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notes from the_

EDITOR

ARIZONA ISSUE!

Arizona: the name conjures up many images. Desert vistas and
saguaro cactus, the Tucson Show, John Wayne movies, Arizona
Highways magazine, and the countless famous and obscure mineral
localities which are the heritage of Arizona's arid climate and
wealth of metalliferous deposits. For many reasons collectors
typically have a soft spot in their heart for Arizona. To many who
have lived there (e.g. your editor) or were born and raised there
(e.g. your circulation manager) the quest to return permanently is
an undying one (finally achieved in our case). For all these reasons
and more, it is with great pleasure that we present to you this first
special issue on Arizona . . . Arizona-I. The second such issue,
Arizona-11, follows directly as the July-August issue, and a third,
devoted largely to Bisbee, is in the works.

We have attempted to cover in these issues as many famous or
deservedly famous localities as possible, as well as Arizona’s two
leading mineral museums and other related items. In many cases,
the mineralogy of these localities is comprehensively dealt with here
for the first time in the literature.

Special thanks for the extra funds used to produce these issues
must go to Randolph Rothschild, our long-time donor, to the many
people who donated specimens at our auction, and to our anony-
mous donor from Georgia. e

As with the Tsumeb and Colorado issues, we expect these special
issues on Arizona to become classics in their own way (at least that
has been our goal), and so we are enclosing a special order form by
which dealers and subscribers may order extra copies at the whole-
sale price. Orders will be accepted for the pair (Arizona-I and
Arizona-Il) only, and if you check the “reserve Arizona-II"" box
we will reserve for you an identical number of copies of Arizona-II1
when it comes out.

ARIZONA IN THE BACK ISSUES

The first decade of the Mineralogical Record saw the publication
of many articles and items on Arizona which should not be forgot-
ten. This seems like the ideal place in which to give a recap for
future reference. Herewith an annotated list, in chronological order
(volume, number and page in parentheses; in some cases a descrip-
tive paraphrase is given in place of the title):

Multiple Japan-law quartz twins from the Yankee Boy mine (1,
I, 33), by Richard A. Bideaux. Three specimens described, each of
which consist of two quartz crystals Japan-law twinned to a third,
making a sort of trilling.

Tilasite from Bisbee (1, 2, 68), by Sidney A. Williams. The third
occurrence worldwide described from an outcrop near the White
Tail Deer mine in the Bisbee district.

Wickenburgite (1, 2, 80), by Sidney A. Williams. Abstract of the
first description of this new species, found at several prospects near
Wickenburg, Arizona (including the Potter-Cramer prospect, best
known).

Hemihedrite (1, 2, 80), by Sidney A. Williams and John W. An-
thony. Abstract of the first description of this new species, found at

the Florence mine, Pinal County, and the Pack Rat claim near
Wickenburg.

130

Cornetite from Saginaw Hill (1, 3, 117), by BaSaw Khin. The
fifth ocurrence worldwide described from a locality about 7 miles
southwest of Tucson.

Kinoite (1, 3, 125), by John W. Anthony and Robert B.
Langhon. Abstract of the first description of this new species,
found in drill core from the Santa Rita Mountains, Pima County,
and later found rather abundantly in the Christmas mine, Gila
County.

Bideauxite (2, /, 29), by Sidney A. Williams. Abstract of the first
description of this new species, found on only two specimens from
the Mammoth-St. Anthony mine, Tiger.

Tucson Show 1971 (2, 2, 53), by John S. White. A discussion of
what was new in minerals at the show.

Chalcoalumite from Bisbee (2, 3, 126), by Sidney A. Williams
and BaSaw Khin. A description of fine crystals found in the
Sacramento pit.

Multiple Japan-law quartz twins—addendum (2, 4, 185), by
Richard A. Bideaux. A brief update on his previous article on the
subject in which are described multiple Japan-law twins consisting
of up to six individuals.

Minerals of the Grandview Mine (2, 5, 214), by Wayne C. Leicht.
A comprehensive article on the Grand Canyon locality famous for
its beautiful blue specimens of cyanotrichite.

Classic locality: the Apache mine (2, 6, 252), by Wendell E.
Wilson. A comprehensive article on one of Arizona's famous
vanadinite localities.

Tucson Show 1972 (3, 2, 65), by John S. White. A discussion of
what was new in minerals at the show.

Arizona mineral museums (3, 3, 114), by Paul E. Desautels. In
Paul’s column, The Museum Record, he discusses the University of
Arizona collection and the Arizona Mineral Museum in Phoenix.

Arizona wulfenite localities (3, 4, 148), by Richard A. Bideaux.
In Dick’s column, The Collector, he discusses wulfenite localities
worldwide, including the most important ones in Arizona. The
discussion continued in the following issue (3, 5, 198).

79 mine, minerals and paragenesis (3, 6, 247), by Stanley B.
Keith. A comprehensive article on one of Arizona’s famous
localities for wulfenite, aurichalcite and other species. This and the
following article marked the first use of color photography in the
Record.

Folio: the 79 mine (3, 6, 265), by Wendell E. Wilson. A compan-
ion article to the preceding one by Keith, centering mostly on color
photography of the important species.

Arizona azurite localities (4, /, 4), by Richard A. Bideaux. In his
column, The Collector, Dick discusses famous azurite localities
worldwide, including a number in Arizona.

Apache revisited (4, 2, 78), by Wendell E. Wilson. A short note
in the What’s New in Minerals? column describing the current
(deteriorating) status of the Apache mine.

Minerals of the Rowley mine (5, /, 10), by Wendell E. Wilson
and Douglas K. Miller. A comprehensive article on one of
Arizona's famous wulfenite localities, accompanied by color
photography.

Tucson Show 1974 (5, 2, 76), by John S. White. A discussion of
what was new in minerals at the show.

Connellite from Bisbee (5, 3, 106), by Richard A. Bideaux. In his
column, The Collector, Dick traces the discovery and identification
of Copper Queen mine connellite (misidentified as footeite in
1891).

Arizona aragonite (5, 5, 222), by John S. White and Trudy
Houser. In the Q/A column a find of aragonite from near Ash
Fork is discussed because a local woman named Winnie decided to
rename the mineral after herself and sell it. The attempt is made to
discredit the illegitimate name. A photo of the aragonite appears in
a subsequent issue (6, /, 39) to assist collectors.
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Copper from the Ray mine (5, 5, 233), by Wendell E. Wilson. A
description of new, large crystals of copper to § inches long from
the Ray mine.

Graemite, a new Bisbee mineral (6, /, 32), by Sidney A. Williams
and Phillip Matter III. Full first description of the new mineral
graemite, from the Cole shaft at Bisbee.

Ray coppers again (6, /, 40), by William Panczner. A follow-up
note to the previous one by Wilson, in which fwisted copper crystals
are described.

Descloizite from the C. and B. Vanadium mine (6, 3, 109), by
Thomas J. Trebisky. Brief description of descloizite, plus mention
of others, from a locality in the Dripping Springs Mountains.

Tucson Show 1975 (6, 3, 141), by William Moller. A discussion
of events and mineral news at the show.

Tucson Show 1975 (6, 4, 162), by William B. Sanborn. Another
description of the Tucson Show in general, aimed at people who
have never attended one.

Ed Over at the Red Cloud mine (6, 4, 176), by Terry Szenics. The
story of one man’s discovery, which has remained the most famous
one, at the Red Cloud mine.

Recent work at the 79 mine (7, 2, 55), by Wendell E. Wilson and
John S. White. A short description of recent commercial collecting.

Recent work at the Christmas mine (7, 2, 56), by Wendell E.
Wilson and John S. White. A short description of a find of
rosasite.

Four Peaks amethyst deposit (7, 2, 72), by Jack Lowell and Ted
Rybicki. A short description of the locality and the types of quartz
found there.

Tucson Show 1976 (7, 3, 129), by Wendell E. Wilson. A discus-
sion of what was new in minerals at the show, including a discovery
of fine azurite crystals at the New Cornelia mine in Ajo.

Petrified Forest National Park (7, 4, 158), by Peter J. Modreski.
A description of preservation efforts at this petrified wood locality
near Holbrook.

Chrysocolla pseadomorphs from Ray (8, /, 58), by Wendell E.
Wilson. A short description of a discovery of pseudomorphous
crystals of chrysocolla to 3 inches.

The Mineralogy of Arizona (8, 5, 415). A review of the new book
by John W. Anthony, Sydney A. Williams and Richard A.
Bideaux.

Luethite (9, /, 40), by Sidney A. Williams. Abstract of the first
description of this new species, found at a small prospect in Santa
Cruz County.

Tucson Show 1978 (9, 3, 192), by Wendell E. Wilson. A discus-
sion of what was new in minerals at the show, including Grey Horse
mine vanadinite.

Chalcanthite from the Helvetia district (9, 4, 252), by George
Robinson. Naturally formed chalcanthite from a mine about 40
miles south of Tucson.

Cuprite from the Copper Queen mine, Bisbee (9, 4, 259), by Pete
J. Dunn. Scanning electron microscope photos,

Arizona literature (10, /, 14), by Arthur E. Smith and Donald R.
Cook. A short bibliography of important references to minerals of
the state,

Hematite from near Quartzsite (10, /, 35), by Wendell E.
Wilson. A description of a recent discovery of exceptional hematite
crystals with quartz from the Veta Grande claim near Quartzsite.

Khinite (10, /, 51), by Sydney A. Williams. Abstract of the first
description of this new species, found at the Old Guard mine,
Tombstone.

Parakhinite (10, /, 51), by Sidney A. Williams. Abstract of the
first description of this new species, found at the Emerald mine
near Tombstone.

Dugganite (10, /, 51), by Sidney A. Williams. Abstract of the
first description of this new species, found at the Old Guard mine,
Emerald mine, and Joe shaft near Tombstone.

Tucson Show 1979 (10, 3, 187), by Wendell E. Wilson. A discus-
sion of what was new in minerals at the show, including a superb
2.5-inch hematite crystal from Quartzsite, Arizona.

ANNUAL LIST OF DONORS 1o the
MINERALOGICAL RECORD
Presented here is a listing of everyone (I hope) who donated to
the auction this year or made cash donations to the Mineralogical
Record during the last 12 months or so, except a few who wished to
remain anonymous. Of the more than 150 lots donated to the auc-
tion, we ended up with control cards for all but three of them (lots
130, 139 and 147); consequently we don’t know who donated these.
If you were missed, not listed here, or did not get a letter of
acknowledgment (usable for tax purposes) please write to me and |
will rectify the matter.
I know all the readers of the Record will join with me in saying
thanks to these generous people who help to keep our magazine
going year after year.

(IIITTRINRRNEE

The Adit (Douglas, AZ)

Apache Canyon Mining Co. (Barstow, CA)
Arizona-Sonora Desert Museum, William Panczner (Tucson, AZ)
Arizona Turquoise and Silver Co. (Scottsdale, AZ)
Arkansas Mineral Properties (Stephens, AR)

Artrox, Inc., Art Tatum and Delma Perry (El Paso, TX)
Baltimore Mineralogical Society (Baltimore, MD)

B&W Minerals (Golden, CO)

Pierre Baniand (Paris, France)

F. John Barlow (Appleton, WI)

Roy Beck (Greenville, MS)

Dennis Belsher (Lakewood, CO)

Bentley’s Minerals, Ron Bentley (Windsor, CT)

Bideaux Minerals, Richard A. Bideaux (Tucson, AZ)

Julian G. Blakely (Greenville, MS)

Uli Burchard (Munich, Germany)

California Rock and Mineral, Anthony Jones (Duarte, CA)
Allan Caplan (New York, NY)

John and Pat Carlon (Normal, IL)

Jose Chaver (Madrid, Spain)

The Collectors, Roxanne Kremer (Chicago, IL)

Colorado Gem and Mineral Co., Jack Lowell (Tempe, AZ)
Lawrence Conklin (New York, NY)

David Crawford (Rockford, IL)

Crystal Lined Pocket (Santa Barbara, CA)

Crystal Showcase, Paul Otto (Albuquerque, NM)

(continued on page 134)
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~Hamburg...

and vicinity, yuma county, arizona

by

David M. Shannon
1727 West Drake Circle
Mesa, Arizona 85202

rilliant, transparent crystals of vanadinite with an

unsurpassed, deep red color have been found since
the late 1800’s at the Hamburg mine, Yuma County,
Arizona. Although sometimes overshadowed by the
nearby Red Cloud mine, this old Dana locality still pro-
duces some of Arizona’s finest vanadinite in crystals
from micromount size to more than a centimeter.

LOCATION

The Hamburg mine is located about 1 mile northeast of the Red
Cloud mine in the Trigo Mountains, Yuma County, Arizona (T4S
R23W, Sec 1 center). The area is included on the U.S.G.S.
7v2-minute quadrangle Picacho, Arizona/California. About 30
meters north of the Hamburg mine is the Princess mine. Because of
their close proximity, the true identity of these two mines has
caused collectors much confusion. Further similarities between the
two mines include identical geology, workings of similar extent,
and the occurrence of at least micromount vanadinite.

The dirt access road is usually passable by virtually any vehicle as
far as the Red Cloud mine. The jeep trail extending the remaining |
mile to the Hamburg mine ranges from difficult, even for four-
wheel drive, to a two-hour road-building adventure.

HISTORY

The Hamburg mine, as with most of the mines in the Silver
district of Yuma County, was first located in the 1860’s as a silver
lode deposit. During 1880 and 1881, William P. Blake and others
sank an 18-meter shaft inclined at an angle of about 45° (Wilson,
1933). At the base of the incline a horizontal drift was run for about
12 meters, exiting on the eastern base of the hill. So far as is known,
no ore was ever mined from the Hamburg mine and it has lain idle

since these early prospecting days except for the periodic visits of
mineral collectors.
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GEOLOGY AND TOPOGRAPHY

The elevation of the Hamburg mine is only 277 meters (900 feet)
above sea level, but this low height should not be construed as gen-
tle terrain. The Trigo Mountains reach an elevation of over 900
meters (3000 feet) and are extremely rugged for their height, con-
sisting of a series of sawtooth ridges and steep-sided canyons. Most
of the rock surfaces are black with desert varnish and pitted with
small cavities.

The Hamburg mine, and the adjacent Princess mine, consist of
veins of brecciated, silicified andesite emplaced along a fault in
Precambrian schist, granite and Tertiary volcanic rocks (Wilson,
1933). A clearly defined hanging wall of polished slickensides ex-
tends the entire length of the incline and forms the roof of the mine
workings. This fault, though offset by another, unmineralized
fault, appears to be the same fault on which is situated the Red
Cloud mine.

Vanadinite occurs in brecciated andesite and quartz seams, and
is apparently restricted to a small stope at about the 12-meter
(40-foot) level. The zone is bordered above and below by iron-
stained andesite.

CLIMATE

Temperatures in this remote area of the low desert are almost
continuously above 100°F from late May through September, and
it is not unusual for the temperature to reach 125°F. There is no
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Figure -1. Location map showing the various
mines in the Silver district, Yuma County.
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Figure 2. Rough terrain surrounding the Ham-
burg mine (center). Photo by the author,

- _ Figure 3. Entrance to the Hamburg mine. Note
> rre r'e the fault contact which forms the hanging wall

¢ . : =" :* AP - , of the mine. The Princess mine is just over the
' f!‘ﬁﬁ.éi".‘;ﬂ" * , first rise. Photo by the author.

£

water and little shade; trips to this area during the summer months
are strongly discouraged. The winter weather is generally pleasant,
with temperatures of 70° to 80° during the daytime and 40° to 50
at night.

MINERALS

Yanadinite Pb,(VO,)Cl

Although other minerals may be found at the Hamburg mine,
vanadinite is the mineral of primary interest. The crystals line frac-
tured quartz and calcite seams; the size of the cavities ranges from a
few mm to 7 or 8 cm. Fragments of gray quartz matrix covered on

Figure 4. A drawing of vanadinite from *‘Yuma
County, Arizona,”” probably the Hamburg
mine, published by V. R. von Zepharovich in
1889 (in Loros) and later republished by Dana
(1904).
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Figure 5. Two gemmy crystals of vanadinite on
matrix from the Hamburg mine; the left crystal
is 2.5 mm. Collection of the author.

Figure 6. Vanadinite crystals from the Hamburg
mine, with typical proportions and cavernous
terminations. The large crystal is 6 mm. Collec-
tion of the author.

all sides by vanadinite crystals are found within these seams. The
size of the crystals ranges from a few tenths of a mm to 1.5 cm or
more. Crystals as large as 2 or 3 mm commonly have flat,
pinacoidal terminations and brilliantly smooth, lustrous faces. The
larger crystals tend to exhibit hopper growth, some being no more
than a hexagonal skeleton. Typically the color is a vibrant red like
the color of an automobile taillight lens. Rarely the color grades
into orange-red and lemon-yellow. The combination of bright red,
hexagonal prisms, often 2 or 3 times longer than wide, commonly
with hopper terminations, on gray matrix is characteristic of Ham-
burg mine specimens. On the largest crystals the prism faces also
show hopper growth.

Wulfenite PbMoO,

Orange-red crystals of wulfenite to 1.5 cm in size and similar to
Red Cloud mine specimens have been found just above the
vanadinite area.

Mimetite Pb.(AsO,),Cl

Microscopic yellow tufts of mimetite crystals occur in association
with wulfenite just above the vanadinite zone.

Anglesite PbSO, and Cerussite PbCO,

Anglesite and cerussite are found sparingly as pods completely
replacing galena.

Lead oxides

Traces of lead oxides, probably minium (red), litharge (red) and
massicot (yellow) are found intermixed in the altered galena pods.

Other minerals

Galena, smithsonite, argentite (acanthite) and cerargyrite were
reported by early writers (Emmons, 1885, Wilson, 1933). Quartz
(some amethystine), barite, hematite, fluorite, calcite and aragonite
also occur as gangue minerals.

DISCUSSION

Many references list ““deep red, brilliant crystals of vanadinite
from the Red Cloud mine’’ (e.g. Palache, 1944, Anthony, r al.,
1977, Ford, 1949). A review of the original reference cited for this
occurrence (Silliman, 1881) indicates that the statement was taken
out of context and probably refers instead to the Hamburg mine.
Silliman was referring in general to the Silver district rather than
specifically to the Red Cloud mine. In his words:

Vanadinite occurs in three mines, near together, the “"Ham-
burg,’’ the ‘“‘Princess,’’ and the “‘Red Cloud.’’ The crystals of
vanadinite are extremely beautiful, alike for brilliancy of color,
luster, and perfection of form. . . . The Hamburg Mine has fur-
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nished the most numerous and on the whole, the best specimens

of vanadinite. . . . The vanadinite (at the Red Cloud mine) is

smaller and grouped in more confused masses than at the Ham-
burg Mine.

It is the author’s experience that collectors attempting to obtain a
good specimen of ‘‘deep red, brilliant crystals of vanadinite’” from
the Red Cloud mine will be disappointed with the best that mine
can furnish. Vanadinite crystals found at the Red Cloud mine rare-
ly exceed 2 mm in size and are orange-red, similar in color to the
Red Cloud wulfenite. The various authors of this century who have
cited the Red Cloud mine as the origin of fine vanadinite probably
meant to refer to the Silver district in general, but mentioned the
Red Cloud mine because of its fame for producing the world’s most
desirable wulfenite specimens.

MELISSA AND ROMALDO PACHECOS MINES

A discussion of the area would be incomplete without mention-
ing the Melissa mine, which has attained minor fame for its small
(usually under 5 mm), red, bipyramidal crystals of wulfenite. These
are collected with relative ease, although few collectors bother to
try, with the more tantalizing promise of Red Cloud mine wulfenite
nearby. Actually many superb red wulfenite crystals have been
found at the several mines along the mineralized fault, but those
which resemble Red Cloud mine specimens are usually labeled as
Red Cloud because the locality name is more famous.

Who was Romaldo Pachecos and where was his mine? These
questions have plagued Arizona mineral buffs for decades. A few
old claim papers bearing Romaldo’s name have been found (Eu-
gene Schlepp, personal communication), but the location data are
far too sketchy to pinpoint the prospect, other than to say it was in
the Silver district. What makes the problem interesting is the
number of superb vanadinite specimens extant which are labeled
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Figure 7. A group of fline vanadinite crystals
from the Hamburg mine, some with cavernous
prism faces. The large crystal is 6 mm. Collec-

tion of the author.

Figure 8. Wulfenite crystals to 7 mm from the
Hamburg mine. Collection of the author.




Figure 9. A multiple crystal of fine red
vanadinite from the Romaldo Pachecos mine,
donated to the Smithsonian Institution by W. F.
Hillebrand in 1894, The crystal is 1.5 cm across,

““Romaldo Pachecos mine, Silver district, Yuma County, Ari-
zona,”’ particularly two in the Smithsonian Institution. Catalog and
label data indicate that the specimens were transferred to the
Smithsonian from the U.S. Geological Survey collection by the
mineralogist W. F. Hillebrand in 1894, but Hillebrand (who most
likely collected them personally) gave no further location data
either. Some people feel the Hamburg mine and the Pachecos mine
are one and the same; others disagree, and place the Pachecos mine
somewhere over near the Black Rock mine, perhaps as just a cut in-
stead of a shaft or adit. Chances are we will never know for certain,
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famous mineral localities:

RED CLOUD ...

yuma county, arizona

Gary M. Edson
U.S. Geological Survey
Denver Federal Center
Denver, Colorado 80225

he story of the Red Cloud mine began over 100 years
ago in one of the oldest mining districts in Arizona.
Since that time the mine has regularly produced speci-
mens of red wulfenite which, in form, color, luster and
esthetics, are universally acknowledged as the finest in
the world. The locality is still producing such specimen:s.

LOCATION HISTORY

The Red Cloud mine is in the southern part of the Trigo Moun- The history of the Red Cloud mine can be divided into two
tains, 80 km by road north of the city of Yuma, in Yuma County, general periods: before 1890, when the mine was a financial suc-
Arizona (Fig. 5). The U.S. Geological Survey 7%v:-minute cess; and since 1890, when most of the activity was promotion and
topographic map of the Picacho quadrangle shows the location of exploration.
the mine (Sec 2, T4S, R23W). The first prospectors began working claims in the area in the

Figure I. An old mine building (now gone) al
the Red Cloud mine in 1972 stood for years as a
marker for collectors. Standard directions to the
mine included, “look for the shack with
‘WULFENITE IS LOVE’ written on the side.”
In the distance, across Yuma Wash, are part of
the Trigo Mountains.
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1860’s and the Silver mining district came into being in the 1870’s.
Until about 1880 the Red Cloud mine, named after the nearby Red
Cloud trail used by early Spanish explorers, consisted only of a
small open cut. Silver-lead worth more than $30,000 was taken
from the outcrop (Hamilton, 1884), and freighted by wagon down
the Red Cloud wash to Norton’s Landing on the Colorado River,
for shipment by boat to the Selby smelter (Keith, 1978). The pres-
ent upper workings, including the inclined shaft, wide stopes, and
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Figure 2. A fine crystal of wulfenite 2 cm across,
on matrix. Smithsonian specimen.

Figure 3. Red mimetite from the Red Cloud
mine; the group is about 3 cm across, and was
found in a long channel lined with such
specimens but devoid of wulfenite. Grant
Richards specimen.

passageways joining them, were made by the Red Cloud Mining
Company of New York in about 1880 (Hamilton, 1881). Produc-
tion in silver and lead until 1890 was not recorded, but a consulting
mining engineer, Elgin Bryce Holt (1942), believed that it may have
been over $1 million. Keith (1978) estimates a total closer to
$500,000 (21,000 tons of ore at 18 oz. of silver/ton).

