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Notes from
he Editors

Mineral Name/Formula Hybrids

In recent decades there has been an unfortunate (in this writer's
opinion) trend in mineral nomenclature: the hybrnidizing of mineral
names with formulas. The philosophical root of this practice has been
the Levinson suffixes. A. A. Levinson’s 1966 article (A system of
nomenclature for rare-earth minerals,” American Mineralogist, 51,
152-158) introduced the concept that, instead of coming up with a
new name in the traditional way for a new chemical analog of an
existing mineral, the chemical symbol for the element substituted
in the formula could be tacked on with a hyphen to the back end
of the orngina

mineral name. He reasoned that, with so many rare-
earth elements to choose from, each having relatively little effect on
the properties of the mineral (and thus requiring detailed chemical
analysis for identihcation of the species), it would be more conve-
nient to use suffixes to distinguish each rare-earth analog and then
use the root name (e.g. monazite) when the dominant REE is not
known. The idea appealed to other mineralogists, who then applied
it to the naming of non-REE minerals as well.

But this merger blurred the line between what constitutes a min-
eral name and a mineral formula. The result has been nomenclatural
cross-breeds such as stilbite-Ca, florencite-(Ce), and donnayite-(Y),
and real nomenclatural monstrosities such as whiteite-(CaFeMg)
and whiteite-(CaMnMg).

Crystallographers have also succumbed to the temptation, result-
ing in structurally hybrnidized names with code letters and numbers
added at the end, such as ferronigerite-6N6S. Then that approach
was hybridized to include both chemical and structural symbols
in the same name, e.g. apatite-(CaOH)-M. In fact, many perfectly
good names that have long been entrenched in the literature were
overturned by Burke (2008, in this journal, with approval of the
International Mineralogical Association) in the name of “tidying
up,” and were given new hybrid names instead.

Convenience notwithstanding, | personally wish that mineralo-
gists would keep in mind what a “name”™ i1s and what it is not.
Chemical formulas are not names. Structural formulas are not names.
Why would one want to rename a perfectly good mineral such as
fluorapatite with the new name apatite-(CaF)? How does this help
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anyone’ It's not even shorter. Is it too much work to remember that
the species contains some calcium? Is it too much work to remember
that there are four other chemically similar species distinguished
by various substitutions; must they instead all have to come oul
together in an alphabetical hist, as a memory aid”

Some common sense is finally beginning to creep back in. An
IMA committee chaired by Marco Pasero and Anthony Kampf
recently published a revision of the nomenclature of minerals in
the apatite supergroup (European Journal of Mineralogy). Among
other changes, they specify

The use of adjectival prefixes for anions 1s to be preferred
instead of modified Levinson suffixes; accordingly, six minerals
should be renamed as follows: apatite-(CaF) to fluorapatite,
apatite-(CaOH) to hydroxylapatite, apatite-(CaCl) to chlo-
rapatite, ellestadite-(F) to fluorellestadite, ellestadite-(OH) to
hydroxylellestadite, phosphohedyphane-(F) to fluorphospho-
hedyphane. For the apatite group species these changes restore
the names that have been used in thousands of scientific papers,
treatises and museum catalogues over the last 150 years.

Bravo to Drs. Pasero and Kampf, and the other members of
the committee: Cristiano Ferranis, Igor Pekov, John Rakovan and
Timothy White.

WEW

Lion Labels

Can anyone solve the mystery of whose collection these labels
represent? The left label shown here is from the Mineralogical
Record Label Archive (from Ron Bentley's collection), and the
one on the right (still attached to a prehnite specimen) was recently
shown to us by Kelly Nash. Kelly's specimen came with a label from
the collection of E. B. Underhill (1809-1888), though it probably pre-
dates Underhill. The labels are 3.3 cm wide and obviously designed
to be glued onto specimens. They depict a hon flanked by a ship's
anchor and shipping boxes on the left, and a three-masted sailing
ship on the right, surmounted by oak-leaf clusters. “No" is printed in
the upper-left corner, and there are two faint guidelines for writing.
Minor details show that each of these labels (as well as a third in
our collection) was printed from a different engraving: most likely
engravings of several labels were prepared and ganged together to
be printed at one time on the same sheet, then die-cut.

The writing on the three known labels appears to read:
(Left) [illegible] “iron or” “France(s)”

(Right) “Phremite” “Farmungton, C1T"

(not shown) “Bismuth™ and “11/4” wnitten sideways

“Phrenite” was and remains a common misnomer for prehnite. The
Underhill label confirms that the specimen to which the label on the
right is affixed 1s a prehnite from Farmington, Connecticut. Prehnite
was named by Wemer in 1790, and Underhill died in 1888, so the
time period is bracketed. Does anyone recognize these labels?
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THE

Clay Canyon Yariscite Mine

FAIRFIELD, UTAH

A 4

Wendell E. Wilson

The Mineralogical Record
4631 Paseo Tubutama
[ucson. Arizona 85750

minrecord @comcast.net

Fairfield, Utah has been famous among mineral collectors for well over
a century as the source of the world’s finest specimens of variscite.

The chrome-green nodules, riddled with veins of various other phosphates,
make splendid display specimens when slabbed and polished. The mine
is also the type locality for the phosphates englishite, gordonite, millisite,

montgomeryite, overite and wardite.

INTRODUCTION
Fairfield vaniscite enjoys a special status in the mineral world

Nearly all specimens are slabbed and polished—a situation that
would normally preclude much interest on the part of mineral col

lectors. Nevertheless, polished slabs are collected and traded among
mineral collectors as if they were crystal specimens. They sell for
substantial prices and are coveted display items in mineral cabinets
that may contain no other polished specimens. Fine variscite nodules
and suites of nodules can be found in mineral museums around the
world. particularly the Harvard Mineralogical Museum, the Smith

sonian Institution, the Seaman Mineral Museum in Michigan, the
John Hutchings Museum of Natural History in Lehi, Utah, and the
Crater Rock Museum in Oregon. The six micromineral species for
which Clay Canyon is the type locality are likewise highly valued

by species collectors and by micromounters

The Mineralogical Record, volume 41, July-August, 2010

LOCATION

The Clay Canyon vanscite occurrence (named the Little Green
Monster claim by Montgomery and Over in 1937) 1s located primar-
ily in the southeast quarter of the southwest guarter of Section 22,
['6S, R3W, in the Oquirrh Mountains, western Utah County, Utah,
about 50 miles south of Salt Lake City. The claim is part of the Camp
Floyd mining district about 2 miles south of the Mercur townsite
and 5.5 miles northwest of Fairfield, at an altitude of about 5,800
feet. The original adit entrance to the mine (currently buned and
reclaimed) is situated near the foot of a hill a short distance north
of the south fork of Clay Canvon. near the confluence of the north
and south forks. Access is via State Highway 73 west from the town
of Lehi, then south through Cedar Fort and Fairfield. The turnoft
to Clay Canyon 1s 1.5 miles past Fairhield, where a dirt road leads

northwest into the mountains for another 3 miles to the mine
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Figure I. Location map showing the Oquirrh
Mountains southwest of Salt Lake City, and
the road leading into the southern end of the
mountains from Fairfield to the mine.

HISTORY

I'he first vaniscite' specimens from the Clay Canyon occurrence
were sent for identification to George P. Merrill, Curator of Geology
at the Smithsonian, in December 1893 by F. T. Millis of Lehi, Utah.
Millis stated that the vanscite was found in the form of “nuggets”
(nodules) in a vein near “Lewiston,” Utah about 20 miles west
of Lehi. The present-day town of Lewiston is far to the north in
another county; however, the old mining ghost town of Mercur In
the Oquirrh Mountains was originally known as Lewiston, and is
the place to which Millis was referring.

F. 1. Millis himself remains a mystery. There 1s no one with the
surname Millis in the 18701900 Federal Censuses for any town in
Utah, he 1s not histed in any Utah city directones of the time, nor 1s
his correspondence preserved at the Smithsoman in the archive of
curator George P. Merrill. The lack of knowledge about F. T. Millis
1s frustrating considering that he is the discoverer of the deposit, and
that the mineral millisite was later named 1n his honor (Larsen and
Shannon, 1930) and remains a valid species. At least his existence
1s confirmed by his registration of other mining claims in the area
in 1892 and 1893

At Merrill's request, a resident chemist in Washington, R. L.
Packard, made the actual identification on the 18-cm nodule sent
to Mermrill and published his results in the American Journal of Sci-
ence (Packard, 1894). The specimen is made up mostly of yellow

Vanscite was onginally described from Vogtland (ancient name:
Variscia) in Saxony by Breithaupt in 1837

179

material (crandallite) in which are embedded several small nodules
of green vanscite (Larsen and Shannon, 1930). Unfortunately the
original Millis specimen in the Smithsonian cannot now be found
(Paul Pohwat, personal communication, 2010).

Millis appears not to have followed up on his discovery. According
to Bennion (1967), the first people to actually work the deposit were
Frank Butt and his brother—that is, William Francis “Frank™ Butt
(1857-1940) and his brother, J. Newbern Butt (1862-1939)—who
had discovered the Sunshine mine deposit over the ridge to the west
in Sunshine Canyon (Kantner, 1896). They were hoping to find gold
in Clay Canyon but were unsuccessful and soon gave up

Shortly thereafter, Dominick “Don™ McGuire (or Maguire)
(1852-1933) of Ogden, Utah, who was at that time working the

Figure 2. Dominick “Don"” McGuire (1852~
1933), the first person to stake a claim on the
Clay Canvon variscite occurrence (October
1894) and work it. Courtesy Utah Historical
Society.

Sunshine mine, took an interest in the Clay Canyon locality. Per-
haps having heard about it from the Butt brothers, or having read
Packard’s article about Millis’s find in the American Journal of
Science’s April 1894 i1ssue, McGuire visited the locality and col-
lected specimens which he circulated to potentially interested par
ties. Kunz's note in the 16th Annual Report of the U.S. Geological
Survey (1895) on the mineral resources of the United States for
| 894 reads as follows:

An interesting discovery has been made of compact nodular
vaniscite in Cedar Valley, near old Camp Floyd, Utah, by Mr.
Don Maguire. The rock [matrix] 1s a crystalline limestone, with
layers of black pyritiferous siliceous slate. In the latter occur
the nodules. varying in size from that of a walnut to that of a
coconut. They are covered with a thin, lamellar, ferruginous
crust, beneath which lies the compact variscite in various

T'he Mineralogical Record, volume 41, July-August, 2010
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shades of rich green. This is a new form of occurrence for
this species and has attracted considerable attention abroad,
both as a novel mineral and as an ormamental stone of quaint
beauty. The locality, which is a spur of the Oquirrh Mountains,
has been visited and examined by Mr. Maguire. He finds that
it [the vanscite]| 1s somewhat abundant, but that only careful
hand work can be used to extract the pieces from the rock.
The writer [Kunz] suggests that the name utahlite would not
be inappropnate for it.

In October 1894, McGuire staked a claim on the Clay Canyon
deposit and worked it periodically during the following years, report-
ing production through 1914 (Kunz, 1904, 1906; Sterrett, 1908,
1909, 1911) and again in 1919, perhaps from lessees (Stoddard,
1920): production was said to be intermitient, whenever McGuire's
stock needed replenishing. The Salt Lake Mining Review for Janu
ary 30, 1913, reported:

Don Maguire of Ogden, one of the noted metallurgists and
engineers of the West, who was in Salt Lake last week,
informs The Mining Review that, in Camp Floyd district he has
uncovered one of the finest bodies of chlor-utahlite [ vaniscite
ever disclosed in the West. This is a gem stone, emerald-green
in color, and i1s used quite extensively in the manufacture of
iewelry. From this point Mr. Maguire has already taken 1,000
to 1,500 ounces.

McGuire led a very industrious and active life, and was famous
in Utah mining circles. Born in Vermont to Irish immigrants, he
had moved with his family to Utah in the 1870s after his father had
become wealthy from livestock and land speculation in the Midwest
A graduate of Franciscan College, he had studied mathematics, engi-
neering, French, Spanish and Arabic, then traveled widely, working
as a miner, explorer and surveyor (Topping, 1997). According to
various city directories, newspaper accounts and census records,
McGuire had lived in Ogden since at least 1890, when he served
as vice president of the Catholic Knights of Amenca. In 1893 he
was serving as Chief of the Department of Mining and Ethnology
for the Utah World's Fair Commission (for the Chicago World's
Fair of 1893), and again for the St. Louis Exposition of 1904, He

became involved in extensive archeological digs around the state,
and his essay “Prehistoric Man in Utah™ (1894) is the first over-
view ever written of Utah archeology. He was also Vice President
of the Ogden Chamber of Commerce in 1896. He had worked as a
traveling salesman in the 1890s and also as a real estate agent with
his partner William Campbell: but he listed himself as a “quartz
miner” on the 1900 Ogden census and as a “mine owner” on the
1910 census. According to The Copper Handbook (Stevens, 1907,
1920), he was General Manager of the Napoleon and Maghera Cop-
per Mining and Reduction Company, and owner of the Eldorado
Gold Mining and Milling Company, among others,

McGuire excavated a small pit incorporating a shallow inclined
shaft at the discovery site, and dug a tunnel into the hillside, though
the tunnel appears not to have intersected productive ground.
Apparently all of McGuire's vanscite production came from the
pit. Some of the variscite was sold to local lapidaries who marketed
it under Kunz's suggested trade name of “utahlite™ and later as
“Chlor-utahlite.”

In the September 1894 issue of The Mineral Collector, field col
lector and mineral dealer Maynard Bixby (1853-1935) mentioned
in his “Utah notes™ that “A new mineral of a beautiful green color
resembling malachite, hul a I1j. drous phosphate of aluminum contain
ing chromium, has been found near Camp Floyd. It has been named
Rosrite” (yet another doomed marketing name for variscite). Nor
did other Clay Canyon minerals escape Bixby’s notice: he offered
vanscite cabinet specimens and “fine w ardites” for sale in 1897

Ward’'s Natural Science Establishment in Rochester, New York
purchased a large quantity of the variscite nodules (no doubt from
McGuire) in 1895, advertusing “Variscite, Utah, polished slices, deep
color, $1 to $10” (The Mineral Collector, July 1895). John M. Davison
(1840-1915) at the University of Rochester examined the matenal and
from it extracted a new species, which he named wardite after Henry
A. Ward (Davison, 1896). By December 1895 George L. English was
also advertising specimens in The Mineral Collector

Vanscite from Utah, in gorgeous polished slabs, being-sections
of nodules of pure vanscite, nch green inside, surrounded by
yellow agate-like bandings. One of the liveliest minerals now in
the market. A few extra fine specimens, $4, $5, $6 and $10

FOR
THE

MINERALS
HOLIDAYS.

A FEW SUGGESTIONS AS TO
HOLIDAY &GIFTS.

VARISCITE FROM UTAH, in gorgeous polished slabs, being sections of nodules of
pure Variscite, rich green inside, surrounded by yellow agate-like bandings.
One of the liveliest minerals now in the market.

$4.00, $5.00, $6.00 and $r0.00 We will have cheaper specimens as soon as we
can bave our rough material wm'kcd up.

GEO. L. ENGLISH & CO., Mineralogists,
64 EAST 12th STREET, NEW YORK CITY

A few extra fine specimens,

Figure 3. Portion of George L. English’s ad offering some of the first variscite specimens
for sale in the December 1895 issue of The Mineral Collector.
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Variscite.
Orthorhombic. AIPO,+42H,0.
CLAY CANON, Camp Floyd Mining District,

UTAH COUNTY, UTAH.
g 3% GEORGE L. ENGLISH & CO.,
) No.G4 East12th Street, - - =« =  New York.
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Wardite, with Variscite.
P,0,. 2A1,0,.4H,0.
NEAR CAMP FLOYD, UTAH.

Amer. Jr. Sc., Aug. "96.

Concretionary.

__"B
¢ GEORGE L. ENGLISH & CO.,

No, 64 East 1 2th Street, - - - - New York.

Figure 4. George L. English labels (1896-1898)
for Clay Canyon specimens of variscite and
wardite, priced at $1.50 and $2.50, the equiva-
lent of about $40 and $66 today.

THE MNINERAL COLLECIOR xi

HEADQUARTERS

Western * Minerals |

Birthplace of Low Prices!

Utah VARISCITE, cabinet specimens, 10¢c. to 50c.
WARDITE, 10c. to 35¢
All kinds of Western Minerals.
MAYNARD BIXBY,
SALT LAKE CITY, UTAH.

Figure 5. Maynard Bixby’s ad in the August
1897 i1ssue of The Mineral Collector.

Around 1918-1920 the property was worked by Richard Jackson
Hutchings (1875-1937) and his younger brother John Hutchings
(1889-1977) of Lehi, Nevada—and a one-armed deputy shenff
from Tooele County. Richard listed himself as a “miner” on the
1920 census, and had probably leased the Clay Canyon mine for a
while from Don McGuire. John Hutchings had worked in the Eureka
silver mines at the age of 12, and then served as a postman for
some years in Lehi, but was pnmarnily a collector. He listed himself
as a “miner” in 1918 when he registered for the draft, as did his
brother Richard; by that ume John had already been building his
personal museum in his home. During their time at the mine the
Hutchings brothers found one of the largest and finest dark green

324

Figure 6. John Hutchings (1889-1977) of Lehi
recovered many variscite nodules in 1918-1920,
when he and his brother Richard leased the
locality. Photo courtesy of the John Hutchings
Museum of Natural History.

variscite nodules ever recovered there, a 28-cm (i l-inch) boulder
which John cut and polished himself. In 1955, John Hutchings
and his wife Eunice donated their extensive collection of minerals,
fossils, shells, stuffed birds, bird eggs, ethnographic artifacts, guns
and Western memorabilia to the town of Lehi to formally establish
the John Hutchings Museum of Natural History. The big vaniscite
nodule can be seen there today (and is pictured here). Despite their
discovenies, the Huichings brothers were unable to find anyone who
actually wanted to buy the variscite they were mining. so they gave
up their claim

In 1923 George L. English (1864-1944), who was by then manag-

ing the mineralogy department at Ward's, supplied specimens of the

Figure 7. (facing page, top) Variscite nodule, 28
cm (11 inches), one of the finest ever found at
the Clay Canyon deposit. The lavender-colored
bands are probably hydroxylapatite. Collected
by John Hutchings ca. 1919; photo courtesy
of the John Hutchings Museum of Natural
History.

