funds which the cooperatives
themselves kept requiring as subsidies in order to keep functioning
Bernstein (1964) concludes that “despite some successes the
development of cooperatives per se was not the hoped-for universal
panacea” as ore grades declined and mining in general became
relatively less important to the Mexican economy

Although most of the early cooperatives were short-lived, the
one which began in the late 1930's to negotiate 1ts arrangements
with the Penoles Company at the Ojuela mine has proven amaz
ingly durable. Through the 1980°s it continued to work the deposit
and to sell ore to Penoles at the rate of 400-6(00 tons per month,
and presently the cooperative miners search for mineral specimens
(see below). In the early days. however, major problems arose

when large numbers of free-lance miners (buscones), not affiliated

with the cooperative and financed by illegal ore buvers, moved in
and stole ore from remote parts of the workings. Penoles dealt with
the difficulty intelligently by rationalizing these illegal enterprises,
authorizing the cooperative to organize an ore-buying agency 1o
purchase the buscones™ ore, and prevailing on the cooperative to
take many of the buscones into membership. Even though some of
the former free-lancers kept complaining that they were being
cheated, the cooperative at the Ojuela continued to function well in
extracting ore from a mine no longer workable profitably in the old
industrial style.

I'he principle which prevails to this day 1s that, in exchange for
the nght to work the mine, the cooperative sells the ore to the
Penoles Company—although in 1991 the Company stopped buy-
ing ores which were too arsenic-rich, since processing such ores
creates major environmental hazards. Over the vears the number of
active cooperative miners has fluctuated widely, at most reaching
around 125. In the mid-1980°s the figure was closer to 40; at the
start of the new millennium it hovers around 10. All of these
miners, some of them only teenagers, were and are native Mexi-
cans, many of them from famihes whose men have been miners for
generations. Beginning in the mid-1940's, Don Santos Pargas, the
Penoles Company’s umiversally well-regarded representative, con-
ducted business with the cooperative from his home in Mapimi
Despite his death in 1987, the relationship between the co
operative and the company has continued smoothly

When, in 1946, an enormous grotto of crystallized adamite was
discovered on Level 4 (see sidebar. “First Discon cry of Adamite at
the Ojuela mine™), the locality began to gain fame as a producer ol

wondertul mineral specimens, and business at the old mine unde:

went a sea-change. By formal agreement, miners who sold crystal
specimens were to remit 10% of the sale price to the Penoles
Company: but, as at so many other famous localines, they soon
learned that by smuggling specimens out and stashing them unul
buyers came, they could avoid the rovalty while turning much
more profit from their labor than by straight mining of ore. The
inherent (familiar) conflict between ore-digging and crystal-
collecting went unresolved until 1995

The onset of the Ojuela mine’s fame as a world-class mineral
locality was due not only to the collecting eftforts of the men of
the cooperative, but also to those of outsiders, chief among them
an American, George Griffith, who came, with his wife Katie, in
the late 1940°s to settle in the town of Gomez Palacio, about 25
km from Mapimi. Griffith formed a collecting partnership with
two Mexicans, Manuel Lopez (a former Penoles-affihated
cooperativo), and Ennque Loera, and this team had many great
days in the Ojuela mine. Lopez today recalls how they worked in
the tremendous adamite grotto of 1946, loading tons of speci-
mens, as tons of ore had been loaded in earlier times, into sacks to
be slung across burros’ backs for transport down to the valley. The
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team collected beautiful deep blue aurichalcite (Lopez remembers
one amazing plate 30 cm across) from the Cumbres lugar

(“collecting area™), and hemimorphite crystal groups by the
bucketful from a lugar called Maria, on Level 3. They found
beautiful crystals of an unknown yellow mineral and gave them to
California mineral dealer George Burnham to take to George
Switzer at the Smithsomian, and soon thereafter the formal
description of the new species paradamite appeared (Switzer,

1956). George Griffith’s rock shop in Gomez Palacio, the “Casa

de Las Rocas,” became a mineralogical tourist mecca, as well as
an informal traiming academy where Mexican miners were taught
how to recognize and handle delicate specimens. Griffith contrib-
uted enormously to the fame of the Ojuela mine, and preserved
many thousands of fine specimens which otherwise would prob-

ably have been lost. He died in 1989, but Katie Gniffith today still

Pf't""-]th"ﬂ at Casa de LLas Rocas Her |’1I'|"'.;1IL' collection of “lLIL‘ d
mine specimens 1s not on view, but visitors would still be well
advised to browse in the spacious shop on its busy corner in
downtown Gomez Palacio

News of exciting discoveries of specimens quickly spread, and
informal articles appeared in the collector hiterature about the
specimen-paradise that was Mapimi (e.g. Johnson, 1962: Miller
and Olson, 1970; Burton, 1976). More Americans came to dig in
the Ojuela mine, including the famous dealer/collector Willard
Perkin, who worked intermittently between 1959 and the early
1980°s. In the mud-1960°s, Victor Hoffmann came down from the
Umversity of Anzona to conduct research; his Ph.D. dissertation
(Hoffmann, 1967), has been for all these vyears the best and
virtually the only detailed account of the mineralogy of the deposit
In 1979-1980, Curt Van Scriver and John Whitmire worked in the
mine, but since they only had tourist visas, they were eventually
asked to leave by the Mexican immigration authorities (Whitmire
returmed to become a major player in the great purple adamite
strike of 1981—see sidebar, “Purple Adamite Tales™). Pioneer
collectors of these early decades often remember Mapimi as an
inttmidating place: C. Sheldon “Slim™ Thompson (who visited the
mine twice in 1947) and Victor Hoffmann in the 1960's were both
accosted by bandito-hke Mexicans with nfles or machetes, who
tried to frighten them away or to confiscate their bags of mineral
specimens (personal communications, 2003)

Meanwhile. local enterprnisers caught the kind of mineral-
commercial fever which can enliven life in otherwise sleepy places
In Bermejillo, particularly in the days before the toll road went in,
between five and eight “rock shops ~ offered matenal from through
out the Mapimi district and from other places in Mexico (with,
often, the result that specimens bought in those days were perma-
nently misdesignated “Ojuela mine™ or “Mapimi™). The few shops
which survive today mostly sell things like Chihuahua sand
selenite, Wyoming fossils and Brazilian agates (plus bits of low-
end Ojuela mine matenal furmished to them by Mike New), but 1t
was possible duning the middle decades of the 20th century to find
truly fine Ojuela mine specimens for sale in Bermejillo and
Mapimi town, as well as to find fine Musquiz fluorite, Velardena
mimetite, and assorted Mexican specimens of other kinds. Inevita-
bly, commerce here had a dark side too: the owner of one
prominent Bermejillo shop (not in business today) was a regular
fabricator of fakes, oftfering such things as 3-cm legrandite crystals
protruding from nearly closed adamite pockets, and celestine
crystals glued to almost any “matnx™ that came to hand (Peter
Megaw, personal communication, 2003).

Al the old mine workings, the miners village atop the escarp-
ment had become a ghost town, the Penoles cogwheel-train line

was long gone, and the miners of the cooperative now reached
America Dos and other mine entrances in trucks and cars. But
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Figure 19. Felix Esquivel and his wife in No-
vember 1977, holding some of the exceptionally
large and fine legrandite crystals that he had
Just collected at the Plan de Ayala lugar. Photo
courtesy of Felix Esquivel.

Figure 21. El Paso mineral dealer Jack Amsbury
in November 1977, holding legrandite crystals
that had just been collected by Felix Esquivel.
Photo courtesy of Felix Esquivel.

some old methods }‘FL'MH[L'L? ONCe a year or so, ore-carrving mules
would be brought into the mine, and would live the rest of their
lives underground, wasting away from overwork or going blind,
until new ones replaced them (Burton, 1976). The problem of
disposing of these mules manure was, as it were, subcontracted to

thousands of large rats who lived in the mine, in a peaceful

Figure 20. Atenojenes Esquivel holding the
“Aztec Sun” legrandite shortly after it was
collected by his brother, Felix Esquivel, in No-
vember 1977. Photo courtesy of Felix Esquivel.

symbiosis with the mules and miners (see sidebar, “Purple Adamite
Tales™)

Politically, the persisting problem was that of the piratical
busceros, now more frequently called risceros (from riscos, “trea-
sure . a riscero 1s a shady kind of treasure-seeker). The risceros
“stole” both ore and specimens from the miners of the cooperative;
some 50 of them were active around 1960, and confrontations, turf
wars, and even violence were not uncommon in the workings. Don

Lazaro de Anda Barraza, a major specimen-buyer during the
1960's, did business with cooperative miners and risceros alike; his

son, of the same name, 1s the chuef agent for Jop Gem Minerals, the
current holder of an overall collecting contract for the Ojuela mine.

fop Gem i1s a mineral wholesaling company run by Mike New,
of Tucson, and Rubén Avila, of Ciudad Juarez. In 1995, by contract
arrangement with Pefoles and with the miners’ cooperative, the
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Figure 22. Katie Griffith (widow of American-
born Mexican minerals dealer George Griffith)
and George Griffith’s partner from the 1940,
Manuel Lopez, holding specimens in the court-
vard of Katie Griffith’s home in Gomez Palacio,
November 2002. T. Moore photo.

partnership received the sole nght to export and market specimens
from the mine, employing the miners directly while paying per-
centages of profits both to the cooperative orgamization and to
Penoles. Top Gem has first nght of refusal on any specimens the
miners find and, in fact, buys and markets tons of matenal each
year. The company has supervised much mucking-out in the mine.
explores the mineralization intelhigently, and treats the miners well,
paying them a straight salary for routine maintenance work and
empowering them to dicker on prices for any serious specimens
found

Before the days of the wholesale contract, Mike New and his
miners were instrumental in developing the great stnike of purple
adamite in the San Judas chimney (see sidebar, “Purple Adamite
Tales™) in 1981, and in taking out great numbers of fine specimens
of wulfenite on green mimetite which were found in 1968, and
again in 1981, in a lugar on Level 5 (more of these are emerging as
of this writing in spring 2003). In October of 2002, in a highly
mineralized zone in the San Judas chimney on Level 7 (downdip
from the purple adamite zone), the miners entered a promising-
looking region of pockets harboring vellow adamite crystals,
attractive clusters of colorless, lustrous acicular crystals of arago
nite, and hints of still more exciting items: the aragonite specimens.
unlike anything ever found in the mine before, hit the mineral
market at the end of 2002

Nor 1s commercial ore-mining necessarily finished. Pefoles may
someday resume mining 1n a huge, untapped body of oxidized zinc
ore in one part of the mine—and more fine crystallized specimens
may then appear. Although the Top Gem partners can sometimes be
heard to complain that it has been a good many years since any

really dramatic strikes of first-class specimens have been made, the

promising recent developments (just mentioned) show that the
Ojuela mine remains capable of producing surprises at any time
this great locality cannot be considered finished

Meanwhile, as with any great locality, there are the memones,
stories and legends for us fans in the stands to live on; I will
conclude this section with one such Ojuela mine story, from the

Legrandite Era of the late 1970°s. The greatest of the legrandite
pockets of the Ojuela mine was breached in November 1977, in a
lugar called Plan de Avala, just below Level 5 in the San Juan
Poniente stope. The pocket was almost, but not quite, discovered
by a member of the cooperative who was known by the nickname
of Nariz Grande (*Big Nose™). After following yellow stringers all
day, the exhausted and discouraged Nariz Grande decided to give
up and leave work for the day when his shift ended. At that point
Felix Esquivel, a riscero, immediately moved in and, on the third
stroke of his hammer, broke into a pocket which proved to measure
30 x 45 cm and contained the largest legrandite crystals ever seen
in the mine (and therefore in the world), before or since. Esquivel
and a partner, Emesto Abasto, worked feverishly for six hours to
enlarge the opening. Eventually Esquivel was able to reach in far
enough to extend his whole arm to the back of the pocket. The
legrandite crystals had already detached from the walls, and so the
partners pulled out, one by one, horizontally through the hole,
about 25 magnificent legrandite single crystals and parallel clus-
ters, with legrandite individuals to 20 cm long: the biggest and best
of these specimens is the famous “Aztec Sun,” which went to the
Miguel Romero collection, now at the University of Arizona. After
much negotiating, Esquivel sold the specimens to a former “run
ner (messenger) named Shorty Bonilla, an agent of Texas mineral
dealer Jack Amsbury—for a total price of $3900. The find was one
of the peak expenences of Felix Esquivel's hife. Throughout the
vears since then he has proudly displaved on the wall of his house
in Mapimi four photographs (three of them reproduced here) of
mimself and others holding the great legrandites

jeology
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The Ojuela mine is the most important producer in the Mapimi

-

mining district, which lhies on the northwestern edge of the Mesa
Central physiographic province (Raisz, 1964). The Mesa Central 1s
that porion of north-central Mexico lving north of the Trans
Mexico Volcanic Belt, between the Sierra Madre Onental and
Sierra Madre Occidental: 1t includes portions of the states of
Guanajuato, Queretaro, Hidalgo, San Luis Potosi, Aguascalientes,
Zacatecas and Durango. The region is characterized by broad
plains, with mean elevations above 1700 meters, punctuated by
mountain ranges rising to over 3000 meters. Vegetation is domi-
nated by sparse thorny plants and cacti at low elevations, giving
way upwards to patchy scrub oak forest. The climate 1s warm, with
an average temperature of 21.5° C (a range of 0 to 45" (), and a
median precipitation of less than 100 cm per year. There is
virtually no surface water available at any ume, but groundwater 1s
locally abundant

'he Mapimi mining district lies at the northwestern end of the
Sierra de Mapimi, a northwest-trending range that runs for over 60
kilometers from south of Torreon to the eastern edge of the
“Bolson de Mapimi,” a broad desert plain at 2000 meters elevation
which extends 160 km from Mapimi to the Chihuahua border. The
Ojuela mine area lies between 2100 and 2300 meters elevation in a
narrow valley between the “Bufa Grande de Mapimi,” a 2700-
meter-high, nearly vertical, north-facing escarpment, and the “Bufa
Chica de Mapimi.” a linear south-facing ridge about 2500 meters
high

The Mapimi district i1s a typical Mexican Carbonate Replace-
ment Deposit (Prescott, 1926; Megaw er al., 1988; Megaw, 1999).
These deposits, which include major specimen-producing districts
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such as Santa Eulaha, Naica, San Pedro Corralitos, Concepcion
del Oro, Los Lamentos and Charcas, occur in a 2200-km-long belt
of tolded Mesozoiwc (150 o 65 Ma) carbonate rocks called the
Mexican Fold Belt (Megaw er al., 1988). The folding event
created intnicate structural plumbing systems that were followed
by hydrothermal fluids generated during vounger (45-25 Ma)
magmatism

Mineralization in these systems occurs predomunantly by re
placement, a process in which hot, acidic and saline ore fluids
dissolve himestone or dolomite around the fractures along which
they mugrate, and the neutralization of the fluids causes almost
immediate precipitation of sulhde or silicate minerals in the
resulting micro-voids. The process often faithfully preserves dels
cate textures ol the onginal rocks, including fossils and subtle
bedding features. Replacement deposits form at depths of over a
Kilometer and are often found in direct contact with intrusive
stocks, dikes, and sills: the deposits are commonly zoned from
these intrusive bodies outwards. Calc-sihicate skamns largely com-
posed of garmet and pyroxenes accompanied by varying amounts of

pynite, pyrrhotite, galena, sphalerite, chalcopynite, arsenopynte and

silver sulfides or sulfosalts occur along and near the intrusive
contacts. These give way n outer zones to pod-hike and elongate
bodies composed almost exclusively of these same sulfides. Mas-
sive sulfide orebodies may extend for kilometers from the intrusive
rocks. The orebodies are called “mantos™ (Spamish for “blanket™ or
“mantie ) when roughly honzontal and conformable with sedi-
mentary bedding, or “chimneys™ when steeply inclined and cutting

across bedding

Figure 23. Location map and geologic section through the Sierra
de Mapimi (adapted from Equiluz and Campo-Uranga, 1982).

Ihroughout northern Mexico. relauvely recent (<20 Ma) re-
gional block faultung has uphifted many replacement deposits to
levels where descending surface (meteoric) waters can attack the
primary sulfide minerals and oxidize them to a wide vanety of
secondary minerals. A volume reduction of 20% or more occurs

during this process, resulting in abundant, and often veny

arge,
open spaces into which these secondary minerals can freely grow
Crystals exceeding 20 cm in length are not uncommon in these
areas. The Mapimi deposit 1s one of the world's best examples ol
an oxidized replacement deposit, and is the source of well over a
hundred superbly crystallized secondary mineral species, several

of which are umique to the district

Regional Geologic Framework

In a regiona

geological perspective, Mapimi hes along the

intersection of the Laramide-aged Mexican Thrust Belt (Campa
Uranga, 1985) and the Tertiary volcanic plateau of the Sierra
Madre Occidental. Mapimi is one of many similar districts that he
along this intersection from Hidalgo to near the Chihuahua-U.S.A
border (Megaw er al., 1988). Mapimi lies on the northwestern edge
of the Sierra Madre Onental Terrane, a tectonostratigraphic terrane
underlain by Precambrian continental crust (Campa and Coney,
1983 Sedlock er al.. 1993; Megaw er al., 1988. Megaw, 1999)

-
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Within this terrane, Mapimi lies on the southwestern margin of the
Coahuila Platform. a northeast-trending, fault-bounded basement
high between the Chihuahua Trough to the west and the Central
Mexico Basin to the south and east (Singewald, 1936; DeCsemna,
1989; Moran-Zenteno, 1994). These basins accumulated a se-
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Figure 24. Cross-sections through the
San Jorge-San Juan orebodies, Ojuela
mine (from Prescott, 1926).

Figure 25. Cross-section through the
Ojuela-Paloma orebody, Ojuela mine
(from Prescott, 1926)

quence of redbeds, evaporites. and shale overlain by a thick
sequence of himestones during the Jurassic through mud-Creta
ceous. Durning this time, the Coahuila Platform was progressively
drowned, changing from a peninsula to an i1sland. Ulumately, by
the mid-Cretaceous, it was completely covered by a shallow sea.
Reefs developed along the outer slope of the Coahuila Platform
where it J!'U;“IIH‘J oft into '..!t'i.."["‘l."- water, and, as the water dua‘pa"r‘mt
these reefs gradually migrated up the steep face of the platform
Reefal rocks are well developed in the Sierra de Mapimi, indicating
that it lay nght on the platform margin (Eguiluz, 1991). Hundreds
of meters of carbonate were deposited on the platform unul sea
level dropped duning the late Cretaceous and the carbonates were
gradually covered by temgenous sediments (shales and sand
stones) which grew steadily coarser as deposition proceeded

he Jurassic-Cretaceous sediments of the Central Mexico Basin

and Coahuila Platform were subjected to strong southwest-north

east compression during the late Cretaceous-early Tertiary, as the

North American and European Plates collided (Campa-Uranga

1985). This event deformed the rocks into the generally northwest
trending folds and thrusts of the Mexican Fold-Thrust Belt (Sierra
Madre Onental) (Campa-Uranga, 1985). Deformation in many
parts of the belt was thin-skinned, with detachment along the
underlying incompetent evaporite units—what some geologists
refer to as “rumpled carpet folding,” in allusion to the rumpling of
a loose carpet sliding over a slick hardwood floor

An east-facing subduction zone was active along the west coast
of Mexico at the same time that folding occurred. Subduction here
generated an elongate magmatic arc, the ancestral Sierra Madre
Occidental, marked at the surface by andesite stratavolcanoes (as in
the current Cascade Range) and at depth by intrusions of compa
rable intermediate composition. Subduction continued until the
mid-Teruary, when the East Pacific Rise (the spreading center on
the outboard side of the plate) was subducted (Atwater, 1970). As

this happened, the crust began to relax and the style of volcamism
shifted 1o voluminous silicic eruptions that created caldera com-
plexes (as in the Yellowstone area). The southwest-northeasi
extensional relaxation reactivated ancient crustal faults, such as
those bounding the Coahuila Platform, and many of these faults
were invaded by intrusions that exploited these zones of weakness
and rose to high levels in the crust. Many of these intrusions
generated hydrothermal fluids that created replacement deposits
where carbonate rocks overlay the faults (Megaw er al., 1988;
1996). As the crust continued to relax through the nud to late
Tertiary, the region became broken into elongate fault blocks
roughly parallel to the elongate folds created during earlier com-
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pression (Megaw er al., 1988; 1996). The combined structural
history resulted in the northwest-elongate pattern of alternating
fold ridges and alluvium-mantled valleys that characterizes the
Mapimi region today.

Mapimi District Geology

The Sierra Mapimi is a very complex, north-plunging overturned
antichinorium trending N30—40°W, with muluple stacked thrust
sheets of lower Cretaceous carbonates and shales. Amazingly, the
stacking repeats the section at least six times, giving a greatly
exaggerated thickness to the stratigraphic sequence.

The most important structure is a thrust fault that separates the
Bufa Grande from the underlying fold that contains the bulk of the
Ojuela mineralization. The lower plate of this thrust is a relatively
open syncline-anticline pair with a backthrust that creates the Bufa
Chica. The upper plate is an overturned tight fold with five thrust
sheets that comprise the towering face of the Bufa Grande. The
structures in both the upper and lower thrust plates are highly
complex in detail. Eguiluz (1981) identified 12 major north-
plunging recumbent folds in the upper plate, most of them over-
turned to the east, but some to the west. He further described 20

Indidura crops out repeatedly as a series of linear bands in the
thrust zones of the Bufa Grande and Bufa Chica.

Stratigraphic and structural information when taken together
strongly indicates that the Sierra Mapimi lies on the margin of the
Coahuila Platform, close to the deep basement fault that created the
platform itself. This environment is comparable to that of other
related Mexican deposits, including Santa Eulaha, Naica, San
Martin and Velardena, placing Mapimi centrally within the north-
west-trending line of Mexico's largest carbonate replacement
deposits (Megaw er al., 1988; 1996; Barton er al., 1995; Megaw,
1999).

Intrusive stocks, dikes, and sills ranging from intermediate to
felsic in composition cut the district. The largest is the Samoso
Stock, a 75-square-km body which 1s well exposed in an amphi-
theater-like valley in the center of the Sierra Mapimi Anticline at
Dinamita, 12 km southeast of Mapimi. (The name Dinamita
reflects the fact that DuPont built its first explosives plant in
Mexico herein order to be close to Ojuela; it is still in operation
nearly 70 years after Ojuela closed.) A satellite body of the same
material 500 meters in diameter crops out at El Vergel, about 12 km
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Figure 26. Cross-section through the Cumbres orebody, Ojuela mine;
projection N 32° W, looking northeast (from Prescott, 1926).

major open folds in the lower plate. The fold axes are cut by
parallel, steeply dipping faults with up to 100 meters of normal
displacement, giving the entire area a strong northwest-striking
structural grain. Many of these faults acted as conduits for mineral-
1zanon

The stratigraphic sequence is typical of the marginal part of the
Central Mexico Basin. Calcareous shaly sandstones of the Upper
Jurassic Carbonera Formation are the oldest rocks in the local
section, but do not crop out in the immediate Mapimi area. These
are overlain by Lower Cretaceous limestones of the Cupido
Formation and shales of the La Pefia Formation, which are widely
exposed between Mapimi and the Samoso Stock. The next higher
units are limestones, dolomitic limestones and dolostones of the
Paila and Cuesta del Cura Formations. These are the most impor-
tant host rocks for Mapimi mineralization (see below) and are
widely exposed on the surface and underground. Many beds in the
Cuesta del Cura contain abundant Gryphea (oyster) and Caprinid
and Toucasid rudists typical of Lower Cretaceous reef environ-
ments. The youngest unit in the area is the Upper Cretaceous
Indidura Shale, which hosts minor vein mineralization in the
periphenes of the Mapimi system. Because many of the thrust
faults slipped along these relatively incompetent shale beds, the
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farther west (Hoffmann, 1967). The Samoso Stock 1s composite,
including five or six sequentially emplaced phases of varying
composition. The earliest were hornblende diorite, followed by
quartz diorite and monzonite zones and two late sodic granite
pulses. The latest granites are cut by aplite, alaskite and carbonatite
dikes and local simple quartz pegmatites (Salas, 1971: McLeroy
etal.,, 1986). The granmitic phases range from equigranular to
porphyntic and contain quartz, microcline, orthoclase, albite,
biotite, hornblende and clinopyroxene phenocrysts with apatite,
magnetite, zircon, titanite, and monazite accessory phases (Hoff-
mann, 1967). Carbonate was locally assimilated into the granite,
creating nepheline syenite injected as dikes into the strongly
silicified or silicated wallrocks (Salas, 1971)

A broad halo of metamorphic marble cut by metasomatic skamn
surrounds the Samoso Stock. (This marble has been extensively
quarried for tile and is featured in public buildings throughout
Mexico.) The skamm affects both the intrusion (endoskarn) and
surrounding carbonates (exoskarn); it includes andradite and gros-
sular garnet, brucite, wollastonite, vesuvianite, spinel, phlogopite,
zeolites and calcite. The stock margin is locally marked by marble
breccias mineralized by magnetite and hematite and cut by later
manganese-oxide veins (Salas, 1971; McLeroy er al., 1986).




Figure 27. Cross-section through the Cumbres
orebody, Ojuela mine, through X-Y shown on
Figure 26 (from Prescott, 1926).

The 2-cubic-km Zacatera Diorite stock lies 9 km northwest of
the Sarnoso Stock and about 2 km southeast of Ojuela. This is a
composite, heterogeneous body with a light-colored phase rich in
feldspars and a dark-colored phase rich in ferromagnesian miner-
als. Several small silver and antimony deposits occur near this
stock (McLeroy er al., 1986).

Fine-grained alaskite with associated skarn was reported by
Spurr (1923) from core holes dnlled 500 meters directly below the
deepest levels of the mine. Spurr’s description of the alaskite is
incomplete, but McLeroy er al. (1986) suggested that this unit
correlates with sparse outcrops of quartz latte that occur about
5 km northwest of Mapimi, in the Toboso Hills. Spurr also noted

that the arsenopyrite content of mineralization increases sign:fi-
cantly in the direction of the alaskite
The mineralized area is cut by numerous fine to medium-grained

diabase dikes. Many occur in the same structures that host mineral-
1zation, but only some are altered or mineralized

Despite the close spatial and temporal proximity of the intru-
sions to mineralization, for various reasons many researchers
(Singewald, 1936; Hoffmann, 1967; McLeroy er al., 1976, 1986)
have downplayed possible genetic links between most of the
intrusive phases and the mineralization. However, the relationships
seen between all the intrusive phases and the mineralization at
Mapimi are strikingly similar to relationships seen in the Santa
Eulaha, Concepcion del Oro, and San Martin-Sabinas districts,
strongly indicating a genetic link between long-term magmatic
differentiation and mineralization (Megaw, 1990; Barton er al.,
1995; Megaw er al., 1998; Castro-Reino, in progress). If this link
can be confirmed for Mapimi, it opens significant potential for
finding additional mineralization centers in the district

Mineralization
During the 334 years between 1598 and 1932, the Mapimi
district produced a total of about six million tons of high-grade,

silver-rich oxide ores and perhaps as much as a million tons of

sulfides (Megaw er al., 1988). Overall production grades were
15.0% Pb, 475 g/T (= 15 troy ounces) Ag, and 3.5 g/T (= 0.1 troy
ounce) Au. Copper grading up to 3% was produced in limited areas
(Campos et al., 1988). Zinc is a prominent component of the ores,
probably averaging 12-15%, but it was never recovered. The deep

parts of the system contain potentially large sulfide resources, but
their exploitation requires technology for eliminating the abundant
arsenic. Pefoles retains ownership of the property because the
company assumes that this will one day be possible.

Mineralization in the Mapimi district is typical of the larger Ag-
Pb-Zn (Cu, Au) carbonate replacement deposits (CRDs) of Mexico
(Megaw er al., 1988, 1998). It shows a temporal and spatial
relationship to a highly differentiated igneous system and is zoned
on a scale of kilometers. On a district scale, mineralization grades
from skarns developed along stock contacts, to skarns developed
on the contacts of felsic dikes. to massive sulfide chimneys and
mantos, to a complex but charactenstic alteration envelope. On the
scale of the Ojuela mine, mineralization grades from deep dike-
contact skarmms to massive sulfide bodies to replacement veins to
late carbonate-stibnite veins, to distinctive manganese-silver car-
bonate impregnations. Zoning is also well developed within indi-
vidual orebody types. The following discussion of Ojuela mine
ores will begin with the deepest skarns and work upward and
outward, as if the system were unoxidized. The oxidation of the
system will be treated afterwards.

The deep contact skarns are only known from a series of 600-
850-meter-deep holes drilled from the lowest levels of the mine
(Spurr, 1923). Alaskite dikes encountered in this skarn zone are
inferred to be closely related to mineralization. The skarms are
typical of those affecting dolomitic limestone; they are composed
of an anhydrous “prograde” suite including grossular-andradite,
diopside, apatite, and wollastonite, with a hydrous “retrograde”
overprint including tremolite, actinolite, vesuvianite, clinozoisite,
pectolite, phlogopite, quartz and calcite (Meinert, 2002). The skamn
1s mineralized with pyrite, chalcopyrite, arsenopyrite, molybdenite,
galena, sphalerite and enargite. Arsenopyrite can run as high as
20% of the total volume.

The massive sulfide orebodies of the Ojuela mine rose through
the carbonate host rocks as seven major chimneys, which fed four
groups of branching, complexly intersecting mantos (Villarello,
1906). The chimneys are developed along northwest-trending
faults developed along fold axes, and the mantos commonly follow
specific carbonate beds along the crests of these folds (Prescott,
1926). Sheet-like massive sulfide mantos are also developed in thin
limestones sandwiched between shale beds in the lowermost part
of the Indidura Shale. Prescott (1926) noted an overall zoning of
metals, with the highest copper in the deepest zones, through a
zone of zinc-lead, to lead-zinc-silver, to lead-silver. The primary
sulfide ores in the copper-rich zone consist largely of sphalente,
chalcopyrite, pyrite and arsenopyrite, with lesser galena, molyb-
denite, enargite and marcasite (this may actually be pynite
pseudomorphing hexagonal pyrrhotite). The iron content of the
sphalerite decreases upwards, as does the pervasiveness of “chal-
copyrite disease” (chalcopynite exsolution blebs within sphalerite)
(McLeroy er al., 1986). Sphalerite and galena are the dominant
sulfides in the zinc-lead zone as chalcopyrite and enargite diminish
upwards. The outer lead-silver zone is dominated by argentiferous
galena, sphalerite, pyrite and arsenopyrite (now <1%), with minor
chalcopyrite, molybdenite, enargite and stibnite. Varying amounts
of calcite, dolomite, quartz and fluorite comprise the gangue
throughout (McLeroy et al., 1986).

The major chimneys include the San Vicente, San Ignacio
(Monterrey), San Nicolas, San Judas, San Jorge-San Juan, San
Antonio (Cumbres), and Ojuela (Palomas). The Ojuela chimney is
the largest orebody in the mine. It stands over 1000 meters tall and
has an elliptical plan of about 5000 square meters. This orebody
produced 1,500,000 tonnes of ore grading 3 g/T Au, 500 g/T Ag,
10% Pb and 15% Zn. The zinc was not extracted, but remains on
the walls of the stope as a shell of zinc oxide minerals.
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Fabular replacement veins occur where fracture-controlled min-
eralization developed in relatively unreactive rocks, and lateral
dissemination of ore was limited. Many of these veins occur along
fold axes, and thus link chimneys and mantos developed higher and
lower in the stratigraphic sequence. The Santa Rita vein is one of
the Lu:_:chl of these: 1t _".IL'lttl,'Li HL‘.H’|3 SOO. 000 tons of ore :_‘T;Itiltlg_‘
3 /T Au, 500 /T Ag, 10% Pb and 15% Zn.