From 1890 to 1917 the Red Cloud lay idle, owing to depressed
silver prices. It was then bought by a syndicate, headed by Holt,
which leased the property to a succession of operators. One of these
lessees was the Primos Chemical Company, which drove a 102-m
crosscut into the hanging wall on the 500 level for diamond drilling
to intersect the vein at greater depth. A disagreement arose between
the owners and the Primos people, which resulted in abandonment
of the project (Holt, 1942).

In 1941 Penn Metals Inc., of Pennsylvanmia, operated a small
flotation plant on dump material. However, this undertaking was
not a financial success, so they hired Holt to make an evaluation
and submit a report. The development program he outlined in-
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Figure 4. Three of the unsurpassed crysials
found by Ed Over in 1938, The upper left .
crystal is 4.5 cm across, the center crystal is 5.6
em across, and the lower left crystal is 4.5 ¢m
tall. Smithsonian specimens. Two more kd
Over specimens are pictured on page 191, and
another is shown on the cover of this issue.
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Figure 5. Location of the Rgd Cloud mine.

volved a redesigned and enlarged mill, including flotation and
cyanide processing, together with an ambitious exploration pro-
gram (Holt, 1942). Penn Metals did not adopt his recommenda-
tions, and the Red Cloud mine has beer mostly idle since then.
Although many people have collected mineral specimens there in
recent years, the mine is on a patented claim and is therefore private
property.

THE MINE WORKINGS

Except for the crosscut on the 500 level, all of the mine workings
are on an incline which follows the dip of the vein (Fig. 8). The
depth of various levels is measured (in feet) on this incline. The part
of the mine developed prior to 1890 includes workings down to the
270 level: the inclined shaft, which varies in plunge from about 25°
to 40°, the stopes on either side of it, and the small, irregular
passageways that join them at various points (Fig. 6). Drifting
followed lines of least resistance and local concentrations of high-
grade ore, and so these workings are very irregular.

The north and south stopes show the locations of the two main
ore shoots on the vein (Fig. 6). The north stope opens at its back
into a drift at about the 50 level, and at its bottom connects with the
270 level. The souii: stope formerly opened directly to the surface
and appears to have been developed through drifts off of another
inclined shaft, but this access is now blocked by debris. There are
also stopes and a short inclined shaft below the 270 level that ap-
pear to belong to the early workings.

The newer part of the mine includes a 61-m vertical shaft that in-
tersects the 270 level drift, the inclined shaft that leads down to the
500 level, and the drifting and crosscutting below the 270 level off
this inclined shaft.

GEOLOGY

The rocks of the Silver mining district consist of a basal complex
of highly metamorphosed Mesozoic schists and intrusive granitic
rocks of Tertiary or Cretaceous age. The most recent materials are
Tertiary volcanic flows, tuffs, and breccias, which unconformably
overlie the older units. These volcanics are the dominant rock type
in the Trigo Mountains.

The Arizona Mining Journal published a geologic description in
1925 (Thompson, 1925). The granitic rock was identified as mon-
zonite, and the Tertiary formations were described as a series of
volcanic breccia, agglomerate, tuff, and lava flows, all of andesitic
composition. Overlying these flows are rhyolitic tuff and sand-
stone, together with thinly bedded limestone. Capping all of this is
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a vast outpouring of lava that covers the northern part of the min-
ing district. In the southern part of the area erosion has stripped
away the upper volcanic and sedimentary sequence, leaving
volcanic plugs and dike-like lines of intrusions which are exposed as
towering sawtooth ridges.

Examination of the granitic rocks immediately west of the Red
Cloud mine shows apparent monzonite to quartz monzonite com-
position with occasional irregular areas of biotite-hornblende
quartz diorite.

Mineral deposition was controlled by a system of faults which
acted as channelways for the original solutions which deposited the
sulfides. The two major structures in the southern end of the
district are the Red Cloud and McNeal faults. They both strike
northward, but in a V-shaped configuration, intersecting just south
of the Red Cloud mine. The western fault, the Red Cloud, dips to
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Figure 6. A section along the plane of the vein
showing workings in the Red Cloud mine. The
map is modified after one drawn by B.
McDougall in 1918 and published in Wilson
(1933), after updating the workings to that time,
Stipled areas are among those now blocked by
debris. Dashed lines indicate relatively new ex-
cavations by collectors. Current operations are
removing some of the debris blocking various
areas. (Recent data from David Shannon, per-
sonal communication.)




Figure 7. Vertical section view showing the Red
Cloud and McNeal faults (redrawn from
Thompson, 1925).
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Figure 8. Vertical section view through the Red
Cloud mine perpendicular to the vein (adapted
from Wilson, er al., 1951).

the east, and the eastern fault, the McNeal, dips to the west, enclos-
ing a wedge of Teriiary lavas (Fig. 7). These fault zones are contacts
between the young volcanics and the older schists and granites.
Vein mineralization occurred on both faults, but it was most in-
tense at the south end of the Red Cloud fault (Thompson, 1925).
Slickensides on the fault in the Red Cloud mine indicate probable
dip-slip movement.

Figure 9. A typical crystal of Red Cloud mine
wulfenite, showing forms.

L{hhl}
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THE RED CLOUD VEIN

The original sulfide deposit is regarded as Tertiary in age and
epithermal in type. The near surface fault zone was invaded by
fluids from the same volcanism that produced the flows, but at a
somewhat later time, and sulfides were deposited. It has been
theorized that postore faulting transported some sulfides to greater
depth (Wilson, 1951).

Many high-angle fractures, dipping about 60° W., intersect the
vein on a common strike. These fracture zones contain remnants of
galena and well-crystallized wulfenite and other secondary
minerals. The fractures are interpreted as tension gashes that
formed because of movement on the Red Cloud fault. Apparently
this movement occurred as a series of slips, with motion preceding
both the sulfide emplacement and the secondary, oxide-zone
mineral formation. The fractures enhanced permeability for
mineralizing fluids.

The vein was described by Wilson (1933) as being composed of
quartz, calcite (much of it manganiferous), and fluorite, which
form vuggy masses, together with gouge and brecciated wallrock.
Limonite, hematite, and wad line the cavities and openings, as well
as cerussite, smithsonite (“‘turkey fat”), vanadinite, wulfenite, and
very minor malachite. Nodules of argentiferous galena occur, part-
ly altered to black anglesite and yellowish cerussite. Chlorargyrite
was the main silver ore mineral and is present in small disseminated
masses among the oxidized minerals. In addition to the minerals
listed by Wilson, willemite, mimetite, minium (R. A. Bideaux, per-
sonal communication, 1973), stetefeldtite, and plattnerite can be
found.

The vein is a layered structure, and has been described as con-
sisting of both a hanging wall and a footwall vein. The mine work-
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ings are in the upper vein, and the height of the stopes show it to be
1.2 to 3.7 m in thickness. This vein is where the high-grade silver
values were found. The footwall vein has never been adequately ex-
plored and is still intact. It is probably 2.4 to 3.7 m in thickness with
lower metal values and more calcite, by volume, than the hanging
wall vein (Holt, 1942). Somewhat below the 270 level the andesite
hanging wall gives way to granitic rocks, and so both walls are of
the same composition. From here to the 500 level the vein steepens,
and contains a smaller proportion of ore minerals. The oxidized
zone extends very deep; apparently completely unoxidized sulfide
minerals were never located by diamond drilling (Holt, 1942).

MINERALS

The minerals of greatest interest to collectors are wulfenite and
cerussite. In addition, vanadinite, mimetite, and willemite are
found in the mine, but usually as micromount material. Following
are descriptions of the well-crystallized and less common minerals.

Wualfenite PbMoO,

Waulfenite crystals occur in a broad size range, from mirocrystals
to individuals 5 or 6 cm on a side. The color and habit are
remarkably consistent throughout the mine. Whereas most
wulfenite is pale yellow, Red Cloud specimens are brilliant red to
red-orange. An obvious question is, what causes this color?

Emission spectrographic semiquantitative analysis reveals 30
parts per million (ppm) chromium in a sample of Red Cloud
wulfenite. Electron probe microanalysis showed 130 ppm
chromium (Hildebrand, er al., 1973). The red-orange color of Red
Cloud wulfenite is explained by analogy with pure lead chromate,
the mineral crocoite; in the wulfenite, chromium substitutes for
molybdenum, producing chromate complex ions. The chromate
ion is highly absorptive, and so even low concentrations can have a
strong coloring effect. A semiquantitative analysis of Red Cloud
wulfenite is presented in Table 1.

Table 1. Red Cloud mine wulfenite trace element

semiquantitative analysis*
Si 0.028
As ND 0.05
Mg 0.0052
Fe 0.0028
w 0.20
Ca 0.0031
Cr 0.0030
Sr ND 0.001
' ND 0.002
Other elements nil

*In percent. ND = not detected at indicated concentration. Spec-
trographic analysis by Pacific Spectrochemical Laboratory, Inc.,
Los Angeles, Calif.

Considerable amphibole and biotite, both altering to chlorite, are
seen in a thin section of a quartz diorite phase of the granitic rocks
west of the vein. Samples of this rock produce strong emission spec-
tral lines for chromium, which is probably associated with the
mafic minerals. Chromium ions may have been carried into the Red
Cloud vein from the adjacent quartz diorite by ground water.

Very few Red Cloud wulfenite crystals are transparent
throughout; they commonly contain cloudy internal regions and
wisps of lighter orange material. The large basal pedion faces are
composed of several areas, separated by irregular boundaries,
which are not quite parallel. That is, each “crystal” is actually com-
posed of several crystals that are imperfectly aligned with respect to
one another. This type of mosaic growth is common in large
crystals of all species.
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The wulfenite crystals are simple in habit, and are bounded by a
combination of the basal pedion {001} and first and second order
pyramids (Fig. 9). A small single crystal was oriented by the Weis-
senberg X-ray method, and the dominant pyramid was shown to be
of the first order. Angular measurements were then taken on a Stoe
two-circle reflecting goniometer. All faces produced several signals
because of the imperfect crystal growth. The small second order
pyramid was shown to be {013} on the basis of a consistent ¢ angle
of 36°. The first order pyramid, { hhl}, is irregular and is composed
of steps and curved areas, producing a whole family of
goniometrical reflections varying from 42° to 28° in p angle. These
results imply that at least three or four forms are involved in this
pyramid area. Measurement on 35 of these areas from 10 crystals
showed strong, consistent signals at a ¢ angle of about 42° (the high
and low values were 43°42" and 40°12’, respectively, and the
average was 41°47’, with a standard deviation of 59'). Using the ax-
ial ratio from Dana’s System (Palache, er al., 1951), this cor-
responds to a {227} form, with a calculated angle of 42°5'. This
form is not listed in Dana’s System nor in any other reference work
or journal consulted. This may be the first time it has been
reported. Given the mosaic growth imperfections of the crystals, it
was impossible to identify the other first order pyramidal forms. In-
terestingly, Williams (1966) states that wulfenite crystals associated
with willemite are perhaps the most aberrant in forms, and he cites
{229}, among others, as being characteristic of wulfenite in this
association.

Because wulfenite is in the tetragonal pyramidal class, there is no
symmetry plane perpendicular to the ¢ axis ([001]), and the dipyra-
midal appearance of Red Cloud, and other, crystals is due to twin-
ning on the basal pedion (Palache, er al., 1951).

Some very small Red Cloud wulfenite crystals consist of only the
first order pyramid, resulting in an octahedral-like habit. Most
medium-sized crystals, from 2 mm to 10 mm, are composed of the
pedion and first order pyramid and have a rectangular shape when
viewed down [00l]. Larger crystals tend also to develop the second
order pyramid which bevels the corners to form eight-sided plates.
These are the famous Red Cloud “stop signs.”

Cerussite PbCO,

Cerussite at the Red Cloud mine has been reported in crystals as
much as 4 cm in length, many of them being arrow-shaped twins
(Galbraith, 1970). As an example, a V-twin (Fig. 10) consists of two
crystals of about equal size elongated on [00l] and twinned on
{hkO}; consequently, the V is quite thick from front to back along
[001). The specimen is euhedral with lustrous faces and is about 28
mm along [001] and 23 mm along [h00] of each member. Ceruss:’e
is found as microcrystals and small reticulated masses on the 270
level, and apprently the larger crystals have come from deeper in
the mine.

Vanadinite Pby(VO,),Cl

Some question exists as to the quality and size of vanadinite
specimens produced from the Red Cloud mine. According to
Dana’s System (Palache, ef al., 1951), this mineral occurs as
“magnificent specimens” there, and reference is made to an 1881
article in the American Journal of Science. The article (Silliman,
1881) lists the Hamburg, Princess, and Red Cloud mines as loca-
tions for vanadinite. The largest crystals came from the Hamburg
(see Shannon, this issue, p. 135), and they were usually less than |
mm in length. The smaller Red Cloud crystals were of a rich
orange-red color. So it would seem, then as now, that Red Cloud
vanadinite usually occurs as microcrystals. These are much
elongated on the ¢ axis, being six to eight diameters long, and con-
sisting of a prism and pinacoid with some pyramidal development.
The cross section always seems to be hexagonal; that is, no 12-sided
crystals composed of first and second order prisms have been
observed. The faces are bright and lustrous, and the crystals are
often transparent. In addition, larger hexagonal prisms of
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Second-generation material occurs as mats of acicular fibers which
are white, perhaps up to 1 or 2 mm in length, and are densely in-
tergrown. Red Cloud willemite fluoresces greenish yellow under
shortwave ultraviolet illumination.

Stetefeldtite Ag,Sb.(O,0H)A(?)

A yellow powder or crust is sometimes found with wulfenite, and
its powder pattern matches that for stetefeldtite, according to the
Joint Committee on Powder Diffraction Standards (JCPDS)
Powder File card 8-12. The formula given is Ag,Sb,.{(O,0OH,
0,0),.,, where x is approximately 0.5 and the value of y is between
1 and 2. Fleischer (1975) gives Ag,Sb,(O,0H),(?). Thus, there is
uncertainty at least about the composition of the material. Dana’s
System (Palache, et al., 1944) lists this as an ill-defined material and
suggests that it may be a mixture of other oxides.

Figure 10. A twinned crystal of colorless
cerussite about 2 ¢cm tall from the Bideaux col-
lection. Photo by Stanley Keith.

vanadinite, up to 4 mm long, are infrequently collected. These are
opaque, orange-red in color, and approximately equant in propor-
tion.

Mimetite Pb.(AsO,),Cl

Other prismatic microcrystals can be found associated with wul-
fenite. These are less than 1 mm in length, yellow to orange in
color, opaque, nonlustrous, and have pointed or irregular termina-

tions. They occur as isolated individuals and in clusters. Some of
the clusters have a sheaf-like appearance, the crystals splaying out
stilbite fashion. X-ray powder pattens are of the vanadinite-pyro-
morphite-mimetite type, but most closely resemble mimetite in the
doubling and tripling of some lines. This, coupled with the general
appearance of the crystals, suggests that the mineral is mimetite.
Willemite Zn,SiO,
X-ray powder patterns verified the existence of willemite, which
occurs in two generations of growth. First-generation material con-
sists of minute clear to milky-white to dark-gray hexagonal prisms Figure Il. Cerussite twins measuring 3.2 cm

as much as 1| mm in length. These are terminated by a basal from the Red Cloud mine. Specimen and photo:
pinacoid, have lustrous faces, and are up to two diameters long. Grant Richards.

Figure I2. Cerussite twins from the Red Cloud
mine, sketched by Pirsson in 1881 (Dana, 1904).
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Plattnerite Pbo:

Minute black needles of plattnerite, requiring high magnification
for resolution, have been found on vanadinite. This material was
collected from the south stopes.

Galena PbS

Massive pods and veins of galena were always the objective of
commercial mining at the Red Cloud mine because the galena is
argentiferous, containing as much as 500 ounces of silver per ton
(recent analyses on numerous pods by Clarkson Laboratory, San
Diego; data courtesy of David Shannon). These are found
throughout the mine (though most have been removed from the up-
per levels), and some collecting specialists feel that pockets of the
best wulfenite crystals occur near these galena pods.

Other minerals

Aragonite is found as delicate, late forming flos-ferri in some
vugs especially above the 100-foot level. Barite is a common gangue
mineral in the Red Cloud vein and occurs rarely as microscopic
crystals. Rhombohedral calcite crystals, usually manganiferous, are
not uncommon in sizes up to 2 cm. Fluorite occurs in exceptionally
nice micro specimens, as colorless to pale purple cubes, some highly
modified. Gypsum is not uncommon; one 45-cm vug on the
150-foot level was found completely filled with granular gypsum.
Fine, clear crystals of hemimorphite to a few mm are also fairly
common. Anthony er al. (1977) list massicot as coming from the
Red Cloud mine. Quartz, sometimes amethystine, has been found
as well, occasionally with micro red wulfenite crystals perched on
micro amethyst crystals to form superb micromounts.

PARAGENESIS AND GEOCHEMISTRY OF THE VEIN

The original Tertiary mineralization of the Red Cloud vein ap-
parently produced mainly calcite, quartz, fluorite, sulfide minerals,
and manganese minerals deposited in a reducing environment. Ero-
sion eventually exposed the vein to surface oxidizing conditions,
and these primary minerals, especially the sulfides, were altered to
the secondary oxides, carbonates, and others typical of an oxidized
zone.

The important economic primary sulfides were galena and acan-
thite. Altogether this material is often called “argentiferous
galena,” because the acanthite occurs disseminated in the galena
(Wilson, 1933). There is no pyrite to be found now, but the exten-
sive limonite and hematite in the gossan suggest its original abun-
dance. The oxidation of pyrite is often crucial in explaining the
oxidation of the other sulfides in a deposit, and this process was
probably important in the Red Cloud vein. In the zone of aeration
(the section between the surface and the water table), ground water
contains dissolved carbon dioxide, and a weak solution of carbonic
acid is formed which reacts with pyrite to form ferric oxides and
hydroxides and sulfuric acid. The iron compounds limonite (largely
goethite) and hematite are insoluble and so precipitate to form
gossan. This leaves the sulfate and hydrogen ions in solution as a
strong acid that acts as a potent solvent for other primary minerals.

As oxidation sets ions free from their original mineral associa-
tions, they react with one another and with the wallrock to form
new minerals that are stable in this acidic, oxidizing environment.
These secondary minerals of the Red Cloud vein are calcite, quartz,
manganese oxides, limonite, hematite, smithsonite, anglesite,
cerussite, willemite, wulfenite, vanadinite, and mimetite, among
others.

Considerations of Eh-pH stability fields for the secondary
minerals, together with their paragenesis, give a means for inter-
preting the geochemical history of an oxidized deposit. This can be
an involved exercise, but in essence it consists of taking the stability
fields for the various minerals in the order of their formation as an
indication of the changing environment in the vein over the span of
time involved.
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Based on examination of Red Cloud specimens collected, a
paragenesis was inferred (Fig. 14). Chlorargyrite could not be cor-
related with the other minerals, because it was not recognized in the
mine. Cerussite could only be established as being later than the
wad on which it was fourd; it was not seen associated with
willemite, wulfenite, vanadinite, or mimetite. Wulfenite was
observed growing on the more coarsely crystalline generation of
willemite, and acicular mats of willemite were often found on
wulfenite. Vanadinite and mimetite could not be differentiated with
respect to time, but both were found on the two generations of
willemite and on wulfenite. Plattnerite occurs on vanadinite as
perhaps the last mineral to form.

This paragenesis could not be related completely to Eh-pH
diagrams because free energy data are not available for willemite,

Figure 13. Colorless hemimorphite crystal

groups to a few mm in size, on matrix, from the
Red Cloud mine. David Shannon specimen.

i
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wulfenite, vanadinite, and mimetite, and therefore their stability
fields cannot be established except by indirect means. However,
Eh-pH diagrams do exist which include hematite, certain
manganese oxides, chlorargyrite, anglesite, and cerussite (Garrels
and Christ, 1965; Schmitt, 1962). Further, according to Williams
(1966), a wulfenite-willemite association implies moderately high
Eh and pH. | conclude that the vein environment was rather strong-
ly acidic and oxidizing, at least through the wulfenite-producing
stage.

Limonite
Hematite
Anglesite
Mn oxides
Chlorargyrite ,
Willemite
Stetefeldite
Waulfenite
Cerussite g L P 4
Vanadinite and

mimetite
Platinerite

— earlier later —

Figure 14. Observed paragenesis of some oxide
zone minerals at the Red Cloud mine. Cerussite
established only as later than manganese oxide
matrix.




The suite of primary minerals can account for all ions needed to
produce the secondary minerals except for the molybdate, arsenate,
and vanadate needed for wulfenite, mimetite, and vanadinite. Also
antimony needed for stetefeldtite is of unknown origin. Titley and
Anthony (1961) concluded that molybdenum need not be in-
digenous but can be transported to the site of deposition as a solu-
ble molybdate ion. They inferred that this is probably true for most
oxidized veins where wulfenite is found and molybdenite is not
found among the primary minerals. Geochemical data suggest very
low concentrations of molybdenum, arsenic, and vanadium in
typical, unmineralized granitic rocks and andesites, and if these
ions are derived from the country rock, their concentrations must
be greatly enhanced. Enrichment in molybdenum occurred as
disseminated molybdenite mineralization in the porphyry copper
deposits of the southwestern United States, where wulfenite is also
typically found in oxidized veins. However, such a porphyry copper
deposit in the Silver mining district has yet to be discovered.

Figure I5. Crystals of pale amethyst (the largest
about 2.5 ¢m) from the Red Cloud mine.

Robert E. Reynolds specimen; photo by Grant
Richards.

If significant concentrations of this metal ion or of arsenic and
vanadium cannot be found in rocks near the Red Cloud vein, then
these must have been original constituents of the primary

mineralization. Such primary minerals, however, have not been
found at depth.

COLLECTING HISTORY*

Waulfenite from the Red Cloud mine apparently first began find-
ing its way to mineral dealers such as A. E. Foote and Henry Ward
during the 1880’s operations by the Red Cloud Mining Company.
Many fine pieces with old labels can be found in museums today.
During these first underground operations, the miners used candles
for illumination and cowhide bags for hauling ore to the surface.
Artifacts such as these are still occasionally found in the rubble and
backfill, amidst the hand-hewn pine and cottonwood timbers. Two
candleholders were very recently found still stuck in a timber when
a zone was emptied of backfill. These earliest workings, chiseled
and blasted out by primitive means, are easily recognized by their
irregular and sometimes cramped meanderings, as opposed to later,
more systematic stoping and drifting at lower levels. And these old
workings, mostly above the 150-foot level, have produced the most
specimens.

150

Areas of the mine extending down to the 500 level were opened
around 1925 and have produced very little wulfenite, although the
little which has been found there is superb. The lower workings
have been relatively inaccessible in recent years due to dust, debris
and insufficient oxygen to support collectors.