Figure 8. (facing page, bottom left) Variscite
nodule, 15 ¢cm, one of the finest ever found at
the Clay Canyon deposit. Collected by John
Hutchings ca. 1919; photo courtesy of the John
Hutchings Museum of Natural History.

Figure 9. (facing page, bottom right) Variscite
nodule, 19 cm, one of the finest ever found at
the Clay Canyon deposit. Collected by John
Hutchings ca. 1919; photo courtesy of the John
Hutchings Museum of Natural History.

The Mineralogical Record, volume 41, July—August, 2010







Figure 10. Esper S. Larsen, Jr. (1879-1961),
Harvard mineralogist (with Smithsonian cura-
tor Earl V. Shannon) described seven new spe-
cies from the Fairfield nodules in 1930.

nodules to Harvard mineralogist Esper S. Larsen, Jr. (1879-1961).
Larsen made a visit to the locality himself in 1927 and collected
a few poor specimens from the dump. Larsen and Smithsonian
curator and chemist Earl V. Shannon (i895-1981) then analyzed
the material in detail and described seven new species (Larsen and
Shannon, 1930)

Bennion (1967), in lis somewhat muddled historical sketch,
stated that after McGuire, James Chamberlain (1875-1949) of Cedar
Fort, just north of Fairfield, had operated the mine, and took out a
number of good variscite nodules. He says Chamberlain had done
the assessment work on the claim, but had failed to file proof of
labor, so the claim lapsed. However, this assertion was later bitterly
disputed (Montgomery, 1970b, 1970a).

The best-known collaboration in the mining of variscite nodules
was that of Arthur Montgomery (1909-1999) and Ed Over (Edwin
Jenkins Over, Jr.; 1905-1963). Montgomery had graduated from
Princeton in 1931, spent a year traveling in Europe, and then
worked for a while at Ward’s Natural Science Establishment in
Rochester, New York, learning the mineral business from George
English. Perhaps it was there that he saw the remains of the first
great variscite discovery at Fairfield. Ed Over had worked in the
Colorado mines and attended the Colorado School of Mines for
a couple of years before leaving to become a full-time mineral
prospector (perhaps with some mentoring in the mineral specimen
market by his friend, Colorado Springs mineral dealer Lazard Cahn).
Over and Montgomery were introduced to each other by Harvard
mineralogist Charles Palache, and immediately became fast friends
and collecting partners. By 1934 they were in business together
collecting and selling mineral specimens. Sometimes they worked
in the held together, but much of the time Over worked alone, ship-
ping specimens back to Montgomery in New York to be marketed.
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Figure 11. Arthur Montgomery (1909-1999)
mined the Clay Canyon deposit in 1937 and
1939, with Ed Over, and patented the claim.

Montgomery's first ad, offering pyrite from Bingham Canyon, Utah
appeared in January 1934, Over the next seven years Montgomery
and Over were responsible for many spectacular mineral discoveries
reaching the market, including red wulfenite from the Red Cloud
mine in Arizona, and epidote from the Green Monster mine on
Prince of Wales Island in Alaska.

Montgomery and Over returned from their Alaska collecting
trip in September of 1936. On the drive back to Colorado Springs
they passed through Utah and, taking the advice of Esper Larsen,
decided to search out the old Fairfield vaniscite locality. Montgomery
(1970a.b) described their work there as follows:

We had trouble finding the old mine, for it was hidden away
in rather inaccessible hilly country a couple of miles northwest
of Fairfield, a farming village clearly marked on the road map
but almost unrecognizable as a center of human habitation
otherwise. We finally found the locality up a small westerly
trending canyon (Clay Canyon, as we found out later) which
we negotiated with our car by following old tracks around
clumps of sagebrush and along the bed of a sandy wash.
The small mine dumps lay close to the canyon bottom on its
northerly side. Close above these in the hillside loomed the
square opening of a mine tunnel. There was no evidence of
anyone having been there for a long time.

We lighted our carbide lamps and began an exploration of
the underground workings. The tunnel was dry, musty and
quite cool, and led straight into the hillside for a hundred
feet northward. There it ended in a large, high chamber, one
wall of which exposed a zone of brecciated rock. Angular
chunks of iron-stained limestone, from small fragments up
to boulder size, were embedded in a soft, powdery grayish
matrix. Within the brecciated matrix we noted a scattering of
round gray shapes something like large potatoes in appearance.
These were concretionary nodules of highly altered phosphate
minerals. Their interiors, when broken open, revealed porous,
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Figure 12. Arthur
Montgomery with variscite
nodules at the adit to the
Little Green Monster mine,
1937. Photo by Ed Over,
courtesy of Terry Szenics.

earthy masses of whitish matenal we guessed to be crandallite
(known at that ime as pseudowavellite). This occurrence of
abundant concretions of altered phosphates suggested an obvi
ous relationship to other nodular phosphates such as variscite
However, there was not a trace of greenish variscite present
in this breccia zone. No wonder the miner who drove that
long tunnel had stopped here, and discontinued his search for
variscite in this section of the mine

Up on the hillside above there was a small-sized. partly
caved-in pit, with adjacent waste dumps, some distance up-
slope from the tunnel entrance. That was probably where the
first discovery of vanscite had been made. It looked as if the
tunnel had been run in such a way as to try to intersect at
depth this phosphate-bearing breccia zone cropping out al
the surface.

Tharty or forty feet back from the tunnel’'s ending at the
breccia zone there was an opening into a side-drift running
off in an easterly direction roughly perpendicular to the trend
of the tunnel. We followed that drift for about 30 feet, a
which point it turned sharply northward, parallel to the main
tunnel. Ten or 15 feet more and it ended abruptly in a face
of earthy brownmish matenal. The soft, broken-up appearance
of the material, suggesting fault gouge, made it a promising
place to start digging.

We dug with sharp dnft picks into that blank wall. After
several hours of hard pick-and-shovel work, made more dif-
ficult by the close quarters, insufficient air and increasingly
dust-laden atmosphere, we had extended the drifi face a foot or
two farther to the north. All at once a pick stroke hit something,
and partly exposed in the middle of the face a little brownish
curving shape. It was a hard, solid nodule looking just like a
small potato. We pried it out of its earthy matrix, examined it,
and noted that it felt heavy. One of us struck it with a geological
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hammer and broke it in two. The honeycombed interior showed
a partial iilling of glassy, pale bluish material which sparkled

with light reflected from the faces of tiny crystals lining the

walls of small cavites. We had discovered a well-crystallized
specimen of a quite rare phosphate mineral, wardite. 1 had
first seen the mineral on display in the Morgan Hall in the
American Museum of Natural History, where it stood out as
bluish veinlets and small, spherical eye-like shapes within two
beautiful polished slabs of vaniscite that had come from the
onginal mming at Fairfield. But I had never seen a distinctly
crystalhized specimen of wardite unul we had broken open
that first small nodule

Greatly encouraged by our find, we continued vigorous pick
and-shovel mining in the north face of the dnft. Every once in
a while we uncovered a small nodule in the soft, ground-up
rock material we were digging out and throwing behind us
We accumulated a good number of them during several days
of work while we extended the drift ten or more feet farther
north. Most of the nodules contained nothing but powdery,
whitish or yellowish crandallite: but one or two more showed
wardite, and several, when sphit open, revealed solid cores of
deep green variscite. We were on the nght track!

It was too late in our hield collecting season that year 1o try
10 commence any serious mining operation. We decided to
return early the following summer

We returned to the variscite mine and staked our own lode
claim there on May 27, 1937, naming 1t the Little Green Mon-
ster mine, then resumed our pick-and-shovel mining in the face
of the side dnft. We advanced another ten feet or so northward
Al first we ran into a scattering of small nodules, picking up

just enough production of deep green vanscite, yellow crandal-

lite and associated rare phosphates in a few nodules to make
it worthwhile. Unfortunately, as we dug our way northward,
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Figure 13. Location of the
i Little Green Monster claim in
W\ Section 22, patented by Arthur
\\ Montgomery, Edwin Over and
\ James Gough in 1948. The section
s 2% is 1 mile wide. The north and
1\ W south branches of Clay Canyon

W "‘;‘} are indicated in blue.
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variscite nodules at the adit to

- the Little Green Monster
I mine, 1937. Photo by Arthur
Montgomery, courtesy of

W\

the soft ground became harder and rockier, and nodules grew
increasingly scarce. Finally they quit on us entirely. We seemed
to have passed beyond the nodule-bearing zone.

We went back some feet from the face to that part of our dnft
extension where we had found the largest number of nodules
By digging into the side walls we uncovered some more. One
of us worked to the left (west) and the other to the right (east).
Almost at once we noticed a difference in the two sides. While
on the west side nodules kept appearing, in fact began to be
more numerous; on the east side they gradually petered out
after several feet. So we both concentrated our efforts on the
west side, excavating a considerable opening into that wall.
Not only were nodules growing more abundant, but the ground
had become darker brown and extremely soft.

After a few feet of digging we noticed another change.
Nodules of a larger size than any we had found before began
showing up. By chipping off very carefully a small comer on the
nodules we were usually able to learn whether or not vaniscite
was likely to be present in the interior. In the great majority
of cases, earthy and porous, pale vellow to whitish crandallite

made up the whole nodule. But now and then an outer rind of

wholly different character consisting of olive-green to greenish
yellow crandallite was exposed. This generally meant variscite
underneath. These nodules, rich in variscite, we sacked unbro-
ken, knowing that their omamental beauty and value would be
enhanced through later sawing and polishing

We started discoverning nodules containing crystal caviues.
These specimens we could not recognize at first, since they
possessed a fair heft, intermediate between the really heavy
nodules nich in variscite and the light-weight ones made up of
nothing but highly altered porous crandallite. But they broke
open rather easily because of their honeycombed internal
structure. Not uncommonly, a small kernel of variscite, covered
by a whitish coating and surrounded by narrow penpheral
openings, was revealed near the center. Glassy, colorless
prismatic crystals were sometimes observed implanted upon
the curving variscite surface. Some were made up of clusters
of sheaf-like sprays of colorless needles (lewistonite). In a
few cases we spotted glassy blades, colorless to grayish and
arranged in fan-like clusters perched on variscite. These were

Terry Szenics.

undoubtedly gordonite crystals, some up to a quarter inch long
and of excellent transparent quality.

We enlarged our westerly excavation as we advanced nto
the wall. We were now digging in very soft, earthy, limonitic-
stained material and nodules of all sizes and descriptions were
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showing up. They were becoming so plentiful, in fact, that we

never failed to have a number of their curving shapes exposed

' - - |
in the face. We had broken into a zone of extraordinarily rich .
nodule-bearing ground.

' -
Soon we had so enlarged our new westerly diggings, with nﬁtmaﬁ

nodule-rich ground on all sides, that we gradually found

ourselves engaged in stoping out a large chamber. This stope

grew larger until it measured more than 15 feet across. We E x H I B I T I O N S A L E

were even mining nodules out of the roof and from the floor I—— SE———

beneath our feet. How well | recall the excitement of those ON DECEMBER 23. 24. 26. 27 and 28th

weeks 1in July and August when we were mining 1n paydirt!
'housands of pounds of nodules were being extracted each

week, of which PCI’h.’.tpN a tenth part seemed I!II\L|". 10 consist I shall hold an exhibition-sale njﬁnf’nﬁnprﬂl specimens

of good quality variscite and could be sacked. The rest were
at
nothing but worthless altered crandallite and were discarded.
Best of all, we were slowly accumulating a number of speci- . 1 East 44th St., New York City, 30th floor
|
I mens showing various crystallized minerals sparkling within y
small cavities. Every week we were able to ship back east to v o . N :
) ; l Material exhibited will inelude : the most heautiful
. our business headquarters hundreds of pounds of vanscite nod- V aviscites ever seen.
. ules. These went in double gunny sacks and were shipped by
railway freight from American Fork. The crystallized material, __ Magnificent crystallized pC— of the rare |
f -arefully labeled and wrapped in newspaper, went in carton Telriielly Uiah, Floopiutin. Gulgue SusiiSguts st |
1‘. ¥ 1‘. i ] T .l. ¥ W L] H L] '- L] -L ' \ 4 . L
2 S— i o PP ol o ' ’ Tourmalinated Quartz from a new Montana find.
by railway express. :
Other material collected by Edwin Over and me ji
during four years of collecting. |
L
And a superb list of minerals purchased by me in |}
Europe last spring. :
il |
L
dallite. It was time to stop mining. We had shipped more than _ :
4 - PP All interested are cordially invited to attend. 1
a ton of first-class nodules, together with a good number of {
|
crystallized specimens ARTHUR MONTCOMERY i
— T |
The situation looked extremely unpromising for future | EAST 44¢h STREET NEW YORK CITY |
L
variscite production, but we were not at all sure the deposit :!

was worked out, and felt we might come back sooner or later !
4

We knew that such phenomenal production could not last
forever. Finally the nodules began to thin out in our stope and
its surrounding extension gallenies. The high roof went into
hard, brecciated barren ground; the floor, some feet below
tunnel level, at last produced nothing but highly altered cran
for more exploratory mining. S0 we took special pains to S N L G
record our assessment work covering 1937-1939, in order to Figure I5. Ad in the December 1937 issue of Rocks & Minerals
maintain our claim. announcing Montgomery’s annual sale of minerals he had col-

Back ecast, the newly mined Fairfield material proved to lected with Ed Over the previous summer.
surpass our highest expectations. Some of the finest specimens,
among them nodules of solid vanscite measuring up to 8 inches
across, went to several of the larger museums and private col-
lections. The best material, as always, ended up at Harvard
and the Smithsonian. Ed and | made up our minds to return to
Fairfield. We could not return the following summer, for we
had planned a three-month expedition to Mount Antero, but
the summer after that, of 1939, would be a good tme.

When we arrived at the mine in June of 1939 we found that
our claim had been jumped by two locals, Jim Chamberlain
and his son. [Chamberlain was a South African-born farmer
with two sons, William and Charles, living in Cedar Fort just
north of Fairheld.] We wasted most of a day putting up new
claim notices and checking the mine workings. Fortunately
the Chamberlains appeared to have done little digging. Bul
prospects for locating fresh occurrences of nodules looked
poor. For some days we carried on exploratory mining within
and all around the stoped ground where we had run into the
greal concentration of nodules. Wherever there was soft ground

1 we dug oui drift picks wo it and opened 1t up for a foot or
more. Hardly a sign of a nodule anywhere
Finally one of us, after digging into the south wall of the old
dnft where i1t ran eastward just south of our stope, noted some
brownish earthy gouge in the roof of the drift at that point.
Standing on a pile of freshly mined matenal, we excavated Figure 16. A wheelbarrow full of freshly dug variscite
nodules, 1937. Photo courtesy of Terry Szenics.
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Figure 17. Ed Over peeking out of the opening to the surface they had dug following a
vein of variscite nodules in 1939, This photo was exhibited at Montgomery’s December
1939 sale of specimens they had collected. Photo courtesy of Terry Szenics.

a hole upward and above the south wall. Suddenly a nodule
appeared, then another. We built up a platform of waste rubble
in the dnift so that we could stand upon it and more easily get
at the ground high above our heads, and proceeded to open up
the roof area above and south of the dnft with great excitement
and redoubled energy. As we dug our way upward, out came
the nodules, more and more of them, dropping to the floor
of the dnft with loud thuds. The completely unexpected had
happened again! We had broken into another phenomenally
rich ore zone

We followed that ore zone upward at a fairly steep angle from

the roof of the drift for two months. We were actually running

a raise up toward the surface at about a 30° angle, and we were,

in nodules continuously. It was clearly an upward-trending
continuation of the ore-bearing ground we had stoped out at
a deeper level north of the drift. It seemed to be a pipe-like
zone of intense brecciation lying within a major fault. Portions
of that same fault were seen in the exposures of nodules at
the end of the main tunnel and in the discovery pit up on the
hillside. But only within certain limited channelways along
that fault, it seemed, had vanscite nodules formed and been
preserved from alteration to crandallite.

Here we were, producing nodules even faster and in greater
quantity than in 1937. We followed that rich ore zone in our
raise for 70 feet all the way to the surface, eventually breaking
through into the sunlight at a spot several tens of feet downslope
from the old surface pit on the hillside. A tremendous number
of vanscite nodules up to 12 inches across came out. We were
mining nodules by the thousands. By the time our raise broke
out onto the surface we had produced a couple more tons of
sacked variscite nodules, most of them first-quality. We also
produced a considerable number of crystallized specimens
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which we turned over to Professor Larsen’s son, Esper S
Larsen I, for research

When our second summer’s mining came to an end, we
felt we had been responsible for opening up one of the great
mineral localities of the world, and bringing to light some of
the most beautiful, and also-mineralogically rare and interest-
INg, SPECImens ever seen.