'he major mantos occur in clusters in the Ojuela, San Ignacio,
Socavon, and Talpa (or Campo Sur) areas. Ojuela has several
different styles of mantos ranging from elongate ribbons to sheet-
like bodies. The Cumbres manto is over 1000 meters long and 10 x
25 meters in cross section. It hes immediately beneath a dolomitic
bed along the crest of a fold. In contrast, the San Carlos manto 1s
50-100 cm thick, 200 meters wide and 500 meters on dip. It lies on
the eastwardly-dipping east flank of a N35°W fold, and produced
250,000 tonnes of ore grading 200 g/T Ag and 8.5% Pb, with 11%
Zn (not produced)

'he mantos show remarkable lateral development in particular
beds within the hhmestone-dolomitic limestone-dolostone sequence
of the Cuesta del Cura Formatnion. The tendency of minerahization
to develop well in one bed and hardly at all in adjacent beds above
and below has |u|r:_' been referred to as “the favorable bed prwhlcm"
(Prescott, 1916, 1926; Hayward and Trniplett, 1931; Ohle, 1951
Megaw er al., 1988. Megaw, 1990). Several tests ol vanous
hypotheses including chemical composition, fossil or organic
content, and grain size were carried out at Ojuela (Prescott, 1926:
Hayward and Triplett, 1931). In some places mineralization “mantos
out” (blossoms laterally) in dolostones; in others 1t strictly follows
dolomitic limestone; in still others it follows himestone beneath
dolostone. The ulumate conclusion of these studies and related
studies in other carbonate-hosted deposits 1s that chemical compo
sition is inherently unimportant, but that for an ore fluid to pass
through a carbonate rock, porosity and permeability must be
enhanced h} sOome ‘-t.’n..'nl'ltLlI} Procoss Ihese Processcs Can include
fracturing (via faulting or folding), dissolution (via meteoric o
hydrothermal karsting processes), heating, or dolomitization (Megaw
et al., 1988). Certain of these processes clearly affected different
parts of the stratigraphy at Qyuela differently

Much of the district’s dolomite is depositional, but at least some
appears to be secondary or hydrothermal in onigin. There are
significant textural differences between the two styles, and Foshag
(1937) interpreted dolomitization as being zoned relative to miner
alizaton. The hmestone and dolomite rocks of the district are

thermally recrystallhized to coarse-grained marble around intrusion

lization oul-
wards. Similar patterns have been noted around other carbonate

centers, and gradually diminish to sugary recrysta

replacement deposits in Mexico (Megaw and Titley, 1985)

Carbonate veins and veinlets lie outboard of many major
orebodies. These are composed of calcite and manganoan siderite,
with minor quartz, containing stibnite, pyrite and pyrargyrite
Commonly the vein minerals are weathered to stibiconite and
mixed earthy oxides. Sulfide content in these veins diminishes
outwards as they gradually become manganoan calcite veinlets,
commonly outhined by dendnuc argentiferous manganese-oxide
mineralization (AMOM vein

ets, Megaw, 1998). These veinlets
mark the distal parts of the ore fluid pathways with fillings
deposited from nearly spent ore fluids and late-stage fluids reflect-
ing the collapse (or retreat) of the hydrothermal event (Rubin and
Kyle, 1988; Megaw, 1998).

The Indidura shale is widely thermally metamorphosed to
hornfels, a compact mixture of very fine-grained pyroxenes and
garnets. This unit locally contains axinite as crystals to a few cm.
No significant sulfide mineralization has been found in the Indidura
shales beyond minor veinlets

* 5

Oxidation

The composition of the primary sulfide ores directly influenced
the composition of the secondary oxide minerals. Had the Ojuela
ores consisted dominantly of pynite, pyrrhotite, galena, sphalente,
and chalcopyrite, as is typical for most carbonate replacement
deposits, we would probably revere the locality principally for the
size of its crystals of “ordinary™ secondary minerals. However, the
high arsenopyrite content of the ores resulted in secondary ores
rich in arsenates, rivaled only by Tsumeb (also an oxidized vertical
sulfide chimney of mammoth proportions). The repetition of the
process and the vanability of chemical conditions caused by
varying amounts of water and oxidation of different compositional
zones of the primary mineralization resulted in the wide vanety of
exceptionally well crystallized supergene species

Oxidation in the Ojuela mine extends to 700 meters below the
surface (measured from the Tiro Norte collar), and encompasses all
of the mantos and many of the chimneys. Oxidation 1s virtually
total, but relict sulfides do survive locally. The suite of secondary
oxide minerals for which Ojuela is justifiably famous is the product
of the duration and nature of the oxidation process, the geometry of
the Ojuela orebodies, and the composition of the primary sulfides

Oxidation is a highly variable process strongly affected by the
infiltration of meteoric waters: thus it is principally controlled by
climate and rate of uplift. It 1s a very long-term process, so its
advance i1s sporadic as wet and dry climatic cycles occur. The
chemistry of the oxidizing flumids also vanes depending on the
amount of water passing through the system at any given time.
Oxidation of pynte, pyrrhotite and arsenopyrite in the primary
sulfide ores creates a strongly acidic fluid that migrates away from
the ore and reacts with the surrounding carbonates, creating
cavernous voids into which supergene minerals can grow to large
crystal sizes. The geometry and size of these voids i1s strongly

influenced by the geometry of the orebodies. Flat-lying, relatively

thin manto orebodies tend to develop relatvely thin cavernous
zones directly beneath the manto, whereas vertical chimneys tend
to develop annular to cylindrnical cavernous zones surrounding the
chimney. Repeated flushing of oxidizing fluids through the chim-
ney results in greater lateral cavern development at the base of the
chimney than at the top; eventually an nverted carrot shape
evolves

I'he acidity of the oxidizing fluids also efficiently separates lead
and zinc. Zinc 1s mghly soluble and 1s readily leached from the
oxidizing sulfides, leaving the relatively insoluble lead to be
residually ennched, in situ, as argentiferous cerussite. The zinc
remains in solution until the acid fluids are neutralized through
reaction with the carbonate wallrocks (again increasing the amount
of void space), and reprecipitates as supergene zinc minerals. At
Oue

a, the combination of this oxidation-separation process with
repeated flushing along the axes of the chimneys yielded a shell of
supergene zinc mineralization surrounding cores of argentiferous
cerussite

Historic mining focused on the argentiferous cerussite, leaving
the shell of supergene zinc mineralization behind. New metallurgi-
cal techmiques allowing solvent extraction of zinc from oxidized
ores are being successfully applied in several mines worldwide, so
these large volumes of unmined zinc oxide ore in the upper parts of
the Ojuela mine may attract renewed mining activity in the
relatively near future. This would clearly have a favorable impact
on specimen production, as long-backfilled areas would be cleaned
out and new areas of oxide mineralization revealed for collecting.
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'he underground workings of the Ojuela mine are vast and deep

Upon first seeing the site one naturally speculates that the high
mountain knob of the Bufa de Mapimi, on which the ruins of the
miners village are perched. must be honeycombed with stopes
Indeed 1t 1s, but in reality that massive prominence contains but a
tny proportion of the total workings. Figure 30 shows a vertical
1)

of the major orebodies projected onto a vertical plane. To the

section through the Ojuela mine deposits, with many (but not a

tourist looking back over the bridge from the South Camp side. the
view seems grandly panoramic enough (see frontispiece photo).
but in scaled comparison with the chimneys and mantos of ore
beasts flailing great arms in the dark below—such human works
seem entirely trivial. And unfortunately the extant mine maps are
frustratingly incomplete and vague today: some of the underground
workings are known only to the surviving miners who once worked
(or still work) there, and some are no doubt unknown to any living
person today

Peter \l;,‘:_:;m. (in the {1lt.'t'l|ll‘:_1} section. above) has Lil‘\“”;ll]'\hfkl
seven major ore chimneys: (1) the Ojuela (Paloma), (2) the San
Vicente, (3) the San Ignacio (Monterrey), (4) the San Nicolas, (5)
the San Judas, (6) the San Jorge-San Juan, and (7) the San Antonio
(Cumbres) chimney. (The latter two are not shown on Fig. 30.) San
Antonio, to the north, is called the Cumbres “inclined chimney™ by
Mcleroy et al. (1977). and the Cumbres “manto”™ by Megaw
(above )—either term will do, as chimneys are vertical and mantos
horizontal, and Cumbres has a general dip of about 45°.

The huge La Paloma chimney is said by Villarello (1909) to e
“very near the Ojuela, and the vertical section shows the two to be
connected at depth. Rice (1908a) mentions two other “large
chimneys ™ called San Pedro and Santo Domingo. The latter of
these appears on a surface map in McLeroy er al. (1977), but the
former 1s not mentioned by other authors: perhaps its name has
changed. Two other major named structures are the San Carlos
manto (or “vein”) and the Santa Rita replacement-vein deposit. San
Carlos i1s a twisting, interwoven network of small ore pipes,
developed for about 200 meters along a band between 80 and 160
meters depth: it was exhaustively exploited, and its lowermost parts
are now flooded (McLeroy er al., 1977). Santa Rita 1s a mineralized
fault zone, and “the only important deposit of a replacement-vein
type at Ojuela”™ (MclLeroy er al., 1977

Figure 28 shows a plan-view projection through the dense central
part of the aggregate deposit. To the north, San Antonio (Cumbres)
appears, as does a smaller outlying manto called La Luz. The San

Ignacio chimney appears as if separate from the Ojuela, although the
vertical section shows them to merge at depth. The two other dense
mining areas which show up on the honzontal section are called
Socavon (“Entrance™) and Campo Sur (“South Camp™). they were
reached through the #4 shaft (Tiro 4), just beyond the south end of
the Roebling suspension bridge. Modern-day tourists visiting the
mine are taken across the bndge and into the opening on the south
end; at umes in the past this opening, now known as Tiro 4, was
called the Socavon shaft (Rice, 1908a), and the workings it accessed
were called the Socavon mine, or Socavon Viejo (“Old Entrance™)
mine. The Santa Rita replacement vein, though not shown on this
map, 1s part of this Socavon complex (Southworth, 1905). The
Campo Sur group of workings was sometimes delineated as being
separate from the Socavon workings, as indicated in the Figure 28
map; farther to the south the San Judas chimney (which has no
surface expression) was in turn considered to be part of Campo Sur.

0 @

The central, largest, and richest of all the ore chimneys exploited
in the Ojuela mine complex was the one called (appropnately) the

Ojuela, or Ojuela Vieja (“Old Ojuela™), chimney. According to
McLeroy er al. (1977), this was the first deposit discovered by the
Spanish explorers 400 years ago. Indeed the Spanish Descubridora
(“Discovery Hole™) opening directly under the bluff and near the
bottom of the arroyo, 1s easily imagined to have intersected the
Ojuela mineralizaton at depth. The Penoles miners, who called
this ancient opening the Boca Mina (*Mine Mouth™ or “Mine
Opening”), continued to use it to reach the Ojuela Vieja ores from
one side, while also reaching them from the other side via the San
Carlos adit (see below)

I'he Ojuela chimney is ovoid, and nearly perfectly vertical,
reaching its greatest width at a depth of around 450 meters,
sphitting to enclose a giant “horse™ of limestone just below that, and
connecting, still further down, to the Paloma chimney. It is
oxidized to a depth of about 500 meters, and already by the turn of
the twentieth century it had been mined to a depth of 650 meters
(Southworth 1905), with great hollow chambers remaining where
the ore had been taken out. One of these huge stopes was
intriguingly known as the Riscos Grotto (Villarello, 1909)—
Riscos, meaning “treasure,” is the term used today by miners of the
cooperativa for collecuible crystals, though in earlier tmes it
probably referred simply to rich ore

A few of the underground workings besides the Boca Mina no
doubt date back to Spanish times or at least to the mid-19th
century, but all of the most important tunnels and drifts date from
the decades of large-scale mining by the Penoles Company. Around
the turn of the 20th century, five main working shafts were in
operation. The southernmost was the Santa Rita shaft; at the south
end of the Roebling suspension bridge, as already mentioned, was
Tiro 4; on the other side of the arrovo and to the north was the
Monterrey shaft; and in the valley to the northwest were the San
Guillermo and America Dos shafts. More than a hundred less
important shafts were also in operation at one time or another,
including the North shaft, or Tiro 3, sunk near the north end of the
Roebling bridge (see Fig. 30). Old photos show a headframe there,
the ruins of which are still visible today

The America Dos shaft, also called Tiro 2, was sunk around
1900, at approximately the same time that the huge San Carlos adnt
(following the San Carlos manto/vein) was drniven, and the number
ing system for the mine levels was changed. Before this time, ore
mined at all levels would invariably be raised directly to the
surface, but under the new system the ore was lowered or raised
from other workings to San Carlos adit on Level 5 (formerly Level
12), then trammed to the America Dos shaft to be hoisted out of the
mine.

The San Carlos adit connected mining areas in the Ojuela, San
Ignacio, Socavon and San Judas pipes—practically the whole
underground expanse of the Ojuela complex. The 1200 miners who
worked underground each day were lowered down the shafts, and
ore was brought up via the same shafts, in one-ton buckets or self-
dumping skips, either to the surface or (increasingly after 1900) to
the San Carlos adit. Rice (1908b) reported that the machmnery
worked so efficiently that it took only about two minutes for a
loaded ore bucket to be hoisted from the 550-meter level to a
surface site, dumped, and returned.

America Dos, the only shaft with two compartments, was
timbered with 8 x 8-inch shaft sets to provide firmer anchorages for
the hoisting system. The other shafts and most of the tunnels, adits
and crosscuts remained for the most part untimbered; the Cuesta
del Cura limestone is very hard, and bad ground was rare. The
America Dos shaft, however, had a ground-stability problem,
because part of it cut through the Indidura Shale. For many years
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Figure 29. Mario Pisena at one of the entrances
to the San Carlos adit, November 2002. T.
Moore photo.

after the cessation of large-scale mining, the men of the cooperativa
used the Amenca Dos (and Monterrey, and several of the old
entrances to the San Carlos adit) to enter the workings: but the
miners of Top Gem no longer use America Dos, since a few years
ago a part of the shaft gave way, at a point where it ran through the

shale

Mgar Tiro 88 &
North - j -

La Ciguena
Fern

PLANO CENERAL

DE LA

MINA OJUELAYANEXAS.

0 METERS 200

Figure 28. Plan-view projection of some of the
major orebodies in the Ojuela complex. (Com-
pare Fig. 31) From Villarello, 1906.

In the heydays of mining, steam generators furnished current to
keep the workings electrically lighted,
diamond dnlls (see below), and to electrify the miners’ village

power th‘ ht‘r]wlx LIHIJ

Main crosscuts extended from the shafts at irregular intervals
above the 450-meter level, and below that at regular intervals of 50
meters down to the 800-meter level, near the mine’s “bottom™
(Rice, 1908b). Ore cars on tracks provided underground transporta-
lion Lilﬂ!‘l}:' these passages But since the deposit uself 1s so
labyrinthine, with countless small ore veins threaded around and
between larger structures, and since nearly all of the mineralization
s “blind,” 1.e. without surface expression, much ore was found
simply because the Mexican miners followed the veins where they
led, as their predecessors had done since Spanmish times. The
Penoles Company was wisely content to allow these miners to keep
gophering into the winding veins with their short-handled picks
and scrapers, then load the ore out on their backs to be dumped into
ore cars in the adits and drifts; in the shghtly wider veins the
miners used long-handled hoes to fill small pans with ore, then
unloaded the ore from the pans into the ore cars. Impracticable in
earlier times, these old-fashioned Mexican methods proved to work
well in the context of Pefoles’ modern industrial operation. By all
accounts, general morale was consistently high: Rice (1908b)
reported that sometimes, on the 4th of July, American shift bosses
, and that
“with several peones in the contest, each busy with a hoe and pan,
such a contest becomes almost as exciting as a double-hand drilling

contest.

put up prizes for car-loading contests between peones
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Figure 30. Vertical north-south section showing the projection of some of the Ojuela-
complex orebodies;: compare Figure 30 (adapted from Villarello, 1906, and Prescott,
1926 with lugares as indicated by Mike New and his miners, pers. comm. 2003).

New mineralization was continually sought by prospecting with
diamond dnlls from the tunnels and dnfts. Betore 1900 this was
done by a method whereby |20-meter squares were blocked out for
systematic drilling along successive stages of tunnel, but then a
better, if less systematic, method was found in which drill holes
were made from a senies of informal “set-ups.” The hole positions,
together with any findings concerning the ground ahead (inferred

from the sludge which emerged: dnll cores were not saved) were
recorded on index cards, and from these data special maps were
constructed to extrapolate mineralization. This very modern ap-
proach to prospecting made a paradoxical complement to the
eveballing investigations of the common miners.

By the time industrial mining ended, an extremely extensive and
complex system of underground workings had been created. Since
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Figure 29. Mario Pisena at one of the entrances
to the San Carlos adit, November 2002. T.
Moore photo.

atter the cessation of large-scale miming. the men of the cooperativi

used the Amenca Dos (and Monterrey. and several ol the old
entrances 10 the San Carlos adit) to enter the workings: but the
miners of Top Gem no longer use Amernica Dos, since a few vears
ago a part ol the shaft gave way. at a point where it ran through the
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Figure 28. Plan-view projection of some of the
major orebodies in the Ojuela complex. (Com-
pare Fig. 31) From Villarello, 1906.

In the hevdays of mining, steam generators furnished current to
keep the workings electnically hghted, to power the hoists and
diamond dnlls (see below), and to electnty the miners village
Main crosscuts extended from the shafts at irregular intervals
above the 450-meter level, and below that at regular intervals of 50
meters down to the 800-meter level. near the mine's “bottom™
(Rice. 1908b). Ore cars on tracks provided underground transporta-
L1on .JILIF'I;_’ these passages But since the L|.L‘|‘t"‘~|f Iisell 1s SO
labyrinthine. with countless small ore veins threaded around and
between larger structures, and since nearly all of the mineralization
1S “bhind.” 1e. without surface expression, much ore was found
simply because the Mexican miners followed the veins where they
led, as their predecessors had done since Spamish times. The
Penoles Company was wisely content to allow these miners to keep
gophering into the winding veins with their short-handled picks
and scrapers, then load the ore out on their backs to be dumped into
ore cars in the adits and dnfts: in the shightly wider veins the
miners used long-handled hoes to fill small pans with ore. then

unloaded the ore from the pans into the ore cars. Impracticable n

carlier times, these old-tashioned Mexican methods proved to work
well in the context of Penoles” modern industnal operation. By all
accounts, general morale was consistently high: Rice (1908b)
reported that sometimes, on the 4th of July, Amernican shift bosses
put up prnizes for car-loading contests between peones, and thal
“with several peones in the contest. each busy with a hoe and pan,
such a contest becomes almost as cxciung as a double-hand tll']||1|‘|:._'

contest.
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Figure 30. Vertical north-south section showing the projection of some of the Ojuela-
complex orebodies; compare Figure 30 (adapted from Villarello, 1906, and Prescott,
1926 with lugares as indicated by Mike New and his miners, pers. comm. 2003).

New mineralization was continually sought by prospecting with from the sludge which emerged: drill cores were not saved) were

diamond drills from the tunnels and drifts. Before 1900 this was recorded on index cards, and from these data special maps were

done by a method whereby | 20-meter squares were blocked out tor constructed to L“\.lhl.{"hr|.l'[l..' mineralization. This very modern ap-
systemaltic tlHIlmg l:ll.rl];: successive stages ol tunnel, but then a ;“Ihuu_h [0 prospecung made a Ihll'.hlui\l-_'.il (HIHPIL‘IT‘JL‘IH to the
better, if less systematic, method was found in which dnll holes eveballing investigations of the common miners.

were made from a series of informal “set-ups.” The hole positons, By the time industrial mining ended, an extremely extensive and

together with any findings concerning the ground ahead (inferred complex system of underground workings had been created. Since
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Figure 31. Surface plan of the Ojuela mine and sur-
rounding area, showing major claims existing today
(adapted from an unpublished map by the Pefoles
Company, augmented by first-person information ob-
tained from miners and Mike New). Pale gray=Peioles
property. Note suspension bridge Tiro 3 and 4.

1945, no new workings of any significance have been added. The
miners of the cooperativa (and, later, Top Gem’s miners) have been
content to find their way to interesting collecting spots undes
ground via the old workings left by Pefoles. Many old maps are
vague, inaccurate, or not to be located; some of the 450 kilometers’
worth of tunnels, drifts, and gopher-holes were never mapped in
the first place: much ground has given way, to form perilous
slumps and collapsed areas: many a helpful chicken ladder now
lies fallen and/or buried. We may be sure that all of the specimens
which emerge from the Ojuela mine in the future will have been
won at significant risk by brave men willing to enter the labyrinth

® 32

TDinerals

The following histing surveys all known species from the Ojuela

mine (except for rock-forming minerals of the country rocks), and
a few specimen-worthy occurrences in other, smaller mines in the
Mapimi district. Names of district mines other than the Ojuela
are shown in bold type, and will be mentioned in connection with
some of the more interesting minerals which they produce. Names
for collecting sites within the Ojuela mine are shown in italics;
these are what the miners call the Ojuela lugares (see table 1). The
Spanish word (ugar means “place” or “site,” and in Mapimi it
denotes a worksite, 1.e. a place large enough to mine. Thus, most of
the names of lugares are informal, created by the miners them-
selves, although some can be correlated with the names of chim-
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Figure 32. Old entrance that
intersects the San Carlos adit,
November 2002. T. Moore photo.

Figure 33. Mined-out stope in limonite off the
San Carlos adit, November 2002. T. Moore photo.

neys or mantos in the Qyuela deposit; e.g. the lugar called Cumbres
lies in the San Antonio ore chimney (also called the Cumbres
nrchud} ). Some italicized terms denote sites which older sources

list as “munes,” but which belonged, or now belong, to the Ojuela

mine complex: e.g. the “Monterrey mine™ of Hoffmann (1967) is
an orebody within the San Ignacio chimney 1n the Ojuela mine, and
1s considered here as a lugar Sometimes names have simply
changed: e.g. the “North Shaft”™ of Foshag (1937) has more
recently been called the Amenca Dos Shaft, and 1s here called
America Dos (for many vears this was the miners’ primary
entrance to the Ojuela mine's system of underground workings)

Two systems have historically been used to number levels of the
Ojuela mine. The older system starts at the surface and distin-
guishes levels approximately every 50 feet. The more recent
system, established after Pefoles completed the San Carlos adit at
canyon-level, distinguishes levels every 100 feet. What used to be
called Level 12 is now Level 5. The newer system is used in the
present work

Every attempt has been made to offer specific information on
which species came from where in the Ojuela mine, and when they
did so. and. for very widely distributed species, which color, habat,
associations, etc. were found in which lugar, and when. Approxi-
mate locations of the /ugares are shown on the underground mine
map. When information of this sort is not accompanied by a
citation to the literature, it has come from oral accounts by the
miners and by Mike New and is based in their firsthand collecting
CXPETICNCes

Unfortunately, many Mexican specimens on the market which
are in fact not from the mine have been labeled “Ojuela mine” or
perhaps “Mapimi™” (and the collector’s dark angel tempts him, in
this case, to add “Ojuela mine™ all on his own). Misattnbution of
specimens to a famous locality, especially one of diverse and
complex mineralogy, i1s a familiar problem in many different
geographic venues of interest to the mineral collector. Specifically,
many an “Ojuela” mimetite specimen seen on the market is in fact
from Velardena: this locality produced huge quantities of pale
green mimetite, routinely sold through Bermejillo as being from
Mapimi. Many other “Ojuela” mimetites and smithsonites are
actually from Santa Eulaha: many an “Ojuela™ pyromorphite 1s
from the San José mine, Guazapares, Chihuahua, or from Zimapan,




America Dos (incl. dump)
Anglesite

Arseniosidente
Austinite

Calcite
Carmunite

C halcocite
Hausmannite

H\ drohetaerolite
Malachite
Mimetite
Stubiconite

Stibnite

America Poniente
Calcite
Hvdrozincitg
Litharge/Minium
Mimette
Murdochite
Plattnenite
Rosasite (best
Wultenite

Campana
Calcite
Mimeute
Wulfenite

Cumbres (San Antonio chimney)
Aunchaicite
Azunte
Copper
Cupnte
Malachite

Rosasite
El Pirul

Brochantite

La Ciguena

Adamite
[ .'.|'L ine
Carminite

Smithsonite/goethite

ps att. legrandite)

La Esperanza
Adamite
Calcite
Chalcophanite
Fluornite
Hemimorphite
Murdochite
Plattnente
Smithsonite

La Tolva
Adamite

Level Four

Adamate (Drst discovery)

(Cerussite
Mimette
Smithsonite

Level 5 between Palomes Oriente and
San Carlos (incl. “Los Changos™)
Austinite
Calcnte
Gypsum
Kotngite/Parasymplesite,
Legrandite
Mapimite
Oyuelaite
Paradamite
Pharmacosiderite
Smithsonite

Wonterrey
Berzehanite
Bismuth
Bismuthinite
Cassitente
Diopside
Emplectite
Enargite
Galena
Marcasite
Pyrrhotite
Sphalente
Stannite
Umangite

Number Nine
Adamite

Palomes Oriente
Adamite
Austinite
Gypsum
Jarosite
Kottigite/Parasymplesite
Legrandite
Mapimite
OQquelaite
Paradamite

Smuthonite (best)

Plan de Ayala (Level 5.5)
Legrandite (best)
Scorodite

['sumconte (7)

San Carlos (Level 2 = “Manganeso”)
Bante
(a
Comichalcite
Fluornite (best)
Hemimorphite

cite

San Diego Stope, Level 6
Bindheimite
Mimetite
Plumbojarosite
Wultenmte

San Juan
Austinite

Table 1. Important lugares (collecting areas) in the Ojuela mine, and the species found in each.

San Juan Poniente (incl. Dump)

Adamite
Anglesite
Aurichalcite
Azurite
Barnte
Bindheimite
Brochantite
Calcite
Carminite
Cerussite
Chenevixite
Conichalcite
Cuprite
Gypsum
Hausmannite
Hedyphane
Hemimorphite
H_\Li[t"f‘lt.'hu'tﬂllh‘
Malachite
Mimetite

Pharmacosidente

Plumbojarosite
Rosasite

Silver
Wulfenite

San Judas, Level 5

Adamite

Hemimorphite (best)

San Judas, Level 6
Adamite (incl. purple, best)

Arseniosiderite
Chalcophanite
Chlorargynite
Hemimorphite
Lotharmeverite

Mn analog of arseniosiderite
Manganlotharmeyerite

ljé.’l.h.‘['lthH;_’lEi.'
Scorodite (best)
Smithsonite
Villyaellenite

San Judas, Level 7

Adamite
Aragonite

San Juditas

Adamite
Arsendescloizite
Calcne

Litharge/Minium

Mimetite

San Rafael

i_L’DIdHL rociic

Santo Domingo

Hemimorphite
Libethenite

Socavon Shaft

Hemimorphite
Sauconite

Tesoro Doce, Level 5

Adamite




Hidalgo—smithsonite and pyromorphite are very rare in good

specimens from Mapimi. Well crystallized sulfides in hand-speci-
men sizes are practically unknown from the Ojuela mine, although
good large specimens of pyrite from Conception del Oro, pyrrho-
tite from Santa Eulaha, and stibnite and jamesonite from various
mines in Zacatecas have all been sold as "Ojuela mine” or
"Mapimi” specimens. Fine, large celestine crystals do indeed occur
at mines in the Mapimi district, but not in the Ojuela mine. Dealers
who misattribute specimens in these ways do not, of course,
necessarily do so with conscious dishonesty: more likely they are
only repeating what they have been told by a supplier, or they have
assumed that a specimen sold in Mapimi must have come from the
Ojuela mine. It is hoped that the listing below will help collectors
and curators to address such mysteries and ambiguities in their own

L‘UHL‘L'HUI‘H

Figure 34. Crystal drawing of adamite from the
Ojuela mine. {010}, {120}, m{110}, {210},
d{101} (Mrose, 1948).

Adamite Zn.(AsO . NOH)

The Ojuela mine i1s far and away the world’s most prolific
producer of outstanding crystal specimens of adamite. The species
was first descrnibed by Charles Friedel in 1866, and named after the
Pansian mineralogist Gilbert-Joseph Adam (1795-1881), who
Ojuela

adamite occurs in vugs in dark brown goethite, less commonly on

provided the type specimens from Chanarcillo, Chile

white limestone, pnmanly in stopes between the 4th and |5th
levels of the mine (Megaw, 1996). Individual crystals reach 12 cm
(Panczner, 1987), but more commen and more famihiar to most
collectors than sharply individualized single crystals are the great
fans or sphencal or hemusphernical aggregates (often called “wheels )
of bnlhiant yellow-green radiating crystals on goethite matnx. The
most commonly associated species on such specimens are calcite,
smithsonite, conichalcite, hemimorphite and legrandite (Hoffmann,
1967), although Cook (1999) observes that the best adamite in the
Ojuela mine tends to occur without associated species, except for a
few fine specimens on which legrandite or smithsonite appears
Single adamite crystals are commonly elongated parallel 1o [010],
[001]), and rarely [100] (Cook, 1999), but some crystals are
shortened parallel to the b axis and are pseudo-octahedral or
tabular. The domnant form i1s {101}; additonal forms include
(120}, {110}, {210}, and {010} (Hoffmann, 1967)

Chemical analyses carmed out by Mrose (1948) show that the
vellow adamite from the great grotto on Level 4 1s very pure,
conforming closely to the ideal formula: this was the first major
discovery of adamite in the mine. However, Ojuela mine adamite
can

contain trace elements. and these

are responsible for the
occurrence of adamite in other attractive colors

In 1981, on Level 6 in San Judas, an extraordinary find of royal-
purple adamite crystals delighted collectors (Wilson, 1982b; Panczner.
1983a; Megaw, 1996); although Mapimi locals call the purple

crystals “cobaltos,” the chromophore is actually manganese (Megaw,
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1996). Some crystals from this pocket are zoned, with pale vellow
or yellow-green bases grading to pale or deep purple near the
lerminations (see sidebar. “Purple Adamite Tales™)

In the late 1980°s a remarkable pocket was found with cuprian,
pale turquoise-blue adamite crystals, and then a second pocket with
cupnan adamite crystals of a greenish blue hue to more than |1 cm
(Wilson, 1989); these apparently were the first widely marketed
finds of significant specimens of blue adamite from the mine,
although pale blue drusy crystals ol “cuproadamite™ on goethite
had been noted earlier (Johnson, 1962), and some blue crystals
1969 (Miller and Olson, 1970; see below).
Some of the specimens currently being mined in 2003 consist of

were discovered n

highly lustrous, pale greenish blue adamite crystal sheaves to 2 cm
on dense rust-red goethite matrix

Golden-tan to nch brown, presumably ferrous, pnsmatic adamite
crystals to 2 cm on drusy gray adamite in a red-brown limonite
matrix were found in the early 1990°s (Robinson and King, 1991),
and more brown adamite crystals are being found today, some in
rounded sheaves of subparallel crystals, some as sharp, blocky
singles to 1 ¢m

I'he well-known intense vellow-green fluorescence of some
vellow adamite from the Ojuela mine is due to trace amounts of
uranium (Modreski and Newsome, 1984); this fluorescence is
generally more intense in the sphencal crystal aggregates from the
Level 4 grotto than in the large, individualized vellow crystals from
other areas (Megaw, 1996). In the blue cuprian, brownish ferroan,
and purple manganoan adamite crystals, fluorescence 1s dampened
by the trace elements

The history of adamite from the Ojuela mine seems to have
begun in 1946, when Dan E. Mavers and Francis A. Wise came
upon a huge grotto of crystals—see sidebar, “The First Discovery
of Adamite in the Ojuela Mine.” In the following year, the news
broke modestly in the collector hiterature when Henry Dake, editor
of The Mineralogist, inserted a small paragraph announcing “adamite
tound™ (Dake, 1947).

During the early 1960’s, “adamite was so common in the shops
that it was easy to obtain flats of excellent quality for ven
reasonable prices” (Jones, 1970a). Robert Cook (1999) recalled
that when he collected underground at the Ojuela mine in the early
1960°s, he entered a stope measuring about 10 x 20 x 25 feet, and
found an abundance of fine adamite specimens lying loose in the
gossan on the stope floor. Interestingly. these included some purple
crystals, well in advance of the great discovery in San Judas in
1981: indeed, Panczner (1983a) remarks that mineral dealers in the
early 1960’s occasionally oftered purple adamite crystals of medio-
cre quality

During the middle 1960°s, adamite was encountered so abun-
dantly in the mine that the co-operative’s collectors, working in
shifts, took out tons of specimens from what became known simply
as “the adamite zone™ on Level 4 (Mike New, personal communi-
cation, 2002) Bob Jones wrote (1970a) that in the
middle 1960°s there was “an almost phantom-like disappearance of
this mineral from the market,” so apparently the production was
rather sporadic. In the summer of 1969, a pocket was excavated

However.

which probably contained more than two tons of fine adamite
specimens of a variety of colors from almost colorless to rnich blue-
green (Miller and Olson, 1970). Because of this strike, “the market
was again flooded, but the prices reflected the new respect for
adamite. Cabinet specimens of top quality were selling for fifty
dollars and more™ (Jones, 1970a). Probably the adamite specimens
noted in the very first “What's New in Minerals”” column in the
Mineralogical Record (White, 1970a) were from this find, and in
saying, contra Jones, that these were selling for “bargain prices”
John White was accurate for the long haul: collectors today would




Figure 37. Colorless to faintly vellow
adamite crystal, 3.8 cm, from the
Ojuela mine. Artrox specimen (1982);
Wendell Wilson photo.

Figure 38. Colorless adamite “‘pin-
wheel,” 2.1 cm wide, from the Ojuela
mine. New Mexico School of Mining
and Mineral Resources collection; Jefl
Scovil photo.

Figure 35. Colorless adamite, 4 cm wide, from
the Ojuela mine. Kerith Graeber collection:
Jeff Scovil photo.