The greatest discovery at the Red Cloud mine was made by the
now-legendary Ed Over during his first and last trip there in 1938.
In a letter to Arthur Montgomery, Over even mentioned meeting a
man “who shipped wulfenites to Ward’s and Foote’s about 1910.”
Over’s letters to Montgomery provide a fascinating record of the
discovery, as detailed by Szenics (1975). His letter of February 14
covers the exciting discovery itself. Some excerpts:

“On the 9th I tried another brecciated seam that has pocketed
three times . . . each pocket has been bigger and better. I can’t com-
pare this stuff with anything I’ve seen before. . . . But I will say that
these single crystals, clusters and groups are the finest wulfenites
I’ve ever seen . . . the pocket bottoms are covered with loose
crystals . . . I think this seam is one in a million. Am shipping 8
boxes, 6 are from this place. P.S. Note large rose-shaped cluster
of crystals especially.”™

Over’s main cavity was about 8 inches wide. The floor of the
cavity was carpeted with soft, pulverulent manganese oxides, and
the wulfenite crystals, undamaged, were lying loose as if they had
floated down gently from their original perch in the cavity. Perhaps
the cavity had still been filled with water when the crystals broke
loose from the sides and settled softly to the bottom. In any case,
they remain the finest known examples of the species to this day,
and many collectors feel the color of this one pocket is slightly
brighter and cleaner than that of any other discoveries at the mine.
The crystals reach 5 cm (2 inches), some of which are floaters (no
visible point of attachment to matrix), and are typically almost 1 cm
in thickness. In all, about 24 exquisite specimens were recovered
from the pocket. Three are shown in Figure 4. Two more are shown
on page 191; the center piece was purchased by Harvard from
Montgomery in 1938 for $22.50, and the large piece just to the right
was donated by Montgomery to the Smithsonian. Yet another,
owned by Richard Bideaux, is shown on the cover of this issue.
Many of the Over wulfenites were eventually sold through Short-
mann’s, the well known mineral dealers of the day in
Massachusetts, and the Shortmann Brothers were forever after
plagued by people wanting to buy more such specimens. One
frustration still lingers . . . no one knows where in the mine Over
made his discovery.

Much collecting by private individuals took place during the
1960’s and 1970’s, resulting in many excellent discoveries. Of those
made public, the majority occurred in the south stope on or above
the 150-foot level. They include:

1963: Robert E. Reynolds (large matrix specimen, 500-level)

1965: Robert E. Reynolds (large specimens, 150-level)

1965: Unknown dealer (large, productive pocket, main incline)

1967: Leigh Price (varied material, 150-level)

1972: Gary Fleck (small pocket, 150-level)

1973: Michael Smith and group (large pocket, 150-level)

1973: Wayne Thompson and group (large pocket, 150-level)

1974: Grant Richards and Gary Fleck (pocket system, 150-level
raise)

1975: Grant Richards (pocket system, 150-level)

1975: Garth Bricker (small pockets)

These discoveries are undoubtedly only a sampling of those ac-
tually made, but they achieved the most publicity at the time.

In recent years the mine has become increasingly unsafe. Collec-
tors have removed support pillars, timbering and supportive
backfill, and have enlarged many open areas by stoping. Currently
an operation under the direction of Wayne Thompson is mucking

*This section was supplied by Wendell E. Wilson.
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out (removing debris from) sections of the mine in preparation for
renewed mining for argentiferous galena and specimen-grade
wulfenite. Access by other collectors is prohibited, but perhaps
these new operations will yield new quantities of the world’s finest
wulfenite.
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famous mineral localities:

TIGER

ARIZONA

by
Richard A. Bideaux

1144 West Miracle Mile

Tucson, Arizona 85705

From the initial discovery in 1879, over 100 years ago, until the
time of their closing in 1953, the Mammoth and Collins mines
were producers of spectacular mineral specimens for the collector.
Many of the mineral specimens recovered from this deeply oxidized,
base and precious metal vein deposit were exceptional examples com-
pared to those found in the numerous similar deposits in Arizona,
New Mexico and Sonora. Additionally, the superimposed wulfenite
and vanadinite mineralization was outstanding both in quality and
volume. Special conditions which obtained in these veins led to a suite
of highly unusual copper-lead minerals unmatched in richness and
beauty from any other deposit. The nearly 100 species recognized to
date seem to occur in endless combinations; while outstanding
cabinet specimens of some of the minerals were produced, the full
impact and range of the mineralogy can only be appreciated in micro-
mount-size crystals.

LOCATION

The mines are located about 80 km north-northeast of Tucson,
near the present town of Mammoth, Pinal County, Arizona, and
are today owned by the Magma Copper Company. Access to the
grounds is prohibited except by prior arrangement.

MINING HISTORY

Frank Schultz located claims on the Collins vein in 1879, the
Mohawk vein in 1881, and the Mammoth vein in 1882. Original
workings were an open cut atop a hill on the Collins vein. Mineral
specimens from this cut bearing labels with the locality “Schultz
gold mine” are still to be seen.

The town of Mammoth, about 5§ km northeast of the mine, was
established to mill the gold ore. By 1889, the property was in opera-
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tion by the Mammoth Gold Mines, Ltd., an English company, in
turn succeeded in 1896 by the Mammoth Gold Mining Company.
At first ore was hauled by 20-mule teams; later connection was
made to the town of Mammoth by an aerial tramway, traces of
which can still be seen.

In 1901 the workings caved from the 750-foot level to the sur-
face. For this reason and litigation, the mine was not reopened until
1913, by the Great Western Copper Company. Before 1914, the
mine was worked for gold alone, but demand for molybdenum
during World War | created interest in the mines’ wulfenite
reserves. The extensive tailings dump was worked for discarded
wulfenite, the first of several reworkings by the Arizona Rare
Metals Company.
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Figure 1. Mammoth mine in 1891 (photo courtesy of the Arizona

Historical Society).

The Mammoth Development Company acquired the property in
1915, extending the underground workings, then giving way in 1918
to the St. Anthony Mining and Development Company. The col-
lapse in the price of molybdenum necessitated closing the mines in
1919.

By 1943, with increasing demand for base metals due to World
War 11, the deeper sulfide ores were worked for lead and zinc. In-
creased mining costs and depleted reserves caused the sale of the
property and the town, Tiger, to the Magma Copper Company in
1953; at that time the mine ceased production.

About 400,000 ounces of gold, 1 million ounces of silver, 3.5
million pounds of copper, 75 million pounds of lead, and 50 million
pounds of zinc were produced. Six million pounds of MoO, and 2.5
million pounds of V,O,; were also recovered; these figures corres-
pond to 15 million pounds, or 7500 tons of pure wulfenite concen-
trates, and 12.5 million pounds, or over 6000 tons of vanadinite-
mimetite-descloizite concentrates. The total value at today’s prices

of all of the seven metals produced would be over $300 million (17,
27, 40).*

GEOLOGY

The area is underlain by Precambrian Oracle granodiorite which
has contributed material for younger conglomerate and arkoses.
Interbedded with basalt and tuff, these later overlying rocks are col-
lectively known as the Cloudburst formation of Tertiary age. In the
area of the mineral deposits, a younger fine-grained to prophyritic
intrusive rhyolite 1s prominent, appearing in places as a breccia of

*Ed. note: Due to the large number of references, this article
departs from our usual reference format. Numbers given in paren-
theses indicate numbered references listed at the end of the article.
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enigmatic origin, which includes fragments of granite and basalt as
well as rhyolite.

The Mammoth mine deposit is less than 1 km from the large San
Manuel low-grade porphyry copper and molybdenum deposit. The
former vein systems are certainly younger than the San Manuel
deposit, but their exact age relations are not yet established. Lead-
zinc-barite mineralization in the core of the San Manuel deposit
may correspond in age to that of the Mammoth mine (L. Thomas,
personal communication) (17, 27, 35).

The veins are fault-controlled: the same faults which rhyolite in-
truded were later mineralized along the granite-rhyolite contacts
with vein widths up to 6 m. After emplacement, the sulfide ores
were oxidized to great depth. A second period of normal faulting
then offset the main vein, forming the separate Collins (lower) and
Mammoth (upper) orebodies. The uplifted sulfides in the Collins
continued to oxidize to the present water table, while the pre-

existing oxidation of the Mammoth orebody extended below it (17,
27, 35).

EARLIER MINERALOGICAL WORK

After vom Rath (1) and Genth (2) originally described vanadinite
and descloizite from the Mammoth mine, there was little profes-
sional interest in the minerals from the deposit for many years.
Blake (8) and Guild (9), in their pioneer Arizona mineralogies,
touched on the deposit, but very few species were mentioned.
Peterson’s PhD thesis (16) and its publication (17) remain the
longest description of the geology and mineral occurrences at the
Mammoth mine. Galbraith’s initial Minerals of Arizona (21) sum-
marized Peterson’s mineralogical findings.

Following discovery of the rarer minerals about 1940, Palache at
Harvard University and Gordon at the Philadelphia Academy
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Figure 2. Schultz, Arizona, in 1903. The headframe of the Mohawk

mine is in the foreground, and the Mammoth mine workings are in
the saddle of the hills and to the right on the horizon (photo
courtesy of the Arizona Historical Society).

Figure 3. (left) Generalized geology of the Tiger area (from Creasey
(ZM).

Figure 4. (below) Vertical section through the Collins and Mam-
moth veins (from Anderson (35)).
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became interested in the mine. Palache collected at the deposit in
1941, and Gordon several times in the early 1940’s. While both
recognized the need for a comprehensive paper on the suite of
minerals, neither completed the project. Gordon’s work did result
in numerous unpublished crystal drawings of some of the most
complex crystals he observed in the deposit; these are reproduced
here for the first time.
PRESENT WORK

This study had several objectives, among which were a detailed
examination and confirmation of the minerals known to occur in
the deposit, their inter-relationships and sequence of formation. It
was hoped also to find minerals new to the deposit and perhaps new
Lo science.
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found not previously known to occur in the deposit and, of these,
three entirely new minerals, bideauxite (37), yedlinite (38) and
creaseyite (39), have been fully described.

Progress on unraveling the paragenetic sequences of the Mam-
moth mine suite, especially of the secondary minerals, has been
much less marked. The more closely this problem is examined, the
more complex it seems to become. More than one generation, on
the same specimen, of nearly every secondary species has been seen.
There are obvious implications for misjudging the relative ages of
these minerals on other specimens.

There is abundant evidence of earlier formed crystals being
physically displaced from their positions by other later minerals,
giving the appearance of a reversal in their true order of formation.
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Figure 5. Miners working in the lower levels of the Mammoth-St.
Anthony mine, early 1940’s (photo courtesy of the Arizona-Sonora

Desert Museum, Fred Houghton collection).

Several thousand specimens were examined, with detailed notes
taken on about 600 of the more interesting and significant of these.
X-ray powder diffraction was the principal method employed for
confirmation of the various species with several hundred such pat-
terns being prepared. The study was primarily confined to the metal
bearing species. No thin sections or other special efforts were made
to determine additional species in the host rocks. Other than a few
visits to the locality to collect on the surface, the study was con-
ducted entirely on specimens already in collections.

There was considerable success in confirming the already known
species, as presented in this paper. About two dozen minerals were
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Pseudomorphic replacements, many seemingly contradictory, were
found to be much more widespread than previously reported. Some
of these replacements appeared to proceed only by breaching the
surfaces of some of the crystals possibly subject to alteration. Ef-
fects also were seen which are perhaps best explained by contem-
poraneous, or nearly so, deposition of several species.

While the order of deposition on most individual specimens was
easily understood, some showed a drastic difference in the order, or
even the groups of species present, in a distance of only a few mm.
These problems, coupled with the lack of data regarding location of
occurrence within the deposit for most of the specimens examined,
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make anything other than a gross estimate of the paragenesis dif-
ficult, if not impossible. The samples examined, while several thou-
sand in number, obviously have not exhausted the combinations or
even the minerals to be observed, and are clearly not samples repre-
sentative of the entire deposit. Examples of the primary minerals
are very rare in collections; those minerals collected have been
chosen in large part for their beauty and commercial acceptability,
rather than to assist in understanding of the minerals’ formation.

Consequently, the minerals known to occur in the deposit have
been grouped first by a gross order of formation, as shown in the
tables following. These include minerals of the host rocks and
gangue, followed by the primary and secondary sulfides. As the
result of oxidation of the upper portions of the veins, one group of
secondary minerals is defined as a normal alteration sequence,
while another group appears to be anomalous. Placement of in-
dividual species in either of these groups is based partially on the
oxidation sequences reported in deposits with some similar
characteristics, and the observed associations in this deposit,
especially for some of the quantitatively rarer species. Minerals
from one group seem usually not to be found with those from the
other, but a considerable number of exceptions could be cited.

The minerals in Table | are also defined by the major rock-
forming elements, for the minerals in the wall-rocks and gangue.
The qualitative presence of silver, lead, copper, iron or zinc is noted
for the secondary minerals listed in the following tables, as these are
the principal elements supplied by oxidation of the primary
sulfides.

Following the tables, the individual minerals are discussed in
alphabetical order. Reference numbers are the last item for each
mineral. These are intended to encompass every mention of the
species found in the literature listed under references.

Table 1. Host rock and gangue minerals.

Sili-

K NaCaMg Fe Al cate Water Others
Quartz
Microcline X
Orthoclase X . . .
Plagioclase . X .
Biotite e
Magnetite v
Apatite -

WALL
ROCKS

o’ K-
o KKK
P R o R oK oE e
P
o

PO,, Cl

Allophane -
Muscovite -
Antigorite
HYDRO- Serpentine
THERMAL Palygorskite
ALTER- Chlorite
TION Amesite
Epidote
Tourmaline
Stilbite
Heulandite
INTRO- | Barite
DUCED { Fluorite
Calcite

. XN
>

9¢« ¢ 5 ¢ ¢ ¢ -
: o
M M AN MK

F, BO,

AKX AN
AKX

o KK
P I T A B

Ba, SO,

CO,

HOST ROCK AND GANGUE MINERALS

The minerals reported as composing the wall rocks are unexcep-
tional, as was the course of their alteration during later hydrother-
mal mineralization of the veins. Destruction of the feldspars, with
loss of soluble potassium and sodium and the introduction of
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water, resulted in hydrated alumino-silicate minerals. Biotite and
the other dark-colored magnesium, aluminum, iron-bearing
(mafic) minerals (undoubtedly present but not reported) provided
magnesium and iron for the clay species and abundant chlorite.
Ba‘", SO{ and some F were perhaps introduced during
hydrothermal mineralization to form barite and fluorite. The
elements requires to form these minerals are present in the wall
rocks, yet their apparent abundance would argue a wider volume of
alteration than seems to occur. For example, the width of the barite
zone surrounding the Mammoth vein is considerably greater than
the vein itself, or the width of bleaching of the wall rocks. CO;" in
calcite is probably from intermingled groundwater.

Allophane an amorphous hydrous aluminum silicate.

Undoubtedly many different species are lumped with the general
term “clay” as applied to the Mammoth mine suite; they will be
discussed here under the heading allophane unless otherwise dif-
ferentiated. This designation is chosen because of the amorphous
nature and high aluminum content of most samples containing
thick enough layers for X-ray analyses. Clays in one form or
another can be found in association with nearly all of the minerals
studied, and at least a little can be found on nearly every specimen,;
their distinction could form a substantial project in itself.

Allophane formed in abundance in the veins as an alteration
product of feldspars from the wallrock, and in turn became copper-
stained, finally producing chrysocolla. The various clay minerals in
general range in color from white through greens and blues, and are
present as powders, films, crusts, sometimes banded, occasionally
pisolitic, and range from porous to waxy.

An attractive association is a continuous, smooth but layered
coating of allophane over wulfenite crystals and their matrix, the
whole then giving a shining porcelaneous appearance. This com-
bination forms a pleasing background for scattered crystals of
cerussite, dioptase, later wulfenite, mimetite, fluorite, and quartz.

Clay was noted as entirely replacing a loose cerussite twin, while
yet another mass of clay formed a hollow mold of cerussite.
Linarite and caledonite have been entirely coated by clay, then
dissolved, leaving hollow crystal casts. Atacamite was found to
have clay selectively encrusting only certain crystal faces (17, 27, 33,
40, 41).

Amesite (Mg, AINALSHO(OH),

On one specimen, determined to be the white powdery matrix on
which wulfenite occurs (41).

Antigorite (Mg, Fe),S1,0,(OH),

On a single specimen, from the 100 level, as white crusts with
minute contemporaneous quartz crystals. The quartz includes balls
of antigorite just under the surface; later wulfenite and descloizite
are also on the specimen (41).

Apatite Ca,(PO,),(F,OH,Cl)

Reported as a very minor accessory in the host rocks, Oracle
granodiorite, aplite, and andesite porphyry (17).

Figure 6. Barite (Gordon).

Barite BaSO,

A common gangue mineral, forming the matrix for or inter-
mingled with primary sulfides and their alteration products. Usual-
ly as cleavable masses, the mineral occasionally forms in patchily
transparent crystal groups with rhombic individuals to several cm.
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When not encrusted with metallic minerals, an amethystine druse
of fluorite crystals is often noted. Tiny water-clear crystals of a later
generation may be confused with anglesite (15, 24, 27, 31, 33, 40,
41).

Biotite K(Mg,Fe),(Al,Fe)Si,0,,(0H,F),

A constituent of the host rocks, mostly in the Oracle granodio-
rite, but accessory in aplite and rhyolite. It is largely replaced by
chlorite adjacent to the veins (17, 33, 40, 41).

T

Figure 7. Calcite (Gordon).

Calcite CaCO,

A gangue mineral, as cleavable masses up to several inches across
veining the wall rock, colorless to black from manganese oxides in-
cluded along cleavage planes.

Crystals also occur as a very late-stage mineral, alone or with the
wulfenite-vanadinite-mimetite-descloizite assemblage. These are us-
ually flat tabular, simple rhombohedral crystals, but occasionally
form hexagonal prismatic crystals, investing wulfenite, but often in
turn coated by vanadinite-mimetite or descloizite (2, 9, 13, 15, 17,
33, 40, 41).

Chlorite (Mg,Fe):.«(Al,Si),0,{OH),

A gangue mineral, with barite, quartz, and feldspar, forming
part of the matrix for the later primary sulfides. A result of
hydrothermal alteration of mafic minerals in the host rocks about
the veins.

Powdery to fibrous green masses, usually intimately associated
with specular hematite, are to be found on many preserved
specimens. Occasionally chlorite is found as inclusions in quartz
crystals. Much of the gold for which the deposit was economically
mined occurs as micron-sized flakes on chlorite (A. Cockle, pers.
comm.). The chlorite sub-species involved have not been deter-
mined, but are rich in magnesium and iron. Viridite in part on older
lists (15, 17, 27, 31, 33, 40, 41).

Epidote Ca,(Al,Fe),Si,0,;(0OH)

An alteration product of mafic minerals in the host rocks (S.
Williams, pers. comm.). Tiny green needles occur in and on
sericitized feldspars, and with chlorite (17, 33, 40, 41).

Figure 8. Fluorite (Gordon).

Fluorite CaF,

A gangue mineral with the primary sulfides, and especially with
barite. Some large translucent colorless cubic crystals, up to 12 mm,
occur rarely in this association. Most crystals are a fraction of 1| mm
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in size. Colorless to amethystine druses of microscopic crystals
often coat barite. Water clear cubic crystals occur along with clay
minerals, and frequently on willemite, quartz, and dioptase crystals
associated with wulfenite, mimetite and descloizite. They usually
can be found including creaseyite fibers on the few specimens bear-
ing that mineral.

Although usually transparent and colorless, and inconspicuous
for this reason, delicate shades of purple sometimes are seen,
perhaps zoned along faces, edges or corners. The crystals may be
etched to opacity; and rarely may have later, smaller clear fluorite
grown on them (15, 17, 21, 24, 26, 27, 29, 30, 31, 33, 38, 39, 40,
41).

Figure 9. Heulandite (Gordon).

Heulandite (Na,Ca), Al(Al,Si),Si;0,;+24H,0

Two specimens showing microcrystals of translucent white
heulandite were seen. On one, it occurs on equally tiny stilbite
crystals on large wulfenite plates. On the other, lustrous crystals are
strung on loops of gelatinous chrysocolla. The heulandite crystals
observed are always twinned. Gordon observed heulandite in the
early 1940’s; a drawing is extant (41).

Magnetite FeFe,O,

A minor accessory mineral in the wall rocks, replaced by pyrite
near the veins (17, 33, 40, 41).

Microcline KAISi, O,

Pink feldspar phenocrysts in Oracle granodiorite and aplite were
optically determined to be partially microcline by Peterson (17, 33).

Muscovite KAI;{M.Si;)Om{OH):

Feldspars in the wall rock near the veins are entirely converted to
sericite, a very fine grained hydrous form of muscovite (17, 27, 33).

Orthoclase KAISi,O,

Orthoclase phenocrysts and secondary adularia, a variety, occur
in the wall rocks (4, 17, 31, 33, 40, 41).

Palygorskite (Mg,Al),;S1,0,(0OH)+4H,0

A few specimens of the dull gray, matted, mountain leather
variety have been preserved from their occurrence in fault gouge.
Probably the material listed as actinolite (mountain leather) (40).

PW NWSI;O; 1o C&AleizO!

An essential component of the wall rocks, varying in composi-
tion from albite to andesine and oligioclase (4, 17, 33, 40, 41).

Quartz SiO,

Some quartz was being deposited throughout all phases of
mineralization in the veins, as well as being an important compo-
nent of the host rocks. It can be found in association with every
other species. Primary sulfides were deposited along with early cox-
comb quartz encrusting brecciated fragments, and very late drusy
quartz can be found encrusting wulfenite with clay, among the last
minerals formed. The crystals in general are small, only a few mm
in length, and often inconspicuous. Several generations of quartz
are commonly found on a single specimen, sometimes in parallel
overgrowths.

Early in the history of mineralization, galena was replaced along
cleavages by multitudes of distinctive doubly-terminated quartz
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crystals, usually only a mm or two long. These crystals characteris-
tically enclose microscopic blebs of brilliant galena, giving them a
gray cast in mass. Loosely attached to one another, with the contin-
uing removal of galena during oxidation they ultimately formed
fragile and very light masses which retain the cubic pattern of the
galena, with some parts of the boxwork perhaps entirely filled in to
give the appearance almost of a pseudocubic crystal.

These quartz casts of galena crystals form a part of the matrix for
many of the rarer minerals. Leadhillite, caledonite, and diaboleite
especially can hardly be found without their crystallization having
been interfered with by some of these quartz crystals, dislodged
from their place in the relict boxworks.

Some crystals show phantoms and inclusions of other minerals.
Shining plates of microscopic hematite are very common, giving the
quartz crystals a blood-red color. Malachite, dioptase, mimetite
and wulfenite crystals and spherules of clay may be entirely
suspended in quartz crystals. Gold in quartz was of economic im-
portance but apparently was only rarely visible.

Much of the quartz forms fine-grained masses which have en-
crusted and enclosed earlier minerals, now gone. Many of these
molds are suggestive of scalenohedral calcite crystals. A few free-
standing epimorphs of drusy quartz, now completely hollow, were
found which had covered cerussite sixlings or hemimorphite
crystals.

Much of the quartz is amethystine, or colored pale yellow to
green. Thin crusts of chalcedony sometimes cover wulfenite crystals
(1, 2, 8, 10, 13, 15, 17, 20, 25, 26, 27, 29, 33, 37, 38, 40, 41).

Serpentine a group of minerals (Mg,Fe),Si,;0,(OH),

Noted as an alteration product of olivine (17, 33, 40).

Stilbite NaCa,(Al;Si,,)0,.+14H,;0

Minute white bow-ties of stilbite, rarely associated with another
zeolite, heulandite, can be found on some wulfenite specimens (41).

Tourmaline a group of minerals (Na,Ca)(Mg,Fe),Al,
(BO,)«(SisO,(OH,F),

Minute brownish crystals with the typical rounded triangular
cross-section were X-rayed and proved to be a member of this
group. Observed on only one specimen, they were coated with
brochantite needles (41).

Table 2, Sulfides
AgPbCu Fe Zn Others

Galena ™ X
Chalcopyrite
Tetrahedrite
Pyrite
Sphalerite X
Acanthite X
Djurleite
Chalcocite
Covellite
Bornite

X
PRIMARY X Sb

o KK

SECONDARY

o € X K

SULFIDE MINERALS

The primary sulfides were deposited along with gangue minerals
in the veins. Galena and sphalerite are about equally abundant,
with lesser amounts of pyrite. Chalcopyrite is a minor mineral, and
tetrahedrite is present only in traces.