Montgomery advertised his “Christmas Exhibition Sale™ for
December 23-28, 1937 in New York, offering “the most beautiful
variscites ever seen, and “magnificent crystallized specimens of
the rare Fairfield, Utah phosphates.” Again, in December 1939, he
held another sale featuring “notable specimens from a new Utah
find.” (See Martin Plotkin’s 1991 account of attending that sale as
a college student.) Although Montgomery’s sales included some
modestly priced specimens, he really had no interest in selling good
minerals at affordable prices or making them available to the most
collectors. On October 27, 1937, he wrote as follows to his friend
Sam Gordon (namesake of gordonite) at the Academy of Natural
Sciences in Philadelphia (quoted by Conklin, 2002):

None of these minerals will be sold indiscriminately or cheaply
enough to flood the market and make them appear as common
in the eyes of anyone. Although | have a very great number of
superbly crystallized gordonites, for example, it is likely that
only a number of the best ones will be sold at all, only as much
as for which there 1s a real demand by the important museums
and private collectors. | would rather keep the prices extremely
high, and only sell a handful of the finest specimens to places
where their excellence and rarity will be fully appreciated, than
sell a hundred times as many at low prices [even though] the
latter way may be the most successful financially. That is my
personal philosophy, as applied to mineral selling.
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FROM DECEMBER 21ST THROUGH THE 23RD
Conklin wonders (as might we all) whether Montgomery destroyed
or discarded many Fairfield specimens in order to create artificial
rarity—or perhaps sold them for processing as bulk scandium ore,
just to keep them off the specimen market. We will never know,
but his expressed attitude may explain the ranty of good gordonite
specimens today.

New leatures will b
notable specimens from a new |eal G

amnither entirely new ¢rystallbized muneral

superlative yellow wulfenite groups of a’unique type | :T'«I'lcl' that second summer at the mine, Montgomery and Over
enlisted a local man, James William Gough (1897-1986) of Lehi,

to continue the assessment work and keep their claim valid; in

Many other fine things. including chowe Maine minerals exchange he could keep whatever minerals he found (Montgomery,
and gems from a recently-purchased, old-time collection ' 1971b). Ball (1945) reported that the Clay Canyon deposit had been

| worked for a short time in 1944 and some good variscite nodules

- _ were shipped “to the east,” possibly to Schortmann’s Minerals in

All interested are cordially invited o atrend Massachusetts—they advertised specimens again that year, including
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but more likely they all came from Dr. George Bernard Robbe
(1884-1963); the vast majority of the 30 fine variscite specimens
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in the Seaman Mineral Museum came as a bequest from Robbe, a

Figure I8. Ad in the December 1939 issue of Michigan Tech graduate (1913) who had moved west and worked
Rocks & Minerals announcing Montgomery’s for the Utah Copper Company’s Bingham Canyon mine, where he
annual sale of minerals he had collected with helped develop techniques for the chemical extraction of copper
Ed Over the previous summer. from ores. According to Seaman Museum records (George Robin

VARISCITE

The most beautiful and colorful mineral we have in stock. This is some of
the finest gem Variscite ever found. It occurs as nodules with beautiful green
Variscite centers usually bordered by Wardite and Pseudowavellite. Collected
in Utah by Messrs. Edwin Over and Arthur Montgomery. If you are looking for
beautiful showy specimens vou cannot afford to miss these.

POLISHED SPECIMENS
13" to 3x4” - T5¢ - $1. - $1.50 - $2. - $2.50-$3.50 - $4.
LARGE POLISHED MUSEUM PIECES
$5.00 $7.50 $10.00 $1250 $15.00

Our new 1939 Catalogue is now ready—47 pages—listing hundreds of
choice specimens. The charge is 10c. Your dime will be refunded on your first

purchase, SEND TODAY TO

Schortmann’s Minerals

6-10 McKinley Avenue Easthampton, Mass.

Figure 20. Schortmann’s ad in the February 1939 issue of Rocks & Minerals
offering variscite collected by Montgomery and Over, presumably during
their first (1937) field season at the Clay Canyon mine.
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Figure 21. Variscite nodule, 17 cm, collected at
Clay Canvon by George Robbe ca. 1944, Sea-
man Mineral Museum collection (GBR-1436);
(George Robinson photo.

Figure 22. Variscite nodule rich in vellow cran-
dallite and showing particularly dark green
variscite, 7.5 cm, collected at Clay Canvon
by (George Robbe ca. 1944. Seaman Mineral
Museum collection (GBR-1627); George Rob-
inson photo.

Figure 23. Dr. George Robbe (1884-1963), a
Michigan Tech graduate, mined the Clay Can-
yon mine in 1944. Many fine specimens from
his personal collection are now in the Seaman
Mineral Museum in Houghton, Michigan.
(Photo courtesy of George Robinson, Seaman
Mineral Museum.)
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Figure 24 (top left). Variscite nodule, 9.5 cm, collected at Clay
Canyon by George Robbe ca. 1944. Seaman Mineral Museum
collection (GBR-1663); George Robinson photo.

Figure 26 (above left). Variscite nodule, 15 cm, collected at Clay
Canyon by George Robbe ca. 1944, The blue veining is ward-
ite. Seaman Mineral Museum collection (GBR-1613); George
Robinson photo.

[he Mineralogical Record, volume 41, July-August, 2010

Figure 25 (top right). Variscite nodule, 15 ¢cm, collected at Clay
Canyon by George Robbe ca. 1944. Seaman Mineral Museum
collection (GBR-1439); George Robinson photo.

Figure 27 (above right). Variscite nodule, 8 cm, collected at Clay
Canyon by George Robbe ca. 1944, Seaman Mineral Museum
collection (GBR-2778); George Robinson photo.
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Figure 29. Warner & Grieger ad
in the March 1945 issue of Rocks
& Minerals offering variscite
slabs with “pseundowavellite™
(crandallite) and wardite. The
statement that “‘the mine has
been worked out completely™
was not entirely accurate. Who
their source was, “the last
operators,” is uncertain.
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Beautiful Green Variscite

VARISCITE - Fairfield, Utah. This top gem stock occurs in phosphate nodules
associated with bright yellow pseudowavellite and grey Wardite. This mine has
been worked out completely, We have secured a nice stock from the last operators.
Superb rich green slabs with just a little of the associated minerals are priced 25¢
to 50¢ per sq. inch. Slabs with none or very little Variscite at 15¢ per sq. inch or
50¢ to $1.00 per slab. These associated phosphates are hard and take as good a
polish as the Variscite.

COMPLETE SAWED NODULES- Superb for polished cabinet specimens. These are
priced not alone on size but more on general design and quality. Prices for the
unpolished ones are from $2.00 to $7.00 per Ib.

5:30 P.M. Closed

Business Hours—Monday thru Saturday—1:30 P.M. until

Sunday.
405 Ninita Parkway

WARNER & GRlEGER Pasadena 4, California

Our Phone Number is Sycamore 6-6423
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Figure 30. Arthur Montgomery (left), Louis Schoenberger and Ed Over (right) at the
Little Green Monster mine in 1959, during the brief attempt to mine the deposit for
scandium. (Over died four vears later.) Photo courtesy of Terry Szenics.

son, personal communication). Robbe paid miners to mine variscite
for him at Clay Canyon in the 1940s, probably under a lease from
Montgomery and Over.

[hrough much of the 1940s the claim was plagued by claim
jumpers and unauthorized collectors, including the Chamberlains
who continued their efforts to gain control of the property by
accusing Gough of not having done the proper assessment work.
In 1941 James Chamberlain staked his own claim, calling it the
“Green Gem™ claim, over Montgomery's claim. Finally, in 1948,
Montgomery, Over and Gough applied for a patent on the claim n
order to settle the i1ssue once and for all. The Chamberlains were
unable to support their case. and the judge granted the patent request
in 1952 (patent #1 144484, survey 7207). Nevertheless. trespassing
and unauthorized collecting continued, as is liable to happen when
a lamous property 1s left unguarded for years.

Commercial interest in the property was renewed when Mrose
and Wappner (1959) discovered that sterrettite (kolbeckite) found
there was actually a phosphate of the strategically important element
scandium. Kawecki Chemical Company of Boyertown, Pennsylvania
backed new exploration, which was carried out by Ed Over and Louis
Schoenberger. A shipment of 330 pounds of crandallite nodules
averaging 0.14 weight % Sc.0O, was shipped to Boyertown in 1959
so that a refining technique could be developed. A second shipment
tollowed, consisting of 4,000 pounds of crandallite, vanscite, chert
and limonitic clay averaging 0.1 weight % Sc.,0,. This ore was all
mined from the crandallite breccia zone at the end of the main adit
(Montgomery, 1997). The results were disappointing, however, and
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efforts ceased when major scandium deposits were discovered in
Australia (Frondel er al., 1968)

By the mud-1970s (Modreski, 1976) the underground workings
had detenorated and the adits had partally caved and become
filled with rubble. Clifford Frondel (who took Over’s pan of the
ownership during the bnef scandium investigations) and Arthur
Montgomery sold the patented claim 10 Archie Rae McFarland
(1913-1980) of Beehive Machinery, Inc. in Sandy, Utah. Under
the terms of the transfer, McFarland agreed to clean out the mine
and improve accessibility for the benefit of collectors and students,
and he was allowed to carry out small-scale mining. That doesn’t
s¢em to have happened, though, and the mine sat idle until it was
eventually bulldozed shut as part of a reclamation effort. McFarland
passed away, and the ownership of the patented claim was still held
by Beehive Machinery, Inc. when that company was acquired by
Katy Industries many years later. Having no interest in small-scale
mining, Katy Industries sold the claim in 2001 to Reno, Nevada
mineral dealer Alan Day of Mineral Exploration Services (formerly
a partner with Scott Werschky in the Miner's Lunchbox dealership)
Alan is confident that vanscite can still be found there, and plans
to reopen the mine

GEOLOGY

The country rock exposed in the workings i1s a shattered and
altered black limestone (the “Great Blue” limestone of Upper
Mississippian age), the bedding of which strikes N5S0“W and dips
22°N. The vanscite deposit 1s in a highly altered limonitic breccia

315




zone along a fault dipping roughly 45°N. Sterrett (1908) described
the deposit thus:

Practically everything in this zone has a nodular shape,
including the blocks of limestone breccia, etc. Chert forms a
prominent part of the filling of the mineralized zone, and has
been fractured and cemented by calcite seams and limonite. The
nodules of variscite range from one-fourth of an inch to over
four inches [actually over 24 inches]| in thickness. The nodules
have been more or less fractured, and the cracks have been
filled in with yellow and white phosphate minerals. Some of
the larger nodules contain two or more of the smaller nodules,
or irregular masses of variscite, enclosed in yellow or white
matrix or shells. Most of the nodules are surrounded by banded
layers of the yellow phosphate and some have white coatings
as well. The color of the variscite ranges from deep grass-green
or emerald-green to paler shades and nearly white.

Larsen (1942¢) proposed that the vanscite onginally formed by
the action of descending phosphatic groundwaters produced by
surface weathering of phosphorite beds in the overlying Phosphona
Formation, acting on aluminous material. Thomssen (1991) sug-
gested instead that the phosphate was more likely derived from the
nearby shale beds in the Great Blue limestone, a much closer source.
Groundwater heated by a nearby rhyolite intrusion may have leached
phosphate from the shales and circulated it through the breccia
zone of the Clay Canyon deposit. After the rhyolite had cooled,
the groundwaters were no longer being enriched in phosphates, and
the change in chemistry caused alteration of the vaniscite into other
phosphates with relict nodules of variscite remaining. The original
vein, consisting almost entirely of pure green variscite, must have
been quite spectacular before it was altered
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Figure 31. Paragenetic relationship between
the minerals in the variscite nodules from the
Clay Canyon mine. Showing the six stages of
mineralization (Larsen, 1942b).

PARAGENESIS

Larsen (1942b) made a detailed study of the paragenetic rela-
tionships in the evolution of variscite nodules in the Clay Canyon
deposit, identifying six stages: (1) variscite formation, followed
by fracturing and the introduction of thin black quartz veinlets;
(2) banded minerals, primarily crandallite, millisite and wardite,
replacing and enclosing variscite while opening up cavities through
shrinkage (some variscite nodules were entirely replaced by crandal-
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lite); (3) formation of free-growing crystals of gordonite, englishite,
montgomeryite and probably overite and kolbeckite in cavities; (4)
a minor reversion to crandallite formation from solution as isolated
oohites; (5) apatite-group minerals; and finally (6) the limonitic phase
(limonite is not present inside any of the nodules). Alunite probably
preceded variscite formation. There must have been a time interval
at the end of stage |1 during which the variscite was fractured and
brecciated by tectonic movements. These movements must have
continued periodically during stage 2, as shown by spherules and
bands which are cut by fractures and offset, although paradoxically
the crandallite shells around the varniscite nodules are unbroken by
these fractures.

MINERALS

Alunite KAIL(SO,),(OH).

Larsen (1942a) reported the presence of alunite in the Clay
Canyon deposit, as rounded, creamy white to dark gray nodules up
to 20 ¢m in diameter, incorporating about one third of their weight
in quartz. The alunite nodules were onginally thought to be chert
until they were tested.

Calcite CaCO

Calcite occurs as aggregates of coarse, corroded crystals on the
surface of some variscite nodules. Many crystals are darkened by
inclusions of limonite. One specimen (john C. Ebner collection)
shows a brilliantly lustrous druse of calcite crystals coating limonite
in a void inside a variscite nodule.

Carbonate-fluorapatite (see Fluorapatite)

Crandallite CaAl.(PO,),(OH.H.O),

Crandallite was originally described from Germany by Loughlin
and Schaller (1917). Larsen and Shannon (1930) described two min-
erals from the Clay Canyon variscite nodules which they described
as pseudowavellite and the new species “lehiite” (they named the
latter after the nearby town of Lehi), but both were later discredited
as crandallite (Palache er al., 1951; Dunn and Francis, 1986).

Crandallite is prominent in most nodules as dense, yellow to
yellow-green crusts forming successive concentric layers of varying
shades and textures. Pinkish spherulitic growths and white powdery
crusts are also present. In fact, crandallite is the most abundant
phosphate at the site, and most nodules found in the Clay Canyon
deposit were composed entirely of crandallite (Larsen, 1942b). No
distinct crystalline texture is visible in hand specimen, but under
magnification the crandallite layers are seen to consist of felted
masses of subparallel acicular crystals which appear coarser in
some layers and very fine in others. Frondel er al. (1968) found
that Clay Canyon crandallite contains up to 0.8 weight % scandium
oxide; trace amounts of vanadium and chromium probably account
for the color.

Davisonite (see Fluorapatite)
Dehrnite (see Fluorapatite)
Dennisonite (see Fluorapatite)
Deltaite (see Hydroxylapatite)

Englishite K Na.Ca, Al .(PO,), (OH), -26H.0

Englishite was described as a new species in the variscite nodules
from the Clay Canyon deposit by Larsen and Shannon (1930), who
named it after the prominent American mineral dealer George L.
English. It occurs in 1-mm layers of transparent, colorless, glassy
matenal in contact (or nearly so) with the variscite cores.
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Figure 32. A variscite nodule
that has been completely altered
to yellow crandallite and white
phosphates, 7.3 cm, from the
Clay Canyon mine. Seaman
Mineral Museum collection;
JefT Scovil photo.

Figure 33. Englishite in a
tightly packed crystal group,
3 mm across, on variscite
from the Clay Canvon mine.
Note the micaceous luster on
the cleavage face, which is
diagnostic for the species.
Terry Szenics collection;
multifocus photo by

Alex Halpern.
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Figure 34. Englishite
crystals to 1 mm from
the Clay Canyon mine.
Terry Szenics collection;
multifocus photo by
Alex Halpern.

Figure 36. Gordonite
crystal (partially
replaced by vellow
crandallite), less than

I mm, with fluorapatite
(*“lewistonite™) from
the Clay Canyon mine.
Natural History Museum
of Los Angeles County
collection; multifocus
photo by Paul Adams.

Figure 35, Fluorapatite (“lehiite”) in a spray of
acicular crystals less than 1 mm across. Natural
History Museum of Los Angeles County collection;
multifocus photo by Paul Adams.

Englishite shows a perfect micaceous cleavage with a pearly luster
on the cleavage face. It occurs in cavities with wardite, replacing
both wardite and variscite, and resembles gordonite, but is more
platy, and the cleavage surfaces tend to be larger and curved. Eng-
lishite generally occurs in association with montgomeryite and is
the earlier-formed of the two

Camp Floyd and Mercur), as colorless, transparent microcrystals of
stout hexagonal prismatic to acicular habit in cavities in variscite
nodules. Botryoidal crusts about | mm thick line cavities in the

Fluorapatite’* Ca.(PO,)(F.CO,)
Larsen and Shannon (1930) described the two new species “dehr-

nite” and “lewistonite” (after the town of Lewiston, later known as : . . :
nodules and cement fragments of crandallite in some specimens;

- some cavities are entirely filled, like amygdules. Dehrnite and
Fluorapatite was renamed apatite-(CaF) by Burke (2008), but this lewistonite, however, were later discredited as being identical to
change was rescinded, with IMA approval, by Pasero er al. (2010).
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carbonate-fluorapatite (Dunn, 1978). Thirty years later, carbonate-
Huorapatite was deemed not to be known in nature with sufficient
carbonate to qualify as a distinct species (Burke, 2008), and thus
species status was rescinded in favor of fluorapatite until such time
as natural specimens are discovered.