Figure 36. Colorless adamite composite crystal,
S cm, from the Ojuela mine. University of
Arizona Mineral Museum collection: Wendell
Wilson photo.




Figure 39. Yellow adamite sphere, 3 cm, from
the Ojuela mine. F. Benjamin collection; JefT
Scovil photo.

Figure 40. Cluster of adamite “fans,” 6.1 cm,
from the Ojuela mine. Wayne and Dona Leicht
collection: Wendell Wilson photo.

Figure 41. Adamite spheres on matrix, 5.2 cm
from the Ojuela mine. Martin Zinn collection;
JefT Scovil photo.

Figure 42. Adamite “pinwheel™ on limonite, 2.1
cm, from the Ojuela mine. Ron Pellar collec-
tion; JefT Scovil photo,




Figure 43. Adamite pocket, about 35 ¢m across,
from the Ojuela mine; exhibited at the Detroit
Gem and Mineral Show, 1980. Wende!l Wilson
photo.

Figure 44. Adamite clusters on limonite, 11 cm,
from the Ojuela mine. Martin Zinn collection;
JefT Scovil photo.

Figure 45. Adamite spheres on limonite, 6 cm,
from the Ojuela mine. Martin Zinn collection:
JefT Scovil photo.




Figure 46. Magnificent
adamite pocket, 40 cm
tall, from the Ojuela
mine. Rare specimens of
this size give a feeling for
what a pocket in place
looks like. Bruce Oreck
collection; JefT Scovil
photo.




Figure 48. Cuprian adamite, 6 cm, Ojuela
mine. Steve Blyskal collection and photo.

Figure 47. Cuprian adamite, 5 cm, from the
Ojuela mine. Norm and Roz Pellman collection
and photo.

Figure 49. Cuprian adamite on limonite,
7 cm, from the Ojuela mine. P. and J.
Clifford collection; JefT Scovil photo.

Figure 50. Cuprian adamite, 6.5 cm, from
the Ojuela mine. Pat Hendrick collec-
tion; JefT Scovil photo.




Figure 51. Cuprian adamite, 3.1 cm across, from the
Ojuela mine. Martin Zinn collection; Jefl Scovil
photo.

Figure 52. Cuprian adamite on limonite, 9.7 cm,
from the Ojuela mine. Miguel Romero collection,
now in the University of Arizona Mineral Museum
collection; Wendell Wilson photo.

Figure 53. Cuprian
adamite sphere on
limonite, 3 cm, from the
Ojuela mine. Philip
Gregory collection (1976);
Wendell Wilson photo.
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Figure 54. Cuprian adamite crys-
tal, 1.3 cm, from the Ojuela mine
(“*Number Nine” lugar, 1988). Ga-
las Minerals specimen; Wendell
Wilson photo.

Figure 55. Cuprian adamite crys-
tal group, 2.3 cm, from the Ojuela
mine (“Number Nine” lugar,
1988). Eric Asselborn collection:
JefT Scovil photo.

certainly settle for top-quality cabinet-sized specimens priced at
the fifty-dollar figure mentioned by Jones. Market supplies of fine
Ojuela adamite have inexorably declined since about 1970, despite
the peak event in 1981, when the astonishing purple crystals were
found

According 10 Bank and Becker (1982), six faceted gemstones
were cut from gemmy areas of pinkish purple Ojuela adamite
crystals: the first known gemstones ever cut from this species
Later, Art Grant cut two more faceted adamite gems from rough
sold to him by Mike New, and Miguel Romero bought both: a
tairly clean 2-carat stone and a 5.8-carat stone with a number ol
internal veils

Ihe following 1s a survey of a few major adamite finds in
particular /ugares, as recalled by the miners today

“Level Four,” in the Las Palomas orebody, is still the general
area which has produced some of the mine’s very best adamite,
including that from the 1946 grotto. Brilliant yellow and vellow-

Figure 56. (above)
Cuprian adamite
crystal, 2.5 em, from
the Ojuela mine
(“*Number Nine" lugar,
1988). Ron Pellar
collection; JefT Scovil
photo.

green spheres and hemispheres (wheels) to 10 cm in diameter are

Known

San Juan Poniente has vielded spheres of green adamite, and
blue wedge-shaped crystals to | cm. This zone may still contain
specimens, but 1s currently muck-filled and inaccessible

“Number Nine" produced bright blue adamite crystals 10 2.5 cm
on brick-red plates of matrix up to 20 cm across. The blue crystals
perch individually on the matnix and are sometimes dusted with red
where they have contacted the opposite wall of a seam or vug.
These specimens were first found in 1988

Tesoro Doce, Level 5 produced blocky bicolored yellow-purple
adamite crystals to | cm, first found in the early 1980°s, and deep
purple crystals to 5 mm found sporadically until 2001. Specimens
probably are still there, but the workings are muck-filled and
Inaccessible

La Tolva is an area that yielded green spheres averaging 1.5 cm

in diameter, exceptionally to 5 cm, on reddish matrix, in 1983/

¢4l @




1984. The specimen shown on the cover of Panczner's Minerals of
Mexico (1987) 1s from this occurrence. The best known specimen,
formerly in the Marshall Sussman collection, exhibits a doubly
terminated 4-cm adamite crystal lying across a 5.5-cm wheel of
yellow-green adamite

La Cigueiia has produced thick greenish yellow wheels to 5 cm
in dhameter, with terminations of individual crystals along the
wheel edges regularly aligned, for a “cogwheel™ appearance. This
site was productive in 2000. Its best specimen by far, now in the
collection of Bruce Oreck of Denver, 1s a matrix giant with 37
discrete yellow-green balls, arcs and wheels

San Judas, Level 5 produced grayish vellow wedge-shaped
crystals with murky purple areas. to 4 cm, often with tiny spheres

of black manganese oxides as overgrowths, in 1974. The speci-
mens were marketed by Willard Perkin

San Judas, Level 6 is the area that produced the famous purple
adamite find of 1981 (see sidebar). Also found here were sharp.

The first (recorded) collecting encounter with Ojuela
mine adamite took place in 1946, when Dan E. Mayers and
Francis A. Wise broke into a fabulous “grotto™ on Level 4 in
the mine. Mayers, formerly of Tucson, Arizona and now
retired in Sun Valley, Idaho, tells the story some fifty vears
later

I graduated from the College of Mines with a Bachelor of
Science degree in Mining Geology in the spring of 1944, and
was then drafted into military service. I spent the next 20
months as a Senior Scientist at Los Alamos, making atomi
bombs. On being discharged in 1946, | formed a partmership
with an old buddy, Francis A. Wise, for the purpose of
prospecting and mineral collecting in Mexico. We called our
new company PARIMECO (Pan-American Rare Industrial
Mining and Engineering Company)

We made several visits 1o Los Lamentos, which was at
that time being run by Ing. Theodoro Holtet, a Dane with a
fondness for cats. We collected large gquantities of Los
Lamentos wulfenites, smugegeled them across the border at
Ciudad Juarez, and sold them to mineral dealers and
collectors.

We also visited the Ojuela mine at Mapimi, and collected
there extensively. We had found nothing especially spectacu-
lar until one dav a miner named Emiglio Maguelanos (who
had been serving as our underground guide) pointed to a
hole in the wall of the working face and shone his carbide
light into it. “Como bonito! [How pretty!],” he said. We
looked in and saw an entire cavern lined with bright vellow
adamite crvstals, of the kind people are very familiar with
today, but up to that time were totally unknown at Ojuela.

We cleaned out the whole cavern, packed up the adamite
specimens, and shipped them to Tucson through the Ojinaga-
Presidio crossing, where the Mexican customs were in the
hands of our good friends, customs brokers Albo Rios »
Capitanachi and, on the Presidio side, Fred Seggerman. One
superb specimen ended up going to Harvard, and is illus-
trated in color in a descriptive article that we (D. E. Mavers

First Discovery of Hdamite
in the Gjuela Nine

single crystals of gemmy vellow adamite, with hemimorphite

San Judas, Level 7 is a zone containing sharp. deep yellow to
vellow-orange adamite crystals to 2 ¢m, grouped in flaring bundles

on goethite. Specimens came out in October 2002.

San Juditas produced emerald-green adamite spheres to | cm.

and some blue adamite, with arsendescloizite. in 1988.

La Esperanza is known for large plates of vellow adamite
crystals associated with hemimorphite wheels. The association of
hemimorphite with adamite is very rare in the mine: the two
species, hke adamite and legrandite, seem to be mutually exclusive.

Elsewhere in the Mapimi district. adamite is occasionally
found as microcrystals in various small mines and prospects in the
Sierra Bermejillo. Nevertheless, in view of the enormous numbers
of adamite specimens taken from the Ojuela mine since 1946, it i1s
not unreasonable to trust a label’s assignment of a Mapimi district

adamite to the Ojuela mine.

and F. A. Wise) wrote for the American Mineralogist ( 1946,
no. 11). Another of the best pieces went to the Smithsonian,
and a third one from that original find sits in mv condo here
in Sun Valley.

The adamite discovery was all the more remarkable
because William Foshag, curator of minerals at the
Smithsonian, had visited the Ojuela mine some vears before
[in 1927] and only found a bit of scorodite and related
minerals on the mine dump. [Just below the parking area
adjacent to the old miners’ town of Ojuela; according to
Peter Megaw (personal communication, 2003), adamite
microcrystals are still collectible on this dump today—Ed. |

We ar first thought we had collected all the adamite there
was but, of course, the mine has continued to produce
specimens intermittently throughout the vears since then (1o
the enormous satisfaction of the miners, who quickly discov-
ered that mining adamite for collectors was far more
profitable than mining lead and silver for the smelter).

A account of the “cavern™ or “grotto,  was also written by
Mayers and Wise shortly after the discovery, and was quoted
by Mrose (1948):

Enroute to a stope containing fine specimens of wulfenite
and green mimetite, our lamps fell upon a pocket in the
limestone. We saw a miniature grotto, some four feet in
diameter and as many deep, its interior carved into fantastic
shapes and the entire surface covered with smoothly undu-
lating waves of sparkling vellow crystals; it was a glorious
sight, as though we were gazing upon a mineral specimen of
unimaginable splendor . . . we set miners to work immedi-
ately and obtained some extraordinary specimens. The larg-

est weighed 75 pounds . . . and was almost 3 feet square; it
exhibited a continuous crust of green crvstals about '/, inch
in size resting on a matrix of brown limonite. This specimen,
after being trimmed in shape, now rests in the U.S. National
Museum. Two other notable specimens are contained in the

Harvard collection.




Perhaps the most mineralogically interesting of the many
ore chimneys of the Ojuela mine 1s the one known as the San
Judas: an inclined, cylindrical body averaging about 3 x 5
meters in elliptical cross section, extending from the surface
to indefinite depths below the water table. The chimney 1s
zoned concentrically, the relative thicknesses of the “rnings”
varying somewhat from honzon to horizon . The outermost
ring is mostly empty space, an extended barren “pocket”
with skeletal networks of oxidized ore connecting it to the
chimney’s interior portions. Next comes a region filled with
the typical earthy brown goethite gossan of the Ojuela mine;
in some parts of the San Judas chimney this gossan 1s
extremely soft, almost fluffy, such that it can be dug and
scooped out by a miner's bare hands. The next rning is
composed of hard, black manganese oxides; it 1s in vugs in
this layer that the crystals of the rare arsenate species,
including purple adamite, form. The chimney’s core zone
consists of corroded but largely unaltered sulfides domi-
nated by arsenopyrite

In 1981 John Whitmire made arrangements for a new
group, known collectively as Artrox Minerals, to mine once
again for specimens at Qjuela. He sent his wife, Rosa (a
Mexican herself) down to Ojuela to close the deal and get
the contract signed. The major partners in the new company
were John Whitmire, Ed Swoboda and Perkins Sams. An-
other dealer, Delma Perry, also became involved. What
followed, later in the same year, was certainly one of the
most intnguing and convoluted collecting sagas ever 1o
involve world-class mineral specimens. Below, the story 1s
told from the perspectives of Ed Swoboda and Mike New.

Ed Swoboda’s story:

My first trip to Mapimi in the early 1970s was, of course,
fascinating, and | spent some tme underground at the
important collecting sites within the Ojuela mine. Nothing
came from that tnp. However, around 1980 I was working
with the Texas mineral collector and o1l man Perkins Sams,
investigating possible specimen-mining ventures in Brazil
and elsewhere. He had become involved as an investor in a
new project at the Ojuela mine being organmized by John
Whitmire and Mike New, and in 1981 he asked me to make
a reconnaissance visit to the mine and scope it out for
specimen-mining possibilities

After obtaiming permission for a visit from the Mexican
mine owners, | traveled to Ojuela and spent seven hours
underground with a geologist’s Brunton compass and a
makeshift plane table, accompanied by a local miner who
had an inumate knowledge of where the great specimens
that the mine was so renowned for had been collected. Our
underground journey focused primarily on the arsenic-rich
orebodies, first to determine if the specimen miners had left
any areas that could still be successfully mined, and second
to devise, if possible, a work plan to mine several promising
sites simultaneously, creating a sort of portfolio of digs
within the mine.

Three major underground occurrences captured my atten-
tion that day. One was the legrandite location, where this
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rare zinc arsenate was found in glistening, flaxen to bright
canary-yellow bundles of radiating straw-like crystals two
inches in length and larger, in cavities in a imonitic matrix.
Then there was an adamite site that had recently produced
unusually large, inch-sized and over, elongated, purple-
tinted pastel prisms. Lastly was the original, most prolific
site of the most widely known specimen adamites from the
Ojuela, the beautiful groups of bright yellow-green termi-
nated crystals, growing side by side and coating large areas
of the pocket matrix.

After we had seen these three working areas, my guide
took me through a labyninth of tunnels and steep inclines to a
major haulage tunnel at a lower level that led for some 5
kilometers to the sump of a crudely excavated shaft. which
opened onto the surface 700 feet above. The haulageway was
at that ume being used by the local miners’ cooperative in
their mining of argentiferous galena. To rehabilitate the old
shaft, they had rnigged up a primitive open skip that dangled
and swayed from a rusty, frayed cable, long ago out of
borrowed time. This cable, connected to a dilapidated winch
topside, was able to lower and raise six miners at a ime

Passing through an area being actively mined by the
cooperative, my companion and | stepped aside several
times on the steep trail to allow profusely sweating ore
carriers, dressed in simple, gnmy loincloths, 0 maintain
their panting rhythm of ascent. lifting incredible weights of
ore up the rocky underground pathways. Certain of these
camers enjoyed local fame, having camed loads well n
excess of 150 pounds the several hundred yards up and over
the steep trails to the mule dock.

The several teams of mules employed in ore drayage had
not seen the light of day for several years. Their food stalls,
within the maze of underground rooms, tunnels and adits
adjacent to the shaft, would have been choked sohd with
mule dung many years earlier, were 1t not for the rats. There
were many thousands of these huge, well-fed, chestnut-
brown amimals living in the catacomb-like recesses of the
surrounding workings. For the most part, they were passive
and subdued, remaining ou: of sight until mealtime. How-
ever, as the sound of an incoming ore car reached the
stables, the restive hordes of rodents would begin squeaking
and rusthing about in anticipation of the ensuing warm meal.
While the muleskinners unharnessed their animals, waves of
rats would begin to pour into the stable area, avoiding a
small area around each stableman, who, they had grown to
know, meant them no harm.

For a short time | remained immobile in the dark, in the
path of theirr movement. They gradually overcome their
caution, the nearest rats pressing within inches of my feet. |
turned on my light, and the sudden beam stabbing into their
ranks fnghtened the closer passing amimals. Constantly on
the move, they regrouped at a safer distance, momentarily
piling on top of each other in confusion. The warm mounds
of ordure eroded slowly to ground level with the gnashing of
thousands of incisors. The rats which had eaten their fill
turned to scuffle back through the still oncoming tide of
their unfed brothers.



Figure 57. Pale vellow adamite with purple terminations, 7.9 cm, from the
Ojuela mine, San Judas chimney. Artrox specimen (1981), now in the
Carnegie Museum of Natural History collection; Wendell Wilson photo.

Of the three mineralized localities 1 visited, the legrandite
site was the deepest in the old mine. situated some 700 feet
below the surtace. It had suffered innumerable inundations
over the vears from perniods of nsing groundwaters. George
Gniffith, an American dealer living in Mexico, told me that
many years previously he had found his best two crystal-
lized legrandites here, at arm's length underwater. These two
specimens, each now prominently displayed in a world-
famous collection, are considered by mineral cognoscente to
be among the best legrandites ever found

Al the nme of my visit, the watertable was unusually low,
thanks in part to a large agro-pumping operation a few miles
distant that was slowly sucking up the groundwater from
under the entire drought-rnidden valley. The legrandite loca-
tion was easily accessible in a dusty, rubble-filled gallery
just to one side of a main haulage tunnel

In the maze of underground workings of this huge mine, the
Brunton compass revealed to me some interesting informa-

uon. Several tunnels and inclines leading to the three selected
mineral sites were connected by manways—steep, twisting,
narrow, squurrel-hole workings that had been hand-dug be-
tween the major levels. | began to envision a plan whereby
one diesel compressor, set up at a key location beside the mule
haulage tunnel, could supply air pressure for drills at all three
sites, at distances of no more than 350 feet from the compres-
sor. The hose or pipes could be routed through the convenient
maze of manways and interconnecting stopes

Fortunately, natural ventilation provided a continuous
draft of cool air through the workings. In recent years, I've
been told, this natural air flow has conveniently expelled the
scrubbed exhaust from underground diesel-powered equip-
ment, completely alleviating any health problems. The
easiest way for a compressor to be brought down to this
underground site was by lowering it by skip down the hittle
haulage shaft being used by the cooperative. It would have
to be broken down into three or four sections, lowered




Figure 59. Cluster of purple adamite crystals to

2 cm from the San Judas chimney. Artrox

specimen (1981); Wendell Wilson photo.

separately and then reassembled in the rat gallery, to then be
hauled by mule-power for 3 miles down the tunnel to its
u.urh]ng site

I'he head of the miners’ cooperative obligingly gave me
permission to use the shaft and haulage tunnel for the
purpose | had in mind. In exchange, | offered t0 make
available 1o his miners any metal-bearing ore we happened
to uncover in the course of mining for crystal specimens. It
was a good plan, although in the end we could not put it into
operation as | had envisioned. Nevertheless, my report to
Sams was very positive—the Ojuela mine clearly had
tremendous potential to produce great mineral specimens!’

T'he project then moved forward, and [ followed develop-
ments at Ojuela with great interest. Work permits were
granted to mine the underground, and then matenals, equip-

Figure 58. Purple
adamite cluster, 4.8 cm,
from the Ojuela mine,
San Judas chimney.
Artrox specimen (1981),
now in the Kerith
Graeber collection; Jeff
Scovil photo.

Figure 60. Purple adamite crystals on limonite,
1.8 cm, from the San Judas chimney. Artrox
specimen (1981); Wendell Wilson photo.

ment and personnel began arriving in Mapimi, where a mine
office/workroom was found that served the needs of the little
mining operation. Waiting for the compressor (which never
arrived), Mike New, our mine foreman, put two or three of
the local miners we had hired to work hand-digging at the
adamite site that had not too long before produced the inch-
sized pastel-tinted crystals

After a few days of hand-digging. our miners uncovered a
small vein carrying encouraging amounts of adamite. After
more digging, this area looked so promising that Mike
decided to place one of our miners at the site full-ime. His
cot practically lay astride the workings

By this time, all of Mapimi was being updated daily on
the progress of our dig. A few local people who had long
been accustomed to calling the Ojuela their personal collect-
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Figure 61. Purple adamite crystal cluster, 2.6 cm, on hematitic
matrix, from the Ojuela mine, San Judas chimney. Artrox
specimen (1981); Wendell Wilson photo.

ing termtory decided that it was their sovereign night to
protect the source of their livelihood. They developed a
strategy for gaining a piece of the action, and carmed 1t out
very professionally. And their iming, as it happened, was
remarkably fortunate (for them)

Awaiting an appropriate hour to visit the underground site
when the guard would be alone, they paid him a visit
Knowing something of the mores of this rural Latin commu-
nity, I can clearly envision this visit. It probably began with
a “chance” casual meeting at the site, the visitors perhaps
including one or more relatives of the guard, and the guard
probably owing them for some past favor. Salutations and
friendly banter would be exchanged, then a mip or two of
bacanora or tequila (both potent agave-related distillates)
Then more florid conversation and the heavier plying of

liquor. While one member of the group completed the

sousing of the guard and gently laad him on the cot, the
others began to attack the now unguarded working face in
which was exposed the widening vein of adamate.

As the guard gurgled and snoozed, the miners efficiently
extended the workings along the vein, and in a short time (as
luck would have it) they broke through into a magnificent
pocket of the largest and most beautiful violet to purple
adamite crystals ever uncovered! Fortunately the men were
skilled in specimen removal and, to their credit, they did at
least as good a job of extracting the specimens undamaged
as our people could have done

On the second day after installing the underground guard,
Mike went underground to the digging area, only to find out
to his complete dismay that a pocket of adamite crystals had
indeed been discovered but had been completely removed
by outsiders the day before! Glowing details of the unusual
beauty of the crystal specimens began to circulate through
out the mining community. The more Mike learned of this

well-planned rural hijacking, the more he became incensed.
From gossip now being freely traded, he learned who had
done the job, how it had been accomplished and, more
importantly, where the crystal specimens were being held.

After verifying our legal rights in Mexico, Mike forthwith
knocked on the door of the chief of the highgraders in
Mapimi and threatened him with jail if he did not enter
immediately into some agreement for the return of the
specimens. To placate all concerned, we agreed to buy back
our own crystal specimens for a substantial amount of
money. In this manner we avoided legal entanglements,
allowing the highgraders to save face and receive some
profit from the find. We In turn made 1t very clear that we
knew of each of the important pieces and that we wanted all
of them returned. Payment was made, and all were returned
safely into our hands in pristine condition, which resolved
the matter sans lawsuit.

Shortly thereafter, 30 or so of the very best of these
outstanding crystal groups were entered in an 1sland display
case at the annual gem and mineral show in Tucson, creating
an epidemic of palpitating hearts among the visiting mu-
seum curators of the world and collectors in general. No one
had ever seen such fabulous adamites as these smooth,
transparent clusters of intergrown prisms, terminated and
lustrous of face, in unique shades of rose-violet to purple.

Mike New's story:

During the late 1970’s, Curt Van Scriver and John Whitmure
(both now deceased) were running a project to extract
adamite from the Ojuela mine. | was asked to come down
and assist Curt in getting started. 1 wasn’t sure how | could
help. as | had no Spanish at the time, but go I did, and made
then my first acquaintance with the mine.

Curt and John had been working (without any official




Figure 62. Large, 5.5-cm, crystal of pale green
and pale purple adamite from the Ojuela
mine, San Judas chimney. Artrox specimen
(1981), Kerith Graeber collection; JefT Scovil
photo.

status) on level four of the mine: the area that had produced
s0 much adamite over the years. They had been collecting
adamiute with one crew and mucking out an adjacent stope
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with another. To date they had been gquite successful, and
had lots of adamite stockpiled in their house in Mapimi

Of course, their success enraged the Mexican buyers, who
for years had thought of Mapimi as their own private turf
John and Curt were operating on only tourist visas, and n
order to stop them, a consortium of buyers, local collectors
and other interested partes contacted the local immigration
authonues, who politely asked the two gringos to leave
This consortium then bought liquor for Mateo Ingoyan of
Santa Eulaha, Chihuahua, whom Curt and John had placed
in charge 1n their absence. While Mateo was sleeping off the
effects, some members of the consortium confiscated some
of the matenal that Cunt and John had collected and
warehoused. They found it easy to select what to take, since
Curt had marked the balls of wrapping paper which con-
tained the high-grade specimens. Curt and John were not
allowed to return until they could get their legal paperwork
in order, and Curt never did get the chance to come back to
Mapimi (he was killed in an auto accident in Anzona n
1982)

In late 1980, John Whitmire and | talked about reviving
the project at the Ojuela mine. | said to him that | could only

e /5)

Figure 63. Cluster of purple-tipped, pale vel-
low-green adamite, 3.5 cm, from the Ojuela
mine, San Judas chimney. Artrox specimen
(1981), now in the Ralph Clark collection;
Wendell Wilson photo.

imagine trying it if I had legal paperwork which would
protect us against problems like those expenenced last time
He agreed, and 1 went to Mexico City to get the necessary
papers—a process which, in those days, was difficult and
time-consuming. During my visits to the various govern-
ment offices, including Hacienda, Relacciones Exteriores,
and Immigracion, 1 met a gentleman who happened to be 1n
charge of Hacienda (the Mexican Internal Revenue Ser-
vice). With his help, | was able to obtain a work permit and
an FM3 visa which stated that I could move into and out of
the Republic of Mexico at my discretion, and that I could
export matenals classified as Parrimonia Nacional ("Na-
tional Treasures™) through any of the border crossings. This
was and still is the only such visa in existence; | have never
mentioned publicly until now that | have 1t

A Mexican company was formed, Compania Las Delfines,
S.A. de C.V., whose members were Ruben Rodriguez of
Mexico City, Miguel Romero (now deceased) of Tehuacan,
Puebla, and John Whitmire of Yuma, Arizona, with me as
operating manager at Mapimi. Eventually this group came
to be known in the U.S. as the Artrox company.

In April of 1981, I started assembling various pieces of
equipment in Phoenix, Arizona, where | lived at the ume. It
was not possible to purchase things hike a 125 CFM aur-
cooled Atlas Copco compressor in Mexico, and | wanted to
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have all parts, fittings, etc. on hand before starting to mine
This was naive of me: little did I know how Mexico worked

In June of that year, 1 left hearth and home to begin the
adventure. In Mapimi, John introduced me to the men who
would be working for me—even though my ability to speak
Spanish was still limited to “por favor”™ and “gracias.” We
hired seven miners, two guards, and a jefe or incargado (the
guy in charge below me). At this ime, John informed me
that we needed another partner. He wanted Edward Swoboda,
but | was against 1t, since | didn't know how | would like
working with Ed. | had about $15.000 personally to invest in
the operation and John had a similar amount, so | felt that
we already had enough capital and enough partners. How-
ever, John later told me that both Ed Swoboda and Perkins
Sams of Midland, Texas had become involved in the project
(Swoboda was at that ume working for Sams, and it was
probably the financial backing of Sams that John was
actually after). Swoboda made a reconnaissance visit on
behalf of Sams, and was favorably impressed with the
possibihities

| was introduced to several people who would turn out 10
be very important to our success at Ojuela. Don Santos Pargas
(now deceased) was the Compania Penoles representative
who lived in Mapimi and oversaw the mine for the company
Don Eduardo Cordoba was (and has been for 45 vears as of

today) presidente of the miners’ cooperativa, which group

extracted ore from the mune and sold it to Penoles. Don

Eduardo Cordoba is now 82, and goes to the mine daily as a
representative of my company, Top-Gem Minerals.

| decided that a formal undertaking such as we had
planned would best be served by taking a serious look at the
various areas in the mine where specimens could be found.
| felt that two weeks or so would be enough time to get
acquainted with the various stopes and /ugares (work sites).
| was helped in this endeavor by Jesus Cardoza and Pedro
Ayala, my jefe. Don Lazaro de Anda, Semor provided
valuable information as to where different kinds of speci-
mens had been produced in the past

Just before 1 arrived in Mapimi, several lots of a new kind
of adamite had appeared on the market: large, to 4 cm,
vellow-gray crystals. No one knew where this matenal was
coming from in the mine. During our inspection of vanous
areas, we had looked at a place on level 6 that had never
before been available to collecting s'nce it had been below
the water table. The droughts that had been occurring in
Mexico during this ime and the increased production by
wells in the area had lowered the water table sufficiently for
us to be able to look at this lugar. The site was called level
6, San Judas Vein, and | felt that this was the source of the
promising new adamite.

The place was muckbound, and we started hauling muck
out of it and to an area about 400 meters away that was
available for dumping waste. To haul muck, a miner, using a
strap around his forehead, hoists a small metal drum filled

Figure 64. Purple and pale yellow-green adamite crystals on
matrix, 6.9 cm from the Ojuela mine, San Judas chimney.
Artrox specimen (1981); Jefl Scovil photo.




with muck on his back; when filled, the drum, or bore,
weighs about 60 kilograms. Our miners would load the
botes, climb ladders to the surface, then walk about 400
meters to dump the waste. We worked in this fashion for 19
days until we hit the first in-place fierro (limonite)

At this point, | think a short description of a typical day 1s
in order. Miners would assemble at my house at 5:30 a.m. or
so and we would all pile into my small Datsun pickup. None
of the miners had their own vehicles. 1 would stop by the
restaurant, Lejano Oriente (“Far East,” owned by Antonio
Carlos Fong Foster), to pick up my breakfast and lunch,
which was hot and ready to go at 6:00 a.m. We would dnive,
approximately 8 kilometers, to a point in the big arroyo, just
north of the bridge, where a tunnel entered the mine. The
cooperativa wouldn't let us use the skip, as other miners did,
purportedly because they didn’t want to be responsible for a
gringo’s getting hurt or killed in the shaft. From the tunnel
entrance—on level 2—we would walk about 1.5 kilometers
on level ground, then start down the chicken ladders and
cable ladders to reach level 4. from there we would climb
down a large muck pile to enter level 5 near the base of Tiro
Cuatro (Number 4 shaft), then proceed along level 5 for
about a kilometer to a cable ladder that dropped us onto
level 6; at last we covered the final 600 meters to San Judas
6. There we would cook our breakfast over an open fire with
a 55-gallon drum lid as the stovetop. After breakfast it was
off to work: mucking, hand dnlling, etc. untl 1:00 p.m.,
when we would eat lunch and then commence work again

At 3:00 p.m., we would start our chimb back out of the
mine. For me, this climb was the final insult. My best time
coming out was 53 minutes. The miners would commonly
do it in 40 and could get it down to 35 If we were having
some sort of contest. My losing these contests (as | always
did) was the occasion for me to buy the beer

By the time we hit the first in-place limonite, | was really
getting tired of seeing muck; | had lost faith that we would
ever get to collect any munerals. That day, when the miners
went up to level 6 for lunch, I started to beat on rocks. |
opened a small pocket of pretty good yellow adamite and
decided to come up from under it to try to take out the
complete pocket as one specimen. | started chiseling away
limonite about 2 feet below the pocket. Suddenly my chasel
sank into another pocket. | pulled out the chisel and looked
in. There, sitting pristine and wonderful, was what would
turn out to be the first purple adamite | ever collected. When
the miners returmned from lunch, this one piece seemed to
bring new enthusiasm into the work. John later sold this
piece, a large mimature with four 3-cm crystals on matnx, at
the 1981 Detroit show. | don’t know who the lucky buyer
was

In those days, in Mapimi, there were probably 30 or 40
people who collected either full or part-time, and every one
of them posed a hazard. Even my own people, including the
jefe, would have been more than happy to augment their
income surreptitiously. Everyone had the buyers’ telephone
numbers at hand, and | knew that news of the find could not
be kept quiet; the danger of theft loomed large. | decided
that now would be a good ume to build a seriously strong
door and post guards

We continued working the zone, finding a small pocket
here and there, but nothing that would pay the bills. On

Figure 65. Drusy clusters of purple adamite on
matrix, 7 cm, from the Ojuela mine. Miguel
Romero collection, now in the University of
Arizona Mineral Museum: Wendell Wilson
photo.

October 24, 1981, my 36th birthday, we started working a
very hard bit of fierro. Pedro was hand-drilling, and sud-
denly his chisel sank in full length: when he pulled 1t out,
water gurgled out of the hole. We spent an hour or so hand
chiseling this area. Because of problems with Mexican
customs, our air drills, jack legs, compressor, etc. had never
shown up, so all work was by hand—and this was probably
just as well. When we pulled a large piece of fierro away
from the working face, we found ourselves staring into the
prettiest pocket | had ever seen. There were about 10
specimens still attached to the walls, with adamite crystals
up to 6.25 cm. The small toenail-sized specimen pictured on
the cover of the Mineralogical Record |[May/June 1982-
this specimen 1s now in the Ralph Clark collecion—Ed. |
was lying on the floor of the pocket, just below its former
point of attachment. The piece that was later sold to the
Sorbonne was in the back of the pocket, and the best piece,
though smaller, was lying loose on the floor. This was a
miniature/small cabinet specimen with one large crystal (4.5
¢m) on matnx surrounded by smaller crystals. The color
zoning was similar to that of the toenail specimen: yellow-
green at the base, grading to yellow-white 1n the maddle and
a wonderful magenta in the upper third. A single, very large
crystal was also lying on the pocket floor. This crystal, off
matrix, weighs about three quarters of a pound, and has
color zoning like that of the pieces just descnbed. |1 don't
know who owns these specimens now, but the owners
should consider themselves fortunate indeed

All eight of us working that day just stopped, stared into
the pocket, and spent about an hour laughing before resum-



Figure 66. Large purple adamite crystal cluster, 8.6 cm,
from the Ojuela mine, San Judas chimney. Artrox speci-
men (1981); Wendell Wilson photo.

ing work. We had to stay underground until the pocket was
fimished. We arnived home that night at about 11:30 p.m., out
of cigarettes, out of water and soda, ured, and very happy
I'he muners got production bonuses for collecting good
pieces

Of course, this success did not go unpunished. Gossip got
down to Bermejillo and to Ciudad Juarez, and everyone
began trying to figure a way to get me gone. Articles were
written in the newspaper in Torreon about the greedy
gringos, plans were made to cause problems, and the fun
started. A sindicato (umion) of buyers and collectors was
created, and representatives of it came to the mine entrance
one day to tell me |1 was working illegally. I knew | had all
the required paperwork, so | told them to go away. Next,
they got the police in Bermejllo to come to Mapimi to try to
intimidate me with some obscure investigation that the small
sum of $8,000, it was said. would resolve. No luck there
either. Then they presented the governor of Durango with
forged paperwork testifying that | was a senous detnnment to
the community. A demand was placed against us, and we
had to halt work until everything could be sorted out.