Oxidation of these primary minerals provided the metals for for-
mation of the wide variety of secondary species obtained during
mining of the upper portions of the veins. Attack by ferric sulfate,
produced from decomposition of the pyrite by weakly acidic
groundwater, initiated the dissolution of the other sulfides. Lead
was released by galena, along with much smaller amounts of in-
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cluded silver. Chalcopyrite provided copper, and sphalerite the
zinc. Some Fe was set free from pyrite and chalcopyrite, but contin-
uing oxidation of rock-forming mafic minerals and hydrothermal
chlorite provided substantial amounts of this element as well.

As an intermediate step, secondary copper and iron sulfides were
formed in small amounts, as replacements principally of galena.

PRIMARY SULFIDES

Chalcopyrite CuFeS,

Chalcopyrite, the primary source of copper in the Mammoth
mine ores, occurs in minor amounts with galena, as inclusions ex-
solved from sphalerite, and intergrown with pyrite. Tiny sphenoidal
crystals seem uncommon in the few primary ore specimens pre-
served in collections (17, 27, 33, 35, 40, 41).

Galena PbS

Galena is the important primary lead mineral in the Mammoth
mine ores, the alteration of which provided the colorful suite of
secondary minerals. Little unoxidized material has been preserved
in collections, but descriptions of the ores dating from when the
mine was in operation indicate that galena was approximately equal
in abundance to sphalerite, with pyrite and minor chalcopyrite
deposited later. Some galena-rich ore carried as much as 25 ounces
of silver and 0.375 ounces of gold per ton. Gangue minerals were
barite, fluorite, chlorite, specular hematite, adularia and quartz.
Distinct galena crystals were quite rare at the time of mining.

Galena is also preserved in oxidized nodules, when the alteration
process starts with replacement of galena by quartz (which includes
galena) and djurleite or chalcocite along cleavage planes. All of
these minerals may preserve a relic boxwork structure after the
galena has been entirely replaced. These nodules are commonly
rimmed first by anglesite, then cerussite, both massive in the shells,
but crystals of either may form later on the exterior. Oxidized cop-
per minerals, such as linarite and brochantite, may occur in thin
shells between galena and anglesite, or in the anglesite; malachite,
azurite, and chrysocolla often encrust the cerussite shell. The course
of these reactions can be quite complex; relict galena boxworks
have been seen in which every cell had varying combinations of
minerals (4, 8, 15, 17, 21, 24, 25, 26, 27, 31, 33, 35, 39, 40, 41).

Pyrite FeS,

A constituent of the primary sulfide ores, pyrite occurs in lesser
amounts than galena and sphalerite. Crystals are rare, and of sim-
ple cubic habit (4, 17, 27, 33, 35, 40, 41).

Sphalerite ZnS

Massive to radially crystalline, light yellow to brown and black,
with crystals very rare. Minute tetrahedra of sphalerite, often as
spinel-law twins, could be found in the primary ore. Sphalerite was
the most abundant sulfide mineral, and its alteration provided zinc
for later smithsonite, hemimorphite, and willemite. It was earlier
than the usually intimately occurring galena, and contained ex-
solved chalcopyrite, which altered to films of covellite. Pyrite,
barite, quartz, fluorite, hematite and chlorite were associated in the
sphalerite-bearing gangue (15, 17, 21, 24, 27, 31, 33, 35, 40, 41).

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

Sharp tetrahedral crystals, modified with small faces of the
negative tetrahedron, and less than | mm in size, occur on one
specimen collected from the dump. Their matrix is pyrite in about
the same crystal size.

SECONDARY SULFIDES

Acanthite Ag,S

Druses of minute black acanthite crystals partially encrust silver
wires and crystals imbedded in leadhillite cleavages. On several
similar specimens the acanthite also occurs on and in the leadhillite,
to which it imparts a characteristic blackish color. The leadhillite is
usually replaced by minor caledonite and brochantite.

Although the acanthite crystals are too small for measurement,
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Figure 10. Caledonite crystals to 4 mm,
Arizona-Sonora Desert Museum collection.

Figure 12. Formacite group 10 mm across,
University of Arizona collection.
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Figure I1. Malachite pseudomorphs after an azurite crystal (2.4 cm tall) on Figure 13. Gold, 1.5 cm across, Arizona-Sonora
reticulated cerussite. Jelks collection, Arizona-Sonora Desert Museum. Desert Museum collection.
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Figure 14. Wulfenite, 15 cm across, Arizona-
Sonora Desert Museum collection. Photo by
William Panczner.

Figure 15. Spherical aggregate of dioptase
crystals 6 mm across, Jelks collection, Arizona-
Sonora Desert Museum.

-
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Figure 16. Pale bideauxite crystals to 4 mm with
blue boleite, Arizona-Sonora Desert Museum
collection.

Figure 17. Diaboleite crystal pocket 3 cm across,
University of Arizona collection.




they have bristling and sharply-angled terminations. This indicates
crystallization as primary monoclinic acanthite at a temperature
below 176° C, rather than inversion from isometric agentite
deposited at a higher temperature (41).

Bornite Cu,FeS,

Intermixed in small amount with other copper-bearing sulfides
replacing galena (17, 33, 40, 41).

Chalcocite Cu,S

Chalcocite occurs as an alteration product, in thin films, of
galena and chalcopyrite. While most suspected chalcocite
specimens examined in this study proved to be djurleite, neverthe-
less its occurrence was confirmed on several pieces (17, 25, 26, 33,
40, 41).

Covellite CuS

At one stage in the oxidation of primary sulfides, galena is par-
tially replaced by sooty djurleite, which is in turn altered to covellite
as irridescent films and tiny but distinct metallic purple to red hex-
agonal crystals. The covellite crystals may be included in anglesite
and matlockite crystals, giving them a red color in transmitted light.
Pure masses intermixed with pyrite, and veining wall rock, were
rarely preserved (17, 21, 24, 27, 31, 33, 37, 40, 41).

Djurieite Cu, .S

Djurleite formed as replacements of galena, sometimes as steel-
gray metallic massive nodules rimmed by secondary lead minerals,
but more often as fragile shells and crusts of powdery and sooty
texture. The crusts usually show relict structure of the replaced
galena, and are associated with quartz crystals also replacing
galena. The djurleite occurs intermixed in places with bornite and
covellite. These alterations are an important step in providing the
copper from primary chalcopyrite and lead from primary galena to
the formation of the later, more highly oxidized minerals. Most
minerals examined during this study which were suspected of being
chalcocite proved to be djurleite which is stable only below 93°C
(41).

OXIDIZED MINERALS
NORMAL SEQUENCE

The normal alteration sequence for galena, as seen in many
deposits other than the Mammoth mine, is first to the lead sulfate,
anglesite, then to cerussite, the lead carbonate. In the processes,
lead is made available for the formation of the relatively more in-
soluble molybdates, arsenates, etc., if these anions are present. The
copper-bearing sulfates, linarite and brochantite, seem to persist
most often along with diaboleite, leadhillite and the other minerals
here categorized as anomalous, so they are placed with that group,
but the extent of these sulfates in the mine was much wider, up to
about 100 meters above the diaboleite occurrences. Copper forms
carbonates which have persisted, but much of this element ended
up in chrysocolla and some dioptase. Zinc has a geochemical
behavior similar to copper; sulfates do not exist in the mine, and
either its carbonate, smithsonite, or the silicates, hemimorphite and
willemite are the stable forms. Iron was quickly fixed as oxides
under a wide range of conditiuns.

Looking at the other elements in Table 3, only small amounts of
manganese are present; but the existence of huge quantities of
especially wulfenite, vanadinite and mimetite required introduction
of molybdenum, vanadium, and arsenic. Molybdenum at least was
probably introduced as a chemical species in solution in ground-
water until it encountered lead in solution. It was then fixed as
wulfenite, principally in the upper portions of the veins. Wulfenite
was found in the deepest level to which the mine was worked, but
even these tongues had connection with the surface. The nearby
San Manuel copper porphyry deposit is a major producer of
molybdenum from molybdenite, MoS,. The upper oxidized por-
tions of that deposit are relatively depleted in molybdenum (L.
Thomas, pers. comm.). Vanadium, arsenic, chromium, etc., may
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Table 3. Oxidized minerals, normal sequence.

AgPbCu Fe Zn Others
Gold Au
Silver X
Sulfur S

Minium
Murdochite
Cuprite
Tenorite
Goethite

ELEMENTS

OXIDES

Hematite
Ramsdellite
Hollandite
Anglesite
Devilline
Cerussite
Azurite
Malachite
Aurichalcite
Rosasite
Smithsonite
Wulfenite
Mimetite
Pyromorphite
Vanadinite
Fornacite

SULFATES

CARBONATES

MOLYBDATE

ARSENATE,
PHOSPHATE,
VANADATE

P

Tsumebite
Mixite
Descloizite
Mottramite
Chrysocolla
Dioptase
Plancheite
Hisingerite
Creaseyite
Hemimorphite X
Willemite X
Macquartite . 5 CrO,

SILICATES

K KKK KN

X Al

have been leached from the surrounding rocks of dioritic composi-
tion. All of the above reactions took place in an aqueous environ-
ment; many of the minerals listed contain water in their structure.
The somewhat elevated temperatures indicated could have been
generated by oxidation within the veins themselves, without
necessarily invoking an external source of heat.

Aw PIJSO¢

Anglesite occurs frequently but is somewhat rarer than cerussite,
with which it is often associated. Other common associates are the
sulfate-containing minerals leadhillite, linarite, brochantite, and
caledonite; more rarely matlockite, phosgenite, boleite, diaboleite
and atacamite.

Anglesite is usually the first alteration product of galena, and is
in turn altered to cerussite in the classical sequence. It can either rim
the galena or form boxworks within it, sometimes as complete
replacements of porcelaneous texture and white to gray color.

Anglesite is notable for a wide diversity of crystal habits, but, in
contrast to cerussite, never forms twinned crystals. A commonly
occurring, very late type is as powdery to sugary crystalline masses
investing crystals of other species. These shining masses are of
sparkling white color, or occasionally delicately tinged pink from
included iron oxide. Rhombic crystals with the outline of anglesite
but with a sugary texture, formed by recrystallization or corrosion,
can be seen. These crystals may assume a pseudo-hexagonal
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azurite from any locality. Prisms of a deep blue-black color
associated with cerussite twins are characteristic, as are stouter
crystals altered in part or in whole to fibrous malachite. Both types
usually also enclose the doubly terminated quartz crystals so com-
mon on Mammoth mine specimens. Very rarely azurite crystals are
associated on the same specimen with linarite or diaboleite, then
also usually with anglesite.
While the cerussite twins are most often on azurite crystals, a few
4 specimens were noted where the azurite was later than cerussite,
7 perched in interstices or on the tips of cerussite in reticulated masses
of crystals. The pseudomorphs of malachite after azurite may have
b a thin veneer of later azurite grown in parallel position to the earlier
azurite crystal (4, 14, 15, 26, 27, 33, ).

=

Figure 18. Anglesite (Gordon).

outline, and then are sometimes distinguished from leadhillite only
with difficulty.

The better-formed crystals are usually of small size, 1 to 2 mm,
and can be recognized by their diamond-shaped outlines, or chisel-
shaped to Roman-sword-shaped terminations. These crystals are
usually glassy-clear and striated parallel to the axis of elongation,
and can be as long as 6 mm,

Crystais of covellite are found as inclusions, and linarite and
brochantite may replace the anglesite without destruction of the
crystal form. Anglesite commonly alters from crystalline matlockite
masses, which it rims, and it is a component in pseudomorphs after
linarite and caledonite crystals (4, 8, 15, 17, 21, 22, 24, 25, 26, 27,
31, 33, 37, 40, 41).

Aurichalcite (Zn,Cu)«(CO,),(OH),

Only two specimens were noted showing this mineral. On one
piece, the aurichalcite occurs as sprays of tiny, pale blue crystals on
a matrix of corroded calcite cleavages. On the other, aurichalcite is
in fibrous radiating balls perched on glassy tabular willemite
crystals, with later wulfenite and descloizite (41).

Figure 20. (top) Cerussite (Gor-
don); botrom Cerussite (28).

Cerussite PbCO,

An alteration product of galena, with massive material rimming
anglesite in banded nodules. Later cerussite occurs as fine crystal
groups, almost always twinned as pairs of individuals, trillings, six-
lings, or finely reticulated masses. Only rarely do single prismatic
crystals occur.

These later twinned crystals are among the finest U.S. examples
of the mineral, and as they can be found on almost every specimen
preserved from the Mammoth mine they can assist in determining
the correct locality for many specimens. Some twins have been
found weighing more than a kilogram with larger reticulated masses
of several times this weight.

While some of the crystals are gem-clear, usually they are milky
and can even be chatoyant. These effects are caused by fluid inclu-
sions in long hollow tubes and negative crystals which can make up
to 5% of the volume of some crystals. The bubble-filling
temperature was determined to be about 50 degrees C (B. Austna,

Figure 19. Azurite (Gordon). pers. comm.).
The crystals are usually colorless to white, but some crystals are
Azurite Cu,(CO,);(OH), tinted a pale yellowish-green to chartreuse, with the color often ar-
Azurite forms some of the larger crystals of any of the Mammoth ranged in thin parallel bands. These colors are thought to be due to
mine species, up to 4 cm, with malachite pseudomorphs afte azurite small amounts of chromium; rarely fornacite will be found on
to over 8 cm. Mammoth mine azurite at its best is comparable to crystals of this type.
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Figure 21. Cerussite with dioptase and wulfenite on matrix 4.5
cm across, Jelks collection, Arizona-Sonora Desert Museum.

Figure 22. (left) Azurite crystal, 5.4 cm across,
Curt Van Scriver collection.

Figure 24. Malachite pseudomorph after azurite
crystals, 5.8 cm across, Curt Van Scriver collec-
tion.

Y Figure 23. Linarite crystal 2.3 cm across, on
amethyst, Arizona-Sonora Desert Museum col-
lection. Photo by Bob Jones.
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Figure 26. (above) Wulfenite showing crystal
form change from first to second order, 1.6
cm across, Smithsonian Institution collec-

tion.
Figure 25. (above) Leadhillite, 2.3 cm

across, Jelks collection, Arizona-
Sonora Desert Museum.

Figure 27. (right) Vanadinite crystals in
sub-parallel group 3.2 cm across, Jelks
collection, Arizona-Sonora Desert
Museum.

Figure 28. (lower right) Smithsonite ball
1.9 cm across on matrix; Jelks collec-
tion, Arizona-Sonora Desert Museum
collection.

Figure 29. (below) Matlockite, one of
the largest crystals known, 3.5 cm
across; Arizona-Sonora Desert Museum
collection.
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Cerussite is especially associated with azurite, and some
remarkable reticulated specimens are coated with later silvery-
lustered malachite. It forms at the expense of diaboleite crystals,
but is in turn itself corroded on these pieces. Leadhillite prisms will
alter to somewhat oriented, reticulated aggregates of cerussite
which sometimes preserve the leadhillite form quite well. Cerussite
twins can be entirely replaced by linarite, in turn partially altered to
brochantite. Anglesite crystals are usually associated with these lat-
ter two occurrences. In one case the anglesite was as hollow epi-
morphic overgrowths formerly on cerussite. Two generations of
cerussite crystals may be found on the same specimen, sometimes in
parallel growth.

Waulfenite specimens will often have later cerussite crystals as
overgrowths but on some pieces the wulfenite is on cerussite. Late
clay minerals form a matrix for cerussite. One specimen was
observed in which clay had entirely replaced a loose cyclic cerussite
twin, with only the form of the cerussite preserving the transforma-
tion. Another clay specimen has an entirely hollow cast in the shape
of a similar cyclic cerussite twin (3, 4, 7, 8, 9, 10, 12, 14, 15, 17, 20,
21, 22, 24, 25, 26, 27, 28, 31, 33, 34, 37, 38, 39, 40, 41).

Chrysocolla (Cu,Al);H,Si,04(OH),+*nH;O

Noted in the alteration rinds about galena, usually but not always
outside the anglesite and cerussite shells. Often there is a black layer
with the chrysocolla, commonly misidentified as tenorite. This is
more likely to be manganiferous chrysocolla. Relic boxworks after
galena are sometimes composed entirely of chrysocolla which then
exhibits a pseudo-cubic cleavage.

Highly variable in color, from a translucent, almost gemmy sky-
blue, to powdery and nearly white, when it grades insensibly into
other clay minerals. It is usually massive in texture, but may form
ball-like aggregates. Malachite and rarely plancheite may be inter-
mixed.

Chrysocolla often forms the matrix for later lead and copper
minerals. Wulfenite crystals may be imbedded in chrysocolla or
formed on the surface, along with cerussite and dioptase. Rarely
wulfenite is found entirely replaced by chrysocolla. The chrysocolla
may form a hollow shell, formerly around a nodule of galena and
its alteration products, now incrusted on the interior and exterior
with these later minerals. One interesting specimen shows drusy
quartz as epimorphs after cerussite twins, their interiors now par-
tially filled with chrysocolla (17, 19, 21, 22, 24, 25, 27, 31, 33, 40,
41).

Creaseyite Cu,Pb,(Fe, Al),Si;0,,+6H,0

Occurs as pale yellowish green fibers, almost always associated
with wulfenite, either randomly intergrown or aggregated into
spherules less than 1 mm diameter. It is younger than associated
wulfenite, cerussite and dioptase. Fluorite, willemite, descloizite
and murdochite have been seen on creaseyite fibers. Only a few
specimens have been preserved although the mineral was probably
relatively common in the upper workings at one time. The Mam-
moth mine is the type locality. About 1 gram of the mineral is on
known specimens in collections. This mineral was noted as beudan-
tite on some other lists (39, 40, 41).

Cuprite Cu,0

The mineral may have been of substantial occurrence in the
Mammoth mine ores to judge from the several nearly pure masses
preserved. Otherwise it is of very rare occurrence as crystals,
sometimes of the chalcotrichite variety, in chrysocolla, or on
specimens with other of the oxidized lead and copper minerals (40,
41).

Descloizite Pb(Zn,Cu)(VO)NOH)

Usually associated with wulfenite, descloizite is often the last
mineral to form on many specimens. Sometimes vanadinite and
mimetite will be found on crusts of descloizite, but pseudomorphs
of descloizite replacing those minerals have been noted. Fluorite,
dioptase, willemite and quartz are also frequently on specimens
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bearing descloizite, which has a maximum crystal size of only 1 or 2
mm.

Crystals of this species are usually rhombic, nearly square in
outline, but it can assume a steeper and more pointed habit. Des-
cloizite forms a complete series with mottramite, Pb(Cu,Zn)(VO,)
(OH), and therefore shows a considerable range of color. Variously
described as orangish brown, reddish brown, yellow and dark
brown, the relatively zinc-rich descloizite crystals can also show col-
or zoning in these shades. Rare intermediate members (the variety
cuprodescloizite in part) can assume a green coloration. Mottramite
is coal-black. These species might be confused with wulfenite or
possibly fornacite without careful observation. This is the dechenite
of Rickard (1, 2, 3,4, 5, 8,9, 10, 14, 15, 16, 17, 19, 21, 24, 26, 27,
28, 31, 33, 39, 40, 41).

Devilline CaCu,(SO,);(OH),+3H;0

Sparse, scaly blue crusts of this mineral occur on partially
decomposed primary sulfides, galena, sphalerite and pyrite, with
their gangue minerals barite and chlorite. A little fluorite, covellite
and brochantite also occur on one of the two known specimens.
The other specimen is in association with caledonite. (X-ray iden-
tification by S. Williams, pers. comm.) (41).

Figure 30. Dioptase (left, (19);
right, Gordon).

Dioptase CuSiO,(OH),

The beautiful specimens with minute needles of brilliant emerald-
green dioptase crystals carpeting chrysocolla, clays, cerussite and
wulfenite are among the most conspicuous and sought-after of the
Mammoth mine specimens. Probably more examples of wulfenite
encrusted with willemite and dioptase were preserved than any of
the other minerals. Dioptase alone on a clay matrix, perhaps as
balls of radiating crystals to about 15 mm, investing clay which has
coated earlier wulfenites or, in turn, providing the matrix for large
cerussite twins, affords the best examples of this mineral from the
U.S.

Scattered among the dioptase needles usually are wulfenite,
mimetite and quartz crystals; any of these may be earlier or later
than the dioptase. Willemite crystals are often found to be earlier,
and fluorite, descloizite, and rarely fornacite crystals are usually
later. Dioptase infrequently occurs on and with diaboleite.

One specimen was seen on which the dioptase needles had
preferentially incorporated some black mineral, themselves becom-
ing entirely black (4, 19, 20, 21, 22, 24, 26, 27, 28, 31, 33, 34, 38,
39, 40, 41).

Fornacite (Pb,Cu),[(Cr,As)O,|.(OH)

A relatively rare mineral in the Mammoth mine suite, small
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crystals of this species nevertheless can be found in a variety of
associations. The mineral was first properly identified in the
mid-1950’s, in a lot of material from a single pocket, where crystals
several mm long, the largest known from any locality, were scat-
tered on matrix. These occur along with larger wulfenite crystals
and etched opaque white fluorite, also up to several mm, large
compared to the average size of occurrence of this species at the
Mammoth mine. On other specimens, small amounts may be occa-
sionally found with dioptase, hemimorphite, and willemite and on
cerussite.

Pseudomorphs, probably after malachite, on chrysocolla, and
hollow encrustation pseudomorphs after a mineral with habit and
angles similar to crocoite, have also been found. Crystals can be
found in old collections, but the mineral was misidentified or
overlooked. It can be confused with cuprian descloizite, and has in
the past also been identified as olivenite. Its distinctive color, olive
to pistachio-green in small crystals, grading to a dark greenish black
in the larger ones, as well as more rounded edges and composite
faces, should help in visual identifications (32, 33, 38, 40, 41).

Goethite FeO(OH)

This mineral is undoubtedly a large component in the limonite
frequently found with oxidized specimens, but its presence was con-
firmed only in a few cases (33, 39, 41).

Gold, Au

In the early days of operation, this was the principal economic
metal recovered. The gold occurring in a particular greenish yellow
quartz, the richest ore, tended to be fine-grained, with particles
only rarely visible. This ore averaged 0.09 ounces per ton in the
New Year mine, and 0.15 in the Mammoth mine. Galena ores were
assayed up to 0.375 ounces per ton. Rusty films of iron oxide on
cracks in host rock occasionally show visible gold flakes. Modern
geochemical sampling across the upper portion of the Mammoth
vein found more gold in chlorite-rich portions than elsewhere. The
scanning electron microscope showed gold particles in this mineral
(A. Cockle, pers. comm.).

Wires and nuggets, less than | mm, in massive cerussite are rarely
seen. One much larger mass of gold with wulfenite plates on matrix
was found in the dump several years ago (1, 2, 3, 4, 8, 10, 13, 14,
15, 17, 21, 24, 31, 33, 40, 41).

Hematite, Fe, O,

Earthy, brick-red hematite is abundant on oxidized specimens,
with tiny black balls somewhat less so. Shining black masses of
specular hematite flakes are intermixed and included in quartz and
chlorite. Small specular crystals are to be found along with the box-
works remnant after galena alteration. These tiny crystals,
sometimes remarkably red, persist through further changes
depositing later minerals, hence are found imbedded in crystals of
anglesite, cerussite, diaboleite, boleite and wulfenite (15, 17, 33, 39,
40, 41).