Davisonite was also described as a new species from Clay Canyon
by Larsen and Shannon (1930), who at first named it “dennisonite,”
with the intention of honoring the author of the 1896 wardite
description. Embarrassingly, this was in error, as the author’s name
was actually John M. Davison; the error was eventually corrected
(more than ten years later!) and davisonite became the mineral
name (Palache er al., 1951). However, davisonite was ultimately
discredited as a mixture of fluorapatite and crandallite by Dunn
and Francis (1986). Thus poor Davison lost out twice in having
the mineral named after him.

Dunn (1980) illustrated a number of excellent microcrystals via
scanning electron micrography; they vary in habit from hexagonal
prismatic to hexagonal tabular.

Gordonite MgAl(PO,),(OH),-8H,0
Gordonite, a triclinic mineral related to paravauxite, was described
as a new species from the Clay Canyon vanscite deposit by Lar-

Figure 37. Fluorapatite
crystal cluster, about

2 mm, from the Clay
Canyon deposit.
Smithsonian Institution
collection; SEM by
Pete J. Dunn.

Figure 38. Gordonite
crystals to 1 mm from
the Clay Canyon mine.
Natural History
Museum of Los
Angeles County
collection; multifocus
photo by Paul Adams.

Figure 39. Gordonite
crystal drawings, Clay
Canyon mine (after
Pough, 1937b).

sen and Shannon (1930). They named it in honor of Philadelphia

f':ﬁ = mineralogist Samuel G. Gordon (1897-1952), who first described

" i ; \ - — N, 011 [‘rgrm'umllu. Gordonite occurs there as layers less than | mm thick

Aoron // ﬁ' N & of clear, glassy, cleavable crystals encrusting variscite or very near

.',';;'II.!I.;'_':-.';;. | . il : s '

/ L g y ¥ & /7 Gordonite is among the rarer but better crystallized phosphates

' 2 |u;+'_--: 1:' N » 711 =, in the variscite nodules. The best crystals are lath-shaped, with a

110 «Jlr | 100 - | i? | _ | 010 perfect cleavage parallel to the axis of elongation, on (100). Forms

t ol | | i '”' L[]iwo [ ] recognized include (001}, {010}, {100}, {110}, (490} and (211}

. | /| | _I'I“ S 1R 1 ' Pough (1937b), having obtained better crystallized specimens ol

> i| | | 1 gordonite from material collected by Montgomery and Over in

: U | | a4 | late 1936, was able to provide a better description of the crystal
i . L ~ . morphology.

Like the other phosphates, gordonite formed by alteration of the
original variscite. Cavities which opened up between the variscite
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core and layers of crandallite were sometimes found to contain
gordonite crystals growing on both surfaces (the crandallite and
the variscite). Gordonite has only been found in nodules that still
contain some variscite, and it crystallizes on or near the vaniscite.
Yellow crandallite pseudomorphs after gordonite are known (Lar-
sen, 1942b).

In its purest form gordonite is gemmy and colorless, but it can
appear gray when attached to crandallite or vanscite; terminations
of the gray crystals are in some cases pale pink or lavender. Most
crystals occur in bundles or radiating sheaf-like aggregates. A few
individual crystals perched on other crystals are doubly terminated.
Crystals vary in size from 0.5 to 6 mm, and clusters can reach 5 mm
or more. Nineteen crystal forms were identified by Pough (1937b),
dominated by {010} (showing a pearly luster as in paravauxite) and
lesser striated { 100} and { 110}. Many crystals are terminated solely
by {011). Pough recognized the isostructural relationship between
gordonite and paravauxite. The crystals are all heavily stnated and
show a prominent cleavage on {010}, a fair cleavage on { 100}, and
a poor but distinct cleavage on {001 )

Govazite SrAl(PO,).(OH.H.,O),

Goyazite was reported from the Clay Canyon vanscite local-
ity by Frondel er al. (1968) as part of their investigation of the
scandium content of the phosphates. The physical properties were
not described, other than to say that a “bulk sample of crystalhized
goyazite” proved to contain 0.3 weight % Sc,0,. Microcrystals may
exist but they are impossible to distinguish from crandallite without
optical or chemical tests

Hydroxylapatite’ Ca,(PO4),(OH)

Hydroxylapatite crystals in crandallite were described (as a new
species, “deltaite”™) from the Clay Canyon vaniscite nodules by Lar-
sen and Shannon (1930). The name was in allusion to the triangular

14()

Figure 40. Gordonite crystals
to 4 mm on variscite from
the Clay Canyon mine. Terry
Szenics collection; multifocus
photo by Alex Halpern.

Figure 41. Gordonite crystal,
1 mm wide, on variscite from
the Clay Canyon mine. Terry
Szenics collection; multifocus

photo by Alex Halpern.

(A delta-shaped) habit of the crystals. Deltaite was discredited as a
mixture of hydroxylapatite and varying amounts of crandallite and
by Elberty and Greenberg (1960).

‘Hydroxylapatite was renamed apatite-(CaOH) by Burke (2008),
but this change was rescinded, with IMA approval, by Pasero er al.
(2010).
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Figure 42. Kolbeckite
(“sterrettite”) crystal, 1 mm,
from the Clay Canvon mine.

Denver Museum of Nature
and Science collection;
multifocus photo by

Alex Halpern.

Figure 43. Kolbeckite crystal
drawings, Clay Canyon
mine (after Larsen and
Montgomery, 1940).

N

Individual crystals are very small, generally no larger than 0.05
mm, as fibers and stout prisms with a triangular cross-section. Some
crystals taper at one end and are terminated by steep rhombohedron
faces on the other. Crystals were observed in parallel growth with
their prism edges touching to form an hour-glass cross-section;
in others four prisms are arranged with their c-axes parallel and
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prism edges meeting at one point, with a thin layer of crandallite
between them.

Hydroxylapatite in matted fibers constitutes the principal com-
ponent of dirty gray, dense, cherty looking crusts up to | cm thick
separating yellow crandallite layers from the varniscite cores. Larsen
(1942a) descnibed sugary aggregates of canary-yellow microcrys-
tals to 0.02 mm lining the surfaces of lenticular openings between
crandallite shells. And lavender-colored trigonal prisms to 0.2 mm
and massive lavender to pale blue bands occur in some nodules
I'he lavender crystals are simple, elongated trigonal prisms {1010}
capped by {0001 }.

Kolbeckite ScPO,-2H.O

Larsen and Montgomery (1940) described what they thought to
be a new species from the Clay Canyon variscite nodules, naming
it “sterrettite” in honor of geologist Douglas B. Sterrett. Based on
chemical analyses, Larsen and Montgomery (1940) derived the
formula for sterrettite from Clay Canyon as Al (PO,),(OH),-5H.0
Unfortunately their analyst, Forest A. Gonyer, misidentified an ele-
ment, mistaking scandium for aluminum, hence the discreditation
of the name sterrettite 1in favor of kolbeckite (Mrose and Wappner,
1969).

Kolbeckite occurs rarely in cavities in tan-colored crandallite from
only one small area of the deposit, separated honzontally from the
main zone of mineralization. The colorless, orthorhombic, simple
prismatic crystals are slightly elongated along [100] and normally
reach no more than | mm in size, though a few larger crystals up
to 8 mm have been reported (Thomssen, 1991). The kolbeckite
crystals are beautifully formed, and are the only species at Clay
Canyon occurring in crystals that are free of subparallel growths
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Figure 44. Kolbeckite crystal on crandallite
from the Clay Canyon mine. Natural History
Museum of Los Angeles County collection; SEM
by Paul Adams.

and vicinal faces. The {011} pnsm and the { 100} pinacoid are the
only important forms, but {110}, {010}, {031} and {101} are also
present. All crystals are twinned, as evidenced by clear sutures across
the terminations. There 1s a fair cleavage on {110}

Lehiite (see Crandallite)
Lewistonite (see Fluorapatite)

Millisite (NaK)CaAl(PO,)(OH),-3H.O

Millisite was described as a new species from Clay Canyon by
Larsen and Shannon (1930); they named it after F. T. Millis, the
apparent discoverer of the locality, who first supplied specimens
for analysis. Millisite forms white felted layers and irregular crusts
resembling chalcedony, interlayered with green wardite. Spherules
in the vaniscite nodules often show a white core of millisite sur-
rounded by layers of green, granular wardite.

Montgomeryite CaMgAl,(PO,).(OH),-H.O

Montgomeryite was named after Arthur Montgomery by Larsen
(1940) based on crystals from variscite nodules collected by Mont-
gomery and Over at Clay Canyon in 1936 and 1937. The formula
was onginally determined to be Ca,AL(PO,).(OH).- 1 1 H,O but has
since been refined to that shown above.

I'he monoclinic, lath-shaped crystals up to several millimeters
long are found in cavities in variscite nodules. They are usually
bright green to blue-green (rarely pale green to colorless) and, like
overite, are flattened on {010} with pertect L'IL'H\il}__‘L‘ on {010},
elongation parallel to [001], and a tendency toward parallel growth.
Massive green montgomeryite also occurs in layers surrounding and
replacing green variscite cores. Englishite is a common associa-
tion. Crystals commonly have {111} pyramidal terminations and
dominant {010} faces with striations parallel to [001]. Minor forms
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Figure 45. Millisite crystals, field of view less than
I mm, from the Clay Canvon mine. Natural His-
tory Museum of Los Angeles County collection;
multifocus photo by Paul Adams.

Figure 46. Millisite spherule on crandallite,

about 2 mm, from the Clay Canyon mine.
Natural History Museum of Los Angeles County
collection; multifocus photo by Paul Adams.

include {100}, {170}, {150}, {290}. {140}, {270}. {130}, {120},
{110}, {131}, {021} and {041}

Overite CaMgAl(PO,),(OH)-4H.,O

Overite is among the rarest of the crystallized minerals in the Clay
Canyon variscite nodules, a fact that hindered initial descriptions.
Larsen and Shannon (1930) made a preliminary description of the
physical and optical properties of a new species from the nodules but
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did not have enough material for a full characterization; they called it
“unknown no. 8.” The mineral was finally described and named after
Ed Over by Larsen (1940) on the basis of new specimens collected
by Over and Montgomery at Clay Canyon in 1936 and 1937. The
formula was originally determined to be Ca,Al(PO,),(OH),-15H.0
but has since been refined to that shown above.

The orthorhombic prismatic crystals, up to 4 mm in size, are

pale apple-green to colorless and somewhat flattened on [010)
and elongated parallel to [001], with a perfect cleavage on {010}.
They occur in the cavities in the margin surreunding relict lumps
of vanscite. The crystals are generally well-formed and there is a
marked tendency toward parallel growth. Dominant forms are {010},
(121} and {110}: minor forms include {100}, {150}, [ 130}. {250},
(120}, {350}, {430}, {320}, {310}, {410} and {021}.

Figure 47. Montgomeryite crystals to
about 2 mm from the Clay Canyon
mine. Lou PerlofT collection and
photo.

Figure 48. Montgomeryite crystals to
about 3 mm from the Clay Canyon
mine. Natural History Museum of
L.os Angeles County collection;
multifocus photo by Paul Adams.

Figure 49. Montgomeryite crystal
drawings, Clay Canyon mine
(after Larsen, 1940).

P Pseudowavellite (see Crandallite)

Ty ™ N Quartz 510
L\,J;q/ \ \ L A o Thin black quartz veinlets penetrate many of the nodules. Much of

\ the matrix in which the nodules are embedded is brecciated quartz
\ 110

| 100

\ 130 =11t 5 i =
\ Sterrettite (see Kolbeckite)
| 010

or chert, along with calcite, alunite and limonite.

L

111
270 010 Variscite AIPO,-2H.0

| Variscite occurs primarily as microcrystalline masses forming the

| relict cores of the nodules, and it i1s ebviously the original mineral
‘ from which the other phosphates developed by alteration. The color
ranges from deep green to slightly yellowish green, bluish green,

pale green and white—the white powdery crystals having recrystal-

Y | lized in bands around the margins of the green cores, alone or in a
5 mixture with crandallite (Larsen and Shannon, 1930).
Many nodules show the palest color near the fractures where

1 — : alteration has been taking place, and the darkest color in the unfrac-
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Figure 50. Overite crystal drawing,
Clay Canyon mine (adapted from
Larsen, 1940),

4
.

tured interior portions, suggesting that the darkest color represents
the original unaltered appearance. However, some (comparatively
very rare) nodules show the reverse pattern, being darkest near the
fractures. Some nodules are pale green throughout, whereas others
are almost entirely dark green.

Calas er al. (2005) have concluded that the green color of Utah
vanscite 1s due solely to trace amounts of chromium. As yet no one
has conducted any analyses to determine the nature of the change
that takes place when dark green vanscite alters to pale green

344

.S
- -

Figure 51. Overite crystal,

2 mm wide, from the Clay
Canyon mine. John C. Ebner
collection; multifocus photo
by Alex Halpern.

Figure 52. Overite crystal
cluster, 3.5 mm wide, from
the Clay Canyon mine. Terry
Szenics collection; multifocus
photo by Alex Halpern.

s

variscite. But it is possible that chromium is leached away during
alteration, resulting in paler shades of green.

The end product of the alteration process appears to be a complete
conversion to yellow crandallite and other phosphates. In some, but
not all, cases this alteration is accompanied by a volume reduction,
leaving open voids in the nodules.

Wardite NaAl (PO,).(OH),-:2H.O
Wardite was described as a new mineral species from the Clay
Canyon variscite nodules by Davison (1896), based on material
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« igure 53. Variscite
nodule, 9.2 cm, from
the Clay Canyon mine.
Martin Zinn collection;
Jeff Scovil photo.

Figure 54. Large variscite
nodule, 28.6 cm, from the
Clay Canyon mine. Seaman
Mineral Mueum collection;
JefT Scovil photo.

Figure 55. U.S. postage stamp
issued in 1992, depicting a Clay
Canyon variscite nodule in the
collection of the Smithsonian
Institution.
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Figure 56. Wardite crystals
(blue) with minor crandallite
(vellow), from the Clay
Canyon mine; the view is
about 3 mm across. Natural
History Museum of Los
Angeles County collection;
multifocus photo by

Paul Adams.

Figure 57. Wardite crystals
about 0.5 mm, from the Clay
Canyon mine. Smithsonian
Institution collection; SEM by
Pete J. Dunn.
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Figure 58. Wardite crystal drawings, Clay
Canyon mine (after Pough, 1937a).

Figure 59. Wardite crystals, less than 1 mm,
from the Clay Canyon mine. Natural History
Museum of Los Angeles County collection;
multifocus photo by Paul Adams.
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purchased by Ward’s Natural Science Establishment in Rochester,
New York. Davison, a professor at the University of Rochester,
named the mineral for Henry A. Ward, the founder of Ward's.

Davison observed that in the vanscite nodules wardite forms
cavity linings of a pale green to bluish green color and a vitreous
luster. Its concentric habit also mamfests itself as odlitic structure,
that is, small spherules “resembling clusters of fine shot with rough
surfaces.” Larsen and Shannon (1930) expanded the description,
noting that wardite also forms nearly colorless thin layers within
and on the surface of dirty gray, chalcedonic nodules of millisite
and also forms as scattered crystals and thin crusts within the yel-
low crandallite. The wardite i1s nearly always distinctly crystalline
and granular, in individual grains up to 1 mm across. In a few of
the specimens studied by Larsen and Shannon it occurs as poorly
developed, drusy crystal aggregates. Some fairly well-formed
crystals that were found embedded in the crandallite and millisite
appear to show a roughly octahedral habit.
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Figure 60. Blue wardite on
crandallite in a broken
nodule, 5.8 cm, from the Clay
Canvon mine. Kevin Downey
(Well Arranged Molecules)
specimen and photo.

Figure 61. Unknown, dark
red species on fluorapatite.
John C. Ebner collection;
multifocus photo by Alex
Halpern.

Pough (1937a), having obtained better crystallized specimens of
wardite from matenal collected by Montgomery and Over in late
1936, was able to describe the crystal morphology. Wardite, like
the other phosphates, formed by alteration of the original variscite

Wardite appears to be one of the later-formed minerals and 1s
relatively common, especially in comparison to the much rarer
gordonite. It forms crusts of varying thickness, with well-developed
pale blue to blue-green crystals to | mm visible in open vugs. The
crystals are tetragonal bipyramids and are, perhaps, the most ‘eas-
Ily recognized of the varnous crystallized species in the nodules.
Crystal forms noted include {001}, {100}, {112}, {13.0.12} and
[201). (See also Larsen, 1940a.)
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SPECIMEN PREPARATION

Variscite nodules are normally sawn 1n half or slabbed and pol-
ished for display; very rarely are they shown as broken nodules,
except occasionally where prominent, open crystal-lined cavities
are present. Dietrich (2007) provides three observations regarding
specimen preparation: (1) Sawing should never be done using oil
as a blade lubricant or coolant because variscite and some of the
other minerals in the nodules may absorb o1l and become discol-
ored. (2) When polishing nodules, a perfectly flat surface may be
difficult to obtain because the various constituent minerals vary in
hardness and friability. (3) Cleaning any varniscite that has not first
been treated with a stabihizing agent should be done with caution
Ultrasonic cleaning may cause ciumbling of softer layers. Com-
mon cleaning agents and other chemicals such as alcohol, acetone,
steam, or even hot water should be avoided. Use only a clean, soft,
absorbent, lightly moistened cloth, and leave the specimen to dry
on an absorbent cloth; never let it soak 1n water.