Miguel Romero sent his attorney from Mexico City, and I,

Santos Pargas (as the legal representative of Compania

Penoles), the attorney, the mayor of Mapimi, and one of the
local Hacienda (read: IRS) officials all presented ourselves
to the governor. We had minutes from a town meeting
attended by representatives of all the local businesses,
representatives of the collectors, and other interested parties,
who all had signed testaments to my good faith, honor and
responsible actions. The same names had appeared on
Salvador Davila's paperwork but the signatures seemed to
be different. Our problem was quickly cleared up.
Unfortunately, during this interruption in work we were

also attacked in a different. and ulumately more serious,
way. One of my guards was quite fond of beer, and (as had
happened with the guard employed by Curt Van Scriver and
John Whitmire in the 1970°s) the local collectors used this
fondness to incapacitate him for the several days we were
away. These collectors broke down our heavy door and took
out some matenal. When | got back from seeing the
governor in Durango City, Miguel Romero advised me that
a batch of newly collected adamite specimens existed In
Mapimi. Shorty Bonilla, a runner used by Bill Panczner of
Tucson, was on his way to Mapimi, and Bill had asked
Miguel to send money to Bonilla to buy the specimens.

[ tried to think which local group might have commutted
the theft, and how | might get to see the matenal. The local
collectors knew that if they were caught they could face jail
ume. | decided to talk with Ignacio Gonzales, one of the
most avid collectors in Mapimi. I told him that | had heard
someone had taken some matenal from my area, that the
material was being offered to Bonilla, and that 1 too was
interested in buying it. 1 told him that if 1 got the specimens,
no one would go to jail, but that if 1 didn’t, hfe in Mapim
would be miserable for those responsible; they would indeed
do jail ume. He told me that he would investigate and let me
know within the hour. This talk took place in lis home, n
his front room, probably not more than 20 feet from where,
| was pretty sure, the specimens were—under the bed.

Within the hour, good as his word, Ignacio presented
himself to me, telling me that he was acting as agent for the
people who had the adamites and had full authonty to
conduct business on their behalf. We returned together to his
house, and he pulled several boxes out from under the bed
The quality of the adamites in these two flats probably has
never been equaled in Mapimi, before or since. There were




26 specimens, from miniatures to small cabinets, with

crystal sizes to 4 cm: the color was an intense purple. Three
Perkins

collection. now at the Houston Museum of Natural Science

of these specimens would end up in the Sams
A price was agreed upon, a deal struck, and then | casually

said, “Of course, you will have to wait for your money
because | don’t keep $8.000 here in Mapimi.” He was OK
with that, but wanted to maintain possession of the goods
until payment was made

| knew that quick action was required: Ignacio might sell
the pieces to any other buyer who showed up with a better
offer. | called John Whitmure, but he wasn’t home. Then |
called Miguel Romero in Tehuacan, who offered the $8,000
to me personally to buy the matenal for him and me. | told
him | couldn’t do that, and, reconsidering, he agreed that the
group as a whole should benefit. Next I called Swoboda at
home; concidentally, Whitmire was there also. | told them
about the lot and the deal I had struck with Ignacio. John
reacted pragmatically; Swoboda at first tned to lay the
blame for the theft of the specimens on me, but finally
understood that we had been legally barred, at the ume, from
entering the mine. Ed asked me if | thought the lot was
worth the $8,000 | had agreed 1o pay, and | said, “

mortgage my home to get this lot

| will
If you don’t want to
buy back the stolen pieces, that's OK with me.” 1 knew
Miguel had the money but stull felt that the lot nghtfully
belonged to the Artrox group

Ed and John agreed that John would come down to

Figure 67. Miniature-size purple
adamite crystal cluster, 4.3 cm,
from the Ojuela mine, San Judas
chimney. Artrox specimen (1981);
Wendell Wilson photo.

Mapimi with Perkins Sams
Bentley

personal representative, Ron
they would armive in two or three days with the
funds. In the meanuime, needless to say, | was on pins and
needles. Curt van Scriver had heard about the lot, and called
me to find out if | had it under control. Bonilla was on the
way from Chihuahua City as soon as Panczner could scrape
up the money.

Ron and John made it to Mapimi in time, and viewed the
lot. Betore they did so | was caretul to tell Ron not to make
any comments when he saw the specimens, as the price
could sull change. We did the deal, Ron and John left with
the adamites, and 1 went back to work collecting. Most ol
the specimens were sold during the following Tucson Show
(1982). and some individual pieces brought more than
58,000 retail; the best specimens from that lot would bring
vastly more than that today.

As a side note, Ignacio told me years later that when he
broke into the lugar to collect that night, he sat down at one
point on a ledge of fierro facing the area where we had been
working. He moved a rock to get more comfortable and
noticed a piece of tissue stuck in a small hole. He pulled out
the tissue and the small hole turned into a pocket of adamite;
some preces had already been collected and some were still
attached to the walls. He guessed that my own people had
found this pocket and had decided that they would come
back at night and help themselves to a nice bit of change.
Unfortunately for them, we got the demand against us on the
same day they had planned to go back in, and even these




guys were afraid of the consequences of being found on
mine property until the demand had been lifted

In the months following this episode of discovery/theft/
recovery, | continued to work San Judas, finding more
purple adamite and a host of rare minerals, some of which
were new to science—Ilotharmeyerite, villyaellenite, scor-
odite, kotgite, ogdensburgite. During this same period we
also worked several other areas—America Poniente, Los
Chongos, Plan de Ayala—in a futile search for legrandite
The only thing of note that we found was one specimen with
very small crystals of tsumcorite; Miguel, to whom | sent
the specimen, later told me the identity of this mineral, but
the specimen has since been lost or i1s still unavailable in
storage

| did locate a good zone for wulfenite/mimetite in La
Campana, but this /ugar was so far (3 km) from our other
areas that | decided to have some of the local risceros work
the zone with a promise on my part to buy what they
collected. About a week later, they showed up at my house
on a Sunday morming with about 30 kilos of matenal
including the finest wulfenite that Mapimi has ever pro
duced. The crystals are thick, of a good orange color, up to
4.5 cm, and sit on bnght green mimetite. Kenith Graeber,
who owns one of these pieces, said she had never seen such
clashing colors on a mineral specimen

When we all assembled at the Tucson Show in 1982, the
financial bloodbath began. I had spent about $19,000 to that
point in producing all of the purple adamite. During this
same penod, between John, Ed, and Perkins Sams, another
580,000 had been spent. Additionally, I had used my own
funds for part of the expenses, and | had not been paid my

monthly salary due from the Artrox group. I was also
supposed to get a 10% commission on all sales. In due
course my monthly salary was paid, but 1 never got the
commission monies. Finally | decided that | really didn’t
need this group’s help. and could just as well work the
Ojuela mine with only Whitmire as a partner. And that's
what happened

Under this new regime the work continued at San Judas
We produced more good purple adamites, and we produced
other matenals from other areas. By Apnil 1983, we had
worked San Judas to such a depth that we again encountered
the water table. During the last three weeks of the project we
were working in water up to our waists, and finally decided
to stop. We were still in good ground but the water problem
was insurmountable. 1 had stacked about 300 tons of muck
behind some cribbing which we had placed about 12 meters
above our final depth, and this muck included about 2 tons
of lotharmeyerite-rich specimens. No one seemed very
interested in that species at the tume, so, when | pulled the
cribbing, 2 tons of lotharmeyente, along with 298 tons of
waste, went down as fill in our zone. | hoped that the water
would someday be low enough to permit us again to work
the zone, but in the meantime, | felt, the lotharmeyerite was
well protected.

In 1996, as representative of Top-Gem Minerals, Inc., of
Tucson, Arizona, | again arranged a collecting contract with
Penoles and with the cooperariva. It continues in force today.

As both writers mention above, the San Judas purple
adamite specimens made their debut at the 1982 Tucson

Figure 68. Dark purple adamite selectively
coated by yellow adamite on the prism faces,
2.1 ecm, from the Ojuela mine. Ron Pellar
collection; Jeff Scovil photo.

Show. Every one was exceptional (Wilson, 1982a, 1982b),
with the best cabinet specimen being priced at well over
$10,000. One of the top pieces was purchased in 1993 by
John Barlow: it is the 4 x 5.5 x 7-cm group pictured on
p. 336 of The F. John Barlow Mineral Collection

By the ume a nsing water table had ended collecting in
this zone of San Judas, the total vield was about 200 top-
quality specimens of purple adamite, plus about 2000
others, as well as some other, much rarer arsenates. About
len meters away from the adamite pockets, 20 flats of
scorodite specimens were extracted, including a small hand-
ful of outstanding pieces, with blue scorodite crystals to
around 2 cm (the best of these specimens are now in the
Harvard collection). Four hundred meters away, on Level 6
of La Ciguena, spectacular large blankets of bright red
carminite microcrystals were found, as well as a single
specimen with a 4-cm spray of acicular pinkish villyaellenite
crystals, and microcrystals of what would be the new
species lotharmeyerite and ogdensburgite.

Purple adamite crystals have been found at only one other
site in the Ojuela mine: the Tesoro Doce vein, where
specimens were sporadically encountered up to 2001. These
crystals are a very deep purple, and some are bicolored
purple and vellow, but none are more than 5 mm long.

The chemistry of the San Judas chimney, although
grounded in things as mundane as arsenopyrite at the core
and manganese oxides in the intermediate “ring,” 1S quite
exotic, and seems unique in the world—an unexpected gift
of the Ojuela mine both to mineral collectors and profes-
stonal mineralogists



A nglesite PbSO,

Anglesite 1s a common alteration product of ga

ena, and 1s often
partially altered in turn to cerussite. Euhedral crystals are rare, but

a few vugs in galena have been found which contain adamantine,
highly modified anglesite crystals to 5 cm:; predominant forms

noted were (101}, {001}, {O11) and {111} (Hoffmann, 1967)

Ankerite Ca(Fe-* MgMn)CO,)
Ankente, commonly stained tan or brown by the oxidation of its
ferrous ron, occurs with calcite, bante, fluonte. quartz and stibnite

in low-temperature veins in the upper mineralized zones (Hoffmann,
.I"-”'u_--

CaPO,)(F.CILOH)

Apatite-group species do not form crysta

\patite Group

s 1n the Ojuela mine,
although apatite (species unknown) as massive, banded matenal in
botryvoidal crusts is found filling veins and fractures. In 2000, an
old specimen from the late Joe Cilen’s collection, and reportedly
from the Ojuela mine, was found to be carbonate-hydroxylapa-
tite—Ca.(PO,CO,).(OH). The specimen had been labeled with the
obsolete term “dahlite”™ (Vaydak, 2001)

Elsewhere in the district. apatite in at least two unusual habits
has been found at the Asterillo mine, which was worked for
phosphate rock for fertilizer during the 1960°s (Williams, ca. 1965)
and is probably the “apatite mine” noted by Hoffmann (1967); this
mine lies southwest of Mapimi, on the western side of the Bufa
Occasionally in the 1960°s and 1970°s, dealers advertised Speci-
mens of eggshell-white, botrvondal “bone collophane™ from the
Astillero mine. According to Bayliss (2000). “collophane™ 1s an old
name for either carbonate-fluorapatite or carbonate hydroxylapa
tite. The old “collophane™ specimens have black dendrites of a

manganese oxide on their surfaces, and they show a cream-colored

fluorescence (Williams. ca. 1965). Apatite is also found as pseudo-
morphs and casts after an unknown bladed mineral, possibly
gypsum (Hoffmann, 1967)—these specimens also come from the
Asterillo mine (Peter Megaw, personal communication, 2003)

Aragonite CaCO

Hoffmann (1967) observed that white stalactites of aragonite are
constantly forming, usually on recrystallized calcite and dolomite,
In or near watercourses in the mine workings: actually these
formations, often helectitic, are calcite (Mike New, persona

commuunication, 2003)

In November 2001, in San Judas on Level 7, three exceptional
aragonite specimens were found, the largest one almost 30 cm long.
with aragonmite crystals to about 10 cm. The crystals are tapering
prisms which come to a point, white to colorless and translucent to
transparent, nsing in sprays from cavities in earthy brown goethite
gossan. In October 2002, new work in the same area produced
several flats of beautiful specimens, to 20 ¢m across; these are

interlocked clusters of lustrous, colorless, transparent, thin-prismatic

crystals of aragonite to 3 cm in delicate sprays on goethite matrix

Arsendescloizite PbZn(AsO MOH)

Arsendescloizite was described in 1982 as a new species; the
type locality is Tsumeb, Namibia, where pale vellow microcrystals
occur (Keller and Dunn, 1982). At the Tucson Show in 1989, one

dealership offered ten flats of dark green to bright green botryoida

arsendescloizite, some hightly sprinkled with very small yellow to
white crystals of mimenite, from the Ojuela mine (Wilson, 1989)

lhese specimens came from the lugar called San Juditas, where
rich green coatings of arsendescloizite to 25 ¢m across on matrix,
with emerald-green adamite spheres to 1 cm, were collected in
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Figure 69. Aragonite crystals to 9 cm on limonite matrix,
from the Ojuela mine, San Judas chimney (2002). Top

Gem specimen; Wendell Wilson photo.
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Figure 70. Botryoidal arsendescloizite with hydrozincite and
vellow mimetite, 17 em, from the Ojuela mine. University of
Arizona Mineral Museum collection; Wendell Wilson photo.

I'he attracuve, satiny green botryoidal arsendescloizite strongly

resembles the much more common green mimetite of the Ojuela

mine. However, in the extensive Ojuela mine suite in the Miguel
Romero collection, now at the University of Anzona, arsendescloi-
zite specimens quite often show white hvdrozincite in association,
whereas green mimetite never does: vellowish white crystals ol
mimetite are also commonly present on arsendescloizite (Marcus

Onglien, personal communication, 2003)

Arseniosiderite Ca.Fe'(AsO,).0,-3H.O

Arseniosidente specimens were collected in the summer of 1927
by Harry Berman and W. F. Foshag. who found them in dumps just
below the old miners’ town of Ojuela: presumably the matenal had
come up from somewhere deep in the mine through the Tiro 4 (#4
shaft). The arsemosiderite occurred as fine _x__’T\l.Ii]ULl masses ol [‘u;(
to dark chestnut-brown color and as veinlets in massive scorodite
In a few vugs in the massive material. arseniosiderite forms sharp
pseudomorphs after scorodite crystals (these were once called
“mazapilite”—Bayliss. 2000). associated with 0.5-mm carminite
crystals (Foshag, 1937). Hofftmann (1967) noted arseniosiderite on
numerous Ojuela mine specimens. especially from the America
Dos area, contemporaneous with hemimorphite and partly replac-
ing it. McGowan (2000) notes radial-fibrous aggregates of yellow,
yellow-brown, reddish brown, brownish black or black arseniosid-
erite from an unspecified occurrence in the Ojuela mine; many of
these appear to be pseudomorphs after elongate legrandite or

kotugite (Peter Megaw, personal communication, 2003).

Arsenopyrite FeAsS
Arsenopyrite, the primary arsenic mineral from which the many

*

arsenate species have altered, has been observed in many polished
sections of the primary ores, especially those from deep-lying
veins close to the intrusive igneous bodies (Hoffmann, 1967)
Euhedral arsenopyrite crystals to | ¢cm are abundant on the dumps
from deep portions of the Ojuela mine; these are associated with
galena, sphalente, pynte and earthy goethite. The arsenopyrite
crystals are of simple habit, consisting only of pnsm and basal
faces (Hoffmann, 1967)

(Zn.Cu)(CO,)(OH)

Aurichalcite in beautiful specimens 1s one of the signature

Aurichalcite

minerals of the Ojuela mine. It occurs as pale to bright robin’'s-egg-
blue, acicular crystals, with some crystal tufts reaching 3 cm
(Panczner, 1987). Aurichalcite is a weathering product of priman
zinc sulfide ores, and 1t alters, in wurn, to hydrozincite (Hoffmann,
1967). Jones (1971) suggests that the paler-colored tips of some
aurichalcite needle crystals have begun to lose copper, although
aurichalcite and hvdrozincite, despite their similar structures, do
not seem to form a sohd solution senes, the Ojuela hydrozincite
never containing significant copper (Jambor and Pouliot, 1965)
Aurichalcite 1s found on brown goethite matnx, with calcite,
plattnerite, fluorite, hemimorphite and barite: much Ojuela mine
aurichalcite has a colorless to cloudy white coating of calcite or
hemimorphite (Jones, 1971a). Beautiful large clusters of calcite
crystals tinted turquoise-blue by aurichalcite inclusions are also
known (Turley and Koval, 1987); newer specimens of this type
were found, during the years 1999-2002, in Cumbres and San Juan
Poniente, with cuprian adamite and cupnan austunite. Aunichalcite-
lined pockets more than | meter in diameter and 6 to 7 meters long
have been discovered in the Ojuela mine (Panczner, 1987).
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Figure 71. Aurichalcite with
= * | fluorite, 3 cm across, from the

* =& Ojuela mine. Smithsonian In-
| stitution specimen: Wendell
Wilson photo.

Figure 72. Azurite partially

During the early 1960°s dramatic specimens with matrix plates

o 15 ¢cm across, covered completely by delicate blue aunchalcite

blankets and tufts, were fairly abundant on the mineral market
(Jones, 197 1a). These specimens were collected in Cumbres in the
San Antonio chimney, where aunchalcite associated with azunte,
malachite and calcite was found regularly during the 1950's and
1960's. one gorgeous, bright blue specimen 1s 30 ¢m across
(Manuel Lopez, personal communication, 2002). No aunchalcite
specimens remotely comparable to these early ones have been

found in the OQuuela mine since the mad- 1960 's: 1t 1s a rare mineral

on the market today

\ustinite CaZn(AsO WOH)

Radiating clusters of colorless to white acicular crystals of
austimte. with individual crvstals seldom more than 0.7 mm long.
occur with manganese minerals in the America Dos and San Juan
areas (Hoftmann, 1967). The species belongs to the adelite group.,
as does comichalcite, which also occurs at the Ojuela mine
Although Radcliffe and Sitmmons (1971) assume that a complete
solid solution senes between austimte and conichalcite must exist
their study found both species at the Ojuela mine to approach pure
end-member compositions quite closely, with sigmificant mixing in
only one sample tested (austinite, comchalcite .adelite.). Over
growths of comchalcite on cupnan austinite were once known as
barthite  (see under conichalcite. below). Acicular crvstals of
austinite generally show the simple forms {110} and {111)
(Radchiffe and Simmons, 1971)

In the late 1960's there was a find of attractive druses of

microcrystals of austinite along the penphery of the “legrandite

stope of the Oquela mine, 1.e. the Palomes Oriente-San Carlos
collecting areas. (See also under legrandite.) White to creamy gray
austinite crystals with overgrowths of transparent, colorless calcite

line vugs 1n goethite ( Wilhams. ca. 1965)

\zurite Cui(CO,).(OH)

Azunte specimens from the Ojuela mine are not well known and
were never common. Good dark blue crystals and dull blue crusts
of azunte are found in the upper oxidation zones of the orebodies;
some are coated with a pale blue, water-soluble mineral, probably

chalcanthite (Hoffmann, 1967). The mineral may also be found in

shear zones and fault zones, associated with gypsum (Hoffmann,
1967)

pseudomorphed to malachite,
on conichalcite, 2.4 cm, from
the Ojuela mine, San Juan
Poniente lugar (1999). Gene
Wright specimen; Wendell Wil-
son photo.

In Cumbres duning the 1950's and 1960's, azurite crystals

generally smaller than 1| cm were found. forming druses with
malachite and aunchalcite. The Ojuela mine's best azurite occur-
rence was discovered in 1999 on Level 7 in San Juan Poniente, and

a few flats of beautiful small specimens were extracted. These




Figure

Figure 74. Cluster of orange barite crystals, 5.7
cm, from the Ojuela mine. Kerith Graeber
collection; JefT Scovil photo.

Figure 73. (above left) Parallel-growth cluster
of barite crystals on limonite, 4.9 cm, from the
Ojuela mine. Kerith Graeber collection; Jelf
Scovil photo.

75. Pale brown barite crystals, 4 cm,

from the Ojuela mine. Smithsonian Institution
collection: Wendell Wilson photo.

show sharp, sword-shaped, transparent deep blue azunite crystals

generally measurning around

mm but exceptionally reaching
almost 3 cm. They have formed on black matrix of goethite and
massive cuprite: most are coated with gravish green mammillan
conichalcite, and some of the azurite crystals impale. or are
decorated along their sides with, transparent calcite rhombs. In
many instances, the azunte 1s leached out leaving hollow comichalcite
epimorphs

Elsewhere in the district, azurnite crystals to 6 cm were once
found in the Descubridora mine (Mike New, Peter Megaw
personal communications, 2003). Once a major copper mine, the
Descubridora (also called La Cadena) lies about 35 km west of the
Ojuela mine:; it is probably the source of the 6-cm azurite crystals
which Bancroft (1984) attnibutes to the Ojuela mine

Barite BaSO,

Bante has long been known as a common mineral in the upper
parts of the pnimary sulfide orebodies, and in the oxidized zones
(Hoffmann, 1967). On the first and second levels of the Ojuela
mine, pale blue euhedral bante crystals to 3 cm were found,
associated with aunichalcite, plattnenite, murdochite, calcite. fluo
rite and hvdrozincite (Hoffmann, 1967). Panczner (1987) notes
white, golden brown and blue bante crystals to 5 cm, associated
with mimetite, wulfenite, aurichalcite and other species. In the late
1970°s, golden-colored. highly zoned crystals, identified as banite
by Curt Segeler (King, 1979), began to emerge on the specimen
market: the major associated species were wulfenite and mimetite
About ten vears later. attractive Ojuela specimens of golden bante
numbernng in the hundreds appeared; the crystals are translucent to
transparent, thin tabular plates to 3 cm, with somewhat irregular

surfaces, on black matrix (Wilson, 1990). Honey-colored. opaque

barite crystals to 2.5 cm in sheaf-shaped aggregates to 25 cm have

been found from time to ttme n San Juan Poniente

“Barthite” See under Conichalcite-cuprian austinite

Bavldonite PbCu.(AsO,).(OH).-H.O
Apple-green to yellow-green bayldonite in crystals to 4 mm
occurs as druses with wulfenite and goethite (Panczner, 1987). and

as mammillary concretions with fibrous structure (McGowan,
2000




Berzelianite Cu.Se
Small grains of berzehamite admixed with pnmary ores in
Monterrev have been identified in thin-section (Hoffmann. 1967)

Beudantite PbFe “(AsO, XSO NOH)

Dark green. brown or black pseudocubic rhombohedral crystals
of beudantite have been found in the Ojela mine (McGowan,
2000). Very recently, beudantite and segmitite, in uny, vellowish,
porous masses, have been noted as the matnx matenal for 0.1-mm

rosettes of the newly descnibed species sewardite (Kolitsch, 2002)

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

Bindheimite has been noted as white to gray crusts on goethite,
associated with plattnenite, in the Ojuela mine (Johnson, 1962), and
as a fibrous to massive. vellow-brown alteration product of sulfides
and sulfosalts i‘l.ll".l.,'.zhri'm in San Juan Poniente, where 1t 1s found
with colorless to white adamite, mimetite, plumbojarosite and
hedvphane (Hoffmann, 1967). Some bindheimite samples exam
med contained considerable quantities of Zn, As, Fe and S0,
perhaps because of inumate mixing with adamite, goethite and
anglesite: a brght orange-vellow specimen proved to contain about
5% silver, suggesting partial substitution by the silver antimonate

stetefeldite (Hoffmann, 1967)

Bismuth Bi

Grains and sma

| masses of native bismuth were noted n

polished sections of ore from Monterrey (Hottmann, 1967)

Bismuthinite Bi.S
Bismuthinite in grains and euhedral crystals measuring from 2p
o 30u were noted in polished sections of ore tfrom Monterrey. a

4

reaction nm of bismuthinite 1s often seen separating ¢nargite and
galena from later native bismuth (Hoffmann. 1967). Pnsmatic to
acicular bismuthimite crystals from the Ojuela mine may reach

4 mm (McGowan. 200(X))

Bornite Cu.FeS,
Polished ore sections show bornite as thin nms on grains of
chalcopynite and enargite; an indescent coating on some chalcopy

rite may be bormnite (Hoffmann, 1967)

Boulangerite Pb.Sb.S

Compact fibrous masses of boulangente are found in the pn
mary lead ores, associated with pynite, submte, galena and calcite.,
and parually replaced by jamesonite (Hoffmann, 1967). One
analvzed boulaneenite specimen from the Oela mine contains
about 1% silver, perhaps in substitution for lead or perhaps from
admixture of a silver sulfosalt (Hoftmann, 1967). Pnsmatic to
acicular boulangerite crystals 1o 7 mm sometimes form rings

(McGowan., 2000))

Brochantite Cu: (SO WOH)
”.lilk green acicular g[‘_»\[,ﬁ\ 0l 'F‘~r'.|k|'|‘t|]['_[g' irom the L.l‘li‘r;__"lr
oxihized zones of the Opela mine have often proven to be

malachite, and true brochantite 1s commonly found partially altered

10 a paler green-colored malachite (Hofftmann, 1967). A few
brochantite specimens have come from the dumps above San Juan
Poniente (Hoffmann, 1967), and acicular tufts to 1 ¢m have been
found with cerussite, malachite and goethite (Panczner, 1987). In
1980/ 198 1, near the surface in El Pirul, green sprays of transparen!
acicular brochantite crystals were found, the sprays reaching 1.5

cme this 1s the OQuuela mine s best brochantite

Calcite CaCO
Calcite in the Mapimi distnict 1s paragenetically late, and 1s
associated with nearly every other major mineral species (Hoffmann.

1967). In the Ojuela mine, colorless to white, pink. yellow and gray

Figure 76. Calcite crystals on green “barthite™
( = conichalcite + austinite), 2.7 cm, from the
Ojuela mine. Thomas Moore collection: Wendell
Wilson photo.

calcite 1s widely distributed, in crystals to 5 cm (Panczner, 1987)
Crystal habits vary considerably; Hoffmann (1967) suggests a
pattern of correlation between morphology and mineral assem-
blages. the simpler calcite crystals tending to occur with zing
species, the highly modified ones with copper and lead species
Perhaps the most common habit of Oyuela calcite 1s as white,
opaque to translucent. simple rhombohedrons of vaguely “Tsumeb-

like” aspect, as jumbled groups, solid vug linings. or parallel

growth aggregates. Calcite of this type has been found almost

everywhere in the mine—and 1s presently being found 1n quantity
with the wulfenite crystals and green mimetite on Level 7 of
Campana

In the :.'hlll‘_s 1960 s, acute rhombohedral calcite crystals, some n
arborescent groupings with malachite on a goethite matnx. could
be collected on the LiLJrHI‘ at the America Dos entrance (Johnson.,
1962). In the 1960°s, bright blood-red ca

cite crystals, perhaps
colored by fhine-grained inclusions of litharge or mimum, came
from the Ojuela mine, probably from San Juditas, where, in 1981,
very similar red cryvstals were discovered, with individuals to 5 cm

in groups 1o 30 cm. In the mid-1980's, bnight blue calcite crystals

colored by fine-grained inclusions of auncha
1987. Turley and Kova

have inclusions of wfted malachite (Bancroft, 1984) or of hemi-

cite emerged (Panczner,

. 1987). Other calcites from the distnct

morphite (Johnson, 1962)

'he miners recall a few more notable occurrences of calcite. In
1983 in La Ciguena, transparent and colorless calcite was found
with carmunite (see entry below ), as steep scalenohedrons to 4 cm.
beautiful plates to 15 ¢m covered with plush-red carminite micro-
crystals are studded with these lustrous, waterclear calcite crystals
In San Juan Poniente, white or vellow 1o colorless. stepped

1

aggregates of calcite to 5 cm occur on green conichalcite; blue,
aurichalcite-included calcite crystals are known from this site as
well. In 2000, a few flats of specimens with spherical rosettes, 3 to

3 ¢m in diameter, of platy colorless calcite on dark gray dolomite

matrix were produced
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Figure 77. Aurichalcite-filled cal-
cite cryvstal cluster, 6 cm, from the
Ojuela mine. Mary and Gardiner
Miller collection; Wendell Wilson
photo.

Figure 78. Calcite crystal cluster with
adamite, 6 cm, from the Ojuela mine. Pat
Hendrick collection: JefT Scovil photo.

Elsewhere in the district, white, highly modified calcite crys

tals were found in the La China and La Reina mines ( Hoffmann.,
1967 )

Carminite PbFe:*(AsO,).(OH)

Carminite was hirst found at the Oyuela mine in the summer of
1927. when Wilhlam F. Foshag and Harrv Berman collected
carminite microcrystals, just below what 1s now the cleanng
adioining the Ojuela miners’ village. The carminite crystals from
this occurrence are acicular to lath-like. aggregated into sheat-like
forms and radiating tufts; individual crystals do not exceed 0.5 mm

(Foshag, 1937), and the aggregates do not exceed 2 mm (Hoffmann,

1967). This carminite is highly lustrous, and the crystals are
markedly pleochroic, pale yellowish red along x and dark carmine-
red along v and : (Hoffmann, 1967). The crystals were found n
cavities of massive crvstalline scorodite, with seams of arsenio-
sidernite and tny amounts of dussertite (Foshag, 1937). Hotffmann
(1967) collected carminite in masses of cerussite, anglesite, mimetite,
wulfenite and plumbojarosite. from a dump above San Juan
Poniente and with jarosite at Foshag's onginal site: he reports that
these carminite crystals average only 0.2 mm, although according
to Panczner (1987) they reach | cm

Panczner (1987) notes that a pocket found in the early 1980°s

produced crystallized calcite covered with crystals of carminite;
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these specimens came from La Ciguedia and were rescued for
posterity when Mike New came upon two ore cars full of them and
gathered 10 flats” worth, then purchased an additional ten flats
from a miner. The lustrous red carminite microcrystals blanket
matnx expanses to 15 cm across, and the plush coatings host what
1s perhaps the Ojuela mine s most beautiful calcite, in lustrous,
walerclear, steep scalenohedrons (o 4 cm

Kolitsch (2002) speculates that re-examination of old “carminite”
specimens from the Qjuela mine may reveal that some of the

matenal 1s in fact the recently descnibed calcium analog sewardite

Cassiterite Sn0)
Small, blackish brown acicular \r_‘mr_,ix of cassiterite were tound

in Monterrev, 1In contact-metasomatized hmestone (Hoftmann.
1967 )

(elestine SrSO
Celestine 15 rare in the Ouela mine: on the upper levels it was
occasionally found as colorless to pale blue crystals to

(Panczner, 1987)

: CIn

Elsewhere in the district, however, celestine has been found in
what Peter Megaw (personal communication, 2003) describes as
about a gazilhon localines,” almost entirely as mediocre speci
mens (the very good celesuines once sold in the Bermenllo rock
shops actually came from large celestine mines in central Coahuila
State). Hoffmann (1967) mentions celestine from the uppermost
zones of mineralization in Mapimi district mines, associated with

fluorite, bante, calcite and manganese oxides

(Cerussite PbCO

Cerussite, once one of the maimn ore minerals in the distrnict. 1s an

alteration product of galena and anglesite most commonly noted

from the oxidized ore zones of the Ojuela mine (Panczner. 1987)
Most cerussite 1in the mine dAppears as banded alteration nms on

banded anglesite, which in turn rests on massive galena (Hoffmann,

Figure 79. Calcite crystals on red
carminite, 5.7 cm, from the
Ojuela mine, La Ciguena lugar.
Dawn Minette collection; Wendell
Wilson photo.

Figure 80, Cerussite twins to 9
mm on calcite, from the Ojuela
mine. Terry Stambaugh collec-
tion; Wendell Wilson photo.