Hemimorphite Zn,Si;0,(OH),*H.O

Glistening white balls of clear, radiating crystals of hemimorph-
ite can reach 8 mm in diameter, but more usually are only 1 to 2
mm. Elongated, flattened crystals with a sword-like termination,
several mm long, could be confused with cerussite or anglesite, but
the untwinned habit, vertical striations, and lower luster should aid
visual identification.

Common associations are willemite, quartz, smithsonite,
mimetite, and wulfenite, with the hemimorphite usually later than
these minerals. Very rarely the mineral is found on diaboleite (15,
17, 20, 21, 24, 26, 27, 28, 29, 31, 33, 38, 40, 41).

Hisingerite Fe,Si;O,(OH)-2H,0

Tiny kernels of earthy hisingerite, hematite, and goethite
sometimes are found in the center of creaseyite spherules (39, 41).

Hollandite Ba(Mn * ‘ Mn*%),0,,

Various black films, crusts and nodules usually ascribed to
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psilomelane were X-rayed. All examined proved to be hollandite
(41).

Macquartite Pb,Cu(Cr0,)SiO,(OH).+2H,0

Slender orange prisms only as large as 1| mm. This extremely rare,
newly described mineral has been recognized only from the Mam-
moth mine in a few old specimens. It would be easily confused with
mimetite, but is monoclinic with a good prismatic cleavage.

The macquartite crystals occur associated with dioptase and
wulfenite, imbedded in the quartz matrix along with barite,
willemite and hematite (42).

Malachite Cu,(CO,)(OH),

Pale to dark green fibers and crystals are usually found with
cerussite and azurite. Remarkable masses of reticulated cerussite
were found, coated with a dense mat of shining silky malachite
molded to their surface and hanging in veils. Massive cerussite
nodules replacing galena often include malachite, and have a rim of
that mineral as well.

Radial aggregates of malachite have entirely replaced azurite
crystals, which are usually overgrown by azurite again, sometimes
parallel to the original azurite. A little later cerussite in crystals is
usually associated. Hollow, sugary anglesite epimorphs after
cerussite twins may have tufts of malachite in their interior.
Waulfenite crystals rarely are imbedded in or coated by malachite,
usually with associated cerussite (4, 14, 15, 17, 26, 27, 33, 34, 40,
41).

Mimetite Pb.(AsO,),Cl

Brilliant yellow to orange hexagonal crystals, almost always in
association with wulfenite, are usually the mimetite end-member of
the series with vanadinite. Microcrystals of descloizite, fluorite,
willemite, and conspicuous dioptase are usually also present. A
fibrous variety, but still with discernable hexagonal outlines, can
completely invest large wulfenite plates and masses—a spectacular
combination. Mimetite seems to preferentially occur with
wulfenite, in contrast to vanadinite, and further, their colors seem
to sympathetically vary, indicating substitution by the same
chromophore. The best crystals are less than | mm in size, and con-
sist of flat tabular hexagonal pyramids, or, less commonly, equant
prismatic crystals with dipyramid and base. Two generations of dif-
ferent habit may be on the same specimen, although it is usually the
last mineral to form (9, 17, 21, 24, 28, 31, 32, 33, 38, 39, 40, 41).

Minium Pb,0,

Thin films and powders of a distinctive brick-red color were
found to be this species. Coatings on cerussite, and one interesting
specimen where the mineral was confined to a central square por-
tion of a wulfenite plate, overgrown by later wulfenite, were con-
firmed (33, 41).

Mixite Cu,;Bi;(AsO,){OH),;*6H,0

Pale green radiating sprays of minute size were found on a single
specimen from the Mammoth mine dump, associated with wulfen-
ite and mimetite on a fine-grained barite matrix. (S. Williams, pers.
comm.)

Mottramite Pb(Cu,Zn)}(VO)NOH)

Occurs as jet-black thin films and crusts of tiny pointed crystals,
usually on quartz. Wulfenite is usually earlier, and may be entirely
replaced by mottramite; vanadinite and rarely pyromorphite crys-
tals may occur on the mottramite crusts. Not as common as des-
cloizite, the other end-member of the series (17, 24, 27, 33, 40, 41).

Murdeochite Cu,PbO,

Minute, brilliant black octahedra on wulfenite and fluorite pro-
vided the type specimen for this species, in association with
hemimorphite, willemite and quartz. It has since been noted with
descloizite and on dioptase and creaseyite. One fine specimen con-
sists of quartz crystals alone incrusted by murdochite (29, 31, 33,
39, 40, 41).
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Plancheite Cu,Si,0,,(OH),+H;0

Indigo-blue sprays, free-standing with fluorite, descloizite and
creaseyite, or imbedded in chrysocolla, and of very small size, con-
stitute the occurrence of this mineral in the Mammoth mine (41).

Pyromorphite Pby(PO,),Cl

Very rarely occurs as olive-green to bright, apple-green, simple
hexagonal crystals, sometimes with hollow terminations, reaching a
length of 4 or 5 mm. Crystals are usually the last to form on
specimens with wulfenite, mottramite, and mimetite-vanadinite.
The mineral occurs as overgrowths, both as smaller crystals on
itself, then giving turreted forms, and as oriented caps on mimetite-
vanadinite (4, 15, 17, 21, 24, 31, 40, 41).

Ramsdellite MnO,

A several-meter-thick vein of manganese oxide was once crossed
by mining operations (J. Strutzel, pers. comm.). A specimen from
this vein was found to be ramsdellite, in part microcrystallized and
pseudomorphous after groutite MnO(OH) (41).

Rosasite (Cu,Zn),(CO;(OH),

A few mm-sized, hard, dark green balls of rosasite were found in
association with hemimorphite (41).

Silver Ag

A valuable component of the galena ores which were reported to
contain as much as 25 ounces per ton, but averaged only 1.5 ounces
per ton. A few specimens with short wires and dodecahedral
crystals of silver, encrusted with acanthite, and intergrown with
leadhillite, were seen (4, 15, 17, 33, 40, 41).

Figure 31. Smithsonite (Gor-
don).

Smithsonite ZnCO,

An alteration product of primary sphalerite, generally in-
conspicuous although the millheads ran 2-3% zinc when the mine
was operating in oxidized material. Specimens are usually waxy
balls, up to 15 mm, of white, pale gray, green or rarely blue color.
Some sharp crystals about 1| mm in size are occasionally seen.
Associated minerals are especially hemimorphite and willemite, as
well as wulfenite, mimetite, and fluorite. Calamine, in part, in
earlier descriptions (15, 17, 21, 24, 27, 31, 33, 40, 41).

Sulfur S

Some specimens with thin crusts of crystallized sulfur on clay
were seen, collected from dump material (24, 31, 33, 40, 41).

Tenorite CuO

Peterson noted “black, coal-like lumps of copper oxide, less than
an inch or two in diameter . . . surrounded by thin shells of chryso-
colla . . .” These are attributed to tenorite in later lists. Steely
nodules of chalcocite or djurleite replacing galena are commonly

170

surrounded by a thin shell of material meeting Peterson’s descrip-
tion, in turn layered with chrysocolla. The splendent black mineral
is nearly X-ray amorphous, and is probably manganiferous chryso-
colla in large part (17, 21, 24, 31, 33, 40, 41).

Tsumebite Pb,Cu(PO)SO,)(OH)

Apple-green, crystalline spherules less than 1 mm in diameter,
coat crystals of a brilliant yellow member of the mimetite-vanadin-
ite series. The X-ray pattern is that of the PO, end-member; only

traces of AsO, and VO, were found on analysis (M. Nichols, pers.
comm.) (41).

¥
O . T

Figure 32. Vanadinite
(Gordon).

Vanadinite Pby(VO,),Cl

In short, prismatic hexagonal crystals, often with hollow ter-
minations, this mineral is consistently associated with wulfenite,
usually as a encrustation; with fluorite and willemite, and with
descloizite or mottramite. It may occur as crystals on crusts of mot-
tramite-descloizite, but even then dusted with tiny crystals of those
minerals, or entirely replaced by them.

Vanadinite forms a complete series with mimetite, with the
brilliant red crystals usually found to be vanadinite.

The color can range through brown to orange and quite yellow to
almost white, with VO, still predominanting over AsO,. Crystals on
a specimen can change color from red to orange in the distance of a
mm or s0. Some crystals are themselves zoned, with red cores and
waxy yellow exteriors. Maximum crystal size for individuals is rare-
ly about 22 mm. Endlichite in part (1, 2, 3,4, 5,6, 8,9, 10, 13, 14,
15, 17, 21, 24, 26, 27, 28, 31, 32, 33, 40, 41).

Willemite Zn,SiO,

This mineral may be difficult to recognize due to its wide variety
of habits, however the diagnostic hexagonal cross-section will
usually be visible. It is most usually in isolated, equant barrel-
shaped crystals of mm size, colorless to pale green or blue. These
often have frosted and opaque white exteriors, sometimes with
clear terminations. These crystals might be confused with the fre-
quently associated fluorite cubes. Radial sprays of colorless, long
prismatic crystals, white when entirely compact, and up to 8 mm in
diameter, simulate the appearance of some hemimorphite. Water-
clear, tabular crystals bounded only by a very flat pyramid, are less
common, and were seen occasionally strung like beads on mimetite
needles.

Rythmically banded crusts of radially fibrous willemite,
sometimes alternating with fibrous quartz, or masses of tiny, pale
green spherules are often found with wulfenite and dioptase
crystals. Specimens consisting of only these three minerals in some
combination must have been collected in great quantity, as they are
probably the most frequently seen Mammoth mine specimens in
collections and on the market.

One specimen shows crusts of willemite which appears to have
coated some globular mineral, about 6 mm in diameter. These
crusts are now just thin hollow shells, with another generation of
willemite formed on the interior of these shells, growing radially
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outward from the matrix, but not filling the void space.

Several specimens were seen where masses of pale green spherules
of willemite had replaced crystallized cerussite. A reticulated mass,
entirely replaced, was several cm across. An aggregate of wulfenite
crystals at one time had enveloped complete cerussite sixlings up to
2 cm across. These are now voids in the wulfenite, preserving the
sixling shape, and almost entirely infilled with the same distinctive
willemite spherules which are not elsewhere on the specimens.

Another specimen has these same willemite spherules as an
epimorph, now hollow, formerly encrusting cerussite sixlings. The
same type of willemite may be found with later cerussite crystals on
it as a matrix. Epimorphs of willemite replacing wu./enite plates
were also noted. Wulfenite is the most common associate of
willemite, and may be earlier or later. Smithsonite rhombs or hemi-
morphite sprays were also found on willemite. Calamine in part on
earlier lists (21, 24, 26, 27, 29, 31, 33, 38, 39, 40, 41).

Figure 33. Wulfenite (Gordon).

Waulfenite PbMoO,

Formed rather late in the mineralization sequence, and in open
places at a distance from the veins as well as in them, immense
quantities of wulfenite were recovered at various times during the
mining operations. Through World War II, until major
molybdenite deposits were brought into production, the Mammoth
mine was the principal source of molybdenum in the U.S., all pro-
duced from wulfenite. In the top 300 feet of both the Collins and
Mammoth veins, fractures up to several feet in width, packed solid-
ly with platy wulfenite, were encountered.

Specimens at their finest from this famous American occurrence
are rich masses of large tabular, characteristically orange crystals,
with individuals up to as much as 7 or 8 cm across, but more usual-
ly in the 1-cm range. These may be thickly encrusted with mimetite
of the same color, and less conspicuous later crystals of descloizite,
willemite, and fluorite can be found in association.

Other beautiful specimens may have an early generation of
wulfenite thickly coated with a slick clay, on which later crystals of
brilliant red wulfenite, dioptase and cerussite have been deposited.
The wulfenite crystals are usually attached by edges, but occa-
sionally only by their centers, to projections under the clay. In areas
of the mine where the wulfenite was exposed to moving surface
water, the crstyals appear to be partially dissolved, even with holes,
giving them a moth-eaten look. Colors of the crystals are less com-
monly yellow or brown to nearly black, apparently from included
manganese oxide. Analysis of wulfenite concentrates showed up to
2% of contained WO,, but whether as a substituent tending
towards stolzite, PbWoO,, or a separate phase could not be deter-
mined.

Parallel overgrowths of wulfenite on earlier wulfenite crystals are
not uncommon. Some complete replacements of wulfenite plates
by mottramite were seen. Vanadinite deposition on wulfenite ap-
pears to etch the crystals, although these two species rarely occur
together. Chillagite in part on some earlier lists (3, 4, 5, 8,9, 10, 13,
14, 15, 17, 19, 20, 21, 24, 26, 27, 28, 29, 31, 33, 34, 35, 38, 39, 40,
41).
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Table 4. Oxidized minerals, anomalous sequence.

AgPbCuFe Zn Others
Diaboleite X X
Boleite XX X
Pseudoboleite X
Matlockite
Bideauxite
Paralaurionite
Atacamite
Paratacamite
Embolite
lodargyrite
Yedlinite
Linarite
Beaverite
Brochantite
Connellite
Susannite
Leadhillite
Plumbonacrite
Caledonite
Wherryite
CARBONATES {Ph""‘g‘““" _

Hydrocerussite

Alamosite
Melanotekite

CHLORIDES

SULFATES

SULFATE-
CARBONATES

SILICATES

2 26 K € € X X X X

OXIDIZED MINERALS
ANOMALOUS SEQUENCE

Comparison of Table 4 with Table 3, showing the composition of
“normal” seguence minerals, highlights several striking dif-
ferences. Many of the minerals in Table 4 contain more than one
metallic element, with the combination of lead and copper quite
noticeable (in fact the Mammoth mine suite has 13 minerals with
both lead and copper essential, almost half the total of copper-lead
minerals known). A source of both elements is readily seen in the
oxidizing galena, coated or entirely replaced by secondary copper
sulfides, usually found associated with these anomalous species.

Likewise, there are several minerals containing both sulfate and
carbonate. Chlorine was presumably available as a component of
dilute hydrothermal solution (the source for fluorine also?), or
from groundwater. Other than minor amounts of chlorine in vana-
dinite and mimetite, the element does not seem to have persisted in
any minerals formed except those of the ‘“‘anomalous’’ group. The
retention of minor amounts of silver in this environment is also evi-
dent in the table. It appears as a component in the boleite, altered
from diaboleite, and is still present in the rare silver halides,
sometimes among the last minerals to form.

Taken together, the minerals in the anomalous sequence argue
for formation in a closed system—one from which elements could
not escape, and were constrained to react together (S. Williams,
pers. comm.). Their persistence to the present time is due to con-
tinued protection of this environment, probably by sheathing by
quartz and clays of the localized areas in which they were formed.

Turning to some accounts contemporary with the discovery of
these minerals, Fahey, Daggett and Gordon's (25) description of
the type occurrence of wherryite is pertinent and the only one
published (parenthetical comments are mine):

“In May of 1943 one of the authors, E. B. Daggett, then mining
engineer at the Mammoth mine, discovered a small vug of leadhill-
ite crystals associated with cerussite, anglesite, phosgenite, para-
laurionite, hydrocerussite, diaboleite, boleite, matlockite and
quartz. Within the cavity was some friable chalcocite with a relict
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structure of galena which it has replaced.

“The massive wall of the vug consisted of a light green fine
granular mineral (wherryite) enclosing some bluish chrysocolla, and
at the cavity some blue diaboleite and greenish paralaurionite. This
green matrix was up to 5 cm in thickness and extended to the
silicified wall of the vein—an altered quartz monzonite.”

A letter from Daggett to Gordon dated March 11, 1949, says, “It
(the vug) was a lens about a foot thick and three feet across. The
outside shell of the vug was composed of massive minerals with
chrysocolla on the outside grading to the apple-green mineral
(wherryite) toward the inside, and with the chrystalline (sic)
minerals making up the inside core.”

Dubins, Mayers and Wenden's paper remarks, under diaboleite,
“Two localities are particularly noteworthy. The first, stope #509,
produced the finest specimens. Here diaboleite occurs in occasional
nodules, associated with leadhillite, caledonite, etc., in magnificent
crystals. The stope was, in addition, rich in dioptase, willemite and
wulfenite. Diaboleite coming from this stope may be recognized by
the abundance and size of the diaboleite crystals, the relative soft-
ness of the matrix, and the quantity of associated rare minerals.
This stope is now entirely filled and unaccessible.

“The second locality, on the east wall of the main haulage tunnel
of the Collins vein, 500 level, is characterized by the occurrence of
small crystals of diaboleite in occasional vugs in an exceptionally
tough siliceous matrix. The diaboleite crystals are either alone or
accompanied by small crystals of caledonite; these latter tend to be
more green than are those from other localities. These specimens
are readily distinguished by their hard matrix and small, scattered
diaboleite crystals. This locality has apparently no connection with
the 509 stope adjoining it, as blasting in the direction of the 509
stope revealed entirely barren rock without any trace of
diaboleite.”

And under willemite, “Both dioptase and willemite are most
abundant in and surrounding the diaboleite zone, which centers in
the 509 stope. Considerable quantities of both minerals are present
directly above the 509 stope on the 400 level, indicating an upward
extension of the silicate envelope surrounding the diaboleite zone.”

Occurrence of the lead silicates with diaboleite may also be an in-
dication of the unusual degree of silicification protecting this
paragenesis or anomalous sequence. The omission of zinc from the
table is only an approximation, although hemimorphite and
willemite are in fact only rarely present, and then in small quantity.

Alamosite PbSiO,

White, sheaf-like crystal aggregates and spherules to S mm in
diameter on corroded diaboleite, recrystallized in vugs. On a matrix
of the characteristic quartz crystals which have replaced galena, the
diaboleite is also associated with corroded phosgenite, cerussite and
wulfenite. A few willemite prisms are on the alamosite.

Only a single specimen has been found. The alamosite has been
confirmed both by X-ray powder diffraction and qualitative elec-
tron probe chemical analysis. It can perhaps be distinguished from

the numerous other white minerals by its habit and chalcedony-like
luster (41).

Atacamite Cu,CI(OH),

These brilliant green crystals are most often found with leadhill-
ite, anglesite, diaboleite, and its constant associate wherryite. Less
often it is with linarite, caledonite, boleite, cerussite and malachite.

Its finest crystallization is as sharp individuals to 3 mm, alone on
quartz, or intermixed with anglesite crystals. It is often seen altering
from diaboleite, linarite or caledonite, where it forms cross-hatched
intergrowths or sugary green crusts.

One specimen exhibited twins, pseudo-octahedral tnllings (20,
21, 22, 24, 26, 28, 31, 33, 40, 41).

Beaverite Pb(Cu,Fe,Al),(S0,):(OH),

A single specimen was found with anglesite crystals, brown to red
from included iron oxides, in association with linarite crystals.
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Shining, golden yellow, powdery beaverite additionally occurs as an
alteration product of linarite (41).

Bideauxite Pb,AgCl,(F,OH),

Transparent and colorless when fresh, isometric crystals of this
species may be filmed with cerussite and become lavender on ex-
posure to strong light. The specimens known are all in intimate
association with both boleite and matlockite, themselves rare
species from the Mammoth mine, but additionally indicating a nar-
row range of stability, so likely little bideauxite was formed in this
only known occurrence. Nevertheless, crystals are up to 7 mm in
maximum dimension, and are of cuboctahedral aspect with a vari-
ety of other forms present on smaller crystals.

The type specimen has a matrix of covellite and quartz replacing
galena, with boleite, matlockite, two generations of leadhillite,
sugary anglesite and superficial cerussite associated. The specimens
were labeled cerargyrite or anglesite prior to confirmation as a new
species (37, 40, 41).

Boleite Pb,Ag,Cu,Cl;,(OH),,+H,0

When well-formed as cubes, octahedrons and dodecahedrons,
the beautiful prussian-blue to sea-green crystals of this mineral are
unmistakable. The crystal size is generally only 1 or 2 mm but can
approach 7 or 8 mm in crude crystals. The occasionally rich masses
form the best U.S. occurrence of this mineral.

The most frequent associate is diaboleite, which it replaces. The
cubic outline and slightly different color of imbedded boleite
crystals can be found on most diaboleite specimens, but it is not
confined to such close association with that mineral. It can also
often be found as crystals perched on quartz, anglesite, atacamite,
paratacamite, cerussite and leadhillite, and more rarely on
caledonite, paralaurionite, and phosgenite. In association with
minor matlockite, it forms the matrix for bideauxite.

Crystals can be entirely enclosed in cerussite and anglesite. Occa-
sionally brochantite and boleite will entirely replace anglesite
crystals. Boleite is overgrown by other obviously related minerals,
here discussed under “pseudoboleite” (20, 21, 22, 24, 25, 26, 27,
28, 31, 33, 34, 37, 40, 41).

Brochantite Cu, (SO, )OH),

The most common green acicular mineral associated with the
other sulfates anglesite, caledonite, leadhillite, and linarite, altering
from the latter. In addition to free-standing tufts of crystals, or
sugary masses encrusting these species, it also participates in
various pseudomorphs. Examples are: as complete replacements of
cerussite twins, intermixed with anglesite replacing linarite crystals,
and with boleite replacing anglesite crystals. It is usually the last-
formed mineral on any specimen, although some striking inclusions
in clear quartz crystals were noted (15, 26, 27, 28, 33, 34, 40, 41).

U 4

Figure 34. Caledonite (Gordon)

Caledonite Pb;Cu,(CO, (SO NOH),
Occurs as isolated prismatic crystals to 15 mm long, and in-
tergrown as masses of the pure mineral. Usually the color is a
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distinctive blue, but this may become sea-green on some specimens,
perhaps indicating some degree of chemical substitution. A few
crystals show zoning of both colors.

Usual associates are diaboleite and leadhillite with later anglesite
and brochantite. Caledonite often appears to replace diaboleite and
to be nearly contemporaneous with leadhillite; it is partially re-
placed by atacamite. Several specimens were seen in which distinct
anglesite crystals or linarite crystals had replaced caledonite. In the
latter case the replacing linarite has its long axis parallel to the
elongation of the caledonite, giving the pseudomorph a foliated ap-
pearance.

This is one of the finest occurrences of this mineral in the world.
A letter written by Gordon in 1948 contains the sentence,
“Specimens in the (Philadelphia) Academy’s collection labeled
‘linarite and caledonite, Arizona, Genth’ were undoubtedly from
this locality, and Genth’s death in 1893 postponed knowledge of
the occurrence of the latter mineral there for many years” (20, 21,
22, 24, 26, 28, 31, 33, 40, 41).

Connellite Cu,,CL(SO)NOH),,+3H,0

Slender, microscopic, pale blue needles of connellite can very
rarely be found on cerussite and caledonite crystals, forming at the
expense of the latter (41).

Figure 35. Diaboleite (top and
center (2); bottom, Gordon).

Diaboleite Pb,CuCl,(OH),

One of the most notable minerals from the Mammoth mine, this
is the best world occurrence, with crystals as large as 2 cm. The
species was more fully defined by Palache on Mammoth mine
material.

The color is a very intense blue, small crystals being nearly
transparent. Crystals which are surficially corroded will grade from
a powder-blue to nearly white, but this is an effect caused only by
the state of aggregation, coming closer to the very light blue streak.

The mineral is usually in flat, tabular, tetragonal crystals or platy
crystalline masses, often in parallel growth. A good cleavage in the
plane of flattening, and striations caused by a common second-
order pyramid, hence meeting at right angles but turned 45 degrees
from the crystal outlines, help to visually distinguish diaboleite
from linarite, with which it seldom occurs but can be easily con-
fused. Pyramidal hemimorphic crystals are entirely diagnostic but
are rarely seen.

Boleite and wherryite are nearly constant associates of diaboleite,
of which they are alteration products. The diaboleite plates are

usually seen on a quartz matrix, or intergrown with that mineral, of

the type that has replaced galena, preserving a boxwork structure.
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Its alteration provides some of the elements for a number of the

other interesting minerals in the Mammoth mine suite.