CONCLUSIONS

The Clay Canyon deposit has yielded thousands of pounds of
the world's finest vanscite specimens, though by now many of
them have been chopped up and converted into jewelry items. The
remaining specimen material 1s highly coveted by mineral collectors,
and examples sull appear on the mineral market from tume to time
It remains possible that more varniscite will be recovered from the
Clay Canyon mine in the future, as exploration continues
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emhi County, Idaho

Allan Young
315 East Carter Street
Boise, Idaho 83706

The Blackbird mine, located in east-central Idaho, has the dual distinction of
being the only primary producer of cobalt in the United States, and also the
source of some of the world’s finest crystals of ludlamite and vivianite. The
mine closed in 1982 and is currently undergoing environmental remediation,
so it is unlikely that any additional specimens will ever be collected there.

INTRODUCTION

The Blackbird mine 1s situated in the Salmon River Mountains
of Lemhi County, Idaho, about 25 air miles west of the town of
Salmon. The mine area is characterized by steep-walled canyons
and heavy conifer forest, with elevations ranging from 7,000 to over
8,000 feet. This 1s a relatively remote region of east-central Idaho,
with the shortest access route via 45 miles of mostly unpaved For-
est Service roads from Salmon. The boundary of the Frank Church
River of No Return Wilderness is about five miles to the west. At
over two million acres, it is the largest contiguous wilderness area
in the lower 48 states. The Blackbird mine site covers about 830
acres of private patented miming claims surrounded by the Salmon-
Challis National Forest. All mining activities ceased there in 1982
and environmental impacts from historic mining operations are
currently being remediated under Superfund authonty.

The Blackbird mine has the distinction of having been the only
“pnmary”’ producer of cobalt (i.e. as a main product rather than as
a byproduct of mining other elements) in the United States. Cobalt
IS a strategic metal used in industnial, high-tech, medical, environ-
mental and military applications, and is essential in the manufacture
of jet engines. The mine has also distinguished itself as a mineral

The Mineralogical Record, volume 41, July-August, 2010

specimen producer, but not of cobalt-bearing species. During opera-
tions in the 1950s, the mine produced exceptional specimens of the
phosphates ludlamite and vivianite, which currently grace many
public and private collections worldwide.

HISTORY

The Blackbird mine is the principal mine in the Blackbird min-
ing district, which covers about 72 square miles and includes a
number of smaller mines and prospects generally oriented along a
northwest-southeast trend (Anderson, 1943). Blackbird Creek bisects
the district and was named for the bird species by Samuel James
while prospecting for gold along its banks in 1890 (Steele, 2009).
The first discovery of copper-gold mineralization in the district
was made in 1892 by a local Indian prospector who showed the
rich float copper samples from his find to Robert Bell in Salmon.
Bell, who was later to become Idaho State Mine Inspector, located
the district’s first mining claim the following year (Bell, 1919). By
1894, prospectors from the Leesburg gold district, 14 miles to the
northeast, had arrived and made locations on the most promising
showings. These claims included the Uncle Sam, St. Joe, Chicago




Figure I. Location map.
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and Brown Bear, which formed the core of what was to become
the present Blackbird mine. In 1899, these and other claims were
consolidated under the newly formed Blackbird Copper-Gold Min-
ing Company, Limited. During the next two years, about 1,400 feet
of development work were completed on these claims, and some
enriched copper-gold ore was found. Plans were made to construct
a small copper smelter on site, but this idea was later abandoned
because of mgh transportation costs (Anderson, 1943). It was during
this period that the presence of cobalt was first detected. Develop-
ment work at the Blackbird mine was suspended in 1901.

The first cobalt claims in the district were located in 1901 by John
Belliel, probably on outcrops of erythrite or “cobalt bloom™ along
the West Fork of Blackbird Creek. A second group of claims, known
as the Mona group, was later added, extending Belliel's holdings
northward across the main fork of Blackbird Creek. There was no
market for cobalt at the time, and the claims received little attention
until 1915, when the property was purchased by the Haynes Stellite
Company of Kokomo, Indiana (Anderson, 1943). The founder of the
company, Elwood Haynes, was an inventor, automotive pioneer and
metallurgist. In 1913, Haynes received a patent on a wear-resistant
cobalt-chromium alloy known as stellite and this led him to look
for a domestic source of cobalt. After purchasing the Mona group
property, the Haynes Stéllite Company built a camp and began
exploration and development work. A 10-stamp mill was later con-
structed and, with the advent of World War I, the company received
large government contracts for the new alloy. In 1918, about 4,000
tons of cobalt ore were processed, yielding 55 tons of concentrates
containing about 18% cobalt. These concentrates were shipped to
Niagara Falls, New York for reduction. Exploration and development

Figure 2. Calera mill (ca. 1955). Idaho State Historical Society.
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Figure 3. Mineral survey plat of the Chicago claims group (1904).

continued through 1919, but in 1920 all operations permanently
ceased (Reed and Herdlick, 1947). Ruins from the Haynes Stellite
operation can still be seen along the north side of Blackbird Creek,
about 1.75 miles east of the Blackbird mine.

The Blackbird district was idle for many years after Haynes
Stellite ceased operations. In 1938, the holdings of the Blackbird
Copper-Gold Mining Company were acquired at a tax sale by James
and Howard Sims of Salmon. Later that year, the Sims leased the
property to the Uncle Sam Mining and Milling Company. This com-
pany reopened and extended two tunnels on the Uncle Sam claim and
partially reopened tunnels on the Chicago and Brown Bear claims.
The Uncle Sam portion of the Blackbird mine was made ready for
mining and a 75-tons-per-day flotation plant was constructed near
the juncture of Blackbird and Meadow Creeks. Records show that
about 560 tons of copper-cobalt concentrates were shipped to the
smelter at Anaconda, Montana, but no payment was received for
the cobalt (Reed and Herdlick, 1947). Like its predecessors, this
operation was also unprofitable and it closed in 1941

Under a wartime program to search for domestic sources of
strategic minerals, the U.S. Bureau of Mines conducted prelimi-
nary exploration work in the Blackbird district during 1942-43. In
1943, the Howe Sound Company became interested in the district
and optioned the Blackbird mine property from Uncle Sam Min-
ing and Milling. Howe Sound continued the exploration program
begun by the Government and this effort resulted in the discovery
of two large bodies of cobalt-copper ore in the area of the Brown
Bear and Chicago claims (Reed and Herdlick, 1947). In 1945, when
manpower previously devoted to the war effort became available,
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the Calera Mining Company, a subsidiary of Howe Sound, began
underground exploration and development in the Brown Bear and
Chicago ore zones. By 1950, sufficient reserves had been devel-
oped to construct a flotation mill. The townsite of Cobalt, located
about 6 miles southeast of the mine on Panther Creek, was also
established at this ume to house the mine and mill workers, which
numbered more than 400 during the mine’s heyday. The Blackbird
mine commenced production in 1951 ata rate of 600 tons per day,
later increased to 1,000 tons per day. From the start of production
in 1951 until the contract was fulfilled in 1959, Calera enjoyed a
premium price paid for its cobalt by the U.S. Government. Further
exploration work duning the production years resulted in the dis-
covery of additional orebodies. The most important of these, the
Blacktail zone, was located to the northwest of the Brown Bear
and w25 mined as 1 small open pit beginning in 1957. The Govern-
ment’s premium price contract expired in 1959 and all mining at the
Blackbird ceased shortly thereafter. Milling operations continued
until July 19€40, when all stockpiled ore from the Blacktail pit had
been exhausted. All Calera Mining Company Operations were then
terminated, thus ending the most productive period in the mine’s
history (Kiilsgaard and Bookstrom, 20035).

In 1960, the mine property was leased by Machinery Center, Inc
of Salt Lake City. Mining operations resumed at the Blackbird in
1963, but only copper was recovered and on a smaller scale than
before. The underground portion of the mine was leased to Earl
Waite and William Barnes, while the Blacktail open pit was oper-
ated by Machinery Center (Steele, 2009). Operations continued
through 1966, with most of the production coming from the open
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Figure 4. Stock certificate for The Blackbird Copper-Gold Mining
Company Limited (1900). Allan Young collection.

pit. In 1967, the property was sold to the Idaho Mining Company, a
subsidiary of Hanna Mining Company. Exploration work continued
until 1969, at which ume the Blackbird was again idled. According
to U.S. Bureau of Mines records, production from the Blackbird
mine for the period 1939-1968 totaled approximately 13.9 million
pounds of cobalt, 53.5 million pounds of copper, 24,100 ounces of
gold and 54,000 ounces of silver (Johnson er al., 1998). Total ore
mined hikely exceeded two million tons (ldaho Geological Survey,

1997). By 1968, the Blackbird mine contained over 81,000 feet of

underground workings (Bennett, 1977).

In 1977, Noranda Exploration optioned the property from the
Idaho Mining Company and imitiated an aggressive program of
exploration. In 1979, Noranda Mining, Inc. and Hanna Services
Company formed the Blackbird Miming Company, a limited part-
nership, for the purpose of re-opening the mine. Refurbishment,
development and test mining activities followed, but by 1982
the price of cobalt had fallen significantly and plans for resum-

ing production were consequently scrapped (U.S. Department of

Agnculture, 2008). There have since been no serious attempts to
re-open the Blackbird mine.

During penods of active mining, spills of tailings into Blackbird
Creek were known to have occurred. Subsequently, debris flows,
erosion and acid rock drainage resulted in the spreading of arsenic,
copper and cobalt contamination to downstream locations. In 1995,
the group of companies composed of current and former operators
or owners of the Blackbird mine settled a lawsuit brought by the
United States and the State of Idaho for environmental damages
to the Panther Creek drainage. Under a 1995 Consent Decree, the
companies agreed to take response actions at the site to clean up
the contamination and to implement a natural resources restora-
ton plan (U.S. Department of Agriculture, 2008). This work is
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presently ongoing and a wastewater treatment plant constructed in
1981 continues to treat drainage from the 6,850-foot level of the
mine (levels are numbered according to elevation above sea level).
Additionally, a small mining crew i1s employed on a seasonal basis
to maintain the underground workings. Access to the Blackbird
mine site is currently prohibited.

GEOLOGY AND ORE DEPOSITS

The complex geology of the Blackbird mining district has only
recently been well understood. For many vyears, the Blackbird
deposits were thought to be hosted in the Middle Proterozoic Yel-
lowjacket Formation and correlated with the lower part of the Belt
Supergroup of Montana and northern Idaho. Instead, recent mapping
identihed the banded siltite umit of the Apple Creek Formation as
the dominant stratigraphic unit in the district. Preliminary age-dating
studies indicate that much of the stratigraphic succession of east-
central ldaho 1s younger, at less than 1.4 billion years, than the Belt
Supergroup (Lund and Tysdal, 2007). While early workers suggested
that the Blackbird deposits were epigenetic hydrothermal lodes or
hydrothermal replacements along shear zones (Vhay, 1948), they are
now believed to have onginated as sedimentary exhalative deposits,
similar to the Sullivan deposit in British Columbia, in a relatively
deep-water, rift-basin environment (Lund and Tysdal, 2007). Mafic
igneous rocks were probably the source of the ore metals, with the
enrichment of cobalt caused by selective extraction and transport in
the submarine geothermal system (Nash and Hahn, 1986). Low-grade
regional metamorphism affecting the intact stratigraphic section
occurred over most of the region during the Middle Proterozoic.
However, Cretaceous metamorphism related to thrust faulting was
the dominant event that over-printed earlier sedimentary features and
metamorphic fabrics in the region (Lund and Tysdal, 2007).
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Figure 5. Aerial view of Blackbird mine area, looking southeast from the
Blacktail pit (Idaho Department of Environmental Quality, 1993).

The area of east-central Idaho encompassing the Blackbird mining
district 1s underlain by a series of thrust plates, with the Blackbird
mine lying in the upper part of the Poison Creek plate. Here, both
hanging-wall and footwall rocks are strongly deformed, resulting
in major overturned folds in the hanging wall and imbricate thrust
plates in the footwall. The upper imbricate in the Poison Creek
plate contains chlontoid-gamet schists, while the ntermediate
imbricate forms the lower to middle greenschist Blackbird sub
plate containing the sediment hosted cobalt-copper deposits of the
Blackbird mine. The structurally lowest imbricate forms the Haynes
Stellite subplate and includes the youngest rocks and mineralized
tourmaline breccias. Northwest-striking and north-striking normal
faults dismembered the related imbricate thrust faults, resulting in
the present juxtaposition of different stratigraphic units, regional
metamorphic facies, structural levels and styles of mineralization
within the district. In the Blackbird subplate, sulfide minerals were
locally remobilized along discrete shear zones and in the axial zones
of folds (Lund and Tysdal, 2007).

The primary ore minerals at the Blackbird mine were cobaltite
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and chalcopyrite. Some arsenopyrite and pyrite were also mined
for their cobalt content. Other sulfide minerals found in the mine
included pyrrhotite, safflorite and linnaeite. Native gold (“electrum™)
and silver occurred in very minor amounts. Magnetite, sphalerite,
galena and enargite were also reported. Natural outcrops were
few but where ore zones did reach the surface, a leached cap was
present and extended downward 60 to 100 feet from the surface,
roughly paralleling the topography. Minerals occurring in this
leached zone included goethite, hematite, jarosite, erythnite, native
bismuth, bieberite, heterogenite, nontronite and pitticite. The oxi-
dation of chalcopyrite produced considerable amounts of limonite
and malachite together with cuprite, native copper and azurite near
the tops of ore zones. Below the leached cap was a zone of mild
supergene enrichment, which reached an average depth of about
100 feet before encountering primary sulfides. Chalcocite, covel-
lite, cuprite and native copper were found in the supergene zone.
Also occurring within this zone and below were large, well-formed
crystals of ludlamite and vivianite (Anderson, 1943; Vhay, 1948;
Cole, 1956).
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Quartz and biotite constituted the chief gangue minerals at the ‘
Blackbird mine. Quartz occurred as small irregular veinlets in both |

the mineralized zones and the country rock and as small elongate

green grains in the ore zones and as dark greenish brown grains
in the country rock. Other gangue minerals included hornblende,
tourmaline, chlorite, muscovite, ankerite, siderite, calcite and apatite
(Cole, 1956) ,

The principal ore zones of the Blackbird mine were, from south-
east to northwest, the Chicago, the Brown Bear and the Blacktail
All trended in a northwesterly direction and dipped steeply to the
northeast. Most underground production was from the Chicago and
Brown Bear ore zones. Major production was also reported from
an open pit in the Blacktail zone (Bennett, 1977).

The Chicago zone was exposed on four main levels: the 6850,
which was the main haulage level, the 7000, 7100 and 7200. It had
a stnke length of 1,800 feet and a vertical extent of at least 350
feet. Widths ranged from 5 feet to as much as 60 feet and averaged
about 15 feet. The ore zone consisted of a group of pods and lenses
strnking about north 30° west and dipping 50° to 75" northeast.
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Figure 8. Longitudinal map of Blackbird mine workings (Idaho Mining Company, ca. 1968).

Chicago. It was exposed on six levels between the 7400 and the
6850 for a vertical distance of 550 feet and a strike length of over
1,000 feet. This zone was quite different from the Chicago in that
massive sulfides occurred in only a few isolated spots and the cobalt
was finely disseminated in the schist. Sulfide minerals included
cobaltite, chalcopynte and pynite. Pyrrhotite was not observed in
the Brown Bear zone. The zone was characterized by a senies of
mineralized schistose zones occurring in an en echelon pattern
striking north-northwest and dipping steeply to the northeast. Both
hanging wall and footwall ore contacts were very indefinite in this
zone (Douglas, 1956).

Further to the northwest and separated from the Brown Bear by
about 700 feet was the Blacktail ore zone. Iron sulfide content here
was higher than in the Brown Bear but lower than in the Chicago.
The Blacktail orebody was about 1,200 feet in length, with widths
varying from 10 to 35 feet. The ore contacts at the Blacktail were
quite irregular, being cut by numerous faults and distorted by north-
plunging folds (Cole, 1956). Before it was partially backfilled, the
Blacktail pit was approximately 400 feet deep by 600 feet long at
the pit bottom (Kiilsgaard and Bookstrom, 2005). Other outlying
ore zones included the Dandy, the Idaho and the Uncle Sam, all
of which were situated to the east and southeast of the Chicago
zone. Underground workings in these zones produced relatively
small quantinies of ore.

The main mining method used at the Blackbird mine was hori-
zontal cut and hll, with hydraulically placed sand and shimes used
to backfill stopes (Douglas, 1956). In the 1950s, this would have
been a relatively labor-intensive method but, because it allowed the
miners to inspect the ore face after every round, mineral specimen
recovery probably benefited.

SPECIMEN PRODUCTION

By far the most important minerals of collector interest found in
the Blackbird mine are the phosphates ludlamite and vivianite: the
Blackbird is the only mine in the distnct reported to have produced
either mineral. Extensive development of the Chicago and Brown
Bear zones did not begin until after World War 1l and the first
detailed description of the occurrence of ludlamite and vivianite in
the Blackbird mine appeared in a 1948 Strategic Minerals Report
(Vhay, 1948). It is not surprising, then, that an important early ref-
erence, The Minerals of Idaho (Shannon, 1926), does not mention
either mineral occurring within the Blackbird mining district.