1967). Reticulated clusters of twinned cerussite crystals have also

been found, with twinning on both {110} and {130} (Hoffmann,
1967). The best cerussite specimens are i1solated twins, with
twinning on { 130}, found in masses of goethite, mimetite, wulfen-
ite and massicot (Hoffmann, 1967); these crystals reach 2 cm
(Panczner, 1987). Cerussite pseudomorphs after anglesite and
hemimorphite (7) are associated with rosasite. plattnerite, nantokite,
malachite and aunchalcite at the Ojpela mine (Hoffmann., 1967:

Panczner. 1987)

Chalcanthite Cu*SO

Massive or fibrous chalcanthite is found in gouge zones along
faults and fractures in the mine workings: when pure it is clear sky-
blue. but admixtures of melanterite or goethite may tint it green or
brownish green (Hoffmann, 1967)

Chalcocite Cu.S

Massive chalcocite as partial-replacement nms a few microns
thick on chalcopyrite or other copper-iron sulfides has been seen in
oxidized zones at America Dos (Hoftmann, 1967)
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Figure 81. Botrvoidal chalcophanite, 10.5
cm, from the Ojuela mine. Terry Stam-
baugh collection; Wendell Wilson photo.

(ZnFe-"Mn-Mn*0.-3H.O

Chalcophanite has been found in fairly attractive specimens 1in

Chalcophanite

La Esperanza in the Ojuela mine: thin, velvety, grayish black or
bluish black botryoidal crusts and uny crystals on goethite, with
adamite, calcite and smithsonite (Johnson, 1962; Panczner, 1987)

Elsewhere in the district the mineral occurs in numerous mines
(Hoffmann, 1967), and i1s one of the components of the mixed
manganese oxide matenal that the miners call simply “manganeso,
and mineralogists used to call “wad.”

Chalcopyrite CukeS

Chalcopyrite is the most important primary copper mineral n

the Mapimi district, occurming as masses partially replacing earher
sulfides, but it has not been found in crystals (Hottmann, 1967
Panczner. 1987)

Cu:*Fe*(AsO,)(OH),-H.O

Pale olive-green botryoidal crusts of chenevixite about 0.1 mm

Chenevixite

thick on pale yellow massive mimetite were found in San Juan
Poniente; the matenial is intergrown with the mimetite, and X-ray

patterns show lines charactenistic of both species (Hoffmann,
1967)
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Figure 82. Dark green duftite
coating wulfenite, 8.5 cm,
from the Ojuela mine. Kerith
Graeber collection: JefT Scovil
photo.

Chlorargyrite AgCl

In the early years of mining in the Mapimi district, chlorargyrite
was an important silver ore (Panczner, 1987), found in the upper
oxidation zones in greenish gray grains with mimetite, cerussite,
anglesite and wulfenite (Hoffmann, 1967). Chlorargynite from the
Oyela mine 1s rnich in bromine (Panczner. 1987). and in the old
days might have been called “embolite™ (a now-discredited term)
as was similar matenial from Broken Hill, Australia. Today, how-
ever, the accepted terminology for describing the senes involves
only the terms chlorargyrite. bromine-rich chlorargyrite, chlornne-
rich bromargyrite. and bromargyrite. No crystals have been seen in
matenial from the Ojuela mine, where the silver chlonde-bromide
is intimately intermixed with the other oxidized species. In San
Judas in 1981, collectors working the purple adamite zone encoun-
tered a chlorargyrite body which produced about 900 kilograms of
very rich silver ore (Mike New, personal communication, 2002)

Chrysocolla (Cu-, Al),H.51.0(0OH),,nH.O

Near-surface occurrences of chrysocolla have been noted 1In
numerous prospect pits in the district; no known specimens are
verifiably from the Ojuela mine. Pale blue to almost white,

amorphous matenal fills fractures and small cavines, and unsub-
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stantiated reports tell of large fine blue masses of chrysocolla
(probably heavily silicified) having been found sometime before
the 1960s, and cut into gems (Hoffmann, 1967). Pseudomorphs of
chrysocolla after malachite, rosasite and aunchalcite, some with
unaltered cores, have also been found (Hoffmann, 1967; Stambaugh,

JN2)

Clausthalite PbSe

Small grains of clausthalite, some of them partially replaced by
emplectite, occur in ores with umangite, sphalenite, pyrrhotite,
bismuth and enargite (Hoffmann, 1967).

“Collophane” See Apatite Group

Conichalcite CaCu™*(AsO NOH)

Ihe well-known pa

¢ 1o dark olive-green or bnight green
botryoidal crusts once known as “barthite™ have proven to consist

of overgrowths of conichalcite on cuprian austinite; “barthite™ is
now considered an obsolete term (Bayliss, 2000). This matenal
occurs commonly in the oxidized zones of the Ojuela mine, as
crusts, small masses, and microcrystals on stalactitic goethite or
hematite (Johnson, 1962). Associated species include calcite, mala
chite and occasionally mimetite, these having preceded conichalcite

cuprian austinite in the goethite vugs (Hoffmann, 1967). Adamite

is also sometimes associated: two vears ago, Paul Hlava found
abundant cuprnian adamite on some Ojuela mine conichalcite
specimens (Peter Megaw, personal commumcation, 2003)
Hoffmann (1967) endorses the conclusion of Fischer ( 1944) that
a complete substitution senes between comchalcite and austinite
must exist, but reports that his studies of the Ojuela matenal show

two discrete i‘hdu‘\ a colorless zinc arsenate with some copper

(cuprian austinite) overlain by crusts and tiny pleochroic crystals of
a nearly pure copper arsenate (comchalcite); Fischer too, according
0 Hoftmann (1967), found colorless austinite overlain by green
conmichalcite (then called “higginsite ). As mentioned above, the
studies of Radcliffe and Simmons (1971) also found no significant

mixing of the two phases at Mapimi

Green crusts of comchalcite with stepped calcite crystals to 5 cm
have come from San Juan Poniente. The mine’s best comchalcite
(sold as “barthite” in the late 1970's) was found around 1975 in San
Carlos, Level 2: a lugar which the miners call “Manganeso ™ for its

abundance of black manganese oxides. Here, 4-cm “trees™ of bright

green comchalcite, with individual crystals to 5 mm, perch on
goethite matnix; these specimens were marketed by John Whitmire
In 1996 about 15 flats of conichalcite epimorphs after azunte
crystals 1o 5 mm were produced: comichalcite replacing forests of
azunte blades makes for exceptionally attractive specimens
Elsewhere in the district, numerous small mines and prospects

have vie

ded microcrystals of conichalcite

Copiapite Fe-*Fe, (SO,).(OH),-20H.O

In the Mapimi district, copiapite is found as an alteration product
of pyrnite and arsenopyrite on several old mine dumps. Pale
yellowish white to pale vellow botryoidal coatings on pyrite
bearning boulders have proven to be copiapite; elevated amounts of
arsenic in these coatings testify to the presence of arsenopyrite in
the onginal ore matenal (Hoffmann, 1967)

Copper Cu

Native copper crystals to 6 mm have been noted from the Ojuela
mine (Panczner, 1987). Here and elsewhere in the district, copper
occurs as subhedral crystals and thin wires on samples of ore from
oxidized zones, associated with tenorite, cuprite, goethite and
delatossite, and as small wires and crystals enclosed in gypsum

fracture-fillings, with exposed areas of the copper altered to cuprite
and malachite
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Covellite CuS

In the Oyuela mine, covellite 1s found replacing arborescent
crystal masses of native copper on tenorite and goethite, with
cuprite and delafossite (Hoffmann, 1967)

Elsewhere in the district, covellite is widespread as a minor
constituent of the primary ores and as partial replacements of
chalcopyrite and other copper sulfides (Hotffmann, 1967); crystals
to 6 mm have been noted (Panczner, 1987)

KiMn"Mn*).0

Cryptomelane is the most common of the manganese oxides in the

Cryptomelane

manganese deposits on the western side of the Sarnoso Stock, and 1s
a component of the “manganeso™ bodies in the Ojuela mine. Massive
cryptomelane may be partially replaced by other manganese oxides
or groutite in fractures and on weathered surfaces (Hoffmann, 1967).

Cuprite Cu.O

Euhedral, blood-red modified cubic crystals of cuprite occur in
small vugs on botryoidal goethite in the Ojuela mine, with copper
and tenorite (Hoffmann, 1967); these crystals do not exceed 4 mm
(Panczner, 1987)

Elsewhere in the district, cuprite 1s a fairly common alteration
product of chalcopyrite, and uself alters to enorite, native copper,

malachite and chrysocolla (Hoffmann, 1967)
Delafossite Cu""Fe"O

Both in the Ojuela and in mines elsewhere in the district,
brown to black botryoida

crusts of delafossite are commonly seen

on masses of goethite, cuprite and tenonte; rosette-shaped crystal

\ s0 been found

ggregates and elongated crystals to 4 mm have a

(Hoffmann. 1967: Panczner. 1987)

PbZn(VO OH)

Descloizite, the most common vanadium-bearing mineral in the

Descloizite

Mapimi district, occurs as dark brown tabular crystals to 4 mm on
the first level of the Ojuela mine. associated with banite, wulfemite.,
aurichalcite. rosasite. hydrozincite, plattnerite and murdochite
(Panczner, 1987)

Elsewhere in the district, it occurs with fluorite in the La
China and La Reina fluorite mines, in the mountains directly west
of La Bufa (Hoffmann, 1967)

Diopside CaMg$Si.0

In Monterrey, euhedral. dark green, lath-like crysta
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to 3 cm occur with pyrrhotite and other sulfides (Hoffmann, 1967)

Dolomite CaMg (CO,)

In the Mapimi district, where orebodies occur as replacements of
dolomitic limestone, 1t i1s not surprising that veins and sugary white
masses of dolomite are common in the orebodies generally (Johnson,
1962; Hotfmann, 1967). Euhedral dolomite crystals line fractures
in limestone that later filled with quartz (Hoffmann, 1967), and
crystals to 4 cm—not necessanly from the Ojuela mine—are

assoclated with quartz and goethite (Panczner, 1987)

Duftite (Pb.Ca)Cu(AsO, OH)

The calcium-nch duftite of Mapimi was called “duftite-«™ by
Hoffmann, but this term is obsolete (Bayliss, 2000). Dark olive
green encrustations and botryoidal masses of duftite on pale vellow
wulfenite occur at the Ojuela mine, with calcite and mimetite in
cavities in goethite and manganese oxides (Hoffmann, 1967;
Panczner, 1987)

Dussertite BaFe "(AsO,),(OH)

Dussertite 1s one of the rare arsenates found by Foshag and
Berman in 1927 on a dump near the town of Ojuela, with scorodite,
carmimite, arsemosiderite and “mazapilite (an old term for



Figure 83. Fluorite crystal, 3.8 cm, from the
Ojuela mine. Kerith Graeber collection; Jeff
Scovil photo.

Figure 84. Fluorite crystal cluster, 6.6 cm,
from the Ojuela mine. Wavne and Dona
Leicht specimen; Jefl Scovil photo.

arseniosiderite pseudomorphous after scorodite: Bayliss, 2000)
Dussertite occurred as thin bands between carminite and scorodite,
and in small, clear pistachio-green masses and microcrystals in
arseniosiderite (Foshag, 1937). Pale green, flattened crystals of
dussertite are sometimes grouped in rosettes (Johnson, 1962) and
reach 4 mm (Panczner, 1987).

Emplectite CuBiS

Polished sections of ore from Monterrey show massive emplectite
associated with pvrrhotite, galena, sphalenite. bismuth, bismuthinite,
enargite and umangite (Hoffmann, 1967)

Enargite Cu.AsS,

Enargite, one of the earlier sulfides in the primary mineral
assemblage at Mapimi, constituted the main copper ore species in
deeper portions ol the deposits: 1t 1s associated with arsenopyrite,
pyrrhotite, galena and chalcopynite, and 1s commonly replaced by
marcasite (Hoffmann, 1967). No crystallized enargite is known
from the Ojuela mine.
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Feitknechtite B-Mn"O(OH)
In the Ojuela mine the rare manganese oxide species feitknechtite
1s found with the other “manganeso” oxides (Panczner, 1987); it

occasionally forms black or brownish black, thin hexagonal plates

{ McGowan. 2000).

Ferrimolybdite Fe.*(M0o™0,),8H,0 (7)

Hoffmann (1967) observed what he called ferrimolybdite on
only one specimen, containing a small rosette of partially altered
molybdenite. Some masses of goethite and/or bindheimite were
observed to contain yellow aggregates to 1 mm of a molybdenum-
ron oxide; X-ray diffraction patterns were not conclusive, bul
semiquantitative spectrographic analyses showed Mo to be the
major constituent, so Hoffmann (1967) used the term “molybic
ochre” for the matenial. According to Bayliss (2000), the old
“molybdic ochre™ = ferrimolybdite.

Fluorite Cal

In the most commonly seen Ojuela mine specimens, fluorite
appears as wine-red to purple cubic crystals (Johnson, 1962;
Bancroft, 1984), but Hottmann (1967) reports also blue, green,
pink and brown crystals, dominantly cubic in habit but with
octahedron and dodecahedron modifications not uncommon. The
octahedral and dodecahedral development i1s seen especially in
paler-colored fluorite, particularly pale pink, pale green and color
less, and much of the darker fluorite 1s coated with druses of
descloizite and plattnerite (Hoffmann, 1967)

An occurrence on the first level of the Ojuela mine produced
cubic crystals of pale blue fluorite partially enclosing wulfenite,
barite and hemimorphite, and encrusted by colorless calcite which
itself encloses small rosettes of aunchailcite, the whole assemblage
sprinkled with microcrystals of plattnerite and murdochite
(Hoffmann, 1967). No other good fluorite specimens seem to have
appeared from the Ojuela mine from the 1960's untl the early
1980°s, when fluorite was found as bright bluish purple cubes to




Figure 85. Fluorite crystal cluster on lime-
stone, 12.5 cm, from the El Filo mine on
L.a Reina Mountain, Mapimi district. Mike
New specimen; Wendell Wilson photo.

Figure 86. Cubic-dodecahedral fluorite
crystals to 1.4 cm from the Ojuela mine,
“Manganeso” lugar, Level 2 above the San
Carlos adit. Terry Stambaugh collection;
Wendell Wilson photo.
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. cn sometimes associated with malachite and ohve grecn
wultenite on bante crvstals (Panczner, 19Y83a)
The lugar which the muners call “Manganeso,” alternatively

: 1

called San Carlos, Level 2, has produced what are probably the
Oyuela mine s finest fluonte specimens. Lhev are groups of deep
purpie cubes with beveling by dodecahedron faces, 10 4 ¢m on edge
individually, stacked in bar-shaped formations on a matnx of white
banite with minor calcite and conichalcite; some ot the fluonte
crystals have pyrnite inclusions

Around 1988, good specimens with transparent pale violet cubic
crystals of fluonte which fluoresce deep cherry-red under longwave
ultraviolet hight (Robbins, 1990) emerged in some abundance from
a then-unspecified mine in the Mapimi distnict. A 1991 discoven
on Level 2 in La Esperanza recalled by Manuel Lopez (personal
communication, 2002) clearly represents the same occurrence as

that mentioned by Robbins (Mike New, persona

communicaton

2003 )—s0 this fluorescent fluonte too 1s from the Ojuela mine

Elsewhere in the district there 1s one major locality for fine

fluonite specimens—arguably, in fact, some of Mexico s hinest. It 1s
the El Filo mine. on La Reina Mountain, where fluorite crystals
have been intermittently collected for the past 20 vears. The purple
cubes of El Filo fluonte can reach 4 cm o k',i__'k‘. and occur on
sthiceous himestone with drusy quartz (Mike New, personal com-
munication, 2002). These crystals show concave, shghtly rough
taces and colorless-to Pli]l"‘ll' zoning, and thus resemble fluorite
from the Elmwood mine, Tennessee: some crystals exhibit a
beautiful spiraling pattern of growth features on their faces. In the
spring of 1993, then again in 1999, 2001, and 2002, specimens of
a bright purple fluorite on coarse-grained white quartz were
recovered; Ihk‘} were reported to have been found 1n the Astllero
mine, also on La Reina Mountain (Megaw, 1993), but undoubtedly
they are from the El Filo mine (Peter Megaw, Mike New, personal
communications, 2003)
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ena 1s the mamn
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galena orebodies yielded silver as well. Galena is found in pods up

ead mineral of the district. and argentiferous

to several cenumeters across, surrounded by alteration rinds of
anglesite, cerussite, and other secondary lead minerals. In deeper
unoxidized zones the galena is finer-grained and is associated with
sphalente, pynte, marcasite, chalcopyrite, arsenopyrite, enargite
and tetrahedrite (Hoffmann, 1967). After the main phase of em
placement of the ore minerals, a later hydrothermal pulse deposited
galena farther away. and specimens found in prospect pits periph

eral to the main mineralization are associated with fluorite, bante,

aunichalcite and calcite: small cubic galena crystals have been
observed in these zones (Hoffmann, 1967). Some galena ore has a
leat-lhike texture; hence the nmname “Ojuela —a denvation from

“hojuela.” meaning “leaflet” (Hoffmann, 1967)

Goethite a-Fe"O(OH)
Goethite, the most common iron mineral in the oxidized gossan
zone, forms as an alteration product of pyrite, arsenopvrite, marca-

site and pyrrhotite. and 1s the matnx for almost every secondary

mineral assemblage in the Mapimi district (Hoffmann, 1967). In
the Ojuela and elsewhere in the district, goethite varies from pale
orange-brown, fniable and vuggy masses to much denser, almosl
black botryoidal crusts and masses: the earthy goethite 1s much
higher in the trace elements from which the rarer secondary species
form. Pseudomorphs of goethite after pyrite crystals are common,
and goethite pseudomorphs after arsenopyrite also occur. Siderite
and ankerite may be coated with goethite, and hollow, rhombohe
dral casts of goethite after siderite crystals have been noted

(Hoffmann. 1967)

Gold Au

Minute grains ot g0ld are found 1n uppel oxidized zones of the

Oueela mine and mines elsewhere in the district. associated

exclusively with hematite, goethite and manganese oxides

Hoffmann (1967) found gold content in the primary ores to van

between less than 1 ppm and 8 ppm. the higher values being

associated with pyrite in the more arsenical ores, suggesting that

the pyrnite or arsenopyrite 1s shghtly auniferous

Groutite Mn"“"O(OH)

P

Groutite 1s recogmzable 1in polished ore sections as an alteration

product of cryptomelane in manganese ores (Hoffmann, 1967)

Gypsum CaSO,2H.O

(nr’nllf‘ll 15 4 verv lale-stage mineral in the upper oxidized zones

in most of the district's mines, found as cavity fillings in goethite
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and 1n calcite-lined vuegs 1n the ore deposils dand, more widely, as

fillings in fractures in hmestone and volcanic rocks. Between 1998

and 2000, hundreds of good gypsum/adamite specimens were

taken from San Juan Poniente in the Ojuela mine, with gypsum

(“selenite”) crystals to 10 cm long. They are post-mining products

formed when water overflowed from a tarp stretched over a

coilecting area, then tnckled down to form a pond on Level 6

disso

ving sulfate and precipitating gypsum along its way (Mike

New, personal communication, 2002). In the Ojuela mine. too.

massive gypsum in small amounts 1s one of the “indicator

minerals for legrandite, having been found near the dramati

]L':'__'r.lnljltf ["H'".._'kl:l\ in Palomes Oriente-San Carlos

Elsewhere in the district, gypsum occurs sparingly with copper

ores: rare euhedral crystals to | cm may contain inclusions of clay

and native copper (Hoffmann, 1967). Panczner (1987) writes that

at the end of 1983 a watercourse was discovered in “the upper

areas of the Ojuela mine™ which vielded etched. shghtly frosted

gypsum individuals and fishtail twins to | meter long, associated
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Figure 87. Gypsum crystals with hyvdrozincite

and aurichalcite (7)., 7.3 em. from the Platosa

mine, Mapimi district. Kerith Graeber collec-
tion; JefT Scovil photo.

with goethite and copper. however, Mike New affirms from
firsthand knowledge (personal communication, 2003) that the true
locality for these specimens is the Platosa mine. north of
Bermejllo—a mine with a history of producing fine “selenite,
often associated with smithsonite, hvdrozincite, and exceptional
crystals of serpiente and schulenbergite

Around 1980, tabular gypsum crystals to 15 cm long with black
phantoms were collected in the Platosa mine: these came from a
gypsum cave encountered in the mine workings. where sword

shaped crystals to almost 2 meters lined the walls. Some of the

gypsum crystal groups are partially encrusted by gray to blue “nce

grain~ smithsonite crystals, and by white crusts of hydrozincite

(Mike New, personal communication, 2002)

Hausmannite Mn~Mn:"O

Hausmannite has been noted in polished sections of manganese
ores from America Dos and from San Juan Poniente; 1t 1s associ
ated with and altered from cryptomelane and pyrolusite (Hoffmann,

L"J‘F‘l_ ]

Hedyphane Pb.Ca.(AsO,).C]

[ranslucent white crystals of hedyphane to 4 mm with mimetite
and bindheimite have come from San Juan Poniente (Hofimann,
1967 Panczner, 1987). The species was identified by Hoffmann
(1967) through X-ray diffraction studies of the matenal in com-
parison with mimetite from Mapimi and hedyphane from Franklin,

I\IL"'.\ _IL‘1"-;_'\

Hematite Fe.O
Minor occurrences of hematite have been noted in the Ojuela



Figure 88.
Hemimorphie
with
aurichalcite
on limonite,
6.3 cm, from
the Ojuela
mine. Martin
Zinn collec-
tion; Jeff
Scovil photo.

Figure 89. Hemimorphite crystals to 2 cm,
from the Ojuela mine. Thomas Moore collec-
tion; Wendell Wilson photo.

Figure 90. Hemimorphite crystal cluster, 9.5
cm, from the Ojuela mine. John Whitmire
specimen (1983);: Wendell Wilson photo.




Figure 91. Hemimorphite crystals on matrix, 12.8 cm, from

the Ojuela mine. Pat Hendrick collection; Jeff Scovil photo.

mine, where 1t 1s associated with the much more common iron
oxide goethite, and with copper minerals; no hematite crystals have
been recorded

Elsewhere in the district, hematite i1s the main constituent of
the iron ores of the La Lucha mine near Dinamita, where it is
found as large red masses near the contact between the Samoso

Stock and limestone (Hoftmann., 1967)

Zn. S1.0.(0H),-H.O

Specimen-quality hemumorphite has always been found fairly

Hemimorphite
abundantly 1in the Oyuela mine, where it occurs as late-stage
mineral m all oxidized zones of the deposit, from almost at the
surface to just above the water table in the lower levels (Panczner,
1987). Colorless to snow-white, commonly very lustrous prismatic
crystals and sheatlike aggregates of subparallel crystals reach 3 or
4 cm in length (Hoffmann, 1967; Bancroft, 1984); these can form
aesthetically pleasing sprays on dark brown goethite matnx, o
“bow-tie” formations composed of two crossing sheaves (Jones,

1970b) Hemimorphite crystals invanably occur on goethite (and

are sometimes stained brown or vellow by 1t); associations, where

present, include calcite, aunchalcite, rosasite and adamite. Color
less hemumorphite 1s sometimes seen as a coating on lath-like
crystals and sprays of aunichalcite (Jones, 1970b), and encrusting
cigar-shaped formatons of goethite (Johnson, 1962)

Jones (1970b) commented on the relative abuadance of fine
Ojuela mine hemimorphite specimens on the mineral market,
saluting the showy specimens with 8-cm crystals which were
available at the 1970 Tucson Show. Since that tme, however, new
examples of this beautiful matenial have been largely absent from
the market, and it is in general less well known than it deserves to
be. The lustrous white sheaves of hemimorphite on goethite from
Mapimi should not be confused with the bladed, hematite-stained
white crystals from the Santa Eulaha district in Chihuahua which
began to appear on the market in the early 1970's (Whate, 1971)

In general, San Carlos has been a good but sporadic source of
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excellent hemimorphite specimens. In 2001, between Levels 5 and

6. San Judas produced about 50 specimens representing some of

the very best hemumorphite ever found in the Ojuela mine: deep

vugs in goethite and flat matrix plates to 45 ¢cm are covered with

sprays, spheres and wheels of white, lustrous crystals to 5 ¢cm
individually. An extraordinary large cabinet specimen from this

occurrence 1s in the Peter Megaw collection

“Higeginsite” See Conichalcite-Austinite

“Hydrohausmannite”

Hoffmann (1967) described “hydrohausmannite™ as occurring in
grains and thin bands in the manganese ores of the distnict. Ths
substance has subsequently proven to be a mixture of hausmannite

and feitknechtite (Bayhiss, 2000)

Hvdrohetaerolite ZnMn"O.H.O

Hydrohetaerolite forms elongated euhedral crystals to 8 mm in
fractures 1n manganese ore, and masses of euhedral grains replac
ing cryptomelane (Hoffmann, 1967. Panczner, 1987). It 1s rela
tively common in the manganese ore of America Dos and San Juan

Poniente in the Ojuela mine (Hoffmann, 1967)

Hydrous sulfates

Hoffmann (1967) sampled and analyzed white to pale bluish
white efflorescences found near water seepages, as well as efflores
cent sulfate deposits on limestone, frequently with gypsum, at
many sites in the Mapimi district. He tfound the species involved to
be hexahydnite, bianchite, epsomite, goslante, pickeringite and

halotrichite; these have crystallized as post-mining products

Hydrozincite Zn(CO,),(OH)

Hydrozincite, an alteration product of aurichalcite and other zinc
minerals, was common in high-zinc areas of the oxidized zones In
the Ojuela mine, associated with hemimorphite. aurichalcite and
plattnerite (Hoffmann, 1967). White coatings and fibrous layers of
hydrozincite, perhaps mixed with sauconite, reached considerable




thickness in some cavities in goethite (Jones, 1970b). Although
hvdrozincite alters from aunchalchite, and their formulas are the
same except for partial substitution of copper for zinc 1n aunchal-
chite, the two species do not form a sohid solution senes: hydrozincite
does not contain significant copper (Jambor and Pouliot, 1965)
'he white hydrozincite coatings on goethite are fluorescent a
brilliant blue in shortwave ultraviolet hight

Encountered at other localines as a massive, chalky white,
uninteresting species, hydrozincite from the Ojuela mine has
considerable collector appeal because of 1its fluorescence, and even
more so because it is (for the species) remarkably well crystallized
Delicate white acicular crystals frequently form solid blankets on

white massive hydrozincite himing goethite vugs: individual crys-

tals reach 4 mm, and are well terminated (Jones, 1970b). Specimen
matenal came out abundantly around 1960, but had stopped
appearing on the market by about 1970 (Jones, 1970b). Large
specimens consisting of plates of fuzzy white microcrystals with
plattnente were found LJ[LJI’.Hj_' the 1960 s in America Fomente
Elsewhere in the district, white crusts of hydrozincite are
found, with “nce grain™ crystals of smuthsonite, on large gypsum

Crvsla

s in the Platosa mine

Jamesonite Pb.FeSb. S

Jamesonite replaces boulangerite along fractures and grain
boundanes in distnct ores, and 1s seen to have altered in tum to
bindheimite (Hoffmann, 1967). There exist a few specimens
showing metallic hairlike crystals of jamesonite to 3 cm long on
massive to crudely crystallized pyrite; these are sometimes said to
have come from the Ojuela mine (Stambaugh, 2002), but in fact are
from Noche Buena or San Martin, Zacatecas (Mike New personal

commumcation, 2(03)

Jarosite K.Fe,"(50,),(0H)

In the Mapimi district generally, jarosite 1s usually found as
large, pulverulent yellow masses in the upper oxidized portions of
orebodies, associated with bindheimite, mimetite and goethite
Hoftmann (196/7) found that varving optical properties n the
massive mailenal Llll!:,'al;‘-ulld o wide vanatuons n trace lead
content, and that the jarositeé contains many other trace metals as
well, having altered from pyrite in the presence of galena, bournonite
and other sulfides. Transparent, euhedral, golden brown crystals of
jarosite 1o 4 mm on botryoidal goethite have been found ( Hoffmann.,
1967, Panczner, 1987), but these are not necessanly from the

Ouela mine

haolinite ALSLOJAOH)
Kaolinite, associated with manganese and ron oxides, occurs in

veinlets and fault gouge areas in upper oxidized zones in district
mines (Hoffmann, 1967)

kottigite-Parasymplesite Zn (AsQ,),-8H.0-Fe;"(AsO,).-8H.0

Kotigite is a very rare mineral which has occasionally been
found in dramatic, high-quality specimens in the Ojuela mine, in
opaque sprays of lustrous, grayish blue, acicular crystals 1o 6 cm on
goethite matnx. Except for its color it resembles legrandite, and is
found in the same general areas of the mine; consequently the
miners call it “blue legrandite™ (Panczner, 1984). Probably the
nickname is meant to allude as much to its great value and
desirability for collectors as to its appearance.

A complete series exists between kottigite and parasymplesite,
with all intermediate members present in the Ojuela mine, perhaps
even within compositional zones of single crystals (White, 1976)
The type locality for kittigite is Schneeberg, Obersachsen, Ger-
many, where the crystals are pale to dark red (because, according to
Paul Desautels, they are a cobaluan vanety: White, 1976). X-ray
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Figure 92. Parasymplesite crystal drawing,
Ojuela mine. Forms: a{l00}, A{010], w{201],
v{221} (Sturman, 1987).

Figure 93. Kittigite crystals, 5.3 cm, from the
Ojuela mine. Kerith Graeber collection: Jeff
Scovil photo.

crystallographic studies and microprobe analyses of chemical
compositions have shown the Schneeberg material to be relatively
pure end-member kittigite, whereas the Ojuela mine “kottigite™ is,
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Figure 94. Parasymplesite crystals to 7 mm on
limonite, 3.5 cm, from the Ojuela mine. Martin
Zinn collection; Jeff Scovil photo.

in general, intermediate in composition between 1deal komgite and
parasymplesite, with the best of the Ojuela specimens studied
actually being on the parasymplesite side of the senes (Sturman,
1976). It would seem best 1o follow John White's advice that
collectors label the Ojuela specimens “kottigite/parasymplesite™ in
al! cases (White. 1976)

First mentioned in the literature by Larsen (1921), parasymplesite
from the Ojuela mine first caught the eve of collectors and curators
in the mid-1960's (Desautels, in White, 1976), and specimens of
the “blue legrandite” would occasionally turn up, e.g. in the shop of
American mineral dealer George Griffith in Gomez Palacio (Miller
and Olson, 1970). Small sprays of crystals were found in pockets
near to—but never in—the purple adamite pockets of 1981 in San
Judas. Otherwise, kotigite/parasymplesite 1s associated with le
grandite: in fact, the assemblage kottigite/parasymplesite-gypsum-
smithsonite 1s regarded as an indicator that legrandite pockets are
nearby. Good kotugite/parasymplesite crystal sprays were col
lected with the legrandite of Palomes Oriente duning the late
1960°s and early 1970’s; in 1974 a major pocket was found here,
with blue acicular kottigite/parasymplesite crystals to 6 cm associ-
ated with gypsum, smithsonite, and legrandite. The dry season had
lowered the water table just enough to expose the pocket (Panczner,
1987), and many examples collected here have a dull coating
resulting from repeated immersions (Barlow and Juneau in Barlow,
1996). Specimens from this major find were purchased and
brought to the mineral market by Benny Fenn (Panczner, 1984),
and there have been no comparable finds since: kotugite/

parasymplesite from Ojuela remains a “classic™ that is extremely

difficult to acquire in fine specimens.

Legrandite Zn(AsO,)OH)-H.O
Legrandite is a rare and very beautiful zinc arsenate which has
been found as high in the Ojuela mine as Level 3 and as low as
evel 6, but the best specimens are from Level 5, in the lowermost
part of the oxidized zone, where the fluctuation of the water table
In response to seasonal vanauons in rainfall alternately floods and

exposes the crystal pockets (Panczner, 1987, refers to this region as
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Figure 95. Legrandite crystal drawings based
on specimens from the type locality, the Flor de
Pena mine. Forms: a{l100}, m{110}, {001},
p{111} (Drugman and Hey, 1932).

Figure 96. Legrandite crystal drawings, Ojuela
mine. Forms: c{001}, a{100}, m{110}, p{l111}
(Desautels and Clarke, 1963).

“Levels 12, 13 and 17,” but this reflects the old numbering system).
Ojuela legrandite 1s famous for its high luster and brilliant yellow
to yellow-orange color: a very few transparent, gemmy crystals
have even been found (Sinkankas, 1970), and two or three have
been cut into faceted gems (see sidebar, “A Fortuitous Trade™)
Periodic discoveries of bonanza pockets of lustrous yellow legrandite
crystals have electrified the mineral market at intervals for the last
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50 vears. Until a pocket of exceptionally fine legrandite crystals
(S1X supernor specimens with terminated crystals 1o 2.5 cm) was
found in the lowest workings of the Tsumeb mine, Namibia just
before that mine's final closure in 1997 (Gebhard, 1999), the

Ojuela mine was the world's only well-known source of connois-
seur-quality legrandite specimens

I'he type locality for legrandite, however, is not the Ojuela but
rather the relatively obscure Flor de Pena mine, Lampazos, Nuevo
Leon, Mexico, from whence it was described in 1932; the name is

Figure 97. Legrandite crystals to
2.5 cm on limonite matrix, from
the Ojuela mine. Smithsonian In-
stitution specimen (1976);: Wendell
Wilson photo.