This is partially due to continued replacement of these later

species by yet others, with intermediate crystallization of diaboleite.

Some large diaboleite plates were noted on which later tiny

diaboleite crystals had formed directly on the earlier.

The sulfate-bearing suite of leadhillite, caledonite and anglesite
commonly forms on or at the expense of diaboleite, and these
species often include minute diaboleite plates, or these are in turn
grown upon them. Cerussite twins may be on diaboleite plates, but
diaboleite crystals are as often found on the cerussite. Caledonite
and brochantite are frequent associates, as is wulfenite; fluorite,
willemite, hemimorphite, yedlinite, and alamosite are much more
rare. Diaboleite plates are to be found imbedded in cleavable
masses of matlockite and veneering hydrocerussite crystals. Sugary
atacamite and paratacamite replace diaboleite. Phosgenite crystals
on and in diaboleite plates are usually corroded into a cluster of
spires, often tipped by minute diaboleite crystals (20, 21, 22, 24, 25,
26, 27, 28, 31, 33, 38, 40, 41).

Embolite Ag(Cl,Br)

Usually associated with caledonite on the few specimens known,
embolite occurs as brilliant yellow cuboctahedral crystals,
sometimes flattened, and less than | mm in size. The crystals may
be implanted directly on caledonite, rarely on cerussite twins, or on
quartz crystals. Diaboleite and leadhillite may also be associated
(20, 21, 24, 26, 41).

Figure 36. Hydrocerussite (Gor-
don).

Hydrocerussite Pb,(CO,),(OH),

The acute hexagonal pyramidal form, giving steep tnangular
faces, and the perfect basal cleavage, taken together, serve to
distinguish this mineral from the numerous other white minerals in
the Mammoth mine suite. It is always in close association with
diaboleite, which occurs as matrix, a veneer, or as distinct crystals
imbedded in the hydrocerussite. Caledonite, paralaurionite, and
cerussite are less common associates. These remarkable crystals can
attain a length of at least 15 mm. Larger aggregates of these then
form some of the best known examples of this rare mineral (22, 24,
25, 26, 28, 31, 33, 34, 40, 41).

lodargyrite Agl

Minute, pale green globular masses proved to be iodargyrite.
They are implanted on caledonite crystals, associated with boleite
and cerussite (41).
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Figure 37. Leadhillite (top, (7);
upper and lower center, (23);
bottom, twin on Artini law
(23)).

Leadhillite Pb,(SO,)(CO,),(OH),

A decidedly pearly luster on either the basal termination or
highly perfect basal cleavage, and trigonal or hexagonal prismatic
crystals, taken together, assist in determination of this mineral.
There are two principal crystal habits exhibited.

The first is as simple rhombohedrons, nearly cubic, or short
prismatic crystals with large rhombohedral terminations.
Transparent and colorless when very small, the mineral as larger in-
dividuals is usually opaque and snow-white, ranging to gray from
included galena or clay, and sometimes reddish from iron oxides.
Very rarely these crystals may be a pale greenish or lemon-yellow,
perhaps from chromium. Crystals of white or grayish cast may
reach 2.5 cm along an edge. On basal cleavage faces, the rhom-
bohedral crystals often show interior zoning, sometimes with
several changes in outline between trigonal and hexagonal, or a
60-degree change between 1st and 2nd order prisms.

While these crystals are now leadhillite, they are probably
paramorphic after susannite. Both of these species have the same
composition; leadhillite is monoclinic, pseudohexagonal while
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susannite is rhombohedral and is the stable form above 200°C.
Space-group determination by single-crystal X-ray diffraction can
reliably distinguish them.

The second predominant habit is as crystals with a hexagonal
outline, from flat tabular with a large basal termination, to
prismatic with commonly a steep rhombohedral termination. Many
are twins, trillings according to the Artini Law, shown by complex
three-rayed sutures on the terminations. This material probably
crystallized directly as leadhillite rather than susannite.

These leadhillite crystals are usually colorless and transparent,
sometimes a delicate sky-blue, but usually with clear tips. Crystals
of this type often overgrow those of the rhombohedral habit,
always with parallel c-axes. Generally much smaller in size, only a
few mm long, they then make a forest of projecting crystal spires.
When densely overgrown, this effect accounts for the frequent,
rounded, barrel-shaped apperance of the best blue crystals, as ag-
gregates to as much as 15 mm long.

Caledonite and associated linarite with brochantite are constant
companions, with the leadhillite usually later. Both caledonite and
linarite can be found as minute crystals included in leadhillite, ac-
counting in some degree for that mineral’s blue color. Leadhillite is
often found with diaboleite, and its associated wherryite and
boleite. Sometimes it appears to be altering from diaboleite, but
also frequently inciudes small crystals of that species. Leadhillite

occurs on paralaurionite when both are present on diaboleite
specimens.

Cerussite often replaces leadhillite, as a frosting of the faces to
complete replacement. Aggregates of small cerussite crystals are
usually at least partially oriented parallel to the hexagonal
leadhillite faces. In the more perfect examples of this topotactic
replacement, the leadhillite crystal outline is well preserved and the
cerussite appears reticulated.

The largest crystals are among the finest known for the species,
with an abundance of blue crystals characterizing this locality (3, 7,
9, 20, 21, 22, 23, 24, 25, 26, 28, 31, 33, 34, 37, 38, 40, 41).

Figure 38. Linarite (28).

Linarite PbCu(SO.)(OH),

Brilliant blue, thin, prismatic crystals of linarite, transparent
when only a few mm long, grew in the Mammoth deposit to the
largest size known. These giant crystals were probably from a single
pocket or isolated occurrence. Several loose crystals were seen from
6 to over 8 cm long, 3 to 5 cm wide, and 5 to 10 mm thick. These
crystal blades are rarely terminated, and must have been entirely
imbedded in a sugary mass of brochantite, with traces still in
pockets and adhering to the surface of the linarite.

Smaller crystals are not uncommonly found by themselves or
with anglesite, caledonite and leadhillite. Usually some crystallized
brochantite provides a pleasant color contrast. The relationship
between linarite, brochantite, and anglesite is a complex and
delicate one. Linarite prisms may occur with tufts of later brochan-
tite and spear-shaped anglesite crystals. Interlocking groups of
linarite are found where the linarite crystals are sometimes alter-
natively individually replaced by white anglesite, or anglesite col-
ored green by included brochantite. Linarite, with brochantite, may
grow on anglesite crystals, or the anglesite crystals may be partially
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or entirely replaced by linarite sprays, in turn sometimes replaced
by brochantite. Linarite also replaces caledonite crystals, with the
linarite blades roughly parallel to the long axis of the caledonite
prisms. These may be encrusted with anglesite spears, while other
caledonite crystals on the same piece are replaced by the anglesite
crystals alone.

Linarite very rarely occurs with the other blue minerals,
diaboleite and azurite, which it then usually replaces. One
crystalline bladed mass of linarite included small malachite
pseudomorphs after azurite. Linarite crystals sometimes occur on
cerussite twins. On one specimen, with a matrix of anglesite
crystals, linarite entirely replaced some perched cerussite sixlings,
and was then itself replaced by brochantite in several cases.

It can be difficult to visually distinguish linarite from diaboleite
and azurite. When linarite is well crystallized, the prismatic habit
and one perfect cleavage parallel to the long axis serve to
distinguish it from diaboleite, yet the combination of linarite and
brochantite is deceptively like diaboleite and wherryite in more
massive specimens. Azurite at the same crystal size is a much deeper
and more opaque Prussian-blue, without prominent cleavage, and
tends to form thicker, more equant crystals (4, 8, 9, 10, 15, 20, 21,
22, 24, 26, 27, 28, 31, 33, 34, 40, 41).

Figure 39. Matlockite
(Gordon).

Matlockite PbFCl

Large, cleavable, clear to gray masses occurred, altered to
anglesite and brochantite on the rims. Very tiny (less than 1 mm),
thin, tabular, square or octagonal, transparent crystals occur with
diaboleite, boleite, caledonite, and leadhillite. A few crystals were
found on altering djurleite, and with anglesite crystals, the
matlockite including numerous transparent red covellite crystals.
One remarkably large crystal is preserved which is 35 mm in
diameter. It is circular in outline, double-convex in cross-section,
and deeply striated at right angles on the surface. This crystal is
situated on reticulated cerussite (20, 21, 22, 24, 25, 26, 28, 30, 31,
33, 37, 38, 40, 41).

Melanotekite Pb,Fe,Si;0,

During the course of this study, some minute, radially fibrous
brown balls imbedded in diaboleite were examined and found to be
melanotekite. The mineral has been reported on earlier lists (31, 33,
40, 41).
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Figure 40. Paralaurionite (26).

Paralaurionite PbCI(OH)

Specimens from the Mammoth mine provide, without doubt, the
finest examples of this species extant. Elongated crystals as much as
2.5 cm in length, and flattened tabular crystals 15 mm square, oc-
cur with diaboleite plates and associated wherryite. The wherryite
seems exceptionally rich on the paralaurionite-bearing specimens.
Rather than occurring as a minor crystalline alteration of dia-

The Mineralogical Record, May— June, 1980

boleite, the wherryite is usually massive and intermixed with
crystalline diaboleite. Paralaurionite crystals commonly enclose
diaboleite crystals, and a late generation of leadhillite prisms usual-
ly occurs on paralaurionite when both are present on diaboleite
specimens.

This rare species varies from colorless to a more usual pale
yellow, and shows the unusual property of flexibility without
elasticity. The crystals are often found to be bent, but exfoliate if an
attempt is made to restore them. They also have a peculiar rounded
and almost melted appearance (22, 24, 25, 26, 28, 31, 33, 40, 41).

Paratacamite Cu,(OH),Cl

Often associated with its trimorph, atacamite. Both are a brilliant
green and occur as sugary masses altered always from diaboleite.
This mineral’s frequent companion boleite is often found as cubic
crystals on the paratacamite. No guidelines can be offered to assist
in the visual distinction between atacamite and paratacamite, other
than the fact that atacamite sometimes occurs as distinctive
elongated prismatic crystals (41).

Figure 41. Phosgenite
(Gordon).

Phosgenite Pb,(CO,)Cl,

Sparsely occurring in the diaboleite paragenesis, phosgenite can
usually be distinguished by its pale brown color, slender prisms with
a square to octagonal outline, acute pyramidal termination, and
perfect basal cleavage. It appears to alter from diaboleite, yet is
itself corroded into spire-like masses. Crystals frequently enclose
minute diaboleite crystals, or have a later generation of these on the
tips of its spires. Crystals as long as 35 mm and 25 mm across were
seen (20, 21, 22, 24, 25, 26, 28, 31, 33, 38, 40, 41).

Plumbonacrite Pb,(CO,)(OH).O(?)

Small pearly-white scales, associated with anglesite and linarite
on galena, were examined by X-ray diffraction and tentatively
assigned to this poorly-defined species, which is easily confused
with hydrocerussite (S. Williams, pers. comm.) (41).

Pseudoboleite Pb,Cu,Cl,(OH),«2H,0

Sea-green plates grown parallel to the surfaces of boleite cubes
have long been suspected of being pseudoboleite, but their extreme-
ly small size has hampered confirmation. On one specimen, the
boleite is no longer present, leaving the pseudoboleite (7) plates
standing on matrix like a house of cards; this at least indicates a
subtle chemical difference. Other, even smaller examples, show six-
rayed pyramidal overgrowths reminiscent of cumengite on boleite
from Boleo, Mexico (20, 40, 41).

Susannite Pb,(SONCO,),(OH),

Probably occurred in rhombohedral crystals, some with complex
modifications, now paramorphed to leadhillite, and discussed
under that mineral (7, 23, 28).
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Wherryite Pb,Cu(CO,)S0,):(OH,CI]);O

Still known only from the Mammoth mine, wherryite was
originally described as a light-green, fine granular mineral. It has
since been found that most of the short, tufted, green, polycrystal-
line mineral almost always associated with older specimens of
diaboleite as an alteration product is also wherryite. Individual
crystals suitable for single-crystal X-ray and optical goniometric
work have been located in recent years.

In the originally recognized occurrence, wherryite and chryso-
colla were components of the shell surrounding a cavity in quartz
monzonite resulting from the alteration of galena. In the cavity,
one of the few scientifically collected, were crystals of leadhillite,
cerussite, anglesite, phosgenite, paralaurionite, hydrocerussite,
diaboleite, boleite, matlockite, and quartz.

The crystalline varieties are usually formed directly on diaboleite
plates, but sprays may occur on other associated minerals. Usually
a pale apple-green, the mineral has been confirmed as having also a
yellow-green to brilliant lemon-yellow color (25, 26, 28, 31, 33, 36,
38, 40, 41).

Figure 42. Yedlinite (38).

Yedlinite Pb,CrCl,(O,0H),

Red-violet crystals of yedlinite, hexagonal in cross-section with
rhombohedral terminations, to a maximum size of | mm, are rarely
to be found with diaboleite or grown on phosgenite prisms. Crys-
tals of other species such as wulfenite, dioptase, cerussite, mimetite,
willemite, hemimorphite, fluorite or quartz may be associated.
Yedlinite has been found to date only at the Mammoth mine, with
but a few mg known to exist (38, 40, 41).

UNKNOWN MINERALS

Several unknowns have been mentioned or partially described in
the literature on the Mammoth mine suite. These are reviewed here,
along with three minerals discovered in the present study. There is
insufficient material to complete the characterization of the latter
three, although enough chemical, optical and single-crystal data has
been gathered to verify their status as new species. Their complete
description must await better analytical instrumentation or more
material.

Unknown mineral of Galbraith and Kuhn (19)

Colorless to very pale blue slender crystals about 0.1 mm in
length, isolated or in fan-shaped aggregates, imbedded in chryso-
colla. The original material could not be located. Plancheite has
been identified from the Mammoth mine, imbedded in chrysocolla,
and is an excellent possibility for the identification of this mineral.

Unknown mineral of Palache (20, 28)

“A mineral related to hydrocerussite, in crystals, not certainly of
this species, showing a rhombohedral development.” These are un-
doubtedly the leadhillite crystals of rhombohedral habit, so abun-
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dantly represented in the Harvard collection, but not sufficiently
studied at that time.

Unknown mineral of Palache (20)

“Diaboleite is altered to an aggregate of lighter blue material.”
Numerous examples of this effect were seen in the Harvard suite of
specimens. It is caused by corrosion of the diaboleite, lowering the
intensity of the body color due to smaller grain size, but in fact no
alteration has taken place, as verified by X-ray diffraction.

Unknown mineral Lead Tungstate Chloride

Transparent golden yellow needles and flattened crystals to | mm
long, with sword-shaped terminations. Orthorhombic, generally
twinned at approximately 90 degrees. Flexible and elastic. Contains
approximately 60% lead, 16% tungsten, 7% chlorine (by micro-
probe; R. Thomssen, pers. comm.). On quartz, usually alone in
cavities. Most closely associated with leadhillite of rhombohedral
habit, and sometimes enclosed in crystals of that mineral.

Unknown mineral Lead Copper Antimony Sulfate Chloride

Cerulean blue monoclinic crystals, less than | mm in size, occur-
ring on crystallized sugary anglesite. Contains approximately 53%
lead, 10% copper, 7% antimony, 5% sulfur and 5% chlorine.
Behavior under the microprobe indicates that the mineral is prob-
ably hydrated (R. Thomssen, pers. comm.). Antimony in tetrahe-
drite is a minor constituent of the primary ore.

Unknown mineral Lead Silicate

Tapered, colorless transparent needles, probably hexagonal, a
fraction of 1 mm long, form into loose cylindrical aggregates.
These are radially fibrous in cross-section, perpendicular to the axis
of elongation. Found with crystallized quartz, the aggregates
wander across cavities and look astonishingly like woolly cater-
pillars; several may branch out from a common origin.

MINERALS OF QUESTIONABLE OR
DISCREDITED OCCURRENCE

Previous published lists have included species, the occurrence of
which could not be verified during this study. Most have probably
been based on sight identification, perhaps unusually dangerous
due to the demonstrated complexity of the Mammoth mine suite.
Some are group names, with specific members of the group found
to occur during this work. While it is virtually impossible to ab-
solutely disprove the occurrence reported at one time of a mineral,
in my judgment further substantiation is required before accepting
the following soecies.

Actinolite Cn,(Mg,Fe);Si,0,,(0OH),

Variety mouatain leather; see sepiolite (40).

Beudantite PbFe,(AsO)(SO)OH),

Described originally from the Mammoth mine by Peterson as
“yellowish-green tufts of fibers associated with wulfenite and
limonite . . .,” and in his thesis additionally as “also giving a micro-
chemical test for copper.”

All such material labeled as beudantite has been found to be
creaseyite, including material collected by Peterson, now the type
material for creaseyite (16, 17, 21, 24, 31, 33, 40).

Bromargyrite AgBr

Listed as bromyrite in (33).

Chlorargyrite AgCl

Probably the minerals confirmed as embolite and iodargyrite in
this study. Listed as cerargyrite (17, 30, 31, 33, 40).

Crocoite PbCrO,

No specimen of this mineral has been authenticated during this
study; the few pieces presented have clearly been from the Tasman-
ian occurrence. The original entry of the species into the literature
on the Mammoth mine was based on a single specimen in the Uni-
versity of Arizona collection which could not be located.

Briliant red vanadinite has occasionally been misidentified as
crocoite from other Arizona localities. Very small amounts of
chromium do occur in the Mammoth mine ores, coloring wulfenite,
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cerussite, leadhillite and wherryite, and as essential constituents of
yedlinite and fornacite. Some fornacite casts showing the form of
an unknown mineral with habit and angles near crocoite were
found (10, 21, 24, 28, 31, 33, 38, 40).

Ecdemite Pb,As,0,Cl,

First described from Langban, Sweden, in 1887, it was reported
in the Mammoth mine suite prior to 1900, perhaps based on qual-
itative chemical tests only. The name is usually applied to needle-
like encrustations of an orange mineral on wulfenite. Numerous
specimens of varying degrees of authentication have been re-
examined and all have proven to be members of the mimetite-
vanadinite series. X-ray powder films purportedly of this material
in the standards files at both Harvard University and the University
of Arizona are also mimetite-vanadinite patterns (4, 9, 10, 17, 21,
24, 28, 31, 32, 40).

Gypsum CaSO,

Although several specimens were seen, bearing selenite crystals or
cleavages, and labeled as coming from the Mammoth mine, they
were not associated with any other minerals unquestionably au-
thenticating them as from this locality. 1 consider the mineral of
doubtful occurrence here (33, 41).

Huebnerite MnWO,

Listed (40).

Kaolinite Al;Si,O.(OH),

Often reported as one of the clay minerals present; in fact the oc-
currence of this mineral could not bz confirmed on the numerous
specimens sampled. It may nevertheless be present (17, 27, 33, 40).

Lanarkite Pb,(SO,)0O

Listed (40).

Lepidocrocite FeO(OH)

Trimorphous with goethite, common at the locality, this species
is listed as having been identified on a single specimen. A number
of specimens having the shining reddish scales visually suggesting
this mineral were X-rayed; all proved to be hematite (24, 31, 33).

Molybdenite MoS,

At one time thought to occur as a primary mineral, its alteration
providing molybdenum for the abundant wulfenite. Diligent search
in the ores and underground by later investigators was not suc-
cessful (15, 17, 40).

Olivenite Cu,(AsO)NOH)

A specimen from the Mammoth mine labeled olivenite was on
display for many years at the University of Arizona. It was later
found to be fornacite (31, 33).

Penfieldite Pb,Cl,(OH)

Listed (33).

Psilomelane Manganese Oxides

A general term for massive, not specifically identified, hard
manganese oxides. Botryoidal masses of manganese oxide ranging
from the size of peas to some weighing several kg were seen in the
broken ore and lying on the surface by Peterson. All manganese ox-
ide minerals identified in this study were found to be hollandite or
ramsdellite; but no examples of compact or massive material were
available in the collections examined (17, 21, 28, 33, 40).

Pyrolusite MnO,

Soft manganese oxides, otherwise unidentified, have been col-
lected under this term. In this study, all manganese oxides exam-
ined proved to be hollandite or ramsdellite (15, 17, 19, 33, 40).

Sauconite Na, ;,Zn,(Si,Al),0,(OH),+4H,0

Listed (40).

Vesuvianite Ca, Mg, AlL(S10,):(S5i,0,).(OH),

The variety californite has been reported as a matrix for diop-
tase. Undoubtedly this is one of the clay minerals (34).

Wad Manganese Oxides

Used to describe undifferentiated soft manganese oxides; see
under pyrolusite above (17, 24, 31, 33, 40).
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Wolframite (Fe Mn)WO,
Listed (40).
Wurtzite ZnS

This hexagonal polymorph of sphalerite was reported to occur
below the 900-foot level. If so, specimens do not seem to be
preserved in collections. Sphalerite occurs abundantly to the
deepest mine levels (24, 31, 33, 40).

ZLoisite Ca,Al(Si,0,;.)(OH)

Peterson suggests this identification for tiny prisms of light green
mineral, forming a mat over rhyolite. He also suggests epidote,
which is probably more likely (17).

COMPARABLE DEPOSITS

It is interesting to compare the mineralogy of the Mammoth
mine with other deposits in Arizona and throughout the world. In
Arizona, there are several smaller deposits which have mineralogies
also resulting from deep oxidation of wveins containing simple
primary sulfides like the Mammoth vein. This oxidation has pro-
duced a set of secondary minerals comparable to those described
under the “normal” sequence for the Mammoth mine, but differ-
ing greatly in the ratio of the various minerals. In addition, minor
amounts of some of the “anomalous™ minerals have been found on
close inspection.

These deposits include the Apache mine, near Globe (almost en-
tirely a vanadinite deposit with traces of wulfenite, matlockite,
boleite, etc.); the Rowley mine, near Gila Bend (notable for
wulfenite and vanadinite; localized caledonite-linarite-brochantite-
anglesite, minor diaboleite and matlockite); the Grand Reef mine,
Gila County (linarite, caledonite, cerussite, anglesite and leadhillite,
some fine specimens in small amounts) and the 79 mine, also in Gila
County (fine aurichalcite, wulfenite, cerussite, smithsonite and
hemimorphite).

In Mexico, the Ojuela mine in Durango has comparable “nor-
mal” sequence mineralogy, but obviously differs due to the great
amounts of arsenic in the primary ores, giving the secondary
arsenate suite. The same is true of the deposit at Tsumeb,
Southwest Africa, which has many minerals in common with the
Mammoth mine.

Suites of minerals from the “anomalous” sequence at the Mam-
moth mine are known elsewhere in the world especially from
Leadhills, Scotland; Sierra Gorda, Chile; Matlock and Mendip
Hills, England; Laurium, Greece, from the slags; and Boleo, Mex-
ico. The ancient mine workings about Anarak, Iran, provide the
closest match to the overall mineralogy of the Mammoth mine.

From the reported mineralogy of the above deposits, some 1m-
portant clues to the difference in conditions in the Mammoth veins
may be those minerals not occurring (or not yet recognized). These
include the apparent absence of plattnerite, a constant associate of
murdochite at the other known localities; lead hydroxy- and oxy-
chlorides other than paralaurionite, such as laurionite, penfieldite,
fiedlerite and mendipite; and the rare chloroxiphite, known in
association with diaboleite from Mendip. Lanarkite might be ex-
pected as well.