One of the miners employed at the Blackbird mine during the
early 1950s was Ben Sheppard. Prior to Sheppard's amval, Ed
McDole had also worked for a time in the mine. According to
Sheppard, some of the best crystals were found in a “watercourse”
in the area of the powder magazine on 7100 level in the Chicago
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zone. Good crystals were also found in raises above the 7100
level in this area, but many were altered. According to Sheppard,
it 1s from one of these raises that McDole reportedly obtained a
doubly-terminated vivianite crystal 22 cm long. Good crystals of
vivianite and ludlamite were also found in stopes between the 7000
and 6850 levels, north of the 491 ore pass and near the top of the
Pierce winze in the Chicago zone. The Chicago zone was the most
prolific producer of crystals and yielded the best specimens of
ludlamite and vivianite, which were commonly found together in
cavities in massive sulfides. Unfortunately, the sulfide matrix was
prone to decompose and many beautiful specimens soon fell apart.
Decomposition was not as much of a problem with specimens from
the Brown Bear zone, as these tended to be associated with schist.
Vivianite crystals in mattes were found in a stope in the Brown Bear
zone between the 7000 and 6850 levels, north of the 689 ore pass.
The matrix was not massive sulfides as in the Chicago zone, and
the crystals were smaller but more transparent. The Blacktail pit
produced very little ludlamite or vivianite (Ben Sheppard, personal
communication, 2006).

Bill James worked as a contract miner at the Blackbird mine in
1954-1957 and collected many specimens. According to James,
onc of the best localities for crystals of ludlamite and vivianite
was on the 7100 level in a crosscut to the 535 stope. “Thousands™
of specimens were produced from the Blackbird mine during the
1950s. The biggest and best crystals came out of watercourses in
the sulfide orebodies of the Chicago zone. These cavities were over
2 meters long and 30 cm wide. Underlying the matrix to which the
crystals were attached was typically a thin layer of clay. Because of
this, one could easily dislodge matrix specimens with one’s hand
or, if out of reach, with a “powder stick.” Calera Mining Company
apparently had a fairly liberal policy towards collecting. The General
Manager, Ed Douglas, reportedly enjoyed minerals himself and had
a small collection (Bill James, personal communication, 2008).

While employed at the Blackbird mine, James sold many
specimens, mostly to Ed McDole. James and his family lived in
the company town of Cobalt and McDole came to his house many
times to buy vivianite and ludlamite. After lpoking over the fats
of minerals being offered, McDole would write a number on a
piece of paper, turn it over and then ask James what he wanted
for the lot. After hearing James’ price, McDole would reveal his
figure, which was always higher than James’ but was nevertheless
the one he settled on (Bill James, personal communication, 2008).
Sheppard also sold many specimens to McDole and to another
dealer before him, possibly Walt Lidstrom (Ben Sheppard, personal
communication, 2006).

Jim Riggan worked as a miner at the Blackbird in 1955-1957.
He mined in several stopes during his time there, all in the Chicago
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zone in the area bounded by the 491 and 535 ore passes, between
the 6850 and the 7100 levels. According to Riggan, the 503, 508
and the 525 stopes were among the best producers of ludlamite and
vivianite. It was impossible to predict when a cavity containing
crystals would be encountered but, when one was found, specimens
were packed out of the mine by the powder box. The unpredict-
able nature of the cavities also resulted in many specimens being
destroyed by blasting. Riggan remembers a mineral dealer from
Spokane, Washington as being one of the buyers of specimens
during his time at the mine (Jim Riggan, personal communication,
2009). This may have been Carl Fair, who ran a mineral shop in
Spokane known as “Ore, Incorporated.”

During the mid-1970s, Idaho Mining Company collected a bulk
sample for metallurgical testing from the Pierce winze area on
the 6850 level. Many crystals of ludlamite and vivianite could be
seen in the drums of ore, which had been topped off with water
to prevent oxidation of the sulhdes (Earl Bennett, personal com-
munication, 2005)

MINERALS

While more than 30 valid mineral species have been reported
from the Blackbird mine area, only the few that are of collector
interest are descrnibed here

Cobaltite CoAsS

Cobaltite typically occurred in the Blackbird mine as microscopic,
reddish gray grains in quartz with tourmaline and cobalt-rich arse-
nopyrite. Cubic and octahedral crystals of cobaltite to 5 mm were
also found disseminated in quartz, associated with biotite, chlorite
and apatite (Ream, 2004). Some cobaltite grains as large as 1.2 cm
were reported from the Uncle Sam mine. Cobaltite found here is
distinctly crystalline and the grains, even in aggregates, show cubic
faces. The crystals are nearly as white as those of arsenopyrite
and contain some nickel. The cobaltite did not appear to oxidize
as readily as the pynte and chalcopyrite, and in some places the
disseminated grains were so closely spaced as to comprise bands
of almost massive cobaltite several inches wide (Anderson, 1943).
In the Chicago zone, cobaltite was present in both coarse-grained
and fine-grained varieties (Cole, 1956).
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Figure 9. Copper with cuprite, 2.0 cm, from
the Blackbird mine. Allan Young collection
and photo.

Figure 10. Erythrite, 2.3 cm, from the Blackbird
J district. Allan Young collection and photo.

Copper Cu

Excellent specimens of arborescent copper, as well as thin, hackly
sheets, were found in the Blacktail pit (Ream, 2004). On the 7100
level of the Blackbird mine, groups of small copper crystals to
| mm and coated with cuprnite occur in a small quartz vein in the
footwall of the Chicago zone (personal observation). Arborescent
copper was also found in the Brown Bear zone on the 7400 level
of the mine

Ervthrite Co.(AsO,),-8H.0

In the Blackbird mining district, many fracture surfaces and other
cavities in the ore deposits have thin coatings of crudely crystal-
line, drusy crusts of erythrite, but fine specimens showing coarse,
euhedral crystals are rare. Some fine-quality, coarse crystals were
found in the Blacktail pit. In the Blackbird mine, rose-red fibrous
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coatings of erythrite along seams and cracks were found in a black
tourmaline-quartz rock (Ream, 2004)

Ludlamite Fe.(PO,).-4H.O

Ludlamite was found mainly in the Chicago zone of the Blackbird
mine, within both the supergene and primary sulhide zones. It was
likely of secondary origin, probably deposited from circulating
groundwater (Bennett, 1977). Vhay (1948), however, suggested
that ludlamite may have been a later, primary mineral, since i
occurred with quartz and pyrite. Crystals were found in vugs and
in veinlets in sulfide ore consisting of pyrrhotte, chalcopyrite,
pyrite and cobaltite, along with minor minerals such as safflorite,
tourmaline, apatite, micas and carbonates (Glass and Vhay, 1949)
I'hey were also found on dark, oxidized wall rock in association
with vivianite, and alone (Ream, 2004). Druses of small, lustrous
ludlamite crystals were referred to as “frog eggs” by the miners
(Bill James, personal communication, 2008)

Ludlamite crystals from the Blackbird mine typically occur as
1solated individuals on matrix and as stacked crystal aggregates to
several centimeters high. Crystals vary in color from a pale sea-green
to dark green. Many are transparent and are remarkably free from
inclusions. They form monoclinic basal tablets, with the ¢ {001 |
face dominant. The crystals are typically 8 to 12 mm across, though
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Figure 11. Ludlamite crystals
on matrix, 6.6 cm, from the
Blackbird mine. Martin Zinn
collection, ex Arkenstone; Joe
Budd photo.

Figure 12. Ludlamite crystals
to 1.1 cm, from the Blackbird
mine. Allan Young collection
(ex Jim and Dawn Minette
collection); Allan Young photo.
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Figure 13. Ludlamite crystals with siderite on matrix, 8.2 cm,
from the Blackbird mine. Arkenstone specimen, ex Howard

Belsky collection, now in the Matthew Tannenbaum collection;
Joe Budd photo.
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Figure 14. Ludlamite crystal group, 2.5 cm, from the Figure 15. Ludlamite crystal, 2.3 cm, from the
Blackbird mine. Glen and Ruth Evans collection, now in Blackbird mine. Allan Young collection (ex Beth
the College of Idaho collection; Allan Young photo. Gordon collection); Allan Young photo.
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Figure 16. Ludlamite on
botryoidal siderite with pyrite,
8.0 cm, from the Blackbird mine.
(:len and Ruth Evans collection,
now in the College of Idaho
collection; Allan Young photo.

Figure I7. Ludlamite crystal druse
of the type referred to by the
miners as “frog eggs,” 4.5 cm,
from the Blackbird mine. Mark
JefTers collection; Allan Young
photo.




some may reach 2.5 cm (Ream, 2004; Glass and Vhay, 1949; Bill
James, personal communication, 2008)

Quartz 510

While commonly found in association with ludlamite and vivi-
anite, few good specimens of quartz crystals are known from the
Blackbird mine. Transparent quartz crystals to over 10 cm long have

been reported, some with inclusions of brassy pyrite cubes (Ream,

2004; Norm Radford, personal communication, 2005)

Siderite FeCO

Small masses of translucent, pale brown rhombohedral crystals
of siderite associated with vivianite are occasionally seen in speci-
mens from the Chicago zone (Cole, 1956). Siderite also occurs as
botryoidal masses with radiating structure in association with lud-
lamite crystals (personal observation)

Vivianite Fe:*(PO,),-8H.0

Some of the world’s finest specimens of vivianite were found
at the Blackbird mine as crystals in shades of pink, green, grayish
blue, purple and purplish black, as well as colorless. Fresh, unal-
tered specimens are colorless to very pale green but they oxidize
progressively to darker green, blue, brown, dark bluish black and
purplish black on exposure to light. (Colorless Bolivian vivianite
crystals have been observed turning green in just 15 minutes when
exposed to full sunhght; Petrov, 2002). However, auto-oxidation
without the aid of light probably occurs in situ as well. The unique
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Figure 18. Ludlamite crystals on
matrix, 3.3 cm, from the Blackbird
mine. Mark Jeffers collection;
Allan Young photo.

Figure 19. Ludlamite crystal cluster,
| 8.1 cm, from the Blackbird mine.
Kevin Brown collection;
Joe Budd photo.

The Mineralogical Record, volume 41, July-August, 2010




Figure 20. Siderite crystal group,
2.5 cm, from the Blackbird mine.
Allan Young collection and photo.

Figure 21. Vivianite crystal, 3.3 cm,
from the Blackbird mine. Allan
Young collection and photo.

Figure 22. Vivianite crystals to 1.2 cm
on matrix, from the Blackbird mine.
Allan Young collection (ex Jim

and Dawn Minette collection):

Allan Young photo.
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Figure 23. Vivianite crystal group on
matrix, 9.6 cm, from the Blackbird
mine. Kevin Brown collection;

Joe Budd photo.

|' Figure 24. Vivianite crystals to

. L8 cm on siderite, from the
Blackbird mine. Allan Young
collection and photo.
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Figure 25. Vivianite crystals with ludlamite, 5.1 cm,
from the Blackbird mine. Arkenstone specimen, ex
Arch Oboler collection: Joe Budd photo.

deep purple color of some Blackbird mine vivianite is characteristic
of the locality, making Blackbird mine specimens easy to recognize
However, green crystals were found more abundantly than purple:
colorless crystals were the rarest (Ream, 2004; Bill James, personal
communication, 2008). Green vivianite crystals up to 22 cm in length
have been reported, whereas purple crystals rarely exceed 7 cm
(Bill James, personal communication, 2008). It 1s not uncommon
for single crystals to show both purple and green zones.

Vivianite specimens from the Blackbird mine commonly exhibit
elongated and blade-like crystals. They occur as singles and as
groups on dark altered schust and on white quartz. Individual
crystals, when damaged or bent, show vertical parting parallel to
the b face. Crystals may form loosely or tightly-packed groups
Crystals found in narrow fractures were typically contacted when
not oriented parallel to the fracture.

As with the ludlamite specimens, the partially oxidized sulfide-
bearing wall rock which forms the matrix 1s typically not stable
and will disintegrate when wet (Ream, 2004). Cleaning the matrix
in common dish soap has, however, been reported to have halted
the disintegration process (Mark Jeffers, personal communication,
2009). Associations include ludlamite, quartz and sidente
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Figure 26. Vivianite crystal 2.0 cm long on sid-
erite, from the Blackbird mine. Glen and Ruth
Evans collection, now in the College of Idaho
collection; Allan Young photo.
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Figure 27. Crystal drawing of vivianite from
the Blackbird mine (Palache ef al., 1951).

CONCLUSIONS

Most Blackbird mine ludlamite and vivianite specimens which
exist today were collected during the 1950s from stopes in the
Chicago ore zone and, in lesser quantities, from the Brown Bear
ore zone. While there are probably more specimens to be found
in areas that have not yet been mined, long-term environmental
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remediation commitments make it unhikely that there will be a
resumption of mining at the Blackbird mine any time soon. How-
ever, on an adjacent property northwest of the Blackbird mine, one
mining company has recently announced plans to develop a new
underground cobalt mine, perhaps beginning as early as the fall
of 2011 (Mining Engineering, 2010). Whether this proposed mine
has the potential to produce ludlamite and vivianite of a quality
and quantity comparable to that of specimens from the Blackbird
remains to be seen
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Weisseck Mountain has been known as a locality for rare but fine fluorite
specimens since the mid-1800s or earlier. Seven years of work (from 2000
to 2006) by a group of Austrian collectors excavating a system of clefts and

veins near the summit resulted in the discovery of a number
of fluorite pockets and numerous beautiful specimens.

INTRODUCTION

We (MG and RB) are Stoansucha, the Austrian equivalent of the
German Steinsucher (“stone searchers™), the Swiss Strahlers, and the
rrench cristalliers. Like our German, Swiss and French counterparts,
we enjoy working the mountain clefts for minerals out of love for
the place and what lies within. Walking from daybreak up the steep
inclines, climbing daunting peaks, carrying heavy loads, and working
in cramped and dangerous spaces with the simplest of tools are all
part of the fun of collecting in the Alps; though we may become
dirty, cold and weary in the process, we thoroughly enjoy the search
for crystal treasures to satisfy ourselves and the collectors who covet
our finds. One of our favorite areas to collect is Weisseck (Weibeck)
Mountain, where we and our collecting partners have made some
exciting finds. This article details our work at one area near the
summit, where we have found excellent fluorite specimens

WeissenwolffstraBe 1/4/29, A-4020 Linz, Austria

Taurachweg 8, A-5580, Tamsweg, Austria

Stonetrust, 86 Washburn Road, Canton, Connecticut 06019
Email: Stephanie @ stonetrust.com
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LOCATION

Weisseck Mountain (peak elevation 2,711 meters) is located
on the western side of the mountain range known as the Lower
lauverns (Niedere Tauern), a part of the eastern Austrian Alps. The
peak is 20 km northwest of Sankt Michael in the Lungau district,
Salzburg province, Austria. The Lower Tauern lies between the Enns
and Mur rivers, and extends 120 km westward to the headwaters
of the two nivers. The Tavern Autobahn (AIO/ESS) crosses the
range at the Radstidter Tauern (pass; 5,705 feet), providing access
to Weisseck from Sankt Michael or Radstadt. The Lower Tauerns
are divided into the Radstidter Tavern (including the high point,
Weisseck Mountain) on the western end, the Schladminger Tauern,
Rottenmanner Tavern, Wolzer Tauern and the Seckauver Tavern on
the eastern end.

The Lower Tauerns are a result of the collision of the African and
uropean plates, an event which began in the Jurassic and continues
today. A nappe or thrust sheet structure of schists and limestones
created by this event typihies the geology of the area. The white,
karst (cavern-filled) Felsgestalt limestone unit in the Lower Tauerns
has been found to host fluonite minerahzation at Weisseck Moun-
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HISTORY

The Weisseck Mountain area has long been famous for fine
fluorite specimens. The first volume of Viktor von Zepharovich's
Mineralogisches Lexicon fiir das Kaiserthum Osterreich (“Mineral-
ogical Lexicon of the Austrian Empire”™) (1859; covering the years
1 790-1857) mentions pale blue to violet-blue fluorite cubes from
Weisseck. Ludwig Ritter von Kichel's Die Mineralien des Her-
zogthumes Salzburgs (*“The Minerals of the Dukedom of Salzburg™)
(1859) also mentions fluorite discoveries at Weisseck Mountain. The
mineral collections of the House of Nature museum in Salzburg
and the Museum of Natural History in Vienna contain documented
crystals from the classic finds of the 19th century. Provenance
questions existed even in those early days. as von Kichel regarded
certain specimens labeled “Konigstuhlhorn, Rauris™ as more likely
being from Weisseck, indicating his depth of knowledge concerning
the morphology of the area’s specimens.

Since those early explorations, additional cavities in the hard
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Figure 1. Location maps showing Weisseck
Mountain (above) and its location in the
Austrian province of Salzburg (left).

limestone and dolomite marbles of the area have continued to be
discovered. In the 1980s, a group of Viennese collectors discovered
a fluorite pocket near Lake Rieding on the northwest flank of Weis-
seck Mountain, 600 meters below the summit. The fluorite they
recovered 1s in the form of green and violet cubes, most with matte
luster and measuring 2 to 3 cm on edge. intergrown and as individual
crystals on a imestone matrix. A few exceptional specimens show-
ing crystals to S cm with bright luster were also recovered, along
with some fluorite of an unusual aquamarine color. Laier, along
the Rieding Gap leading to the summit, Walter Petzelberger found
stepped, zoned fluorites of a fine blue color (Fig. 3)

THE SUMMIT CLEFT—FIRST YEAR

In 1996 two Stoansucha from Lungau, Walter Petzelberger and
Martin Brunnthaler, began new exploration and development of
Weisseck's gipfelkluft or “summit cleft.” The Weisseck giptelkluft
1s a long vein or watercourse in Karst rock that has been eroded
by rainwater. The cleft had been worked years ago by unknown
parties, who had emptied a 7-meter opening very near the summit.
Examining this excavation, Walter probed a sandy area at the end of
the pocket with his pickaxe. Encountering no resistance, he pushed
the sand aside but found nothing of interest (Fig. 9). The two left,
other projects called, and four years passed before they returned
to the same cleft in 2000.