Figure 98. Large sprays of acicu-
lar legrandite, 16 cm, on limonite
matrix, from the Ojuela mine.
Smithsonian Institution specimen
(1976): Wendell Wilson photo.

for a Monsieur Legrand, the Belgian mine manager at the Flor de
Pena (Drugman and Hey, 1932). Crystals from this locality reach a
surprising 4 cm (Panczner. 1987), but were never common, and
never reached the specimen market in any significant numbers
(They have all come from the dumps: an underground specimen-
recovery effort may soon get underway, so that more and better
Flor de Pena legrandite specimens may be hoped for—Peter
Megaw, personal communication, 2003.)

In 1963 the shightly incorrect chemical composition given in
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Figure 100. Gem-grade legrandite crystal, 1.2 cm,
from the Ojuela mine. Smithsonite Institution
specimen (1972); Wendell Wilson photo.

1%1

Figure 99. Large divergent cluster
of legrandite crystals, 4.7 cm, from
the Ojuela mine. Miguel Romero
collection, now in the University of
Arizona Mineral Museum: Wendell
Wilson photo.

Figure 101. Legrandite crystal, 7.5
cm, on limonite with hydrozincite
(7), from the Ojuela mine. Harvard
Mineralogical Museum collection;
Wendell Wilson photo.

1932 was corrected, and the space group determined (Finney.
1963; Desautels and Clarke, 1963). Further work showed an
unusual structure consisting of tetrahedrally co-ordinated arsenate
groups in an undulating chain parallel to the a axis, with arsenate
tetrahedra sharing apices with zinc polyhedra (McLean er al.,
1971)

The monoclinic legrandite crystals are long-prismatic, elongated
parallel to [001]; many isolated single crystals, including doubly

¢ 7

lerminated ones. have been found in the Ojuela mine, but the mosit
common habit is as sprays, fans, and sheaf-like subparallel groups
The crystals occur on hard brown goethite (“limonite™) matrix,
with other rare arsenates and with kotugite/parasymplesite, gyp-
sum, smithsonite and jarosite; some crystals are etched or partially
altered to a dark yellow-brown, lusterless material, probably as a
result of the repeated immersions as the water table fluctuated
(Jones, 1971b)
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Figure 102.(left) Legrandite
crystal spray, 4 cm, from
the Ojuela mine. Martin
Zinn collection: JefT Scovil
photo.

Figure 103. (right) Huge
legrandite crystal spray,
known as the “Aztec
Club,” 14 cm, from the
Ojuela mine, San Juan
Poniente stope, Level 5.
Collected in 1977 by Felix
Esquivel. American
Museum of Natural
History collection; Wendell
Wilson photo.

Figure 104.(below) Huge
legrandite crystal cluster,
known as the “Aztec Sun,”
17.2 cm, from the Ojuela
mine, San Juan Poniente
stope, Level 5. Collected in
1977 by Felix Esquivel.
Miguel Romero collection,
now in the University of
Arizona Mineral Museum;
Wendell Wilson photo.




Figure 106. Legrandite crystals to 3.1 cm on
limonite, from the Ojuela mine. Richard Jack-
son collection; Jeff Scovil photo.

The saga of major legrandite pocket discoveries excites the
imagination. The first significant specimen material was found
during the early 1950°s by collector/dealer George Gnffith, who
just managed to get the beautiful vellow crystals idenufied as
legrandite before the productive workings were flooded again; in
the late 1950°s Arnizona mineral dealer Scott Williams sold the few

specimens Griffith had found, consisting of glassy acicular sprays
of crystals on earthy, pale to dark brown matrix (Jones, 1971b). In
1961 and 1962, Griffith returned to the area of the earhier finds—

Figure 105, Legrandite
crystal pocket in
limonite, 15 cm across,
from the Ojuela mine.
Rice Northwest
Museum of Rocks and
Minerals collection;
Bob Jones photo.

Figure 107. Doubly
terminated legrandite
thumbnail, 2.9 cm,
from the Ojuela mine.
Ralph Clark collection:
Wendell Wilson photo.

probably the area called Los Changos (see below)—and collected
large numbers of fine specimens with elongated crystals, many of
them doubly terminated, to 6 cm (Hoffmann, 1967; Jones, 1971b)
In 1965 a major pocket yielded sprays with crystals to 5 cm long,
and bright vellow individuals to 10 cm (Panczner, 1987).

The written record is unclear, but in all probability the early
pockets mentioned above were on Level 5 between Palomes
Oriente and San Carlos, where legrandite continued to be found
intermittently from the late 1960°s through the mid-1970's. In




Figure 108. Legrandite crystals on
limonite, 5.6 cm, from the Ojuela
mine. Martin Zinn collection; Jeff
Scovil photo.

Figure 109. Legrandite crystals on
limonite, 8.4 cm, from the Ojuela
mine. Wayne Thompson specimen;
JefT Scovil photo.

Figure 110. Legrandite crystals to 3 cm with
hydrozincite (?) on limonite, from the Ojuela
mine. Harvard Mineralogical Museum collec-
tion; JefT Scovil photo.

1968, a pocket produced more legrandite sprays to 5 cm and, area in Falomes Oriente-San Carlos produced legrandite in “pufi
thanks to the enterprise of Benny Fenn, specimens from this find ball” spheres to 4 cm, mostly off matnx, overlain by doubly
caused a sensation at the 1969 Tucson Show, and a gigantic matrix terminated paradamite crystals to | cm. The miners called this area
piece with about seventeen 4-cm crystals went to the Smithsonian Los Changos (“the monkeys™) since, they say, you had to be agile
Institution (Smith and Smith, 1999a). This phase of collecting also as a monkey to work in there

produced excellent specimens of kottigite/parasymplesite, mapimite, I'he greatest of all legrandite pockets in the Ojuela mine was
ojuelaite, smithsonite and paradamite. Around 1975 a collecting found between Levels 5 and 6 in Plan de Avala, in November 1977
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Colonel E. M. Barron was a colorful character in the El
Paso/Mexico mineral trade for many years. He died in the
early 1970’s, having bequeathed his personal collection and
the contents of his rock shop to the University of Texas at
Austin: the bequest included piles of superb Los Lamentos
wulfenite, gunny sacks filled with top-grade Chihuahua
agates, and a swimming pool full of geodes

Peter Keller, a graduate student at the university, had
worked as a student curator at the Smithsoman, and so was
given the job of curating the “keeper” specimens in the
Barron collection and managing sales of the rest, the income
going to the expansion and improvement of the collection at
the University. At the same tume, Keller was pursuing field
studies in Mexico (and pursuing his interest in mineral
specimens), and so he, with several other graduate studenis,
began to bring specimens out of Santa Eulalia and Mapimi
to augment the “Barron sales.”

During one of his visits to Mapimi, Keller bought a
gemmy legrandite fragment from which Joe Bordan cut a
|.07-carat stone. At the ume this was the world’s only
known faceted legrandite, and Paul Desautels wanted it very
padly for the Smithsoman; Keller agreed to trade the cut

1 Fortuifous Trade

legrandite (in which he had perhaps $50 invested, including
the cost of the cutting) for specimens from the U.S. National
Collection. Since Desautels thought that any faceted gem
cut from a very rare species was worth $1000 per carat, he
agreed to part with two Smithsonian specimens, each valued
at $500. One of the two was an exceptional Guerrero
amethyst; the other was a cabinet-sized elbaite from Califor-
mia. T'he latter specimen, unbeknownst to both Keller and
Desautels, had already been selected for representation in
the series of the first U.S. mineral stamps (from sketches of
hundreds of specimens by postal service artists). By the time
the proofs for the stamps came out, one of them show ing the
now famous “postage stamp tourmaline,” the Keller/Desautels
trade had been consummated, and the California elbaite
specimen was worth enormously more than it had been
before. Keller sold/traded the specimen elsewhere (eventu-
ally it passed, through David Wilber, to the John Barlow
collection), further leveraging his initial $50 investment.
I'he final appraised value of Keller's acquisitions from
this series of trades and sales was more than $200.000 in
mid-1970’s mineral prices
Peter Megaw

This 1s the PO ket from which Felix | quil'w._'i collected the “Aztec
Sun, the world's largest legrandite specimen, with scorodite
microcrystals on one side—the story of the discovery 1s told at the
end of the “History™ section here. It must be noted. oo, that the
extensive account of the same find in Panczner (1987) incorrectly

gives the date as “summer 1979

Lepidocrocite -Fe"O(OH)

Iransparent, dark reddish brown to brown lepidocrocite rosettes
and single platy crystals to 1 mm have been found on ore
specimens from San Rafael, just east of the Roebling bndge

Elsewhere in the district the massive mineral is found in

oxidized ores from many localines (Hottmann, 1967)

Libethenite Cu:*(PO,MOH)

Libethenite crystals to 4 mm have been found in Santo Domingo,
associated with hemimorphite (Panczner, 1987). The crystals range
from pale green to blackish green. and are short prismatic to equant

and vertically stnated (McGowan, 2000)

Litharge PbO

Litharge occurs exclusively in association with wulfenite in the
Mapimi district. as minute inclusions which may give crystals of
wulfenite a red color and turbaid appearance (Hoftmann, 1967), and
as sprinklings on wulfenite crystal surfaces (Panczner, 1987)
Inclusions of hitharge (and/or minium) are the colorning agents in
red calcite from the Oyuela mine

Lotharmeverite Ca(Mn"*.Zn).(AsO,).(OH.H.O)
Lotharmevente—named after the German chemust Julius Lotha

Figure 111. Brown lotharmeverite crystals to |
mm on and in adamite crystal, on matrix
coated by the Mn-analog of arseniosiderite,
from the Ojuela mine. Los Angeles County
Museum of Natural History collection: An-
thony Kampf photo.

Meyer ( 1830-1895)—was first described by Dunn ( 1983) from the
Ojuela mine. It was first seen as a dark reddish orange, drusy
encrustation on the matrix of a specimen of the spectacular purple
adamite crystals discovered in San Judas in 1981. On the holotype
lotharmeyente specimen in the Smithsonian, the matrix consists of



massive manganese oxides intergrown with goethite and yellow to
colorless adamite; the lotharmeyente crystals are equant and
pleochroic (dark reddish orange and pale pinkish orange), but too
tiny and sparse to have been completely charactenzed (Dunn,
|983)

A vyear later, working from further specimens with larger
lotharmeyente crysta

s from the purple adamite zone, Kampf,
Shigley and Rossman were able to determine lotharmeyerite as
monochinic and to refine the formula. On these specimens the
lotharmeyenite crystals (subsequently reclassified as mangan-
lotharmeyerite; q.v.) occur as inclusions in purple adamite; they
form sub-parallel aggregates of bladed crystals to about 1 mm
(Kampl er al., 1984)

Hrllg_‘}.:t‘r et al. (2002) have rec ently redefined the components ol
the lotharmeyerite subgroup, with the result that ana

yses showing
more Mn than Zn are now referred to the new species name
manganlotharmeyerite. In the case of Ojuela mine specimens, the
examples studied by Kampl er al. (1984) are now redefined as
manganlotharmeyerite, whereas those analyzed by Dunn (1983) in
the onginal descrniption of the species are stull classified as
lotharmeyerite. An analysis of an additional Ojuela mine specimen
by Brugger et al. (2002) confirmed the existence of lotharmeyerite
there

I'he best known lotharmeyerite specimen, now in the Harvard
collection, 1s a 10 x 12-cm plate with thousands of lotharmeverite
crystals formung a crust 1.5 cm thuck; purple adamite crystals rest
on the crust

Magnetite Fe*Fel*O,

Massive magnetite has been noted at the Ojuela mine (Panczner,
1987). Elsewhere in the district, it is found near contact zones,
parually replaced by pyrrhotite and with some alteration to hema-
tite and goethite; it 1s associated also with silicates including

diopside, vesuvianite, grossular and tutanite. Near the intrusive

Figure 112. Malachite spheres
and crystal clusters on
limonite, 6.5 ¢cm, from the
Ojuela mine, Cumbres area.
Terry Stambaugh collection;
Wendell Wilson photo.

body at Dinamita, magnetite and other iron oxides have been
mined on a small scale at the La Lucha mine (Hoffmann. 1967)

Malachite Cu.(CO NOH)

Malachite 1s widespread in the oxidized ores of the district,
especially in the deeper portions (Hoffmann, 1967). In the Ojuela
mine it 1S found as tny green acicular crystals on goethite,
associated with calcite and plattnenite (Johnson, 1962), and may
occur as tufts included in calcite (Bancroft, 1984). Malachite tufts
to 8 mm associated with azurnite, cupnite, native copper and goethite
have been found in Cumbres (Panczner, 1987); during the 1950°s
and 1960’s, bowtie-shaped aggregates to 1 cm were collected here.
In 1999, vugs lined with plush acicular malachite were found In
San Juan Poniente, with small, beautiful azunite/calcite specimens
(see under Azunite), and malachite and rosasite pseudomorphs after
azurite

Manganite Mn"“O(OH)

Manganite 1s among the last manganese minerals to have formed
in the manganese ores in the district, occurring in fracture fillings
(Hoffmann, 1967). Euhedral crystals to 8 mm in vugs occur in the
Ouela mine (Hottmann, 1967: Panczner, 1987)

Manganlotharmeverite
Ca(Mn™,L_Mg).{ AsO,[|AsO.(OH).]} .(OH.H.O)

Working with lotharmeyerite crystals from the purple adamite
zone, Kampf er al. (1984) were able to determine lotharmeverite as
monochinic and to refine the formula. On these specimens the
lotharmeyenite crystals occur chiefly as inclusions in purple adamite:;
SEM photomicrographs reveal that non-included lotharmeyerite
forms sub-parallel aggregates of bladed crystals to about 1| mm
(Kampfl er al., 1984)

I'he Ojuela mine specimens studied by Kampf er al. (1984)
contain more Mn than Zn; Brugger er al. (2002) have recently
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redefined the components of the lotharmeyerite subgroup, with the
result that analyses showing more Mn than Zn are now referred to
the new species name manganlotharmeyerite. Therefore, the Ojuela
mine specimens studied by Kampf er al. (1984) are now redefined
as manganlotharmeyenite. Although these represent the first-ana-
lyzed and reported examples of what has been defined as the new
species, Ojuela 1s not considered the type locality because all
analyses in the recent redefinition are based on specimens from the
Starlera Mn mine in the Swiss Alps. Manganlotharmeyerite is
brittle with an irregular fracture and distinct cleavage parallel to
{001 }: 1t 1s transparent to translucent, with an adamantine luster

and a brown-red to dark r'nt-ur.m;_'s.' color

Figure 113. Mapimite crystal draw-
ing, Ojuela mine (Cesbron er al..
1981).

Figure 114. Botryoidal mimetite,
33 cm, from the Ojuela mine.
Kerith Graeber collection; Jeff
Scovil photo.

Mapimite Zn.Fe "(AsO,)(OH),- 10H.O

In the legrandite zone in Palomes Oriente, early in the 19707s,
pale green tabular crystals to 4 mm of a then-unknown species
resembling torbernite (later described as mapimite) were found
with needles of another unknown species (later described as
ojuelaite). sparsely spotting a few pieces of gossan matrix. Nearly

all of these crystals were destroyed during inconclusive testing, so

the formal description of both species had to wait for a later find
(Mike New, personal communication, 2002)

Mapimite and ojuelaite were formally described from the Ojuela
mine by Cesbron er al. (1981), from specimens found in the late
1970°s in Palomas Oriente-5an Carlos. In this occurrence, mapimite
formed crystals to 3 mm in vugs in goethite, associated with

adamite, scorodite, ojuelaite, paradamite and smithsonite. The

monoclinic, flattened mapimite crystals are strongly trichroic. blue

to greenish blue to green. The habit is square platelets flattened on

{001} and bounded by the prism faces {110}; a beveling face on
one edge {111} 1s rarely present. Good cleavage is present on
{001} and {010}, and the crystals are polysynthetically twinned on
{001} with a [104] pseudoaxis. The Ojuela mine is currently the
only known locality for the species

Marcasite FeS

Marcasite is common in the pnimary ores of the district, fre
quently replacing pyrrhotite and enargite. In the Ojuela mine,
intergrowths of pyrite and marcasite replace pyrrhotite in the
sulfide ores of Monterrey (Hoffmann, 1967)

“Mazapilite”

“Mazapilite” was described as a species in 1889, and at first this
name was applied to some sharp brown crystals found in 1927 by
Foshag near the town of Ojuela, in an assemblage with carminite,
scorodite, dussertite and arseniosiderite. But Foshag (1937) found
the crystals to be arseniosidenite pseudomorphs after scorodite, and
the species “mazapilite” is now discredited (Bayliss, 2000)

Melanterite Fe-*SO,-TH.O
Pale green 1o bluish green melantenite occurs with chalcanthite

along fault-gouge and fracture zones, frequently mixed with goeth-

ite (Hoftmann., 1967).

Metakottigite (Zn.Fe" Fe**).(AsO,).-8(H.O.0H)

Described in 1982 by Schmetzer er al., metakottigite is the Zn
analog of symplesite and the tnclhimc dimorph of kétugite. It
occurs with kotugite, adamite and smithsonite on goethite in the
lower part of the oxidation zone in the Ojuela mine, In minute,
bluish gray, tabular crystals in oniented intergrowth with kottigite.
Schmetzer er al. (1982) consider that oxidation of Fe-* to Fe™ and
simultaneous conversion of H.O to OH result in the transition
from monoclinic kottigite to triclinic metakottigite.

Mimetite-Pyromorphite Pb.(AsO, . PO,).Cl

A complete senes between mimette and pyromorphite exists in the
oxidized lead ores of the Mapimi distnct (Johnson, 1962), with
specimens in the mimetite range being much the more common.
Hoffmann (1967) analyzed small. colorless. transparent crystals and




found them to contain less than 0.1 percent P.O., while in other
1)

Ojuela mine has produced pale yellow to green pyromorphite crystals

samples analyzed the maximum P:As ratio was 7 However, the
10 8 mm, and mumetite crystals of the same colors to 6 mm (Panczner,
1987). Mimetite-pyromorphite 1s seen as globular to stalactitic crys-
tals on goethite matnx, associated with calcite and wultenite (Johnson,
1962), and as pale yellow-green crystals and masses associated with
goethite, cerussite, anglesite, plumbojarosite, bindheimite and wulfenite
(Hoffmann, 1967, Panczner, 1987). Stam-baugh (2002) shows on his
website a specimen of golden prismatic mimetite crystals 1o 5 mm
scattered on black manganese oxide matnx

In 1968, on Level 5 of Campana. miners of the co-operative
collected and sold (to Parser’s Minerals) about a ton of specimens
of attractive green botrvoidal mimetite emplanted with wultenite
crystals, and in 1981 the same area produced about 200 good
specimens of the same type. As of this wniting (2003), Campana 1s
once again giving up specimens of mumette in silky green
botryoids in highly vuggy goethite, with white calcite and wulfen
ite crystals—these specimens are coming from Level 7

In 1981, in the adamite zone on Level 4, about 15 specimens
were found representing the mine’s best known mimetite, and an
exception to the rule that the species occurs only in small barrel-
shaped crystals or globular forms. In these specimens, lustrous,
translucent yellow mimetite prisms with pyramidal terminations to
y cm long, and about as thick as a pencil lead, are emplanted on
goethite (Mike New, personal communication, 2002)

Elsewhere in the district, microcrystals of mimetite have been
found in numerous small mines and prospects (Peter Megaw,
personal communication, 2003); Panczner (1987) notes the San
Juan mine as one of these
Minium Pb-"Pb* 0,

Very hinely divided red-orange munium has been observed on
(and in?) bright orange wulfenite crystals and in small vugs in
goethite in the Oyuela mine, associated with adamite, mimetite,
wulfenite and bindheimite (Hoffmann, 1967)

Mn-analog of Arseniosiderite Ca.Mn“(AsO,),0,-3H.O

I'he Mn-analog of arseniosiderite was first reported from the
Ojuela mine (but not descnbed or named) by Kampf er al. (1984),
who wdentified it as a druse of microcrystals associated with
adamite and lotharmeyerite (now = manganlotharmevyerite). The
crystals are very small (0.01 mm), thin, pale brown platelets or
blades with sharp edges and rounded outlines, in tight druses of
crystals onented with the axis normal 1o the plane of flattening

lying parallel to the matrix surface, that is, with the blade edges all

-
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Figure 115. Pyromorphite
crystals to S mm from the
Ojuela mine. Terry
Stambaugh collection;
Wendell Wilson photo.

"% a4
S
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pointing upward. Semiquantitative EDS analyses performed by
Kampt (personal communication, 2003) on the specimen he de-
scribed in 1984 have indicated that the mineral may contain around
20-25% Mn and less than 1% Fe: although these numbers are only
approximate, they conclusively prove that Mn is dominant over Fe
in this matenial. However, it has not vet been formally described

and I‘L;Ill‘tL‘d ds d NEw \I‘L‘L'lL"\

Molybdenite MoS

Although the ores of the district contain no large masses ol
molybdenite. it 15 widely distnbuted in small amounts in the
unaltered sulfide zones (Hoffmann, 1967). Distorted tabular crys
tals and rosettes to 4 mm occur in the Ojuela mine with sphalente,
pyrite and galena (Hofftmann, 1967; Panczner, 1987), and molyb-
denite rosettes enclosed in cryptomelane and pyrolusite were noted
In a manganese ore pile at the south end of the Roebling suspension
bridge at Ojuela (Hoffmann, 1967)

Murdochite PbCu;"O, (Co.Br)

Lustrous black, simple octahedral crystals of murdochite, sel
dom more than | mm, occur with plattnerite, hemimorphite and
calcite on goethite matrix (Johnson, 1962; Hoffmann., 1967).
Panczner (1987) records murdochite crystals to 3 mm from the
Ojuela mine

Nantokite CuCl

Nantokite occurs in intergrowths with rosasite, aurichalcite,
plattnente, malachite and cerussite on the surfaces of cerussite
pseudomorphs after hemimorphite (7) in Ojuela mine specimens in
the Smithsonian Institution (John White, personal communication,
cited in Hoffmann, 1967).

Ogdensburgite CadZnMn")Fe,"(AsO,)(OH),-6H.O
Ogdensburgite was described as a new species in 1981 and
named after its type locality, the Sterling Hill mine at Ogdensburg,
New Jersey: there it was found in 0O.l-mm encrustations of
brownish red, platy crystals. But also in 1981, bladed ogdensburgite
crvstals to | mm were found on a single specimen from between
the 6th and 7th levels of the Ojuela mine—in
chimney, then being worked by John Whitmire
the famed purple adamite crystals (Kampf
Panczner, 1987). The ogdensburgite occurs on

the San Judas
and Mike New for
1987,
goethite within an
aureole of massive chalcophanite; the association also includes

and Dunn,

colorless to pale green (not purple) adamite, arseniosiderite and 4-
cm pink crystals of villyaellenite (Kampf and Dunn, 1987)
Panczner ( 1987) notes that there were “a few™ specimens contain-
ing ogdensburgite in the area of this find, and that the ogdensburgite

*




Figure 116. Legrandite
crystal (1.3 cm) on a
felted coating of ojuelaite,
from the Ojuela mine.

William Severance
collection: Jell Scovil
phulu.

Figure 117. Paradamite
crystal clusters on
limonite, 8 cm, from the
Ojuela mine. Finest
known specimen of the
species. Miguel Romero
collection, now at the
University of Arizona
Mineral Museum:
Wendell Wilson photo.

discovery vielded a few crystals to 2.5 cm lying flat on gossan
matrix (Mike New, personal communication, 2002). As with the
other unknown species recovered in that find (later named mapimite),
those specimens were mostly lost and/or destroyed during incon-
clusive testing

Ojuelaite (with mapimite) was first described formally from the
Ojuela mine in 1981 by Cesbron er al.; the type specimens also
came from Palomas Oriente. The species occurs as flexible,
chartreuse-colored, silky to vitreous monoclinic fibers to 4 mm,

elongated parallel to [001], in some cases as felted masses lining

legrandite pockets. The crystals usually occur in divergent sprays
on goethite, associated with scorodite, smithsonite, paradamite and
mapimite (Cesbron er al., 1981; Panczner, 1987). a good cleavage
exists on {010}, Although the Ojuela mine remains the only known
occurrence of mapimite, ojuelaite has since been found at Tsumeb,
Namibia: Pitiquito, Sonora, Mexico; and the Sterling Hill mine,

Ogdensburg, New Jersey

Paradamite Zn,(AsO NOH)

Paradamite was described from the Ojuela mine in 1956, from a
suite of secondary minerals in which the paradamite was associated
with adamite, mimetite and legrandite in goethite vugs (Switzer,
1956). The original specimens were collected by George Gnffith of
Gomez Palacio, then sold to George Burnham of Califormia before
finding their way to the Smithsonian to be charactenzed as a new
species (Switzer, 1956). Paradamite 1s the tnchimc dimorph of
orthorhombic adamite; according to Johnson (1962), 1t can form as
a paramorphic pseudomorph atter adamite as well. It 1s found as

lustrous pale 1o medium-vyellow, sheaflike crystal aggregates and

b |

crystals reach 2 mm. They are orthorhombic. bladed. and dark
brownish red, exhibiting a perfect cleavage along {001} (Kampf
and Dunn, 1987)

Ojuelaite ZnFe(AsO,).(OH),4H.O
A find in the early 1970's in the legrandite zone in Palomes
Oriente produced a small number of acicular yellow crystals of a

then-unknown species that would later be named ojuelaite. The

*

equant, stnated individual crystals with adamite and mimetite on
goethite (Johnson, 1962). Although a few spectacular specimens
have been found, paradamite remains an extremely rare mineral in
the Ojuela mine, particularly in contrast to the abundant adamite
which it so closely resembles. Panczner (1987) mentions paradamite
crystals to 3 cm from the Ojuela mine, and White (1971) reports an
“exciting new find” of paradamite appearing on the market in the

*



early 1970’s, with about 30 specimens showing up at the Tucson

Show. The best Ojuela paradamite specimen i1s certainly the one In
the Miguel Romero collection at the University of Arizona: a 6.7-
cm goethite matrix almost entirely covered with large, sharp,
lustrous, intergrown paradamite crystals of a nch yellow color
(Wallace, 1999). Curt Van Scriver bought this piece from Salvador
Davila for one dollar—both buyer and seller thought it was
adamite

As in the case of legrandite, Mexican specimens of paradamite
went completely unrivaled in the world until the early 1990,
when the so-called “Zinc Pocket” in the lowest levels of the
['sumeb mine produced four exceptional paradamite specimens
(translucent, cream-colored, 1-cm crystals in clusters on matnx to
8 ¢cm), just before the mine’s final closure (Gebhard, 1999)

Fhe miners recall two especially exciting discovernies of

association with legrandite. From the late

}‘IJLLJ.LH:I’.I,' both n

1960°s through the mud-1970's, legrandite pockets in Palomes
Oriente-San Carlos produced the 3-cm paradamite crystals men
tioned above; the specimen 1n the Romero/University of Anzona
collection 1s from this zone. Later, in the Los Changos collecting
area in the same zone, doubly terminated paradamite crystals to
| cm were found perched on surfaces of loose “puffball™ spheres of

legrandite

Parasymplesite See Kottigite-Parasymplesite

Pharmacosiderite KFe *(AsO,)(OH),-6-TH.O

liny cubic crystals of pharmacosidenite in vanous shades of
green, yellow, brown and red have been noted from the Ojuela
mine (McGowan, 2000). During the 1970’s, a few specimens with
sharp pharmacosiderite crystals to 4 mm, associated with legrandite.
were found in San Juan Poniente, the crystals are cubes with
octahedral truncations on four corners only, precisely as shown in
Dana (1949) for Cornwall pharmacosidenite. Mike New (personal
commumcanon, 2003) recalls handling some specimens from
Palomas Oriente with pharmacosidenite crystals 10 6 mm. Speci

mens are also known in which pharmacosiderite cubes to | mm rest

& 5

Figure 118. Paradamite
crystal clusters on limonite,
1.5 cm, from the Ojuela mine.
Martin Zinn collection; JefT
Scovil photo.

Figure 119. Paradamite
crystal cluster on limonite,
4.5 cm, from the Ojuela
mine. Kerith Graeber
collection: JefT Scovil photo.

on adamite crysta

J(M3)

s (Marcus Onglien, personal communication.

Plattnerite PbO

Plattnerite occurs in sharp, brilliant black acicular crystals to S mm
in the Ojuela mine, 1in goethite cavities associated with hemimon
phite, smithsomte, calcite, rosasite, hvdrozincite, aunchalcite, mala
chite and murdochite (Hoftmann, 1967 Panczner, 1987). White
(1970b) found the crystals to be tetragonal prisms elongated along
[001], with no more than five forms: first and second-order prisms,

tetragonal and ditetragonal dipyramids, and pinacoids. He also

found that some of the uny crystals are contact or penetration twins
on {011} resembling rutile twins (White, 1970b)

From tme to time in the 1950's and 1960°s, fairly attractive
specimens of Qquela mine plattnente appeared on the market, with
generous blankets of microcrystals over the rough goethite matnx,
nicely color-contrasted with the associated copper and zinc spe-
cies. Scott Williams (1956) wrote

A tabulous occurrence of the comparatuvely rare lead dioxide

plattnente has been found in a small amounts at the famous

old miming distnict, the Ojuela mine I'hese very bnlhant,

-




jet-black tetragonal, needle-like crystals are available n associated with hausmannite, manganite and goethite (Hoffmann,

many different combinations: scattered on hemimorphite; 1967 Panczner, 1987). Lustrous black, botryoidal pyrolusite crusts

solid velvety coatings on matrix: groups of crystals on, and have been collected fairly frequently in the mine

included in, calcite crystals (with or without hemimorphite); '
Pyrrhotite Fe, .S

and in unusual stalactitic growths, effecting spectacular speci-
Pyrrhotite i1s one of the earliest minerals to have formed in the

mens The crystals are small (1 to 2 mm), but are so

. : . massive sulfide ores 1in manv mines of » distr v be
profuse in number that the mineral is clearly visible on each - T— ny mines of the district; it may be

partially replaced by later sulfides. In general, the more pyrrhotite

specimen A very few have geniculated and penetration
twin crystals . . . These may be easily seen with any magnifies in the ore, the lower the arsenic content of the ore: apparently
- - . - . rI}I'T'hH[:[E ijorms 1n ;‘11.1L';..' ol arsenopyrite n arsenic-deficient
Ihese specimens probably came from America Poniente, where environments (Hoffmann, 1967). At Monterrey in the Ojuela mine
large quantities of plattnenite were collected during the 1960's, and massive pyrrhotite is associated with sulfides and with euhedral
where, the miners say, more such matenal remains, uncollected. 3-cm diopside crvstals (Hoffmann. 1967)
today '
‘ Quartz 510
Plumbojarosite PbFe *(SO.)(OH) A few small groups of colorless to white quartz crystals,
Pulverulent yellow-brown masses of plumbojarosite, altered commonly coated by iron oxides and shightly corroded. have been
from lead and iron sulfides, are fairly common in the oxidized ores found in the upper portions of the mines in the district, and drusy
of the Mapimi district (Hoffmann, 1967). Panczner (1987) notes an quartz sometimes forms thin coatings on secondary copper and
occurrence of plumbojarosite masses from the San Diego stope on zinc minerals (Hoffmann, 1967). Amethystine quartz crystals
Level 6 of the Ojuela mine, with bindheimite, mimetite and seldom exceeding | cm occur in several of the shallow mines north
wulfenite of the Ojuela mine (Hoffmann, 1967)
“Psilomelane” Ramsdellite ~ Mn*O
“Psilomelane,” now discredited as a species name (Bayliss, Small, wregular grains of ramsdellite iz pyrolusite have been
2000). 1s used by Hoffmann ( 1967) to refer to botryoidal crusts and observed 1n polished sections of the manganese ores (Hoffmann,
masses of a black manganese oxide which alters from pyrolusite 1967 )

and cryptomelane. In polished sections, the botryoidal formations

are seen to be composed of acicular crystals in radiating clusters Realgar ASS

(Hoffmann, 1967) Massive encrustations of red to orange-yellow realgar have
occasionally been seen in the Ojuela mine (McGowan, 2000)

Pyrargyrite \g.ShS

Rosasite (Cu.Zn)(CONOH)

Rosasite occurs as velvety spherules and botryoidal crusts on

Massive. disseminated pyrargyrite has been noted in the upper
lead/s1ilver ore zones in the Mapimi district, associated with galena,
pyrite, chalcopyrite and sphalerite; it also occurs in carbonate goethite and other oxidized copper or zinc minerals: some of the
veins, with calcite, siderite. ankente, barite and tluorite (Hottmann,

1967)

Pyrite FeS

Pyrite 1s widely distributed in the unoxidized ores of Mapimi

"y I:;'I

associated with other sulfides (Hoffmann, 1967). Pyrite crysta
4 cm have been found in the district (Panczner, 1987), but probably
not in the Ojuela mine: on these crystals the pyntohedral form
predominates, although the cube, octahedron and diploid have also

been seen (Hoffmann, 1967)

Pvyrolusite Mn*0O

Pyrolusite occurs in the upper oxidized zone in the Ojuela mine.,

Figure 120. Rosasite on limonite with hemi-
morphite, 4 cm, from the Ojuela mine. Charles
Thompson collection: Wendell Wilson photo.