DEALERS

The best of the Mammoth mine minerals have long been highly
prized by dealers and collectors alike. The Mineral Collector, a
periodical published around the turn of the century, carried a few
advertisements for these specimens. In that journal for April, 1897,
Maynard Bixby advertised “Wulfenite, groups of choice crystals,
also semi-crystallized masses with descloizite and ecdemite.” In
May of that same year, George L. English announced “A great
strike at Mammoth, Arizona—descloizite and vanadinite;
wulfenite and descloizite; a few specimens of leadhillite; massive
anglesite with linarite and chrysocolla.” The December, 1.97 issue
carried an advertisement by a Mr. Walker, which offered a variety
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of minerals from the Southwest without giving their localities.
Those possibly from the Mammoth mine included *‘minium,
ecdemite, carbonate of lead after sulfate, caledonite, white car-
bonate of lead, lead carbonate, black cerussite, descloizite,
linarite.”

The fine collections of Mammoth mine minerals at Harvard
University and the U.S. National Museum are due in large part to
Edwin Over, another Colorado dealer. His material during the late
1930’s and early 1940’s was offered through his partnership with
Arthur Montgomery and their arrangement with Schortmann’s in
Easthampton, Massachusetts. Gordon credits him with the
discovery of diaboleite and its rare associates on a trip to the mine
in 1939.

N. Weiner operated a small mineral store in downtown Tucson,
in the early 1940’s, and advertised Mammoth mine minerals in
Rocks and Minerals magazine.

Bob Roots in Denver handled enough of the Mammoth mine
material that he had a special label printed, reproduced along with
this article, 2 record of predominant species being produced during
the 1940’s. He was still offering considerable Mammoth mine
material at the first several Tucson Gem and Mineral Society shows
in the early 1950’s.

Morris J. Elsing, a retired mining engineer, originally had a
mineral store on Meyer Street in downtown Tucson, called the
“Collectors Shop,” where I purchased my first mineral specimens
in 1948. He specialized in Mammoth mine and Bisbee minerals.
This store was moved to W. Miracle Mile, then known as Casa
Grande road, and later to his home in El Encanto Estates.

David Record also ran a mineral store, the “Mission Curio
Mart” on S. Mission Road in Tucson, during this same period.
After the Mammoth mine shut down, and before his premature
death, he purchased several collections from miners; the best of this
material was only recently given to the Arizona-Sonora Desert
Museum by his parents, Claude and Bernice Motel.

Probably the best dealer contemporary with mining operations
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was E. P. Mattison, in Scottsdale, Arizona, at “Matt’'s Rock
Shop” (sometimes spelled “Mat’s’"). He was a regular visitor to the
mine, and supplied many prominent collectors and museum cura-
tors with their specimens. The bulk of his private collection was of-
fered at a special sale in 1964 by Southwest Scientific Company, in
Scottsdale (Scott Williams and David New, owners). A label
printed for the sale is reproduced here. It is of minor interest
because antlerite is not known to occur at the Mammoth mine. The
best pieces from Mattison’s collection were acquired by J. Rukin
Jelks, and may now be seen at the Arizona-Sonora Desert Museum;
several of these are among the best preserved specimens.

In later years, the mine management assigned one miner entirely
to the collection of specimens, which were sold or given away at the
main company office. I still have a mental picture of the several
drugstore showcases full of wulfenite specimens which I saw on my
first visit with my father to the mine in 1952, at the invitation of
Jack Richards, mine manager. The lucky miner was W. George
Griffith, whose card is shown. After the mine shut down, Griffith
moved to Tucson where he dealt in Mammoth mine and Mexican
minerals for many years. Most of his private collection of Mam-
moth mine minerals was later sold by Scott Williams, and a number
of the best specimens were purchased by Harry Hill. Many of these

are now in the collection at the Arizona State Fairgrounds in
Phoenix.

PRESENT STATUS

The Mammoth vein was recently again worked by the present
owners, Magma Copper Company, San Manuel Division. They
began to open-pit the hill on which the Mammoth shaft was sited,
in this case for silica flux for the San Manuel copper smelter. The
nearby San Manuel mine is the world’s largest underground block
caving operation on a deep copper prophyry deposit. Their goal
was to produce the silica flux required for copper smelting from as

close by as possible, and if it also carried recoverable gold values, so
much the better.
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A contractor benched the hill at about 7-meter intervals, and a
few truck-loads were transported weekly to the San Manuel shafts,
railhead for the smelter. Continued operation was halted as the
mining operator’s ability to control the SiO; content for the fluxing
material within desired limits was marginal. In general, no collect-
ing was permitted except by a few designated company personnel,
however | was allowed to check the exposed mineralogy on one
occasion.

Although production was small, the vein was well exposed and
there were limited occurrences of minerals for which the mine is
already well-known. In the vein itself, amethystine quartz with
micromount-sized crystals of wulfenite, descloizite, fluorite,
hemimorphite, and cerussite were found. Several specimens of
caledonite and linarite were recovered, apparently in dump
material. Hexagonal white leadhillite on barite, almost entirely
altered to cerussite crystals, was uncovered in the first old stope fill-
ing encountered.

Elsewhere on the property (collecting forbidden in recent years
except on occasional company-permitted field trips sponsored by
the Tucson Gem and Mineral Society, the Mineralogical Society of
Arizona (Phoenix), and Friends of Mineralogy), the original
Schultz gold mine open cut is capable of producing from the sur-
face representative specimens of wulfenite, vanadinite, descloizite,
and minor amounts of creaseyite and fornacite (which therefore
could have been described any time during the past hundred
years!).

The underground workings have not been entered by company
personnel since shortly after the mine was closed. These were com-
pletely mapped geologically, and the property offered to contract
mining firms. They concluded that insufficient ore was available to
justify their efforts, taking into account the dangerous condition of
the mine. With the more rigorous governmental safety rules in ef-
fect today, it is highly unlikely that the mine could ever be re-
opened.

Many of the workings filled with water shortly after the mine
closed. This has now been drained in large part by the deeper San
Manual mine nearby. Eventually the subsidence area above that
property will encroach on the Mammoth mine workings, likely
causing even more damage underground than now exists, if not
complete collapse.
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alfredo
ferri

Fine mineral specimens
from Europe and worldwide

locales
Dr. Alfredo Ferri
Show room

C.so Vercell, 7
20144 Milano, Italy

BRIAN LLOYD

15A PALL MALL
LONDON S.W.1.

tel. 930-6921

Classic British and
European Minerals

Come and see me when
you are next in London

SALT
MINERALS

Worldwide Specimens
Free List

540 Beaverbrook St.
Winnipeg, Man. R3N 1N4
Canada

COLORADO MINERAL SPECIMENS

Micromount to Large Sizes
New List Available
-

tel. 435000

The highly respected European review for everyone in-
terested in minerals and fossils. Well known for ex-
cellent color quality, locality descriptions, useful hints
for collectors and lapidaries, and discussions on
mineralogy, geology and paleontology.

Issued monthly (in German)
Subscription rate: 60 DM (plus postage)

Write for free sample copy
KOSMOS-Verlag, Abt. 16, Postfach 640,
D-7000 Stuttgart, West Germany

L
Europe’s

1S new journal for
minerals and gems

Articles on Minerals, gems and their lo-
calities all over the world —with special
emphasis on Germany, Austria and Swit-
zerland

Articles on the fundamentals and met-
hods of mineralogy and gemmology
Monthly information for the Dana collec-
tor. on all thats new in the mineral and
gem markel. on books. and on the latest
evenlis

Lapis helps establish business and trad-

ing contacts all over Europe through

your ad
—— one year subscription DM 62.50

(plus surface mail)
Christian Weise Verlag

D-8 Munchen 2
Oberanger 6 West Germany

Crested Butte, CO Bl1224

Journal of the Mineralogical
Society of New South Wales

An Australian journal for the advanced amateur
and specimen-oriented professional.

Published annually, Vol. 1 (1979) $3.50 Australian (postpaid)
Min. Soc. of NS.W.

P. O. Box R35, Royal Exchange

Sydney 2000, N.S.W., Australia

A TR ALAN INCORPORATING
GEMS & g
RS S Te THE AUSTRALIAN
AFTS MACAZINE MINERALOGIST

The monthly magazine Subscription rate U.S. $14 50
(11 issues per year) for one year surface

with a supplement devolad mail postpaid.
entirely 1o mineralogy Australian Gems and Crafts

Read of the fascinating Magazine, G.P.O. Box No. 1071J
localities of Australia. Articles

by prominent mineralogists

Melbourne, 3001
Victonia, Australia

The MINERALIENFREUND...
...a Swiss publication dealing mainly with alpine minerals.
Each issue is in German and contains excellent color
photography.
Make checks Im German, 4 issues per year.
SFr. 28.00 per vear.

payable to: /
URNER MINERALIENFREUNDE o &
Postiach 219

6460 Altdorf-Uri, SWITZERLAND

Monde et Minéraux

A French bimonthly journal for mineral collectors.
Includes color photos and articles of worldwide interest.
| year sub-
scription: 72F

'L‘I‘.]il 1O

Le Monde et les Minéraux

4. Ave. de la Porte de Villiers
75017 PARIS. FRANCE
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Mathiasen
Minerals

* CHOICE Minerals for collection and display.

* RARE and NEW SPECIES for reference and
systematic collections.

* Showroom by appointment.
* See us at major western U.S. Shows.

* Current catalogs — 30¢.

Gary & Carol Mathiasen 41149 St. Anthony Dr.
415-657-0994 Fremont, California 94538

OUT-OF-PRINT NEW 1981 MINERAL CALENDAR!
(YES, 1981)
ijﬁfﬁj f{[ f!?é’ A"L;Ht’?'d{ﬁg.‘;{"ﬁf RE{'fﬂ"’"/ We thought that the beautiful 1980 mineral calendar which
we aavertised in the previous Issue would be a tough act to
We will We will follow. We were wrong!
pay sell for

<
o

For those who wish to really look ahead (and like what they
800 $1200* see) we are now offering a new 1981 mineral calendar with
3.00 $ 6.00* 14 extremely beautiful color photographs Mrﬂamum quality) of
6.00 $12.00* magnificent specimens from the famous Smale collection
300 $ 6.00* The specimens and the photography are both superb

300 § 6.00* Prices. $5.95 for one

300 § 6.00° $5.00 each (5 t0 9 copies)

6.00 $12.00" $4.00 each (10 to 24 copies)

300 $ 6.00° $3.50 each (25 to 49 copies)

300 § 6.00° $3.00 each (50 to 99 copies)

300 § 6.00° $2.75 each (100 to 249 copies)

600 $1200* $2.50 each (250 to 499 copies)

6 (Colorado) $15.00 $30.00* Write for further discounts on larger gquantities

1 $ 600 $1200*

2 4 $ 400 $ 800* U.S.A. residents add $1.25 for postage and insurance for
3 {Tsumeb] $17.50 $35.00* the first calendar ordered and 35€ for each addmtional
calendar

, B

4

OO ~-N~N~0O000 bW — -
u—.__a.mm_.__-_.-am_tm_-l
e R R R R e

All prices subject to change.
* Please note: Sale is subject to availability; we do not California residents add 6% sales tax (except if calendars
have all of these issues in stock at any given time. are for resale; include resale number)

Request our new arrivals list M inera l s, Gems, BOOkS
» - 1724 University Ave.,
I n n ra z I e r Berkeley, Calif. 94703 ¢ (415)843-7564
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plus S50C per copy
postage and handling

Send your order to:

Glossary
Min. Record
P.O. Box 35565

[ Tucson, Arizona 85740

20% Discount to clubs

ordering 10 or more
copies. Payment must

accompany order. (Standard wholesale discount available to dealers only.)
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Hl (TIERALS
HllD
GEMTISTONES

Direct from Brazil

OCERNISIDE GEM IMPORTS, IC.

P.O. Box 222
Oceanside, N.Y. 11572

Phone (516) 678-3473
Hours by Appointment

W

WHEN YOU'RE PASSING
THROUCH COLUMBLUS,
BE SURE TO STOP IN TO
SEE US -IN ‘THE
CONTINENT® SHOPPING
CENTER, ROUTE 161 & 171

MON - 5SAT: 11-9
SUN:12-5

6262 Busch Blvd.
Columbus, Ohio 43229
(614) 436-1458

MICROMOUNTS

Are our specialty.

Our current
about 400
micro specimens both
mounted and unmounted. Also

included are reference collections,

catalog contains

listings of quality

crystal

supplies and a discussion of mi-
cromount preparation.

Catalog 30 cents.

HATFIELD GOUDEY
1145 West st Avenue
San Mateo, Californmia 94403

Richard W. Barstow

Dealer in high qualiry British & World

.\Lhﬂr'?.dlil H;H'q imens lor th .iuj-' vnced co

—

f;\f\ of 1ini \;1“ IMMERS

sent free on application

List of rare Cornish & British Micromounts

(el s |‘l|--l-‘| i

{ i"lllulrf s W% ||Il ("M

DRAKEWALLS HOUSE, DRAKEWALLS

GUNNISLAKE, CORNWALL,LENGLA

Mary & Gardner Miller

Mineral Collectors

3824 Mount Ave.
Missoula, MT. 59801
Ph.: 406-549-7074
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PHILADELPHIA AREA

CAROUSEL

GEMS & MINERALS
FINE SIZES
MINERAL TN'S
SPECIMENS TO
CABINET

132 So. York Road
Hatboro, PA 19040
215-441-4257

Mon-Sat 10-5; Fri til 9

SEND SASE FOR LIST

INDIAN MINERAL SPECIMENS

ol e T clcite

P
s

5. &G M. ENTERPRISES

rOfal Woh Bhuleshw o

AUSTRALIAN
PHOSPHATES

Variscite

Cyrilovite

Wardite

Kidwellite

Dufenite

Strengite

Crandallite

All from South Australia

WRITE TO:

GARY AND DARYL LESKE
28 Fitzgerald St.
| Port Pirie S.A. 5540 Australia

Donald A. Zowader

Specializing in the finest
thumbnails, miniatures and
cabinet specimens for
competition and display

Write or phone for

& current list

Individual requests

Silver invited

Ceorgetown, Colo

MOUNTAIN GEMS
AND MINERALS

6455 Kline St., Arvada, Colorado
(303) 420-1657 80004
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free catalog
We b uy New fluorite from Peru; fine wavellite from § mineraLs v
collections Arkansas; Many phosphophyllites from Bolivia; [ FACETTED STONES

. i . ESTWING TOOLS
magnesite from Brazil; sphalerite and tetra- § =Scc's

* hedrite from Peru; erythrite from Morocco; § LAP. EQUIPMENT

over 200 fine specimens of sulfur from Sicily; [ CUTTING and

NG MATERIAL
and more! SLABBING

SHOW SCHEDULE

Grand Junction, Colorado We're HOT

May 31 - June 1 easy to SPRINGS

L5
7 ™ o
Houston, TX, Winston-Salem, NC find :: m(liH I'S Y
. e 2 at home —» 5

Detroit, Michigan . SHOP
October

West Palm Beach, Florida
Nov. 29 -30

« at shows
WONDERLAND

Route 4, Box 462, Highway 270 West
near Animal Wonderland. Tel. 501-767-4800

Hot Springs, Arkansas s

The Mineralogical Record, May— June, 1980




Mineral Kingdom of

Woodmere

Mirlam & Julius Zweibel

Smithsonite
on cerussite.
Tsumeb, Southwest Africa

We 5peaaﬁ¢ Ze In
ecines fo
om
Africa, India
arid Colombia.
See us at
major shows

across the country.
769 Arbuckle Ave., Woodmere, N.Y. 11598 (Tel. 516-295-3050)
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HANSEN
SMINERALN

Dr. Gary R. Hansen
1223 Port Royal, St. Louis, Missouri 63141

Mineralogical specimens
for museums, private collectors

Reference sets
Investment Gemstones

Fine old collection of
SWISS MINERALS,
Price list available.
Contemporary Minerals
from Mexico.

Office — 314-569-0842

FLY AND SEE

BAVARIA

1980
MINERALIENTAGE
MUNCHEN

Gem & Mineral Show
OCTOBER 17, 18, 19

Plan now
to attend Europe’s most
complete and
exciting event

EUROPE’S
TOP SHOW

INFORMATION

MUNCHNER MINERALIENTAGE
8 Munchen 60 - Eschenriederstr. 5a

Residence — 314-432-2882

Specimens
for the
Collector
and the
Curator

Showroom
by Appointment
Write or
Phone for
List, Photos,
Specimens
on Approval

See us in
DETROIT! We collect miner's lamps!
We'll buy them or trade

for them with minerals.

P.O. Box 1267
TI'wain Harte, California 95383
(209-586-2110)
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What's New in
Vinerals?

TUCSON 1980

Dealers began setting up in motel rooms and visitors began arriv-
ing in force on Friday, one week before the official Friday opening
of the show at the Convention Center this year. Although quite a
number of European dealers make a habit of visiting the Arizona
and California dealers up to a month before the show, there were
nevertheless hundreds of dealers arriving regularly early in the week
who had not shown their material 1o buyers previously. The Desert
Inn was the center of specimen selling activity as usual, with a mix-
ture of dealers (specimen and lapidary) in the Sheraton Pueblo and
Travelodge, and mostly lapidary dealers (with a few outstanding ex-
ceptions) at the Holiday Inn South, Holiday Inn North, and the
Marriott. The Ramada, La Quinta and Motel 6 generally do not
have dealers, although a few may have been hiding there.

Work has been proceeding lately at the Los Lamentos mines in
northern Chihuahua, Mexico, and a fine new pocket of wulfenite
made its appearance (largely through Gene Schlepp’s “Western
Minerals,” but also through Van Scriver’s and a few other dealers).
The specimens are generally plates of intergrown crystals which
have no matrix, and need none. The crystals reach about an inch
across and 1/8 inch thick, with glassy luster and perhaps the finest,
cleanest, most pleasing yellow-orange color ever seen in Los
Lamentos wulfenite. Several hundred pieces of high quality were
available, in all sizes, for prices ranging up to several hundred
dollars. This was clearly the finest batch of wulfenite to hit the Tuc-
son Show in many years. Each major discovery at Los Lamentos
throughout the years has shown a habit and sometimes a color
which is distinctive from other discoveries there, and this latest
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discovery carries on the tradition. At least a couple of dozen such
“editions” of Los Lamentos wulfenite are now known, and it
would be thrilling some year to see a display case filled with such ex-
amples, all labeled as to date of discovery. (Incidentally, the Record
would like to have an article on Los Lamentos some day if a
qualified author can be found.)

A sad story involving treachery and trickery at the Ojuela mine
resulted in a couple of American dealers investing much time and
money mucking out the adamite zone, only to be expelled when the
zone was reached. Consequently, there was much newly collected
adamite at the show, and at reasonable prices, produced by the new
occupants who invested so little. A number of dealers carried the
adamite, including Artrox (3901 Pershing Dr., El Paso, Texas
79903). The color is the typical yellow-green (none of the striking
apple-green seen rarely in the past, nor the even rarer purple), and
the quality was as high as any in the past, on the average. It was a
good opportunity to fill a hole in one’s collection. Adamite from
the Ojuela mine is always abundant during the times it is being
mined actively, but fine specimens become remarkably scarce
almost immediately thereafter. Some collectors tend to yawn when
they see ten or twenty flats of the same thing, but they usually
regret their complacence later when fine specimens become unob-
tainable. The time to buy is when there is a glut on the market,
however transitory.

Figure 1. The Tucson Community Center (left),
home of the annual Tucson Gem and Mineral
Show. Music Hall on the right,




Y

Figure 2. Superb linarite crystals to over 1 inch

on a matrix of linarite and chrysocolla-stained
Figure 3. Wulfenite from the latest discovery at quartz and fluorite about 3 inches long, from

the Los Lamentos mines, Chihuahua, Mexico. the Blanchard mine, Bingham County, New
The specimen is a flattish plate nearly 4 inches Mexico. Artrox Inc. specimen (Art Tatum and
tall, having no matrix. Specimen loaned for Delma Perry).

photography by Vaa Scriver's minerals; now in Figure 4. A dazzling assemblage of wulfenite
the Jonathon Weiss collection.

from the Red Cloud mine, Yuma County,
Arizona, displayed by Ken and Betty Roberts.
Owners of specimens are as follows, beginning
with the top row, left to right: Robert Pederson
(La Crescenta, CA), Robert Pederson, Gene La
Berge (Oshkosh, WI), Kent England (Merced,
CA), Stanley B. Keith (Tucson, AZ). Second
row: Garth Bricker (Fallbrook, CA; self-
collected), Harvard Mineralogical Museum
(Cambridge, MA; purchased in 1938 for $22.50,
an Ed Over piece); Smithsonian Institution
(Washington, DC; insured for $20,000, an Ed
Over piece). Third row: Tony Potucek (Denver,
CO), Robert Pederson, Wendell Wilson
(Tucson, AZ), Stanley B. Keith, Arizona-
Sonora Desert Museum (Tucson, AZ). Bottom
row: Brad and Nancy Van Scriver (Garden
Grove, CA), Garth Bricker (self-collected),
Cliff Krueger (San Francisco, CA), Martie Scott
(Tucson, AZ), Morphet collection in the Los
Angeles County Museum of Natural History
(Los Angeles, CA). Other specimens in the case
but not shown here included an excellent, late-
arriving miniature belongong to Steve and Clara
Smale (collected by Garth Bricker), and another
excellent miniature belonging to Lou and
Marcia Swartz (pictured in the previous issue of
the Record, Figure S, page 122). For
comparative scale, the Harvard and
Smithsonian specimens in the second row are
both about 2% inches wide, the La Berge
specimen in the center of the top row is just over
1" inches across, and the Wilson specimen,
third row center, is 7/8 inch across.
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Figure 5. Japan-law twinned quartz, 2'4 inches
point-to-point on the twin, from near Du-
quesne, Arizona. Peter Knudson specimen.

A truly surprising discovery (made since the time of last year’s
show but kept hidden) surfaced at Artrox. The Blanchard mine,
Bingham County, New Mexico, has long been known for sky-blue
fluorite and mediocre linarite as fine druses and smears. Not
anymore. An incredible pocket of linarite yielded specimens with
crystals to over 1 inch by 2 inch and more than % inch in thickness
(bladed crystals), and nearly 2 by 2 by V2 inch (blocky crystals).
One specimen carries a fine group of prismatic crystals each ap-
proaching 4 by % by % inch. The best of these specimens (including
the one pictured, and a superb small miniature purchased by
Jonathon Weiss) may well rank as the best linarite known from any
locality worldwide. Unfortunately the pocket was small, yielding
only about five major pieces. Prices ranged into the low thousands,
and the specimens sold promptly.

Peter Knudson and Tom Hughes collected about 30 fine
specimens and 100 smaller pieces of Japan-law twinned quartz at a
prospect about 1 mile south of Duquesne, Santa Crus County,
Arizona. The twins range up to several inches, some with attractive
green chlorite inclusions, and come in both “V" shapes and the
much rarer bladed habit (flat blades, twin plane passing the long
way down the crystal, little if any re-entrant angle at the tip).
Bideaux minerals purchased most of the lot wholesale.

Richard Gaines brought along a flat or so of excellent veszeleyite
found at the Black Pine mine, Philipsburg, Montana. The
veszeleyite occurs as beautiful blue-green crystals to about 4 inch
on white quartz crystals. Gaines is currently preparing an articl® on
the occurrence.

Herb Obodda once again had some nice Afghanistan material;
he and his wife Monica were nearly trapped in Afghanistan when
the Soviets invaded, but they managed to sneak out discretely . . .
with a few specimens of course.