Entering, they found that the area Walter had checked with his
axe was again filled with sand. This sand typically gathers where
water runs down through openings in the limestone, indicating
areas where minerals may have formed. While not a guarantee of
a find, 1t usually points toward at least the potential of crystallized
specimens. This discovery convinced them to pursue the pocket
and dig in earnest. Almost immediately they uncovered a few
small crystals; though damaged, these crystals pointed the way and
encouraged them to continue.

Over many trips they worked the hard limestone on hands and
knees, using only hammer and chisel. One man would clear debnis,
placing it in small plastic buckets and pushing it past his body in

The Mineralogical Record, volume 41, July-August, 2010




Figure 2. Fluorite crystals on
matrix, 12 cm, from Weisseck
Mountain. Collection of the
Natural History Museum,
Vienna: watercolor painting by
Hildegard Konighofer (1988).

Figure 3. Deep blue fluorite,
10.5 cm, an old find by Walter
Petzelberger from the Rieding

Gap near the summit.

Reinhold Bacher collection;

Anton Watzl, Sr. photo.

the cramped space to the man behind him who would then carry
the bucket outside and empty it on the tailings pile. In this pnmitive
elt.
I'hey worked their way deeper, following the cleft, always hoping

and laborious way tons of material were removed from the ¢

to encounter an opening where euhedral crystals had formed. As the
passage became narrower they were forced to lie prone, working with
their hammer and chisel until the opening was just wide enough for
one man to crawl through. Approximately 15 meters into the cleft
they made their first find: some plates of cubic fluonte crystals to 1.5
cm, with dark violet centers and paler outer zones, on a bed of fine
guartz needles (Fig. 4). Only a few specimens were recovered, but the
pair was energized by this find of good specimens, and consequently

The Mineralogical Record, volume 41, July-August, 2010

they recruited other collectors including one of the authors (Renhold

Bacher), a longtime local Stoansucha. to help speed the work
Following a horizontal vein of fluonte, a second entryway was

created above the onginal (Fig. 9). This allowed the group to close

the original entrance and use the lower section as a dump, saving

time and energy while clearing the main shaft

SECOND YEAR

Continuing work in the spring of 2001, they fimshed cleanng the
narrow spot where the plates of fluorites were found, then followed
the fluorite traces upward at a steep 45° angle, placing candles

along the way to monitor oxygen content in the air. This section

Lay
Ly




Figure 4. Fluorite
(dark violet cores
and pale blue outer
zones) with quartz,
12 cm, from the
Weisseck Summit
cleft. Martin Grill
collection; Anton
Watzl, Sr. photo.

Figure 5. Fluorite crystals
on matrix, 12.1 cm, from
the Weisseck Summit cleft.
Martin Grill collection;
Anton Watzl, Sr. photo.
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Figure 7. The Rieding Gap going up. On the
horizon at far right is the cross on the peak of
Weisseck Mountain, looking north to the summit
from the Rieding Gap. Reinhold Bacher photo.
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Figure 6. The Rieding Gap, en the way down
from the summit. Martin Griill photo.

1s confined: the cleft walls are lined with sharp rock edges making
any passage through difhicult

They discovered a vein of massive fluorite branching off just
above the narrowest spot. and began excavating along that vein as
well as in the main upwardly branching section of the cleft. Seldom
were all three people (Petzelberger, Brunnthaler and Bacher) present
at the site at the same time. Though working in cooperation, they
usually worked alone or in pairs, depending upon when each was
availlable. One might work the main shaft while others pursued
alternate areas. In this way the cleft was excavated in two directions
during the summer of 2001

Working in the side tunnel, they discovered nearly black cubes
of fluonite up to 2.1 cm associated with quartz and calcite (Fig. 5),
indicating that this area was worth further exploration. On the
upward raise they found stepped fluonite crystals of vanious sizes
in shades of blue and violet, heavily etched and usually damaged
in the debnis at the bottom of open spaces where water had been
running through. They knew the pieces were being transported from
somewhere above them in the vein, but how far above?

Over 20 meters of the cleft were cleared during this second year
of work, but nothing of significance was found. All believed they
were working toward the ongin of the crystals which had been
encountered in the tunnel throughout the summer. They also knew
they were approaching the point in the raise where they would
intersect the surface. Had the pocket been totally eroded away, and
would they simply follow the vein until it broke out on the surface’
Or was a pocket just ahead?

With both channels of excavation showing promise, excitement
was high as the second season ended.
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Figure 8. Looking down into the
precipitous Holle (*Hell”) area
from near the summit. Robert
Kunze photo.

Figure 9. Vertical section <
through the Weisseck Sum- b e
mit cleft, showing the loca-

tions of the major pockets
and specimens. Map by
Gerhard Kocher. | —

THIRD YEAR

As 2002 began, Walter worked in the side branch and uncovered
a small 1.5 X 2-meter cavern which they named Cavern One. This
pocket was partially lined with dark purple, sharp-edged fluorite
cubes and pale brown to yellow calcite crystals to | ¢cm running in
bands over the fluorite (Fig. 11). Occasionally wonderful little white
barite roses up to S mm were found. Buried in the floor matenial
were black fluonite cubes with step-like faces, pale violet and step-
faced cubes, and very dark, sharp-edged cubes. Unfortunately most
specimens in Cavern One had been detached by tectonic activity and
were damaged. Only a few floaters were found. Once the pocket
was cleared no further discoveries were made in Cavern One.

Back along the main branch, after clearing a short, steep crawl-
way, they finally uncovered a large cavern (Fig. 10). The open area
measures | > 3 X 8 meters, with a debris floor and fluorite bands
running along the walls. Martin would later say that, “Wherever
fluorite bands run through the stone you can absolutely expect to
find a treasure.” They named it The Big Cavern, and work imme-
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diately began to collect the visible crystals: step-faced violet to
black crystals up to 13 cm, some in groups, some singles, mostly
found in the rubble on the cavern floor; dark cubes to 3 cm: green
stepped pieces; and a small number of sharp, green, 3-cm crystals
(Figs. 12, 13 and 14). Most of the specimens recovered show some
damage, although a few pieces were still attached to the walls
and were later carefully removed with less damage. Undamaged
specimens were rare, and the digging was difficult. The matenal
being excavated in the cavern was not solid rock but rock debris and
fine-gramned weathered host rock compacted by years of running
water. Removal of this material was challenging because care had
to be taken to avoid damaging any specimens buried in the mixture.
Later discoveries included dark cubic single crystals and partially
dissolved green specimens.
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FOURTH YEAR

The 2003 season began with the team clearing the area above
the Big Cavern where, following a vein, they broke through to the
surface (Fig. 9) (a section of that channel has since collapsed).

In late summer, as the quality and quantity of the find became
evident, interpersonal relationships came into play. Disputes between
the onginal discoverers forced a breakup of the team. Petzelberger
and Bacher continued to work together on the Summit Cleft while
Brunnthaler dug alone for a short period before stopping. Afterwards
another author of this article, Martin Griill from Linz, joined the
team. He had collected in the Rauris Valley for many years seeking
classic Alpine minerals, and had met Reinhold Bacher through his
interest in Austrian fluorite.

FINDING THE “DARK BULL”

As the collecting season was ending in the fall of 2003, Reinhold
decided to visit the mine with his childhood friend, Gerhard Kocher,
a mining history expert. This was really more of a casual sightseeing
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Figure 11. Fluorite and calcite crystals in situ in Cavern 1. Reinhold Bacher photo.
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Figure 13. Fluorite crystal
cluster, 15.5 cm, from the
Big Cavern. Reinhold Bacher
collection; Anton Watzl, Sr.
photo (backlit to show
internal color).

Figure 12. Fluorite crystal cluster,
14.1 ¢cm, from the Big Cavern.
Reinhold Bacher collection;
Anton Watzl, Sr. photo (backlit

to show internal color).
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trip than a serious collecting excursion but, true to their natures,
they had stashed digging tools in their bags. By 5 a.m. they were
on their way up the Mur Valley, past the old Arsenhouse where a
fee of 3 Euros had to be paid to travel 4 km farther to the road’s
end at the Murmitzen parking lot barrier

From there the two men proceeded on foot and hiked an hour
through the forest to the first landmark, the Suckler Hut, where
the path steepened up the south side of the mountain leading to
the Rieding Gap. At the Gap, an hour and a half into the climb,
H'IL":# could see Lake REL‘LEiI‘ll_‘ embedded in the rugged, craggy rock
faces and shiming like an emerald below them, with the Tauerns in
a panorama beyond

I'he Rieding Gap is a dangerous, narrow ridge. The climb up
requires a high degree of physical conditioning. The route steepens
and breathing becomes labored (Fig. 7). The last few meters flatten
toward the summuit which overlooks an area known as Holle (“Heil™)
because of the precipitous rock faces on the east and south sides of
the summut (Fig. 8). Just before reaching the cross marking the top.
Reinhold turned and began working his way down an area where
surefootedness and no fear of heights is essential. One misstep on
this loose and unstable ground will land you several hundred meters
below, badly injured or dead.

Fifty meters down is the onginal opening used by Petzelberger and
Brunnthaler to enter the mine (Fig. 9). The space at the old mouth
now serves as a storage and staging area, and there Remnhold and
Gerhard placed their backpacks and changed into work clothes.

Figure I4. Fluorite floater crystal with calcite,
4.7 cm, from the Big Cavern, a meter or two
behind where the “Dark Bull” specimen was
found. Reinhold Bacher collection; Anton Watzl,
Sr. photo.

4

Figure 15. The “Dark Bull” fluorite specimen, 40 cm
and weighing 51 kg, from the Big Cavern, shown rest-
ing on a bench for scale. Reinhold Bacher collection;

Anton Watzl, Sr. photo.
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Into the cleft they plunged. Within a few meters they were crawl
ing and then, having been forced to their bellies, they were pass
ing previous pockets which ghimmered shightly from the leavings
of those earlier finds. They passed the point where Reinhold had
cleared the passage during his first year in the mine and then headed
up the sharp 45° turn. The opening is rough with sharp edges and
rregulanties; both were grateful to have their knee and elbow pads
Movement was cumbersome and exhausting, making them thankful
for the good ventilation the mine now possesses (thanks to having

broken out at the surtace above). Sull. the threat of unstable rocks

1s a real danger and 1s always with the Stoansucha

Helmet lamps illuminated the ground only a short distance ahead,
while the space continued to narrow, causing physical and, at tmes,
psychological discomfort. They reached a crossway and suddenly
encountered a bit more space near the opening of Cavern One. For
15 or so meters they moved comfortably, but then were forced back
to crawling in an 8-meter section. Remnants of past finds and pos
sible indicators of future pockets were all through this area

I'he final stretch was ahead. Both entered the slecp ;f.l‘xhhhl}
leading to the Big Cavern. Formed by dissolution of the carbonate
country rock, such caverns are typical of the area's karst geology
and important to the formation of desirable fluonte crystals. Out
came the tools and both started digging on one side of the floor at

the back of the Big Cavern. After digging ha

{ a meter down they
hit a small fluonte crystal and soon after that a large crystal surface
began to emerge. Reinhold, working this area, was spurred on by
the thnll of s hind and dug quickly, exposing more of the crystal
until a 50-kg (1 10-pound) specimen had been freed. The high quality

of the fluorite and 1ts overall form dictated that it should remain 1n

one piece rather than being broken into smaller, more manageable

pieces. Reinhold immediately resolved to find a way to bring it out
of the mine and down the mountain intact, in spite of the obvious
obstacles he would face

The large fluonte was carefully packed for protection, and Rein-
hold began the long task of moving it out of the mine. He pushed it
in front of ham less than half a meter at a ime, crawhing, pushing,
crawling, pushing, over some 45 meters of rough ground, turns,
inclines, dechines, and tight spaces until he reached the outside
Once clear of the mine the piece was wrapped and stowed n a
backpack along with some of their gear, creating a 65-kg load ol

dead weight that Reinhold would have to carry down the mountain

“Down” 1s a relative term, for the first task in the descent was a
tortuous ascent on the rubble-strewn slope leading up to the summit
and the trail home. It was a daunting task requiring an act of sheer
will power for Reinhold to make it up to the top of Weisseck with
the specimen (Fig. 15)

That extreme expenditure of energy made Reinhold realize that

the descent would have to be accomplished in stages. He would

travel 200 meters looking for an acceptable spot to set down his
burdensome treasure, rest for five minutes, and then move on. The
passage over Rieding Gap was punishing, and reaching each of the
tamihiar landmarks seemed to take an etermity (Fig. 6). By the end
of the trek he could go no more than 50 meters at a ime, followed
by a 10 or 15-minute rest, but by then the glorous and successful
end was n sight

On recounting this story, Reinhold was asked if he would do it
again. He began to shake his head no, but in typical Stoansucha
fashion ended up simply saying I couldn’t leave such a specimen
behind.” He named it the “Dark Bull,” and it sits proudly in his

collection today.

Figure 16. Fluorite crystal cluster, 15.2 em, from the “Jackpot pocket,” shown in daylight (left)
and Auorescent light (right). Paradise Woods collection; Anton Watzl, Sr. photo.
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FIFTH YEAR

Other finds were made duning the 2004 season. In the upper
section of the cavern where the “Dark Bull” was discovered, a
40-cm sohid band of what seemed at first to be violet to black
fluonte was uncovered. Close examination in the sunlight showed
an unbelievable range of colors which vary depending on the light
source. The same piece can appear blue, green, or violet depend
ing on whether it 1s illuminated by sunhght, incandescent light or
fluorescent light (Fig. 16)

Reinhold followed the band and opened a second leg on the
roof of the Big Cavern. In this vein he uncovered a large opening
containing specimen-quality crystals. Their location in the fluonite
vein had protected them from erosional deterioration caused by
moving water in the caverns, preserving the crystals undamaged,

sharp and glossy. These crystals have parquet-like blue and green

tones with a hint of violet in the outermost edges. Only four good

specimens were recovered, the I;HjJL"\[ 7.4 ¢cm in the !H['I_‘_._‘L"\l dimen-
sion, and the best measuring 5.6 cm. Reinhold’s excitement on
finding these was so great that he named this the “Jackpot pocket™
(Figs. 17 and 18)
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Figure I7. Fluorite crystal
cluster, 5.6 m, from the
“Jackpot pocket.” Reinhold
Bacher collection; Anton
Watzl, Sr. photo.

Figure 18. Fluorite crystal
cluster, 7.8 cm, from the
*Jackpot pocket.” Anton
Watzl, Sr. collection and
photo; shown backlit (above)
and front lit (below),




Figure 20. Green
fluorite crystal cluster
with blue/purple
fluorite cube and
calcite crystals
(*the Dragon™),
13.1 cm, from the
Big Cavern.
Reinhold Bacher
collection; Anton
Watzl, Sr. photo.

SIXTH YEAR

In October 2005 Reinhold, working alone, made another dis-
covery. Following the seam behind the Jackpot Pocket led him to
another opening. He cleared the channel, initially finding little,
until on one trip, as he reached for a tool, his light fell upon a
crack he had not noticed before. Peering in, he saw the sparkle of
green fluorite, unusual in an area where almost all the fluorite has

a blue or violet cast. He examined the opening to determine how

best to retrieve the crystals. Usually the rock surrounding a pocket

Figure 19. Green fluorite
crystal cluster, 10.6 cm, from
the Big Cavern near the
“Dragon pocket.” Reinhold
Bacher collection; Anton
Watzl, Sr. photo.

1s removed and then the pocket is broken open, but the dolomite
surrounding the pocket was very hard, and Remnhold decided to
try to remove pieces from the pocket through the small opening
With barely sufficient room for the chisel in the small pocket he
struck a few soft blows and was able to remove two fine speci-
mens of green fluorite, a true rarity at this locality (Fig. 19). The
largest resembles a dragon with a body of green crystals, head of
a single violet cube. and back armored with spines of yellowish
calcite (Fig. 20).
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Figure 21. Fluorite crystal cluster,
11 cm, from Cavern 2. Paradise
Woods collection; Anton

Watzl, Sr. photo, backlit

to show internal color.

Figure 22. The late Walter
Petzelberger, to whom we dedicate
this article, in a pocket near Lake
Rieding, October 2006. Gerhard
Aschacher photo.

SEVENTH YEAR

The 2006 season saw the addition of Hans Leitner to the Summit
Cleft work group, to assist where needed. One day while Reinhold
was in the mine alone, crawling up the tunnel between Cavern One
and the Big Cavern, he decided to work on a seam he had spotted
previously. There he opened a section of the wall revealing a pocket
shightly smaller than Cavern One; this was soon named Cavern Two.
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I'his cavern yielded four 20-cm fluorite specimens, ten 10-cm speci
mens, and some smaller fluorites of a deep violet core surrounded

by a pale blue zone and a lilac-colored outer layer (Fig. 21)

TODAY

Often the recounting of such finds leaves readers envisioning an
abundance of mineral wonders in such occurrences and envying
the exciting life of an explorer. Lest such thoughts linger long, it
1s important to understand that for each “find” there are countless
unsuccessful or preparatory trips. Weeks of climbing up often go
by with nary the hint of victory. Empty backpacks and hopes for
future success are all that come down the mountain

When hinds do occur, joy i1s tempered by thoughts of the long
days of work and the constant possibility of sudden danger. It is
not uncommon for the Stoansucha, deep within the mine, 10 be
unaware of rapid changes in the weather that are all too common
Downpours can flood the mine, drastic temperature drops can
threaten the collector with hypothermia, and most frightening of
all is the ever-present threat of cave-ins

Weisseck Mountain and the surrounding area are now under
strictly enforced and monitored rules prohibiting most mineral
collecting. Anyone caught collecting in this area illegally faces
high fines. Reinhold holds one of only two valid, difficult-to-obtain
permits that allow work in this area, and has registered his current
team of Hans Leitner and Martin Griill (they are allowed to collect
under Reinhold’s permit). The work of those few who are allowed 1o
collect 1s carefully documented and scientifically reviewed to ensure
that all such efforts contribute to the knowledge of the area.