Figure 121. Botrvoidal rosasite, 3.1 cm, from
the Ojuela mine. Thomas Moore collection;
Wendell Wilson photo.




crusts have cores of malachite., and grade outward 1n color. from

green malachite in the center to greenish blue rosasite at the outer
urtace. probably representing a sohd solution senes as malachite
s enriched by zinc (Hoffmann, 1967). Rosasite 1s among the
uncommon species found in appealing specimens in the Ojuela
mine, particularly in San Juan Poniente (Panczner, 1987). In some
cases the bright blue spherules are encrusted by colorless, bright

hemimorphite crystals associated with aunchalcite (Johnson, 1962).

and in other specimens the densely packed rosasite spherules with

projecting microcrystals make tor a beautiful velvety coating on

Q71

the brown goethite matnx (Jones la). Rosasite 1s much rarer in

Mapimi than aunchalcite, and 1s distinguished from 1t by a deeper

blue color and by the spherulitic habit, as opposed to the sprays ol

acicular crvstals formed by aurichalcite (Jones, 1971a)

Ihe Ojuela mine’s best rosasite occurs as spheres to 2 ¢cm on
white to cream-colored to transparent calcite on Level 4 ol
Cumbres and Level 3 above America Poniente: the latter lugar has

vielded rosasite specimens for decades. and the matenal 1s stll

L 'i!l.'._1i.1"'|\' rll'h,':\'

Sauconite Na, . n(S1.ADO, (OH).-4H.0O
Sauconite has been found in pale gray, pulverulent coatings with
hemumorphite and vanous manganese oxides on specimens from

near the Socavon Shaft (Hottmann, 196/

Schulenbergite (Cu . Zn)(SO..CO,)(0OH),-3H.O
Specimens of schulenbergite have frequently been misattributed
to the Ojuela mine, but the species has not been found at Ojuela
(Peter Megaw, personal communication, 2003). Like serpierite (see
below), fine microcrystal specimens of schulenbergite have been
collected for about 25 vyears from the Platosa mine, north of
Bermejillo, and are still being collected: the schulenbergite crystals

are associated with gypsum, smithsonite and serpienite

Scorodite Fe"AsO.-2H.O
Scorodite was noted 1in the arsemosidente-dussertite-carminite

scorodite assemblage collected in 1927 near the town of Ojela

(Foshag, 1937). The gray-green scorodite crystals are simple in

nabit, consisting ol

the pyramad {111} only shghtly modified by

I'woO Oother forms. sO that the habit 1s generally |"-Jl|d|- U-..Zu.ht‘th'\l

i

(Foshag, 1937). At the same occurrence scorodite also was noted as
coarse granular masses and rounded concretionary masses abun-
dantly veined by brown arsenmiosidente. with pockets of carminite

and dussertte ll'-"*r].l;' 19437)

In 1981, in the workines for purple adamite and rare arsenates in

San Judas, NMike New collected excellent clusters of blue scorodite

crystals, with individuals to 2 cm, in small vugs in a compact
goethite; the best of these specimens are now in the Harvard
Collection (Panczner, 1983b; Mike New, personal communication,

:E'I{i: |

Scrutinyite a-PbO

Orthorhombic Pb0O, was synthesized i 1946 and 1ts structure
characterized in 1950; known as a-PbQO, as distinct from tetragonal
a-PbO,, 1t 1s considered a fundamental structure type among the
WO .-type oxides (see Taggart er al., 1988). The natural compound,
scrutinyite, was charactenzed from an occurrence in the Hansonburg
mining district, Socorro County, New Mexico, but was noted at
about the same time on matenal collected by Ramon DeMark in
1977 in the Ojuela mine. Scrutinyite occurs as dark reddish brown,
bladed, submetallic crystals which are translucent red on thin
edges, their general appearance recalling (much larger) crystals of
hiibnente; at both localities the scrutinyite blades are only about

25u across and 2u thick, and are associated with p

attnerite. In the
Ojuela matenal, the minute flakes of scrutinyite are clove-brown
and less transparent, and are mostly found within plattnenite and

Figure 122. Scorodite crystals to 3 mm coating
limonite, from the Ojuela mine, San Judas
chimney. Kerith Graeber collection; Jeff Scovil
photo.

Figure 123. Scorodite crystals on limonite, 2.5
cm, from the Ojuela mine, San Judas chimney.
Terry Stambaugh collection; Wendell Wilson
photo.
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Figure 124. Colorless smithsonite crys-
tals on matrix, 6 cm, from the Ojuela
mine, Palomas Oriente lugar. Kerith
Graeber collection: JefT Scovil photo.

probable plattnerite paramorphs after scrutinyite, on a typical
gossany goethite matrix with rosasite. The name of the new species
1S, 10 quote from its authors, “from the word scrutiny: a close,
careful examination or study; a critical sustained look, [alluding to0]
the close scrutiny required to recognmize the umique properties of the
material, and the sustained examination required to determine the
physical properties with a very limited amount of sample matenal’

\ l*“::gd.['t el al.. E”?‘*Hl

Segnitite PbFe."H(AsO,).(OH)
Segnitite, with beudantite, has been noted in tiny yellow porous
masses hosting 0. | -mm rosettes of crystals of the newly descnbed

species sewardite (the Ca analog of carmunite) (Kohlitsch, 2002)

Ca(Cu".Zn)(50,).(OH),-3H.O

Although excellent specimens of serpierite are sometimes wrongly

Serpierite

attributed to the Ojuela mine, the species has not been found there
NL'!'I‘H&'T':M. as 2.8-cm x]‘th‘]L‘\ of radiating aciculan Cry stals and as
| .5-cm platy single crystals, has been found since the late 1970's at
the Platosa mine, north of Bermejillo (Mike New, persona
communication, 2002; Peter Megaw, personal communication

L IEY

Sewardite CaFe"(AsQ,),(OH)

Sewardite, the Ca-dominant analog of carmunite, has very re
cently been characterized as a mineral species from its type
occurrence at Tsumeb, Namibia; here, sewardite 1s found as dark
red to orange, ().3-mm subhedral to anhedral masses with green to
black botryoidal masses of two intergrown tsumcorite-group min
erals (Roberts er. al., 2002). The occurrence of the new species al
the Qquela mine was venhed, later in 2002, by guantitative
electron-microprobe analysis and Gandolfi X-ray testing

Ojuela mine sewardite 1s found as lustrous, deep red rosettes ot

subparallel tabular crysta

s, the rosettes reaching 0.1 mm n

diameter, in yellowish, porous masses of a fine-grained intergrowth

of beudantite and segmitite (Kolitsch, 2002). The matenal was
found in the course of a study to discredit “arsenobismite .
unfortunately it 1s not known when, or from where in the Ojuela
mine, the “arsenobismite” specimens were collected. Kolitsch
(2002) suggests that some old “carminite” specimens, if re-

examined, may prove to be, at least in part, sewardite

Siderite FeCO

Sidente occurs in veinlets in the upper parts of oxidized ore
zones 1n the district. The species has been noted from the Ojuela
mine, but the tan euhedral crystals to 1 cm described by Hoffmann
(1967) and Panczner (1987) may be from any one or more of the

other Mapimi-area mines

Silver \g

Wires and flattened plates of native silver to | ¢cm have been
reported from San Juan Poniente, associated with cerussite, angles
ite and mimetite (Panczner. 1987). Elsewhere in the district.
inely disseminated silver occurs in the oxidized lead ores of

VAMOUSs mineés. examination ol ;‘-*E:-‘h-ﬂ] ore sections has shown the

siiver o be _:".Jll-..;Ii‘. .r-;l[‘li.uaul by a gray mineral ;\rnh.'.hl_x
chlorarevrite (Hofimann. 1967)
Smithsonite ZnCO

I'he adamite-rich “Level Four™ of the Ojuela mine has produced
mamillary plates of indescent brown smithsonite, and Hottmann

ale blue rhombic smithsonite crystals on goethite

:'jh_. )

mentions |
matnx, associated with colorless calcite and acicular crystals ot
plattnenite. The Ojuela mine s best smithsonite specimens come
from the legrandite zones in Palomes Oriente, with legrandite,
kothgite/parasymplesite, gypsum and paradamite. Smiuthsonite speci
mens from this lugar display white “rice grain™ crystals to 5 mm,
as well as water-clear compound (stepped) rhombohedrons to
| cm. In La Ciguena. pseudomorphs after legrandite crystals to 4.5
¢m have been found: the pseudomorphing matenal 1s a mixture of
smithsomite and goethite

Elsewhere in the district. smithsonite i1s found in many mines
and prospects. Some gypsum crystal clusters from the Platosa
mine are encrusted by gray to bright blue “nce grain™ smithsonite

crystals to | cm, with white hydrozincite

Sphalerite /nS

Pale golden brown to dark brown massive sphalente 1s associ-
ated with chalcopynite, galena. pvnite, arsenopyrite and other
sulfides 1n the pnmary Mapimi ores: the alteration of sphalente
contributes to the formation of smithsomite, hemimorphite, and the

charactenstic suite of zinc arsenates 1n I]“IC { ]]llt'!;l mine | I!i'””]d””.
]‘-lf\_.',l




Cu-FeSnS,

Stannite replaces sphalerite and 1s partially replaced by galena

Stannite

and bismuth in the primary ores of Monterrey, it appears as small

grains with other sulfides (Hoffmann, 1967)

Stibiconite Sb*Sbh*O,(OH)
Stibiconite replaces stibnite in the sulfide ores of the Ojuela

mine, in America Dos (Hoftmann, 1967). Examination ol earthy

stibiconite from the Ojuela mine revealed the presence of valentinite
(Vitahhano and Mason, 1952), but the presence of cervantite 1s
questionable (Hoffmann, 1967)

Elsewhere in the district, stubiconite as pseudomorphic re-
placements of stibnite crystals associated with bindheimite 1s fairly
common in several mines on the western slope of the Bufa de

Mapimi, and in the San Hario mine, La Reina Mountain (Hoffmann,
1967)

Stibnite 5b.S
Massive stibnite 1s found in the sulfide ores of America Dos: the
bindheimite ores of San Juan Poniente are the result of complete
oxidation of lead-antimony sulfides (Hoffmann, 1967)
Elsewhere in the district, complex euhedral crystals of stibnite
to | ¢m have been found in the Asterillo mine. with calcite, barite,

sidente., ankerite and k]lld[U -I"J[qk;]].“q_ ilj:\"|

lTennantite (Cu,Ag.Fe.Zn),.As.S

[ennantite 1s a minor constituent of the massive sulfide ores of
the Ojuela and other district mines; microchemical tests showing
abundant As and only minor Sb distuinguish 1t from tetrahednte

(Hoffmann. 1967)

lenorite Cu0O
lenonite 1s common as an alteration coating on cuprite; it 1s dark

blackish brown to black, with a resinous to pitchy luster (Hoffmann,
1967)

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

letrahedrite, a minor but widespread component of the primary

sulfide ores of Mapimi, 1s found in grains and small, irregular
masses with galena, sphalerite, chalcopyrite, enargite and other
primary ore minerals; spectrographic analyses of tetrahednite grains

show several percent of silver to be present (Hoftmann, 1967)

lji.\"'l.';ﬂix' "\\[]II[]HIIfJI

According to Mike New (personal communication, 2002), a

| sumcorite

single specimen found with the legrandite of Plan de Avala
contained a few microcrystals of tsumconte; the identuification was
reportedly made by a mineralogist emploved by Miguel Romero,
working with matenal in the Romero collection. Unfortunately this
specimen has not appeared among the portion of the Romero
collecton now at the University of Anzona, and there i1s no
available documentation of the determinative work. The occur-
rence of tsumconte in the Qyuela mine cannot now, theretore, be

accounted more than a fairly plausible rumor

L mangite Cu. Se

Polished sections of ore from Monterrey show umangite to be

present, associated with galena, spha
(Hoffmann, 1967)

erte, bismuth and emplectite

Valentinite Sb.O
Valentinite occurs in trace amounts in earthy stibiconite from the
Oquela mine (Vitahano and Mason, 1952)

Vanadinite Pb.(VO,)CI
Bright brownish orange crystals of vanadinite to 0.1 mm were

seen on a specimen of wulfenite and calcite crystals on goethite

from the Oyuela mine (Hoftmann, 1967); Panczner (1987) notes
vanadinite crystals with these associations to 8 mm. Since there 1s
vastly more arsenic than vanadium in the Ojuela ores, and mimetite
can accommodate some substitution of V for As, vanadinite 1s
consequently very rare, being found only in local areas where As 1s
almost entirely lacking (Hoffmann's specimen showed only a trace
ol As)
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Figure 125. Villyaellenite crys-
1 tal drawing, Ojuela mine

—

(Kampl and Ross, 1988).
u
! .
|
| 10 | 4790
[ | |
| | | ' | |
Figure 176, Villvaellenite crys-
| | | tals to 4 cm, from the Ojuela
| mine, San Judas chimney. Los

Angeles County Museum of
Natural History collection; An-
thony Kampf photo.

Villvaellenite (Mn-*.Ca.Zn).(AsO,).|AsO.(OH)].-4H.O

Villyaellenite 1s the Mn end-member of a hypothetical series to

sainfeldite, the Ca end-member. The studies of Kampf and Ross
(1988) leave it unclear as to how Mn and Ca are ordered in the
structure, and, since few intermediate members of the hypothetical
senies have been found, these authors question whether a complete
solid substitution senes in fact exists. Villvaellenite from the type

locality, Ste.-Mane-aux-Mines, France, is near the midpoint of the

hypothetical senies, while matenal from the second locality, the
Sterling Hill mine, New Jersey, is the pure Mn member, like the
Ojuela material (Kampf and Ross, 1988). In 1997, pink microcrys-
tals of villyaellemte hining seams in limonite were found at a fourth
locality, Tierra Amanilla, Chile (Moore, 1998).

I'he only known specimen of villyaellenite from the Ojuela mine

shows a compact spray of orange-pink prismatic crystals to 4 cm

® 5l e




Figure 127. Wulfenite with mimetite, 5.4 cm,
from the Ojuela mine. Richard Jackson collec-

tion: JefT Scovil photo.

long, in an aureole of chalcophanite in a vug in goethite, associated
with ogdensburgite, arseniosidenite, and adamite. The Ojuela mine
villyaellenite specimen was collected by John Whitmire in 198]1
from San Judas, n the PHL'LCT zone which vielded the famous
purple adamite, in a paragenesis including ogdensburgite, the other
new species descnibed from this occurrence. This (so far) umque
specimen 1s 1n the collection of the Los Angeles County Museum
of Natural History, and may be seen there on public display in the

mineral hall

Woodruffite (Zn, Mn-*)Mn*0.-1-2H.O

Neither Hoftmann (1967) nor Panczner (1987) hists woodruffite
among known species from the Mapimi district, but Mapimi very
probably is the source of some woodruffite specimens alleged to

have come from the Potosi mine. in the Santa Eulaha district.

Chihuahua. These specimens, offered at the 1995 Tucson Show by

Arizona dealer Dave Shannon, are cabinet-size matrix pieces of
red-brown iron oxides with cavities lined by 6-mm spheres of
radiating needles of woodruffite, with tiny adamite crystals. D

Miguel Romero testified at the time that he had seen similar
matenal from the Mapimi district, and the specimens had been
originally sold from a town near Mapimi, so the revised locality

attnbution 1s very hkely correct (Megaw, 1995)

PbMo0)

Although the Ojuela mine may not be the equal of other world-

Wulfenite

class localines for wulfenite in Mexico, some very fine specimens,
with crystals o 5 ¢m, have been produced (Panczner, 1987)
Wulfenite at Oquela 1s widely distnibuted in the oxidized lead ores.,
associated with mimetite, dufuite, bindheimite, cerussite, hemimor-
phite, aurichalcite, adamite, plattnerite and calcite (Hoffmann,
1967). The color range is very wide, but the most common hues are
vellow, orange. and brown. Stambaugh (2002) notes “black™
wulfenite, stained surficially by an unknown metallic mineral, and
very thin, transparent, pale green wulfenite crystals emplanted on
green mimente

Pale vellow tabular crystals associated with calcite, mimetite and

plattnerite (Johnson, 1962) came in the 1960's from America
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Figure 130. Wulfenite
cryvstal, 1.7 cm, on
mimetite and calcite,
from the Ojuela mine.
University of Arizona
Mineral Museum
collection; Wendell

Wilson phnlu.

Figure 131. Wulfenite
crystals with mimetite,
10.5 cm, from the
Ojuela mine. Miguel
Romero collection, now

in the University of

Arizona Mineral
Museum: Wendell
Wilson |]lhuln.

Figure 128. Wulfenite crystals to 9 mm
on mimetite from the Ojuela mine,
Campana lugar, collected in 2003. Tho-
mas Moore collection; Wendell Wilson
photo.

Figure 129. Wulfenite crystal cluster with
calcite, 5.3 cm, from the Ojuela mine.
Kerith Graeber collection; Jeff Scovil
photo.,
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Poniente, and bright red wulfenite crystals which owe their color to
inclusions of litharge (Panczner, 1987) have occasionally been
found

Of the two chief wulfenite crystal habits, tabular crystals are the
more common, being known in considerable vanations of color
and thickness from many scattered sites in the Ojuela mine
Bipyramidal wulfenite crystals reach 2 ¢cm and are usually dark
orange-brown (Hoffmann, 1967). On his website, Stambaugh
(2002) pictures a specimen with yellow-brown wulfenite in simple
tetragonal prisms with flat terminations, to 7 mm, on mimetite.

A collecting area on Level 5 of the Ojuela mine (which 1s usually
under water) produces, in rare dry seasons, thick-tabular to almost
blocky vellow-brown wulfenite crystals with “sandwich™ zoning,
1o 1.5 cm across; theiwr matrix i1s not the usual goethite but a white,
dolomitized limestone. These wulfenite specimens appeared around
1980 and again in 1993 (Megaw, 1993)

Also on Level 5, n l."gi.'Hl,HeHh.r. a senes ol |‘HI1.,|-11..‘I*~ lined with
green mimetite was uncovered in 1968, and almost a ton ol
specimens were sold by the co-operative’s miners to Parser Min-
eral Company: these specimens show bright yellow-orange crystals
0 S cm on mammillary green mimetite pocket linings. In 1981,
about 200 good specimens of the same type emerged from
Campana;, a very fine piece from this find resides in the Cal and
Kerith Graeber collection, and another (assembled) specimen, once
in the Tom McKee collection, is illustrated on page 131 of
Bancroft's Gem and Crystal Treasures (1984). For sidelights on
this 1981 discovery see Mike New's story in the sidebar “Purple
Adamite Tales.”

As of this wniting (spring 2003), Campana 1s once again
producing substantial numbers of good, new wulfenite specimens,
this ime from Level Ihe crystals are brnight browmish orange,
commonly guite lustrous, and in some cases gemmy: so far they
have reached 2.5 cm across, and range in habit from very thin-
tabular to thick, almost blocky. Their goethite matrix 1s very vuggy
and fnable; in uits recesses, lined by sauny green botryoidal
mimetite, wulfenite crystals perch singly or form small groups with
translucent white rhombohedral calcite crystals to | cm.

A mimature-size Ojuela mine specimen in the Miguel Romero

collection at the University of Arizona is a delicate cluster of very
thin wulfenite crystals coated with dense drusy quartz, and
pseudomorphically replaced in part by quartz

Specimens in the collections of Charles §S. Thompson and Cal
and Kenth Graeber show sharp-comered, fairly thin, lustrous,
translucent to transparent, canary-yellow crystals to 3 or 4 cm on
an edge, partially to completely covered by fine-grained snow-
white calcite,

Elsewhere in the district, wulfenite microcrystals have been
found in many small mines and prospects (Peter Megaw, personal
commumcation, 2003)

(Zn.Cu*)(CONOH)
Pale blue to whitish, botryoidal crusts of zincrosasite with

Zincrosasite

radial-fibrous structure occur in the Opela mine (McGowan,
2000)
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RHODOCHROSITE and Fluorite, 10 cm, from the Strawberry Pocket,
Sweet Home mine, Colorado. Obtained for the Collector’s Edge, Sept. 1998.
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CHECK LIST

. of Available Back Issues of the Mineralogical Record

COMPLETE YOUR SET!

(All Back Issues are $12 each, except as noted)

Postage and handling for U.S. subscribers is $2.00 per copy for 1-5 copies. For more than
5 copies the shipping cost is $1.00 each. For shipping to subscribers outside the U.S. the cost is

$3.00 per copy for 1-5 copies, or $2.00 each for more than 5 copies.
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Colombian Emerald, Natrolite (OR), Benstonite (IL). Lingban (Sweden) $30
Charactenization of New Species, Twinning, Axinite (Brazil), Green River (WY)
Elmwood mine (TN), Chester (MA), Pynite crystal forms

Kimmerente (Turkey), Afghanistan pegmatites, Chuguicamata, Chile

Libethenite (Zama), Quartz/Pynite (Washington), Hvdroboracite (CA)
Hydroxylherdenite (Brazil). References on American Minerals

Jeffrey mine (Quebec), Alpine Rodingites, Fluonite (Germany)

laewha mune (Korea), Quartz Japan-law Twins, Bancroft (Ontano)

Thomas and Wah Wah Mountains (U'T) Topaz. Red Bervl. Ex

loxic Minerals. Bante trom Hartsel (CO). Cassirer Memoirs-part 1l

Los Lamentos (Mexico). Chromates (lran), Nealite, Sperrvlite, Mullica Hill

Broken Hill (Zambia), Cruziero mine (Brazil), Allan Caplan Interview, Rose Quantz
Pribram (Czech), Bald Knob (NC), Line Pit (PA-MD), Mcguinnessite

Mineral Fakes, Mineral Fraud, Leadhills-Wanlockhead (England)

Diamond (CO), Quartz (MT). Jeanbandvite. Bancroft (Ontario)

Celestite (IN), Derbyshire (England). Lotharmeverite ¢ "~|.|;1:1'.':. Mexico)

Chugucamata (Chale), Umiversity of Delaware Mineral Museum

Darwin (CA), Pereta mine (ltaly), Cetine mine (laly)

Jacupiranga mine (Brazil), Jensen Quarry (CA), Cunha Baixa mine. Paulkermite

Bad Ems (Germany ). Toussit mine (Morocco), Hawleyite (IN). Fluorapatite (SD)
COLORADO-111 ISSUE, Leadville, Rico, Cresson, Pikes Peak. Sch. of Mines Museum
Kingsgate mines (Austraha), Mauldin Mountain Phosphates (AL)

TOURMALINE ISSUE, Elba. Maine, Pakistan, Nepal, Califorma

Graves Mountain (GA), Gardiner Complex (Greenland), Canaphite. Hutchinsonite

I. C. Holmes Clium (AZ), Austrian Minerals, Marsturite, Franklin (NJ)

Knappenwand (Austnia), Launium (Greece), Senaite (Brazil), Chalcophyllite (NZ)
Natonal Belle mine (CO). Tip Top mine (SD), Stoneham Bante (CO)

Black Hills Type Locahities, Urucum mine (Brazil), Kalkar Quarry (CA)

Bleiberg ( Austna), Brochantite (OK), Arsenopyrite (Ontano)

GOLD ISSUE-LL, Austraha, Cahformia. Breckenndge. HIIPL' s Nose '['I]:_‘ I

EIK Creek (SD), Tevler s Museum, Ramsbeckite, Neotocite, Phosphosidenite

Uranium Minerals (Sardimia), Garnet Hill (NV), Photograpber’s Guide, Library Guide
Carrara Marble Minerals (laly), Marburg Museum (Germany)

Hale Creek Inesite (CA). Review of the Vanadium Minerals, Beijing Museum
MINERAL MUSEUMS of EASTERN EUROPE issue

[able Min. Zeolites (CO), Tonopah-Belmont mine (AZ), Parker Cleaveland

Ichinokawa Subnite mine (Japan), Bandora mine (CO), Geichell mine Arsenates (NV)
Almaden (Spain), J. ). Berzels, International Mineralogical Assn., Osanzawaite
ALSTRALIA ISSUE (152 pages)

NEW MEXICO ISSUE (96 pages)

Ouro Preto (Brazil), Amjanabonoina (Madagascar), Port Radium silver (Canada)
RATANGA URANIUM ISSUE (RO pages)

Brazilian Diamonds, Leveaniemi mine Phosphates (Sweden), Phoenixville (PA)

Spamish Pyrite, Pint's Quarry (I1A), Beaverdell (British Columbia), Hollister (CA)
TWENTIETH ANNIVERSARY ISSUE., Roebling, Canfield, Bement, Paris Exp
Fhomberry Axinites (CA), El Dragon mine (Bolivia), Silver District (AZ)

Amencan Amethyst Localities, Terlingua (TX), Davis Hill (Ontario), Faden Quartz
MONT SAINT-HILAIRE ISSUE (112 pages)

Rose Quartz Crystals (Brazil), Green Apatite (Brazil), + CARNEGIE MUSEUM CATALOG
Namisivik Mine (Canada). De Kalb Diopside (NY). Murfreesboro Diamonds (AR), Argyvll Diamonds ( Australia)
Mashamba Mine (Zaire), Fat Jack Mine (AZ), Monitor-Mogul Mine (NV), Azurite

Mezica Mine (Yugoslavia), Caldbeck Fells (England), Eugui Dolomite (Spain)

Messina Mines (South Afnica), Idna Mines (Yugoslavia), Outlaw Mine (NV), Pnbram (Czech)
Kalahan Mines Update (South Afnica), Senphos (Greece), Lake George mine (New Brunswick)
Smokey Bear Claim (NM), Taaffente. Sterling Hill Mine (NJ), Grew's Musaeum Regalis Societaris
Waghoh Quarry Cavansite (India), Kombat Mine (Namibia), Madan Mines IHU.[;_".”‘,JI-. Beltana Mine




Dohrmann Gold Collection, Gillette Quarry (CT), Spanish Fluorite Localities

¥
v.2¥ n2 MICHIGAN COPPER COUNTRY _ISSUE (104 pages)
y
v

23/ n.3 South Afncan Gold Localines, Hiendelaencina (Spain), Freiberg Mining Academy Collection
23/ nd YUKON PHOSPHATES ISSUE (72 pages)

v.23 n.5 Matlock (England), Prenteg (Wales), Steve Smale Collection, Mineral Stories

v.2V n.6 Black Pine Mine, Phillipsburg (MT), Bixbyite (AZ), Platinum-Palladium (Brazil). Franklinphilite
v.24/ n.3 Majuba Hill mine (NV). Sawtooth Batholith (1D), Ashburton Downs ( Australia)
v.24/ nd Famous Mines of Cornwall (England), Rush Creek (AR), Clinomimetite, Inclusions in Microcrystals
v.24/ n.S I'he Geysers (CA), Sanford Deposit (ME), Wessel's Mine (South Africa), Parker Mine (Quebec)
v.25/ n.2 Quasicrystals, Sterling Hill Mine (NJ). French Creek (PA), Burra Burra Mine (Australia)

v.25/ n3 Jacupiranga Mine (Brazil), Bennett Quarry (ME), Rose Mine (NM), Prospect Intrusion

v.25/ n4 Blowpipe Analysis, Arno Valley (ltaly), Widgiemooltha ( Australia), Laurium (Greece)

v.25/ n5 Orford Nickel Mine (Quebec), Martin Ehrmann, Topeka-Kentucky Giamt & Indiana Veins (CO)

v.25/ n.6 HISTORY of MINERAL COLLECTING 1530-1799 (264 pages) $24

v.26/ n.l TOPAZ ISSUE (80 pages)

v.26/ n.5 Finch Mine (AZ). Gold Quarrv Mine (NV). World Review of Mineral Discovenes
v.26/ n.6 Guide 1o Mineral Localities in the Former Soviet Union, Morefield Pegmatite (VA)
v.27/ n.l Fluorescence in Minerals, Billie Mine (CA), Seravezza Marble (Italy)

v.27/ n.2 Onganja Mine (Namibia), Lac Nicolet Mine (Quebec). Afghanite

v.27/ n3 Boulby Mine (England). Picos de Europa (Spain). Elmwood Mine (TN). J. G. Lenz
v.aTl/ nd Rio Tinto Mines (Spain), Mendip Hills (England), Calcioaravaipaite (AZ)

v.27/ n3S Hyalophane (Bosmia), Red Cloud Mine Wulfenite Discovery (AZ), N. Geromimo Mine (AZ)

v.27/ n.6 Alva Silver Mine (Scotland)., Kruisrivier Mine (South Africa). Silvana Mine (Canada)
v.28/ n.2 Plaunum Crystals (Russia), Otavi Mountain Land (Namibia), Repair & Restoration
v.28/ n3 Guide to Mineral Localities in Pakistan, Western Union Mine (AZ). Utahite

v.28/ nd MINES and MINERALS of PERLU (120 pages)

v.28/ n.S Hall's Gap (KY). Szenicsite (Chile)

v.28/ n Kingsbridge Quarry (NY), Ed Swoboda, Ernstite (Brazil). Emerald (Spain)

MEXICO ISSUE-I: BOLEO (80 pages)

Saint-Amable (Quebec), Denver Show, Munich Show. Pomona Show
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Annaberg (Type Locality for Wulfenite), Bogueiraozinho mine (Brazil), Namibite
SWEET HOME MINE ISSUE (Colorado) (192 pages) $20

Castle Dome District (AZ), Bushveld Complex (South Africa), French Torbernite

THE GONIOMETER ISSUE (80 pages)

Cerro Rico de Potosi (Bolivia), The Zeolite Group

Flambeau Mine (WI), Silvermines Distnict (Ireland), Peabody Museum at Yale

Meickle Mine (NV), Ross Hannibal Mine (SD). Andyrobertsite, IMA Guidelines

Cobalt Minerals of the Congo, Cobaltoan Calcite/Dolomite, Zapot Peg. (NV), Marty Zinn
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v.J/ n. Mex-Tex Mine (NM), Sapucaia Mine (Brazil), Berilo Branco Mine (Brazil), Carlsbad Halite Caves
v.31/ n.l FREILICH COLLECTION ISSUE, + David Wilbur biography (136 pages) $15

v.31/ n2 Pezinok Antimony Mine (Slovakia), Alum Cave Bluff (TN). Elongated Twins

v.31/ n.J3 Van Silver Mine (Brniush Columbia). Brownley Hill Mine (England). Arakiite (Sweden)

v.J1/nd Iwin Creeks Mine Orpiment (NV), Hale Creek (CA), Purple Passion Mine (AZ), Juanitaite

v.31/ nS Long Lake (NY). Millington Quarry (NJ). Vladimir Pelepenko. Robert Ferguson

v.31/ nb6 MOZAMBIQUE ISSUE, Alto Ligonha Pegmatites (80 pages)

v.32/ n.l DAL'NEGORSK ISSUE, + Russian Minerals Symposium Abstracts

v.32/ n.2 Rudabanya (Hungary), Hiddenite Mines (NC)

v.32/ n3 Kongsberg (Norwav), Isére Prehnite (France). Elandsrand Mine Bante (South Afnica)

Rossie Mines (NY ), Ge-nch Beudantite (Namibia), Willard Mine (NV), Mineral Mortality
Val Gravegha Manganese District (Iwaly). Shirlev Ann Claim (CA)

v.32/ n6 Bristol Copper Mine (CT), Guide to Mineral Localities in Bolivia

BUTTE, MONTANA ISSLUE, + Ed McDole Biography (120 pages) $15
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2 Paraiba Tourmaline (Brazil). Wuling Mine Stibnite (China). “Artificial™ Sicilian Sulfurs
v.3¥ nd Barra de Salinas Pegmatites (Brazil), Dee North Mine (NV), John Jago Trelawney

4 Jeremejevite (Namibia), Sulfur from the Perticara Mine (ltaly), Lord Brassy Mine (Australia

v.l¥V n5 CALIFORNIA PEGMATITES ISSUE (96 pages) $15

v .31V n.6 Hubeite (China), Collecting in the Congo, Nueva Vizcaya Mine (Spain), Manganotantalite ( Brazil)
v.34/ n.l INDIAN ZEOLITES ISSLUE (12X pages) $15

v.}J/ nl Sulfur Isotopes, Collecting in India, Nikischerite., Baumann Prospect (CA)

v 34/ nld Lynch Station Turquoise Crystals (VA), Friedrnich Ahlfeld, Peruvian Minerals, Goldguarryite (NV)

El Desierto Sulfur Mine (Bolivia), Pacajake Selemium Mine (Bolivia), Mazarron-Aguilas (Spain)

ExtraLapis MADAGASCAR ISSUE (96 pages) $24 (+52 shipping in U.S.; 56 outside U.S.)
Extralapis TOURMALINE ISSUE (108 pages) $24 (+%2 shipping in US.; $6 outside U.S.)
ExtralLapis EMEPFALD ISSUE (102 pages) $24 (452 shipping in U.S.; $6 outside U.S.)