Pala Properties continues to market their tourmalines, and had
several superb, gemmy purple fluorite groups from Spain, some of
the best I’ve ever seen. Ed and Rex Harris (Delta, Utah), operators
of the red beryl mine in the Wah Wah Mountains, brought along a
batch of newly mined specimens ranging up to excellent in quality
and the low thousands in price . . . their mine seems to be the only
one in the area capable of producing that exquisitely clean, deep
rose-red color. Vic Yount, and also Roberts Minerals and Jewel

192

Tunnel Imports, brought along large and fine selections of Peru-
vian pyrite . . . again some of the best specimens I’ve ever seen.

And so it went, relatively few new discoveries, some old and
famous producers conspicuous by their absence of new material,
and a few other old localities enjoying a rebirth. Considering the
large quantity of fine specimens in the recycled (previously owned)
category, it was a satisfying selection that presented itself in Tucson
this year.

The mineral chosen for special attention in the displays this year
was pyrite, and the show hall fairly glowed with the reflections of
thousands of cool-brassy colored crystal faces. Displays of pyrite
included those of Rock Currier of Jewel Tunnel Imports (mostly
Peruvian), Miguel Romero (Mexican pyrite), Arizona-Sonora
Desert Museum (Arizona and Sonora pyrites), the Smithsonian In-
stitution (worldwide locations), Victor Yount (Peru), Bob and
Maudine Sullivan, Denver Museum of Natural History (Colorado
pyrite), the Montana College of Mineral Science and Technology
(Butte pyrite), the Medici-Ludlum-Pfaff-Hawes case of Washing-
ton state pyrite, and the cases for individual pyrite entries in the
best-of-species competition.

Nearly stealing the scene among showcases was the case assem-
bled by Ken and Betty Roberts. This case was conceived along the
same lines as their case last year entitled “A Distinguished Gather-
ing” . one species from one locality. Last year it was green
pyromorphite from Corréze, France. This year it was Red Cloud
wulfenite. Especially in Arizona, very fine specimens of Red Cloud
wulfenite have a heart-stopping effect. I have never seen such a
reaction among passers-by during set-up of any case as | saw during
the set-up of the Roberts’ case. People rushing to and fro during
the hectic pre-show preparations typically stopped in their tracks,
eyes bulging, and made unintelligle choking sounds. When their
voices returned, unprintable expressions of awe in hushed tones

Figure 6. Dave Eidahl cheerfully walked away
with both the McDole trophy and the Lidstrom
trophy.

issued forth. Even the most jaded collectors and dealers suffered
whiplash when first passing by this case.

For the Red Cloud case, as last year, the Roberts asked around
among collectors to learn who had the best specimens. Then those
people or institutions were invited to bring along their specimens to
the show, and all were gathered together in one case. What sets this
concept apart from other displays (such as the Tucson Show’s own
best-of-species competition) is (1) the specimens must all be from
the same locality (preferrably the same pocket or zone), and (2) in-
stitutions and private collectors who might not be interested in
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competing or in bringing an entire case of specimens to a show are
more willing to loan a single specimen for such a display. The
chance to see the finest specimens of an occurrence brought
together like this is rare and thrilling indeed. The Roberts are per-
forming a service for Tucson show-goers which is nearly un-
precedented . . . the chance to compare the very best of one par-
ticular thing, side by side, under identical lighting conditions, and
the chance to be overwhelmed by it all besides.

For the 1981 Tucson Show the Roberts have asked me to an-
nounce that the chosen mineral and locality will be rhodochrosite
from the N’Chwaning mine, South Africa (Hotazel mine specimens
not accepted). Anyone who feels they have a truly superlative
specimen is invited to send a slide of it to Betty Roberts (P. O. Box
1267, Twain Harte, CA 95383) and it will be considered. Also,
those knowing of a fine specimen in some collection or museum are
invited to pass the tip along to Betty for further investigation. In
December invitations will be mailed out to the best specimens, suf-
ficient in quantity to fill a case. Labels will then be prepared in ac-
cordance with those accepting the invitation. Here’s hoping she
needs a 6-foot case next year. (Last year it was a 4-foot case, and
before that a 2-foot case.)

Among the many interesting cases was a case of hiddenite (many
specimens), amethyst, and smoky quartz resurrected from the L. L.
Smith Geology Museum at the University of South Carolina. This
collection was moribund and almost disappeared from neglect until
being recently rejuvenated . . . it’s good to see that happen once in a
while.

Pierre Bariand of the University of Pierre and Marie Curie (Sor-
bonne) in Paris brought along a unique display of photographs.
These are large (12 x 16 inch) transparencies which must be back-lit
and viewed from about 6 feet away, under which conditions they

show a remarkable three-dimensional effect. The process has only
recently been developed, and has nothing to do with lasers or
holography. The full-color pictures of minerals were startling to
look at.

Next year the best-of-species competition will center on calcite, a
choice which should bring out some incredible specimens in large
numbers. Will a nivalry break out between Elmwood and
Cumberland? Will Tsumeb or Mexico attempt to steal the show?
Make your plane (and motel!) reservations now.

Saturday night . . .

. . Was entertaining as usual. Peter Bancroft talked about six of
the famous localities that will be in his forthcoming book (very tan-
talizing!). Then came the Mineralogical Record slide competition
(winners shown in a future issue as space permits) . . . Eric Offer-
mann pulled off the difficult feat (unprecedented in the competi-
tion) of winning both first and second place in the professional
category. Not to be outdone, Dave Eidahl pulled off the equally
unprecedented feat of winning both the McDole Trophy (for “best
rocks in the show") and the Lidstrom trophy (for best single
specimen). His Lidstrom trophy winner was the Colorado Quartz
mine gold pictured full-page in the California issue a while back.
Finally came what many consider to be the entertainment high-
point of the show . . . the Record auction. Special thanks are due
the Tucson Show Committee for making the hall available to us;
thanks also to Gary Hansen, A. L. McGuinness and John Patrick,
our tag-team auctioneers, and the other volunteers who helped the
auction run so smoothly this year: Pat Carlon, Ron Bentley, Walt
Risch, Jim Logan, Tom Merckle, Bob Jones, Don Olson, Tom
Gressman, Jonathon Weiss, my wife Carolyn, and (her first time in
Tucson for the show) circulation manager Mary Lynn White.

W.E.W,

3206!8
GEMS

* Just found — Albite Striped
Amazonite, some with smokies —
TN. to Cabinets.

 Hartsel Colorado Barites, TN. to
Cabinets.

 Just published — New book of
Colorado coliecting localities.
Dealers inquiries invited.

Price list sent on request

303/238-6847

13485 West 7th Drive
Golden, Colorado 80401

OUGHGEMS

[I'D.

We offer what is
probably the widest
range of fine gem
mineral specimens &
fine cut gemstones
(particularly rare
species) in London.

121/123 Charterhouse St.
London ECIM GAA England
Tel. 01-253-1455

THORNHILL
MINERALS

— from worldwide locations
— write for periodic lists
P.0O.Box 3
Marshall, Missouri 65340

All blac k or clear. two
pilece constructuon
superior quality for

Keeping in time with Franklin and Sterling Hill

micromount or ofher
specimen slorage
be inch-$15/100 Please allow 32 for
Ve inch--319/100 shipping—any ¢xcess
Ve inch--$24/100 will be refunded

3’5 ulfu%

§' 5 Join us for field trips, lectures and
& & “The Picking Table’’ as it presents the latest
_ é‘“ " information about these famous localities.

g

The Franklin - Ogdensburg Mineralogical Society, Inc.
Box 146MR, Franklin, N.J. 07416 Membership $8.00
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| x | x % inch--$20/ 100 NEW
Black base with clear hd

Mineralogical Research Company

704 Charcotl Avenoe
San Jose, CA 95131 U .S.A.
(408-923-6800 or 408-203-5422)

Hpper Canada *
Minerals
Specializing in Canadian Minerals
Patrick and Barbara Collins
Suite 1028, 150 Metcalfe St.
Mtawa, Ontario, Canada K2P 1P
Tel: i61}) 238549
(open Tuesday-Saturday 9:30 10 5:30)




Offering world-wide
mineral specimens.
Specializing in Soviet
and Indian minerails.

Exhibiting at only

three shows each year:
Tucson in February,
Detroit in October,

Substantial discounts
for quantity purchases
made in Oakland.
Dealers are welcome.

Pasadena in November,

No mail-order business.
By appointment only
from 10am to 8pm as
available. We are often
on the road for weeks
at a time.

Rusty Kothavala

51 Van Buren Avenue
Oakland, California 94610
lelephone 415/451-3644

Reference Collection?

Attakolite, Baricite, Cornubite, Cuprobismutite, Dadsonite, Desautelsite, Hurlbutite,
Junitoite, Kidwellite, Kulanite, Luetheite, Maricite, Matildite, Lead, Penikisite,
Sarabauite, Sonoraite, Sorbyite, Stringhamite, Vuagnatite, Whelanite, Wohlerite. . .

If the above minerals are not represented in your collection, YOU MISSED OUR
LISTS! These and many other new or rare species were offered during the past year.
Whether novice collector, professional mineralogist, or something in between, if you
are building a species or type-locality collection, you should be getting our lists.
How? Just send us your name, address, and 30c¢ in stamps. Satisfaction guaranteed.

- Excalibur Mineral Co.

7 Grover Road
Dover, N.J. 07801

WILDLIFE LIMITED INC.|

presents I

s ryvstal
Resources

give me a call
lo see what's new!

(703-943-1673)

Route |, Box 483
Afton, Virginia 22920

Specializing in
minerals from Morocco.
Spain, Peru, & more

*1 collect calcites and
will trade for line pieces

VICTOR YOUNT

FINE MINERALS

of New York

178 W. Houston St.
New York, New York 10014
(212) 243-6205
by Appointment
Large showroom
Wholesale - Retail
Specimens from South
America, India, Mexico,
Europe, and the U.S.

The ultimate in portable
hydraulic rock-splitters and
trimmers. Send for free
brochure, and list of mineral
specimens from TN's to
cabinets. I

Wiidlife Limited Inc

Harvey M. Gordon

500 Ballentyne Way
Reno, Nevada 89502
702-329-8765 (office)

702-329-4866 (home) I
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NO CUTTING CATALOG TO

MATERIALS . DEALERS ONLY
HANDLED - *- TN ST (82.00)

Gureton Mineral Co.

New Mineral Catalog! For dealers only WHOLESALE MINERALS
x. 300 species listed with 'm““' 4119 CORONADO AVE., UNIT 4

nd Catal to deal
o Pine %.“3, shandihie on St STOCKTON, CALIFORNIA 95204
Tel: (209) 462-1311

order over $100.00.
RETAIL CUSTOMERS
please contact any of the following:
MINERALOGICAL RESEARCH CO. EXCALIBUR MINERAL CO.

704 Charcot Avenue 7 Grover Road 200 Napier Street
San Jose, CA 95131 Dover, NJ 07801 Barrie, Ontario LAM 1M8

DR. DAVID GARSKE MATHIASEN MINERALS MINERALS UNLIMITED GEOMAR
P. O. Box 83 41149 St. Anthony Drive P. O. Box 877 Prinses Irenestraat 78
Bisbee, AZ 85603 Fremont, CA 94538 Ridgecrest, CA 93555 Rijswijk {GLD} Netherlands

W. D. CHRISTIANSON

Dealers contact Cureton Mineral borhpany

RICHARD A. KOSNAR

“ Mineral Classirs™

Offening
the finest quality worldwide
mineral specimens

Specializing in Colorado Minerals

and minerals for competitive dt_sel' ays.

Wholesale
Mineral
Specimens

TSUMEB SECONDARIES
Dioptase — Cerussite
Smithsonite — QOthers

PERUVIAN SULFIDES
Huebnerite — Tetrahedrite
Orpiment — Pyrite — Chalcopyrite
Pyrargyrite — Quartz — Sphalerite
Calcite—Etc

INDIAN ZEOLITES
Okenite puff balls
Apophy'lite — Stilbite — Gyrolite
Prehnite—Etc

ledgihrositc — Colorado 8‘
MANY OTHER GOODIES

» Cabinet specimens
+ Miniatures
+ Thumbnails

Inquiries invited
no list available

Route 6, Box 263
Golden, Colorado 80401
(In Scenic Golden Gate Canyon)

Tel: 5103! 642-7556
(By appointment only)

JEWEL TUNNEL IMPORTS
P.O. Box 267, or 1212 S. Mayflower
Arcadia, CA 91106
Tel: (213) 3576338
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6451 West 84th Place
Los Angeles, Cal. 90045

Telephone: 213-645-1175




Northewn

Northern California has many quality mineral
dealers. Some are wholesale, some are both
wholesale and retail, all give quantity discounts
to dealers. Come and see us the next time you're
in the West. (Appointments are encouraged, as
travel for specimens often takes dealers away.)

1. MALONEY'’S FOSSILS
Tom and Hilda Maloney
P. O. Box 1053

Willows, CA 95988

Tel: (916) 934-4536

2. CONSOLIDATED ROCK and
MINERALS

Jerry Blair

Route 2, Box 970 — Interstate 80

Vacaville, CA 95688

Tel: (707) 448-5525

3. FRAZIER'S MINERALS and
LAPIDARY

Si and Ann Frazier

1724 University Avenue

Berkeley, CA 94703

Tel: (415) 843-7564

4. RUSTAM

Rustam Kothavala

511 Van Buren Avenue
Oakland, CA 94610
Tel: (415) 451-3644

5. GEORGE MENDENHALL
ENT. (GME)

George Mendenhall

449 San Mateo Avenue

San Bruno, CA 94066

Tel: (415) 583-7743

‘A

6. A. L. McGUINNESS
Al and Jo McGuinness
4305 Camden Avenue
San Mateo, CA 94403
Tel: (415) 345-2068

7. ROBERTS MINERALS
Ken and Betty Roberts

P. O. Box 1267

Twain Harte, CA 95383
Tel: (209) 586-2110

8. PATHFINDERS MINERALS
Dick and MaryJean Cull

41942 Via San Gabriel

Fremont, CA 94538

Tel: (415) 657-5174

8. MATHIASEN MINERALS
Gary and Carol Mathiasen
41149 St. Anthony Drive
Fremont, CA 94538

Tel: (415) 6570994

9. MINERALOGICAL
RESEARCH (0.

Gene and Sharon Cisneros

704 Charcot Avenue

San Jose, CA 95131

Tel: (408) 263-5422

10. CURETON MINERAL CO.
Forrest and Barbara Cureton
4119 Coronado Ave., Unit 4
Stockton, CA 95204

Tel: (209) 462-1311

11 . GALAS MINERALS
Chris and Agatha Galas
10009 Del Almendra
Oakdale, CA 95361

Tel: (209) 847-4782

12. RUNNERS
Bruce and Jo Runner
13526 South Avenue
Delhi, CA 95315

Tel: (209) 634-6470
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Are you looking for

FINE MINERALS?

5 .
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We get the good stulff,
whether from our own mines
in California, from the
purchase of old collections,
or from our buying trips

all over the world.

-
s e W

# -
A e R e

If you'’re looking for
exceptionally fine mineral
_ specimens or cut stones,
A wls,uu \| be you collector, curator,
investor or dealer, chances
are we have what you need.
See us at our Fallbrook
shop, at major shows, or
call us now:

-

\ \
A
\

William Larson
Cal Graeber
Dave Eidahl
(714) 728-9121

PALA PROPERTIES
INTERNATIONAL

912 South Live Oak Park Road
Fallbrook, California 92028
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Herbert @bodda

Fine Classic Mineral
Specimens

PO, Box 51, Short Hills, |
New Jersey 07078
(201)- 467 0212

PERMANENT
SPECIMEN PRESERVATION

Geology & Mineralogical

SPECIMEN CABINETS

¢ Double Wall Construction

o Pest-Proof and Air Tig't Seal
e Double Panel Door

o Lift-0ff Safe Type Hinge

AP
SCIENCE EQUIPMENT CORP.
105 Chambers Street, New York, NY 10007
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EDINGTONITE

84, §7, $10.

$12, $15, 818.

$25, $30, $35.

$60, $70, $80, $90, $100.

2R2"
2X3"
J X4
4X35"

ICE RIVER, NEAR GOLDEN, B.C., CANADA

New locality for EDINGTONITE, occurring as numercus white xis. from 41 to 8 mm long. on xline

Caicite or rock matrix. Some specimens have double terminated xis. which show the unusual
hemimorphic habit of the species.

Although EDINGTONITE is found in 5 different areas of the world, all of the other localities are
depleted or have produced only a limited amount of non-terminated xis. The EDINGTONITE crystals
from Ice River are among the finest examples of the mineral found in the world, and this is certainly
a maijor find for the species!

MICRO to 3/8”
2" 10 1"

1 X1
1va X 12"

']

$70, $85, $100, 125, $150.
$100, $125, $150, $475, $200.
$200, $250, $285, $300, $325.
' $425.

Please add $2.00 to your order for UPS shipping within the USA. Non-USA orders add $3.50 for air-
mail. Excess postage will be refunded.

MINERAL
LISTS:
lists.

SPECIMEN
BOXES:

NEW
MICROMOUNT
BOXES:

Send for our bimonthly iists of thumbnail, miniature, and cabinet specimens. First quality mineral specimens for
collection and display, plus rare species for systematic collection, reference, and research. Send 30¢ postage for

A separate listing is avallable detailing prices and sizes of micromount, Perky Boxes, plastic magnifier boxes,
white cotton lined specimen boxes, etc. Send 30¢ postage for this list.

Opaque black base with clear lid. Same quality construction as our present micro box. 1 X 1 X %" deep.
$20.00 per 100 boxes. Add $2.00 estima*ed UPS shipping within the USA, $5.00 airmail shipping for non-USA
orders. Excess postage will be refunded.

LOOK FOR OUR BOOTH AT MAJOR WESTERN SHOWS — SHOWROOM OPEN BY APPOINTMENT ONLY
MINERALOGICAL RESEARCH COMPANY

“Division of the Nazca Corporation™

704 CHARCOT AVENUE, SAN JOSE, CALIFORNIA 95131 US.A.
PHONES: DAYTIME 408-263-5422  EVENING 408-923-6800

METERSKY'S MINERALS

SPECIALIZING IN CRYSTALS
T/N’s AND MINIATURES
SPECIMENS YOU CAN AFFORD

SEND FOR FREE LIST
725 CHERYL DR., WARMINSTER, PA 18974

— STANDARD MINERALOGICAL CATALOGUE —

Our fourth edition of this most useful mineral specimen
price reference guide. Greatly expanded. Now over 20,000
prices, hundreds of new listings, useful evaluation data, and
much more. Evaluate collections ' specimens 1o buy, sell,
trade. Almosi all prices new from previous issues. Our best
edition yel. Expanded, updated Fxirnordinary Specimen sec-
tion. $5.15 posipaid.

Mineralogical Studies, 7808 Division Drive,

Battle Creek, Michigan, 49017

SULFUR, CELESTINE,
GREEN ARAGONITE, Fine specimens
and crystals

WHOLESALE ONLY

Wirte for price list:
V. PACE GIANNOTTA
viale Vittorio Veneto 243, 95126 Catania, Italy

ADVERTISERS INDEX

Abbott Memorial Library (207-924-7292)
Alpine Exploration

Althor Products

Ausltralian Gems & Crafts magazine

Barstow, R. W. (0822832381, Gunnislake)
Bideaux Minerals (602-BB8-6015)

Carousel Gems and Minerals (215-441-425T7)
Christianson, W. D., Minerals (T05-T26-8713)
Collector's Choice (713-862-5858)

Colorado Gem & Mineral Co. (602-966-6626)
Crystal Cavern Minerals (915-593-1800)
Crystal Resources of New York (212-243-6205)
Crystal Showcase (716-225-8824)
Cureton Mineral Co. (209/462-1311)
Dyck’'s Minerals (808-623-2322)

Earth Resources (414-739-1313)

Eckert Minerals & Fossils (303-B61-2461)
Excalibur Mineral Co

Ferri_ | Sassidi Alfredo (435000, Milan)
Fioravanti, G. Carlo (06-6786067, Rome)
Franklin-Ogdensburg Mineralogical Society
Frazier, Si & Ann (415-843-7564)

Garske, David H. (602-432-3362)

Giannotta, V. P L
Glossary of Mineral Species 1980 (602-297-6709)
Golden Minerals (303-233-4188)
Goudey, Hatfield

Gussen's Minerals

Hamel Mining & Minerals (213-645-1175)
Hammersley's Minerals :

181
182
181
182
185
152
185
153
181
154
181
194
154
195
154

inside back cover

134
194
182
153
193
183
152
200
184
140
185
140
195
154

Hansen Minerals (314-569-0842) 188
Hawthorneden (613-473-4325) 154
Jewel Tunnel Imports (213-357-6338) 195
Journal of the Min. Soc. of New South Wales 182
Knauss, Kenneth 181
Kristalle (714-494-7695) inside front cover
Lane Science Equipment 199
Lapis magazine 182
Leske, Gary and Dary!| 185
Lesnick's 181
Lidstrom's (S03-447-7104) 154
Lioyd, Brian (930-6921, London) 182
Mathiason Minerals (415-657-0994) 183
McGregor and Watkins (501-767-4461) 154
McGuinness, A. L. (415-345-2068) 134
Melersky's Minerals 200
Miller, Mary & Gardner (406-549-7074) 185
Mineral Classics (303-542-7556) iy . 185
Mineralienfreund magazine _ 182
Mineralien Magazin 182
Mineral Kingdom of Woodmere (516-295-3050) 187
Mineral Mailbox 154
Mineralogical Research Co. (408-263-5422) 183, 200
Mmeralo%lcal Studies 200
Minerals Unlimited 152
Monde et Mineraux magazine 182
Monteregian Minerals 140
Mountain Gems and Minerals (303-420-1657) 185
Munich mineral show 188
Native Mineral Resources Co. (303-989-4T718) 154

Natures Treasures (213-373-3601)

Noble Gems (303-238-6847)

Northern California Dealers

Obodda, Herbert (201-467-0212)

Oceanside Gem Imports (516-8678-3473)

Pala Properties International (714-728-9121)

Peri Lithon Books (714-488-6904)

Reupke, G. C g

Roberts, Ken and Betty (209-586-2110)

Roughgems Ltd. (01-253-1455, London)

Runner, Bruce & Jo (209-634-6470)

Rustam (415-451-3644)

Salt Minerals

S & M Enterprises

Schneider's Rocks & Minerals (7T14-T48-3719)

Shannon, David (602-962-6485)

Silverhorn (403-762-3918)

Simkev Minerals

Sohn, Ron L. (513-256-3071)

Thornhill Minerals

Topaz-Mineral Exploration

Upper Canada Minerals (613-238-5497)

Ward's Natural Science Establishment (B00-828-6339)
Western Minerals (6802-325-4534)

What on Earth (614-436-1458)

Wilber, David P. (714-T23-1150) oulside back cover
Wildiife Limited (702-329-8765) 194
Williams, Prosper J. (416-421-0858) 154
Wright's Rock Shop (501-767-4800) 186
Yount, Victor (T03-943-1673) 194

200
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Did Cyou Know

carT
RESOURCES

DIVISION OF SAN

AZCO Building Highway 41/P.O. Box 567. Appleton

That the F. John Barlow
mineral collection has won
more national prestigious
trophies than any other private
collection,

and

that Earth Resources will be
selling the Barlow collection.
(By appointment only with
references).

Wisconsin 54912 '414.739.1313




POSTAGE-STAMP TOURMALINE

David P I ilber

The world-famous collection of Charles Steen, Reno, Nevada

This magnificent collection of thousands of specimens from
famous localities has been in storage untouched since 1968. Pieces
in all price categories, from Arizona, California, Colorado, New
Mexico, South America and Europe.

Inquiries Invited
David P. Wilber, P. O. Box 881, Fallbrook, Calif. 92028 Tel: 714-723-1150