Mineralogical Record

e-mail orders: minrec@aol.com FAX orders: 520-544-0815
Mailing Address: P.O. Box 35565, Tucson, AZ 85740

Or place yvour order through our website: www.minrec.org VISA and MC accepted




Douglass Minevals

www.douglassminerals.com

‘V_'___ N .
Quality, affordable, world-wide minerals
Miniature to large cabinet size

www.fabreminerals.com

I 5

T " gl PO. Box 69550
Fabre Minerals Tucson. AZ 85737

jordl Fabre C/ Arc de Sant Marti 79, local

08032 Barcelona, SPAIN 3 =
by appointment only { -1'._)“] ,_)'1 ’_”‘) i

T:+(34) 934 504 478 Fax:+(34) 934 504 745

e-mail: enquiry@fabreminerals.com L'“'—'.L:I"l"'"‘n]”“T”]“‘ @aol.com

DAKOTA MATRIX =
MINERALS

www.andyseibel.com r

www.dakotamatrix.com
Photo Galleries

Brazil

CIN,

..4 . o - ’:;_;
1 Rare Minerals
__ ‘-\ )} / ‘.‘)’ A ’ V) //) :"’/ -Weekly Specials—Cabinet to Micros—-
ypecializing in 5. Dakota since 1376
Tom Loomis

P.O. Box 2091 » Tehachapi, CA 93581 3519 Sequoia Place * Rapid City, SD 57702
lel: 661-823-8091 + E-mail: andy @andyseibel.com m (605) 718-9130 ™3
Photo by JefT Scovil L dakotamatrix@rushmore.com J
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NEW V'IDE O ' A Buyer’s Guide and Tour-de-Force of the Gem Species and
« Natve Elements—Hundreds of Specimens in Motion, plus 50

Locality Photos! A Double-Length Video, $32.95 postpaid

i ' : ,
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lourmaling Now that the

Video is completed,
the entire world-class
Proctor Collection—
including the
non-gem minerals
not shown in this
new video—is now
for sale on an
individual basis.
“This reallv 1s one
of the best }‘*l'ix at¢
collections ever
assembled™

Dr. Wendell E. Wilson

Earl Lewis Photo

Visit our new Website at www,ProctorCollection.com

“I'm very impressed with your Buyer’s Guide video— ran picces available. All collectors should see and
a grand presentation of exquisite minerals illustrating understand this video—a landmark production in the
the stunning depth of a premier collection of select art and science of successful mineral collecting.”
specimens carefully chosen by a critical collector who Dr. Edward David
also wanted investment potential . . . Congratulation!”
Dr. Peter Bancroft, “A symphony of superb color, form and spectacular
author of Gem and Crystal Treasures images from the Mineral Kingdom. The Proctors’
Buyer’s Guide video provides a wonderful learning
“The Proctors’ Buyer’s Guide for Building a Fine experience—an invaluable resource for novices and
Collection is a classic presentation, graphically veteran collectors alike. It will undoubtedly inspire a
illustrating all of the criteria collectors should use to new generation of serious-minded collectors.”
judge the beauty and value of fine crystal specimens Steve Voynick, contributing editor,
and select the desirable from the multtude of also- Rock & Gem magazine

ORDER FROM:

KEITH PROCTOR

88 Raven Hills Court, Colorado Springs, CO 80919 Tel: 719-598-123:

Dr. Giancarlo “Froravanti
“FINE MINERALS from CLASSIC LOCALITIES”

1920 Via Pie di Marmo

0180 Rome. Italy

|
1'
|
|

G78-6067 ® Fax: 011-39-06-985-2048

m ® E-mail: intfo@horavantu-mte.com
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rystal Clear.

EM Series of
Modular Stereo Microscopes.

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

The Meiji

Stereo Microscopes

The modular design (A wide variety of bodies, single magnification or zoom -
rotatable 360 , auxiliary lenses, eyepieces, stands, holders, etc.) gives you
the freedom to create the ideal instrument for your specific need 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, write us or log on to our website today.

MEIJI TECHNO AMERICA

2186 Bering Drive, San Jose, CA 95131,
Tel: 408.428.9654, FAX: 408.428.0472
Toll Free Telephone: 800.832.0060 or visit our website at www.meijitechno.com

Colorado Dealers!

Dave Bunk Minerals

Dave Bunk
1441 W 460h Avem g

Collector's Edge Minerals, Inc.

PO Box 1168

Colden, L I

AR .‘ W L)

SUPETD mar il

Show | | ppoimntment
1 Us i cde

Columbine Mineral Shop
Benjy & Liz Kuehl
PO Box 341
G533 Main Sireet

Colorado _Mineral
and Fossil Show
Holiday Inn Denver North

SEPT. 10-14, 2003
10 a.m. to?pm Daﬂy

|r-..-‘-‘:.:':- P "'f. *:i ~ _,_-;,;_'4 w F ) BO4S 1 7

/ ""i-"-rri:_

rav. () B1427
lfWi~ﬁ“ 4345. 9 am. 109 p.m
{li‘-,l I davs, Mav 1-Oc¢t. 31
Fine Minerals for Collectors
www . collectors-mall.com/cms
mutl: bkuehline @ rmi.net

Glacier Peak Ari,
Gems & Minerals

Joseph & Susan Dors

P.O. Box 413

Mamtou Springs. CO 80829

Ie 719 n\ﬂ.44“u

Producing Colorado Amazomite &
Smoky Quartz

Fine Worldwide & Colorado

cmail: glacierein.com

Specimens

" 1 ||_ .
web: www . trm.com/=glacier

Denver Gem &
Mineral Show
Sept. 12-14, 2003

P.O. Box 621444
Littleton, CO 80162

www.denvermineralshow.com

Held Annually at the Denver Mer

chandise Mart |

.y

Green Mountain Minerals
Stanley Korzeb
15064 E. Bails Place
Aurora, 0 8(K 2
WI3-368-1200 (Call

Species. Fine

tor Appt
Minerals

write for List

Mountain Minerals
International

Dudlev Blauwet

P.O. Box 302

Lowsville, CO 80027-0302
W 3-665-00672

FAX: 303-664- 1009

WW W ominmaimin.con

E-mail: minmin(® aitelobal.nei
Minerals. Gems. Gem Rouvl

I'be Sunnywood
Collection
Bill & Elsie Stong
Aurora, C0O
UII-353
Premium Minerals. Fossils, &
Carvings Artistically Mounted
on Wood or Acrvik

¢mail NNErals ¥ sunnywood.com

WA NN

sUnnyvwoid.com

XTAL—Dennis L. Beals
Dennis & Diane Beals
6006 S Holly St.. PMB 256
Englewood, CO 80111-4251
W)3-TT1-9225 (bn Appt. only)
FAX: W2-771-93)8
DBXTAL @ agol.com

www_ xlal-dbeals.com

hitp://www

Fine Mexican minerals & more

® |08 »




Revolutionary!

) MEXICAN

and Minerals

The Hardbound Special Issues
of the Mineralogical Record
Bound in BONDED LEATHER
Editions Limited to 300 Copies
$50 each plus $2 shipping (in US.)
($4 shipping outside US.)
While Supply Lasts!

No.l Boleo Mines, Baja
No.2 Ojuela Mine, Mapimi
No.3 Los Lamentos,

No.4

Fresnillo, Las Vigas
(Coming Soon!)

&}'Iﬂ:/:rcwz :

The Mineralogical Record
P. O. Box 35565, Tucson, AZ 85740
E-mail: minrec@aol.com FAX: 520-544-0815

RARE MINERALS since 1974!

Old classics, rare species, microprobed samples, meteorites and thin
sections, plus a full line of microscopes, geiger counters, our compre-
hensive photo CD, UV lamps and old & new books. Request a specific
catalog or view our well illustrated website @ www.excaliburmineral.com.
Analytical services offered.

e 10Y o

Excalibur Mineral
Corporation

1000 N. Division St. — Peekskill, NY 10566
Tel: (914) 739-1134 Fax: (914) 739-1257
email: info@excaliburmineral.com
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GEM AND MINERAL SHOW

FBBBUABY 12-15 2004

THIS YEAR GOLD will be the featured spe-
cies at the S0th annual Tucson Show; the exhibits
will be spectacular. If there is any chance that
you can arrange a trip to see the world-famous
Tucson Show, this will be the year not to miss!
In addition to extraordinary exhibits from muse-
ums and private collections worldwide, you'll
see¢ the world’s top mineral dealers, publishers
and program lecturers. Make your arrangements
now to attend! Use Church Street or Granada
Avenue Entrance!

Tucson Convention Center, Downtown Tuc-
son. See: Competitive Exhibits, The Arthur Roe
Memorial Micromount Symposium,. Mineral
Photography Seminar and Competition, Sym-
posium on Gold and Gold-containing Minerals
(sponsored by FM, MSA and TGMS), Great
Saturday Night Program and Auctions. Plus the
world’s best mineral and gem dealers, mineral
books and magazines, and mineralogical and
mining antiques! HOURS: Thurs.-Sat. 10-6,
Sunday 10-5. Admission $5 per day.

Tocson GEM & MINERAL SOCIETY SHOW COMMITTEE

P.0. Box 42543 « Tucsoxn, AZ 85733  (520) 322-5773 « Fax (520) 322-6031



DECEMBER 15 & 14, 2005 ™
A FESTIVAL THAT REALLY ROCKS! 5 i ’
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900 Exposition Bivd., Los Angeles CA, 90007 « www.nhm.org 9

=

MINERALOGICAL RESEARCH CO.
SEARCHING THE WORLD

.« .. to bring you the finest in mineral and
meteorite specimens, books, UV lamps,
video microscopes, stereo microscopes and
specimen boxes, all at competitive prices !

Shop our Web Site @ http://www.minresco.com

Possibly the largest earth science web site in the world !

EUGENE & SHARON CISNEROS Phone: 408-923-6800
15840 EAST ALTA VISTA WAY FAX: 406-926-6015
SAN JOSE, CA 95127-1737 USA Email: xtls@minresco.com




~The Fall Show~

66 Great Dealers from around the world!!
2003 Dealers Include:

Adventure Trading & Products, Inc.

Ameriasian Business Corp.
Ande Jewelry & Mineral Co.
Antero Minerals & Jewelry
Attard’s Minerals

Avian Oasis

Barlow's

Bolva Group. Inc.

Burton's Gems & Opals, Inc.
Cand Minerals

Chinese Minerals & Fossils
Cinderhill

Clam Shell, The

Cristalina Brazil

Designer Gems & Geodes
Douglass Minerals

Fenn's Gems & Minerals
Foothills, Inc.

Freedon Valley Gems
Gemini Minerals

Geoprime Minerals

Gil De Moura Brazilian Gems
Global Visions

Gochenour’s Minerals
Holguin Mexican Minerals
Jewel Tunnel Imports

King Mike Mining, Inc.
Lasco Diamond Products
Lehigh Minerals

M.K. Gems & Minerals
Maura's Treasure Box
McCullough Fossils
Midwest Minerals

Miner’s Lunchbox

Mineral of The Month Club
Mineral Search

Nature's Collectibles
Norcross-Madagascar
Olson, Donald K. & Associates
Paleo-Facts

Petra Enterprises

Petrov, Alfredo - Bolivia
Peruvian Tradition

Raj Minerals, Inc.

Rincon Mineral

Martin Zinn Expositions, LLC. ® PO. Box 999 = Evergreen, CO 80437-0999 = Fax (303) 674-2384

Rocks and Relics

Rocks of Ages

Rocks & Relics

Samstone, Inc.

Schowalter, Todd, Fossils Plus
Seibel Minerals

Sin-Am Bridge

Skoublov, Gene - Russia
Southwest Meteorite Lab
Stone Flower Co. - Russia
Strong Rock Inc., The

Su’s Creations

Sunnywood Collection, The

Superb Minerals (India) Pvt., Ltd.

Top-Gem Minerals
Usman Imports
Vasconcelos - Brazil

Vista Gems

Wendy's Minerals - China
Wolfe, Tom, Minerals
Zeolites India

WEST COAST GEM & MINERAL SHOW

Holiday Inn - Costa Mesa = Bristol Plaza m 3131 S. Bristol St. m COSTA MESA, CA

NOV. 14 - 15 - 16, 2003

So Easy to Find ...

Less than a mile from John Wayne Airport!
Take the Bristol Street exit (south) from 1-405
On Bristol Just South of the South Coast Plaza Shopping Center.

-
U nevlanc

4= LONG BEACH SUNFLOWER

FAIRYIE W
E *
BRISTOL

Email: mz0955@aol.com ® website: http://mzexpos.com




LIFORNIA D

Attard’s Minerals

john & Kathy Attard
Q). Box 17263

San Diego, CA 92177
lel: H‘rlu} 275-2016

' www.attminerals.com

Coogan Gold Company

Ed and Kay Coogan
P.O. Box 1631
[urlock, CA 95381

: [el: (209) 634-5222

IN's, Min., Cab

Micromounts,

S1 and Ann Frazier

St and Ann Frazier

Suite 306, 6331 Fairmont Ave
El Cerrito, Calitornia 94530
(510) 558-8486

Fax

e-mail: stannfraz@aol.com

loe & Susan Kielbaso

‘ Gemini Minerals
|
|

2.0). Box 70062
San Diego, CA 92167
lel: (619) 223-0620

FAX: (619) 223-0385

E-mail: geminiminerals@cox.net
1
L]

Ve buv collections

Cal Graeber Minerals

Cal and Kerith Graeber
PO. Box 2347
Fallbrook, Calitornia 920088

Tel: (760) 723-9292

By Appointment Only

Jewel Tunnel Imports

Rock H. Currier

13100 Spring Street

Baldwin Park, CA 91706-2283
lel: flﬁ-‘f‘hj 814-2257

FAX: (6
Wholesale Only

26) 338-4617

Kristalle

875 North Pacihic

Las

Coast Hwy

guna Beach, Calitornia 92651
lel: (949) 494-7
E-mail: leicht@kristalle.com
WEB: http

HYS

www.kristalle.com

Debbie Meng’s Minerals

Debbie Y. Meng
Q). Box 8393
Monterey, CA 93943
lel: (831) 484-74185,
Fax: (831) 484-7419
E-mail: debbie

meng@wusa.com

Specialty: Fine Chinese Minerals

™~ g R L pp——)

U‘JUSUAL CRYSTALS |
FROM
AROUND THE WORLD

OUR SPECIALTY!

GEM-FARE
P.O.Box 213
Pittstown, N.J, 08867

Phone/Fax (908) 806-3339

REQUEST CRYSTAL LIST

CORUNDUM IS E

Pala International &
The Collector

Steve Perry Minerals

912 So. Live Oak Park Road
Fallbrook, California 92028
lel: (760) 728-9121

LS Wats 1-(800)-854-1598

PO. Box 136 |
t}-1't
el

e-mail: steve@steveperrygems.com

1s, Calitornia 95617 |
861

Fax: (530) 753-

website: stey cperrvgems.com

Bruce & Jo Runner Minerals |

13526 Soutn Avenue

Delhi. Calitornia 95315
Tel: (209) 634-6470
Micromount List §2

Showroom by \ppt. only

Silverhorn
Mike Ridding
1155 Coast Village Road
Montecito, Calitornia 93108
el: (805) 969-0442

WASHINGTON [)C AHEA

* BUYING & SELLING FINE MINERALS
AT SHOWS. BY APPOINTMENT IN
VIRGINIA. AND BY MAIL (NO LISTS)

C. CARTER RICH

FINE MINERALS

’ “?F‘Ff IALIZING IN FINE OLD CLASSICS
GOUCHER COLLEGE MAY 18
NEL'H ARROLLTON. MD AUG 1-3
SPRINGFIELD. MASS AUG 8-10
DENVER (MAIN SHOW) SEPT 12-14

PO BOX 69 (703) 327-6373
~ALDIE, VA 20105

e |15 e

richjeana@aol.com /

wWww.Carouseiminerais.org

>
( ol I(JII )

1202 Perion Drive

Belen, New Mexico 87002

505-864-2145 -

| Please send $2 U.S. ($4 outside U.S.) for a |
1-year subscription to our mineral list




rizona Dealer
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De Natura Douglass Minerals
Les & Paula Presmyvk David Shannon PO Box 69550
PO. Box 1273 Minerals lucson, Arizona 85737
'Ll-l”‘l'rt \L.!.I."Hlli.: H_".tll‘l‘ I}|1\|L1- l\..‘{ ll'ih"‘--r‘l 'T":”]_Jz"'l':”—l
% L

lel: (480) 892-0779 6649 F. Rustic Drive www.douglassminerals.com
FAX: (48(0) 497-8349 . == e-mail: douglassminerals@aol.com

Mesa, Arizona 85215 5
Website: www.denatura.com (480) 985-(557 Quality, attordable, world-wide minerals

See us at the Tucson & Denver Minerals, Boxes & Supplies

=110 S ,_,:r-.g-1 |.I||-"r'-'._', 1N nne - |1-l.1 "‘1] tor _: F‘._'I'_;L"x.”-'lgl"'-:
minerals frrom Arnzona and the . ; Kinﬂ Rﬂfk‘i & ]\‘iinerﬂiS
h"'1'||!|”-'n."-l "'[ E.r'\-"‘.l."-\-‘--!q"'l_l

6/56 5. Nogales Highw ay
trimming & cleaning services

Evan Jones Minerals [ucson, Arizona 85706
' Y A3 I '.:':“\\ Rose Circle iy '-‘Jih-'_‘:ll"‘-rll‘t .
lop Gem Minerals o bl hot . smess 9-11:15/Noon-5:30 (Closed Sun.)
1248 North Main Street lel / Fax: (602) 946-5826 No Catalog—No List

") Box AM1251
0. Box 50251 e-mail: evjonesusa@netscape.net

:l:i.l."-l.ll'! \'-If!_.z'u_‘ll_' 9 -y |!|" 'lhll'u.F\'.-,-”\It'”w“_-l-Tl‘lr1||.l.l

lel: (520) 622-6633 Fine Minerals tor Collectors
FAX: (520) 792-2928 Specializing in Arizona
Mon-Fri 8:30-4:30 and by Appt Mexico & Worldwide Classics

NO( .'Ir.llll'._i or List
Wholesale Only

Mex. & Tenn. minerals, boxes

We “i_l‘. L n"”t'\ ions

HAWTHORNEDEN

FINE MINERAL SPECIMENS
Thumbnail to Cabinet Size

WANTED TO PURCHASE—OLD COLLECTIONS
Open Mid-June to September
(Otherwise By Chance or By Appointment)
I'hree miles south of Bancroft, Ontario, on the West side of Hwy. 62
Wendy & Frank Melanson

L Amable, Ontano KOL2LO
lel: (613) 332-1032 « FAX: (613) 332-0585

T'he Arkenstone, Dr. Robert & Bailey Lavinsky

WWW.IROCKS.COM

Consistently bringing fine minerals
to the net since 1996!

UPGRADE POLICY! FREQUENT UPDATES!

We stand behind our specimens! Focus on suites and collections

FAST FEDEX SHIPPING! CONSISTENT QUALITY!

(upon request, domestic or intl.) That you can rely on . . .




‘RED. WHITE and BLU l

OCTOBER 10 11 and 12 2003

Hurray for lllL

WWW.JOHNBETTS-FINEMINERALS.COM
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GEM MINERAL, FOSSIL
PLATINUM @ & JEWELRY SHOW ,4

SPECIMENS o o

www.siberiaberkut.com 2 4R)R87 - 3906

cnmwemena gnet.net

*—ﬁ — e e

Orleansstrasse 6Y

Your best connection to Europe: Christian Weise
D-81667 Miinchen

» p -
Phone + 49°89°48()'2933

-> European Show Schedule = Online Bookshop (German) Fax + 49°89'688°6160
= What’s New In Minerals = Classified Ads
=> The Lapis Index:
25 Years Lapis Mineral Magazine
Localities * Minerals * Authors » Back Issues Service

E'mail:
lapis.mineralienmagazin
@t-online.de

ANDREAS WEERTH S fine mineral specimen in internet

http:/www.weerth-mineralien.de

leerth
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FINE MINERALS

2003 Show Schedule: Tucson. Executive Inn room 1
_,.'.-_-i'“ '; . Fr"” " ,1 ® '-_ ncinnat ﬁ_: ] _‘f ¥ |
Spnngfield. Aug 8-10 » Denver Sept. 10-14

; |

Detroit, October 10-12 « Carnegie Nov. 21-23

e www.northstarminerals.com

NORTH STAR MINERALS

NG IN THE MISSISSIPP! VALLEY
»OUTHERN | NOIS
g Inps o Bulgana and Easlerr

Fine uailty i‘\".--‘n [0 ;'r-.-"'w.*J'r'-
Ross C. Lillie

7249 Woodlore Dr.. W. Bloomfield, M| 48323 Michigan
Tel./Fax: (248) 926-9929 « E-mail: northstarminerals@comcast.net  Silver

~ Canadian Mineral Specimens
Egys - Spheres
Stone Bead Jewellery

Fine specimens for advanced collectors
from classic locations and new discoveries.

Hundreds pictures on our web site

Enjoy the powerful search engine and get
credit bonus every time you buy!!!

Inernet.it

wWwWwW . ninemet. i
info ¢ minernet. 1t

We try to do a bit more for the Denver Show.
Stop by and see what's new
September 12-14
Merchandise Mart—Aisle |

Mountain Minerals International
P.O. Box 302 # Louisville, Colorado 80027-0302
Tel: (303) 665-0672 » FAX: (303) 664-1009

10549-133 S1. Edmonton. AB. Canada TSN 24
Tel: 780-452-5357 Fax: 780-451-9541

www.tysons-minerals.com

DAN
WEINRICH

Dealer in Fine Mineral Specimens
Open Every Day on the Internet!

www.danweinrich.com

See me at:

[ LICSON SHOW
SPRINGHELD SHOW
DENVER SHOW
Or see me in
SI. LOUIS

By Appointment
®

P. O. Box 425
Grover, MO 63040
Tel: 314-341-1811
FAX: 636-256-6540)

'GREGORY, |
BOTTLEY & LLOYD

Established by James Gregory in 1858

| 3 Seaerave Road. London SW6 IRP
fel: 0207-381-5522 Fax 0207-381-5512

Brian Llovd looks forward to seeing vou
when vou are next in London

Our showrooms are open weekdays 9:30

other times by appointment

0 5 pm—

Gem Crystal Treasures

Specimen and gem-quality crystals available
Send for free list or visit our website
Ty Lawrence
PO. Box 14042
Portland, OR 97293
tel: (503) 731-6503 » www.gemcrystals.com




40 Years

Of Experience and Professional Excellence

Specializing in Select Specimens | ' e Premium Prices Paid
for Collectors & Museums. Diverse t . for Choice Specimens.

Price Ranges - Intermediate APPRAISAL SERVICES:
to Advanced. Review & Evaluate

We ofter iImmediate & Highest e S | COLLECTIONS RESTORED:

: ; Catalogued & Classified
Payment for Mineral Collections

s . | 2 | If you're shopping for quality &
or individual Specimens. fair price, visit our web site at
www.wmtucson.com

When in Tucson, call for an appointment to visit our studio

ESTABLISHED 1962 GENE & JACKIE SCHLEPP

P.O. Box 43603 « Tucson, Arizona 85733 + Call Collect at 520-325-4534
E-mail: schlepp@wmtucson.com

ExtraLapis

Q ROCKS OF AGES English Issues! Fine

USED-RARE & OUT OF PRINT order from

- - l% - e
BOOKS FOR COLLECTORS Mineralogical Mineral Specimens
www.rxofages.com Record

* MINING * MINERALOGY see p. 105 (bottom)

* GEOLOGY  * JEWELRY
* GEMSTONES * METEORITES

SEND $2 FOR CURRENT C‘\T'\LOG . i-'_f, " e ' ®pecializing in .
OF 500+ ITEMS: 4 P by PRGN

Afnhan X Pakistan

ROCKS OF AGES AP 7 Yeamatite Hincrals’ i .
JOHN & LINDA STIMSON N s — ————
P.O. BOX 3503 » TUSTIN, CA 92781 | 1 i" lists issuch — =-
(714) 730-8948 FAX (714) 730-1644
E-mail: rxofages@flash.net

WANT LISTS ARE INVITED. L b ‘Lﬁ . OWhodda
WE ARE ALWAYS INTERESTED IN EEEN f $ox 31 *Short Hills, X.9. 07078
BUYING A SINGLE BOOK OR A o R 977) 4670212
COLLECTION OF ANY SIZE s




Rare Species?
Common
Minerals?

Minerals Unlimited

Rogef's Worldwide
[T TS L1 Rare Minerals

$171 Romeo St Val Caron
Ontario, Canada. PAN 1G5

14T 05 )8Y"-0H210

HTTP:/ /www.rogersminerals.com
email: rmineral@isys.ca

THE

CARNEGIE

GEM &
MINERAL
SHOW

\ CELEBRATION OF JEWELRY. GEMS.

PAPIDARY ART & MINERALS

RECENTLY ACQUIRED:

THE OVERSTREET COLLECTION

OVER 2000 WORLDWIDE TNS. CLASSICS
RARITIES. MANY COMPETITION QUALITY

ALL NICE. ALL AT DAVID SHANNON PRICES.

Over 1,000 Mineral Listings plus Boxes & Supplies
-Send $1.00 for a 72 page catalog—

David Shannon Minerals

6649 E. RUSTIC DR., MESA, AZ 85215 (480) 985-0557 PHONE/FAX

. i
91t 1
I s 1)

¥ LA i e
I|II Ine vimmeral SPpei

—SHOW SCHEDULE 2003—

WRIGHTS
| Rock
SHOP

| 3612 ALBERT PIKE, HOT SPRINGS, AR 71913 » Tel: (501) 767-4800

order from

English ; _
= 1 | Mineralogical Record
Issues! =
see p. 105 (bottom)

ExtralLapis

DIG "

You still won't find a better magazine
for mineral collectors, or a better
1 place to advertise minerals for sale.

Mineralogical Record

visit our website
for ad rates:

Carnegie

Museum

of Natural
& History

COne of the fow
A Mlus s irm
f Piitsburgh

www.minrec.org

November 21. 22 & 23. 2003

Gala Preview EJ.IH_"'
!}'rr"l""l" IJ-:rrll |'..}u' ler!

November 20

ﬁ Simkev Micromounts

¢ |5 »
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Visit the national ,

_ Newsletter Editor

Friends of Mineralogy Andrew Sicree, Penn State University, 122 Steidle Building
website at University Park. PA 16802

18 v —— " - ~ =
8l4-86/7-6203 or B14-B65-6427. | i Icree @ geosc. psu.edu

www.indiana.edu/-

minerals/fm.himl National Organization Website: hup://www fnendsofmineralogy.or

Chapter News

Who We Are: Colorado Chapter

Order now!! Minerals of (
T - 970
"I-_ul . No 1, Mineralogical Record, Spring 1970 Order from: Friends of Mineralogy—Colorado Chapter

The Friends of Minera was founded in Tucson Arizona. on Feb , : : ’
: L in i I i L ] 1| al irlr 154_1 !|H|"' lltl.-..-l_.1 |: [bh':'. INHIS
1 i i i« o Ives were 1o DTONK hetter e Re— TATS ¢t 3 &
] 19 | onecinve | 0D ol [ Apprecia ] $150 + 83 p.&h. (Colo. residents add T
ducalio ind preservatio The chiel ain ind activitiés ol FM "
o ]l" ( |'.'.:"::." informatiom ciontact ]'_',' \illh!',_-h |"':'.|.‘|\-r,|

Compihing and pubhishing informat n mineral locahnes, and 15535 Muller St.. Wheat Ridge. CO 80033, Tel: 303-425-9549

nportant mineral collections W3-236-5639, E-mal: pmodres)

" i L
: s 'I'.'l'j: . A ' Midwest Chapter
Visit our website at www.indiana.edu mineral
Support a semi-professional journal of high excelience and interesd For Chapter information, contact Nelson Shatfer, President
designed 1o appeal 1o mineral amateurs and professionals. throuet 530 Cabot Ct.. Bloomington. IN 47408, Tel: 812-339-6623 o
A FM nav b R12-B55-2687. E-n shatter i
Operating informally in behalf of minerals. mineral collecting. and
descrintive mineralogy. with voluntary support by members Mississippi Valley Chapter
For Chapter information, contact Mark Sherwood, President

|r" 1llr'"-l Faliovg?l i hi-- -'.:'.!'nl‘-.'u_':'..'.J. i il i abion will 'i':. |'-'|'E-.E-. 1 }J‘lif."" \1."{";"“‘ il I“":“"I“' "_1_1"'

¥ . i il ¥ - : i ta =il i e wil (i s bl miest
Mineralogy whereby it will publish s wntten matenal and news o I I TV LS LB L

sims of both are similarly educational and directed toward bettes Pacific Northwest Chapter

o [ the interest and eff | e il For Chapter information. contact Jim Etzwiler, President, 3935
Interlake Ave. N. Seattle. WA 98103, Tel: 206-633-1512. E-mail

Co-Sponsor, with the Tucson Gem & Mineral Society and o eralogic: kd7bat @ arrl.net or Sharleen Harvey, 2309 SW st Ave. #2142
\1_\_‘..:_ [ 15'-.;-.__: il ‘I.i:' TH1 !...'-" \_1 cralomica T POS1d }";!I dndad liH ._."1l! ]_ S5(13 ‘i‘_ ;'-.I.
i

bill-sharleenharvey @ worldnet. att. net

.....

Pennsyivania Chapter
2002 National OMTicers Order now'' Reminiscences of a Miner eist bv Arthur Montgomen

520 plus S3 p.&h. Order rom: Amold Mogel, PA Treasurer
5 Dak Rd.. Schuvkill, PA 17972

For Chapter information. contact Amold Mogel. President

15 Oak Road. Schuvkill Haven, PA 1 /972, Tel: 570-739-4034

% N ] i | W T
E i A, LN Woscn.net

President
Susan Enksson, Viremma Tech, 1013 Draper Road. Blacksburg, VA 2406

540-231-5360, E-mail: serikssn(

Vice-President

Bill Dameron. 1609 NW 70th Circle. Vancouy WA UKH6S :
: S T , | Southeast Chapter
W )-546-1267. E-maul: barmtell @ anl .con

For Chapter information. contact Juhan Grav, President
524 Robin Lane, Manetta, GA 30067, Tel: 770-973-3632

Secretary -1 | i el
7 Madll. JCETEY ¥ £5U.CUU

Virgll Lueth, New Mexico Tech, 801 Lerov Pla Socormo, NM R7801
505-835-5140. E-mail: vwlueth@ nmit.ed - s
I Southern California Chapter

Treasures Visit our websile at www. mineralsocal.org/scim
easurer
Jim Hurlbut. 2240 South Adams St.. Denver. CO 80210

= &1

WI-TST-0283 or W3-279 96 E-ma th MION.COMm

For Chapter information, contact Jack Nieberger. President
:::‘i i'n_-""u:xl.: I'i1'-,.". l"-'ll-'l-..,".- I"-.:'i\'x CA "":,';":‘-' i| O{9-TOK

-
o [

Mineralogical
Society of
America gl .
Promoting Minerals s Ml v Mo Rt
//’”‘”’{Q/J Edmwfirw fmf/ Rf'{‘q:jh’fﬁ'mz ¢« M : ;. Iil'\:: L ‘\ vards

Wineralogical Society of America  [sunguished Lectureship o Svmposia and Special Sessions

‘,I'Ir.”.'; i'r 5 M .liu e ﬁ”f lt‘."‘.’-rl"”.inrr:”*'l 'F” -'J”“\"I;'--\"r r"" 'II \4 Program * AP wal Interest Gron ps
wone: 202-775-4344 fax: 202-775-0018 12 blingy Medal |
. . | i kLAl

e-mail /:rn.x:m-utﬂ minsocam.org  website: www.minsocam.org
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‘munich
2003

GEOFA Dealer’s Day: Oct. 3|

(Pre-Registration required)

BORSE Public Fair: Nov. 1-2
Daily 9 am to 6 pm

Phone +49-89-613 4711

Fax +49-89-613 5400
info@mineralientage.de
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