The Summit Cleft mine 1s no longer productive, though minor
individual crystals can still be found. With effort and luck, perhaps
another small vein could be developed but the days of significant
finds belong to the past; the major veins have all been thoroughly
worked. So the Stoansucha of the Weisseck move on, discovering
new finds and facing new adventures.




Walter and Reinhold continued their association until 2008 when
Walter died unexpectedly only a few days before a planned journey
I'his article i1s dedicated 1o Walter

Petzelberger and his work on Weisseck Mountain (Fig. 22)

to the mounta:ns with Reinhold

ADDENDUM

This commentary tells the story of the contemporary and sub-
stantial fluorite finds in the Weisseck Summit Cleft. The mountains
mesmerize us. We are stone seekers and we are compelled to search
for the treasures held by the mountain. We know of no Stoansucha
who is drawn to the mountains solely for minerals. The beauty of

the Alps holds us captive. The expanse and solitude of the Alpine
limestone landscape has us under a spell that seems to demand that
we climb and search and dig, with or without any reward. We cannot
deny that it is a passion, and one that we embrace with joy

ACKNOWLEDGMENTS

We extend our appreciation to Gerhard Kocher for his drawing
of the Summit Cleft map; to Anton Watzl, Sr. for his outstanding
mineral photographs: to Tanya Graw for her translations; and finally
to R for his many suggestions N

~® October 8-9-10, 2010 S~
GREATER DETROIT GEM, MINERAL
FOSSIL & JEWELRY SHOW

Presented by the Michigan Mineralogical Socity

Museum & University
Exhibits

Collector Displays

Educational Displays

Over 50 Dealers

Free Parking

Special Dino Displays
Tsintaosaurus
Archaeopteryx
Deinocheirus
Lectures &

Fossil Hunt

14500 E 12-Mile Rd.
Warren, Michigan

www.MichMin.org
briarhillwerner@comcst.net

MACOMB COMMUNITY COLLEGE EXPO CENTER, SOUTH CAMPUS

——

. Box 365602. HYDE PaArxk. MA 02136 (617)-361-8323

WWW.ARGENTUMAUCTIONEERS.COM
G i MINERI GEMSTONIE 2AERE=11 L PaAPER. MiNniN

ND COMNT EMNT % L Wi ATIODON SERVYICE i | MNP RODF r DF

VISIT OUR WEBSITE TO VIEW CONSIGNMENTS!

186 The Mineralogical Record, volume 41, July-August, 2010




Bonhams

o BUTTERFIELDS

December 5, LLos Angeles
Consignments now invited

ries www.bonhams.com/us

P Bingham Canvon Mine!
.xceplional Museum Qualily .
(rem (_'rw;stals Dgplﬂ}'a Of Namrc

Mineral Specimens agan Cayen

Rare Cul Slones

_ Canadian Minerals,
H. OBODDA Rare Minerals

T ————————— International Sulfides,
vty vt N . Suliosalts, Elements

Short Hills, N Q7078

Telephone: 1.973.467.0212 - Visit our website for

E TT Ll

beautiful, rare &
high-quality specimens
different from most dealers

ot David K. Joyce

www.DisplaysofNature.net
www.davidkjoyceminerals.com

Box 95551, Newmarket, Ontario
Worldwide Canada L3Y 8J8
Minerals Rare Minerals | Email: dkjoyce@belinet,ca
3171 Romeo Street, Val Caron, Ontario | Tel: 905-836-9073
Canada P3N 1GS - Tel: (708) 897-6216 | Fax: 905-836-5283

WWW. ROGERSMINERALS.COM
EMAIL.: RMINERALS®ISYS.CA

Use our online Article Index to find articles!

e Mineralogical Record, volume 41, July—August, 2010




Celebrating
@ S t 6 ! ! ! 48 YEARS of Experience & Professional Excellence

ESTABLISHED 1962 GENE & JACKIE SCHLEPP

Explore our Website!

www.WMTucson.com

Make our website your choice for a variety of always
different, never ordinary, unique minerals at impressive prices!

® IMMEDIATE PAYMENT for mineral collections P.O Box 43603, Tucson, Arizona 85733
or individual specimens.

Call Collect: 520-325-4534
® APPRAISAL SERVICES available for review

Fax: 520-327-2274
and evaluation.

Email: Schlepp@WMTucson.com
® COLLECTIONS RESTORED, cataloged and
classified.

Buy Back Issues Online

Thoe Friends ‘*/%‘9 ralegqy Sne.

President: Julian Gray
524 Robin Lane S.E.
Marietta, GA 30067-7046
Email: Julian.Gray@comcast.net

FM's OBJECTIVES are to promote, support, protect and expand the collecting
of mineral specimens and to further the recognition of the scientific, economic,
and aesthetic value of minerals, and the collecting of mineral specimens.

The Friends of Mineralogy (FM) was founded in Tucson, Arizona on February 13, 1970. The organization

operates on a national level and also through regional chapters. It is open to membership by all. Our annual
meeting is held each February in conjunction with the Tucson Gem and Mineral Show.

For further information and a listing of local chapters visit the national Friends of Mineralogy website:
www.FriendsofMineralogy.org

The Mineralogical Record, volume 41, July-August, 2010




AA Mineral Specimens
Winerals, crvstals, fossils, gems & sets

WO TR r.'L|=|"-|. IIMIETES.CDIm

c-mail: mio® aamincralspecimens.con

\ARockshop

ool rocks at affiordable prices!

i Tl

E wwa aarodkshop.com
§ c-maik: andra@aarockshop.com
' Abazias Diamonds
2 I50.000 diamonds, best price guaramecd!
|1 www abarias.com
. c-mail: webcomtao@abasas.com
. < H .
3 Alpine Mineral Company

y Fine Alpine and Gem Pegmatite Winerals
g www alpmemimerals.com

c-matl: kes @@ alpimeminerals.com

" Apalachee Minerals
5 Workdwide and Southeastern 1.5, Miner
3 wwwapalachee-minerals.com
" c-mail: order@apalachec-mineral=.com

Argentum Auctioneers
Have Giavel Will Travel
WA ATERCTTM AU TIONCCrs.coim

Wy gy B

c-mank: <tes ef Commeasinet
The Arkenstone
Fine mmerals online since %%y
WA IO ks.com
. e-mail: mb@Eimcks.com
E
- Russ Behnke
f Lwemplary Winerals & Gem Cnvstals
s v i Pt '\-l'-ul-'ml..r||'-*-r'|_||llllul_, im
;. e-mal: mussbehnket™S ahodo.g om
Cascade Scepters
!" Fine Rare Ouarty & Worldwide Minerals

W, Casosdes CMErs.com

c-mail: soeplergun A adesoepler M
CK Minerals

Fine \ustrahan and wordw e mimeral

wawachminerals.coman

e-mal: o chmimerals.comaan
Collector’'s Edge Minerals, Inc.

Fine mmerals and worldwide miming
waw codlectorsedee.com

- 2T e v e - i,
e R

i e-mak: Kichard € ollecrorsedge.com

. Colorado Gem & Mineral Co.
| Fine Minerals, Gems, & collectibles

& ww L idoradod iemu om

5 ! c-mal: Jemas I

L= ColoradoMinerals.com

Yourr £ 1 sowirce or .-I--r_q.l-. Voinersal-
WA TS OTMIme ral=.c Dm
e-mml: mber@ . oloradominerals.con
ConnRox Minerals
Toda s Minerals a1 Yesterday s Poces
www L onnkos Vinerals.com
s e=-mail; larmru=ha an. net
Crystal Art

Kare specamens. gem-bone, cabs and row

B

~

i W onysialan.us

i: c=-malk: cnvstali@vsionans healingans m
: Crystal Classics

- Fine Minerals for evens Collecnion

f W% NSTalCIassics Lk

' e-mak: orders@onsalolassicscnuk

; CyberRocks

Wil Pw i lII.1|i||a__1_jE- I rstls, Fluore=oeml

I“'

! wan O herocks.Coam

.II e-ial: steven®@ o berogckscimm

} Demineralia

I-; High-gualin & rare Madagascar speoamens
i v demineraliacom

! c-mal: oS demimeralizagom

Douglass Minerals
Ouahine Worddwide Affordable Winerals
waa dJouglassmimerals.com
c-mail: dovglassmimeral=@ aol.com
Dragon Minerals
\fiordable Vinerals: VISL WG, Pavpal Ok

\L'ﬁ\'\.l‘ :"‘:'Ir' |||||i|_'_'||--. i¥im

c-mal: =teseeddragon-mnerals..om

Edelweiss Minerals
Fine affordable worldwide minerals
o cdelwerssmimneral=.oom

fehy @edeba crssmrerals.. oo

Fabre Minerals
High-Uuahts Worddwide Vanerals
W labreminerals.com

mal: mmeral@fabrermnerals.oom

Fine Mineral Show
| on. Houston & San Francsco shimas
W w hmemmeral<show . com

c-mail: Info@@inemmeralshom com

Frank Daniels Minerals

Viseam guahine worldwide specumen

waw Frank! lamiels Vinerals.com

c-mail: minerals@FrankDanicisVinerals.com
Brice & Christophe Gobin

Fine Minerals from Ainca & Worldwid

wow o mimeral=ach.oon

c-manl: pobin@ Club-mtermet.d

H&P Minerals and Gems
Fhombnal and Mimiature-<ize Minerals
Wl hprimerals.. on
e-rmal: halpror@lowmsacomimunet

Heliodor

Fine minerals irom the Eastern Hemisphers

waw helmwdorlooom

e-mal: lena@hehodor Loom
IC Minerals
Fine Munerals=l =1, ""SU—onhne sance 19N

www icminerals.con
c-mal: wommeral=olearthhinbonet
ItalianMinerals.com
Oualine Minerals from hal
% Worldwide
waw ltahian Vinerals..on

c-mail: nahanminerals@liber
Jewel Tunnel Imports
Indian & Worldwide Minerals W holesal

WO s cT e il

mail: yewclunnel ™ hotma 1]
haty Rock Shop
Workdwide specmmens for al illector

WA halvri K-”"I_' W
manl; hatyr<fFHTy abuow m
kev's Mineral Collection
knvioshn konkun
WO Ry =TT -
mak: kos=smneral kv smmimnerals.con
Lawrence H. Conklin
I T _"ﬂl YA =i |i|:',-_: e mineral
www ] Heombklin.com

nail: The s Li0g 40l 1

Marcus Grossmann Minerals
lop speamens worldwid
waw, THE-VUINER AL W B.com

mak: ik the-mineral wel T

I'he Mineral and Gemstone Kingdom
Kelerence quide o minerals X Sremmslonges
LR WL R ST

c-mak: hershelf D mneral=net

Mineralien Surseha
fine Yanerals from Switzeriand
W w nuneraben-surscihs ik

c-mguk: mdofDmnerabwen-surses

Mineralivm.com
Fine Mineral Specmens Worlidw ide
WO R TTIe Tl oam

| "II]Ii LR mimeraannm Im

Mineralman.Net

Hloorescent mineral=, LV lamps and mon
www Yoaneralman. Sset

mal: mmneralmanu=a® gol..oim

Mineralogical Research Company
[h=play minerals, rare speoies. msoopgs
W TIPS, O, 0

c-mak al=Eminrescognm

Mineralogy Database
n-line | ser-Frndiv, | p-to-date Mineral [lata
e s ehimneral.oom

Minerals U nlimited
Fare Speowes 1 wimeont Yamerals
v meral=unhmed.conn
c-maml: wemnmdiimimeral=onlimiedeeom
Minernet.it
Fine Specimens and a (el sales Polio
W T eTTIe Ll

L IEI_IIL Tl mancTmei

The Mineralogical Record, volume 41, July-August, 2010

Minservice 4
Woinrbdwonde las=ic & Kanhes "l
WA= TN ;
c-mal: oS mall. mm=ervio e ‘---"

-
Museum Style Bases By
omseratine Fine Yineral [ =pla
W mseumsh lehasesoom
c-mak: ey Ehmuscumsn lehases.com

OBG International Gems & Minerals
World-class minerals for
Wordd-clas= colleciors by~
WO DT h<..0m ::I'f

Pala International 3
Best o Worddwade Tiems X Collecuwr Mineerals Ih " .1
W palagems.com . iﬁ
cmak: ohn@Epalagems.com n.:'

Pauli Minerals s
Worldwade maneral auctions 'l-:'__
wwa mneralspanh.com " ]

mak: pash@mineralspaniegom il

Penn Minerals b

las=ic X ':.”HLI.'“”'I Vunerals our Specialt > 4
W W PTINMarCT A s T ,r- I
c-matk: SCamner@pennminerals.com
g i
keith & Mauna Proctor
Cilbectors of fine worldwide mineral e
wwn heithProctore ollecton.oom -

C-Man: maunaproior ail .--'II‘

SIBER+SIBER Ltd. i

High-guabits minerals sin 1Pl l';,..
VR siber-<ihieroh - |
comal: siher-siberEhocwingh
Simkey Micromounts/Minerals bl
Cluahits meros 10 small cabimet paeoes s
W W STITTRLS T TOMTY OIS onn b f#
manl: simhey S mpatico.a o
2 - . 2t i8
Spanish Minerals 2]
Focused o W holesal spam=h Yuncral: ‘.;! f
ww o spanishmmerals.com .
mal: suan@@pamni=hmmerals.oim :
Spectrum Minerals
ishor il |II,_|iI|'. T gl.. .||'|'|l.' wl i "
WA W seCTrormmnerals.. on ! I
maik: wsloean®@arohnarr.ciom i
The Sunnywood Collection s
Bill and lsie Stom :
ORI WO L o N
e-manl; muneral=T=spnmowisnud..om X
Top Sheli Minerals -1
Cuahty manerals or advanced colleotor 1
woaa fop=heiiminerals.om "
manl: grogettop=heliinmneral m ' 1
Trafford-Flynn Minerals
sHondable Worddwade Uunalite Manerals e
www trafford-Mh nnocom -!'
c-manl: mioEtrafiord-Mh nnacom ..
Treasure Mountain Mining
Fine maneral specimens and crvstal =
WA I.'l;_|-||.'[ Vioumtam Vamime.com T;:
cmatk encEreasuremouniammming,.. om -

The Vug &
A ovens extensive mineral ink ponal

WOl LI L e

c-mail: Justin@@the-yag.oom )
The Webmineralshop i

specializing in Fine hahian Mineral .

W W ehmineralshogn,. o |8y

cmanwebrmmeral=ad hibernoan *:I
Wilensky

Fine Minerals for Advanced Collectons «.:

W w s lensky minerals.coom ot

e-maml stuw il gol.com "..
Wright's Rock Shop

Fine Wordwide Vanerals

ww o w nghtsrogkshop.oom _-'.

c-mak: wnght=réipanet
YourMineralCollection .

Worrldwde acsthebe amd ssstemat '

wow s oummneraloolieonon.g om

-k ooy ourmaemeralo ollecton.com

389




Colburn Earth

Science Museum

(

Websits

iJ

urator: Phalhp M. Potters
lel: (B28) 254-7162
Fax: (828) 257-4505

olburnmuscum. org
Educanon,

Ares & Science Centen

| i\lilll.

2 South Pack Sguar

A

SDCC)

sheville, N 285011
Hours: 1

|—=5 Sun

Y lues.—Sat

(Closed Mondavs
ind hohdavs
uties: North (

MinNerais |I|.I LFCINS

| worldwids

Airesin.d a1

ssible to persons with disabihnes

Montana Tech
Mineral Museum

Websit

Montana Bur

urator: Dr. Richard Ber

NSRS 10 Ll |l
] I'h'L‘li:II' Ti e .l.|-_"'-_

Montana Tech ot U. of Monta

B

| 3D XK

I'Jl‘lv_ b |

utte. MT 39701

Hours: Memonral Dav to Labor Day
5 daily

nd Montan

Additional listings welcome!

St

nd vital imtormaton., as shown

to the editor. | here s 2 {est

TR

imual tee (lower than our regulan

i
IVETTISINGE rates

The Gillespie Museum of

Minerals, Stetson University
Bruce Bradtord

) | :I:'.!

Courator: Ih
[l (386G) B
E-mal: bbradtord(@stetson.edu

Associate | hrector: Dr. Karen Cole
Tel: (386) B22-T733)

E-mail: kcolefastetson.edu

2534 East Michigan Avenue

DeLand, FL 32730

121 N. Woodland Blvd

Umit 8403]

Hours

i il\'\-\.L .,1 1.1|.|:' Iy

Imailing

}rllu- 1AM

v, Mondav-Friday
umversity hohdavs
Spect Unies: Worldwade,

mineral colle

comprehensive

ind tossils: historic Huorescent collection

Colorado School of Mines

Muscum Director: Bruce Geller
lel: (303) 273-3823
E-mail: bgelleri@nmnes.edu
Websit

LMLy PERRASOLATTD

YW IR S \{H i -Il.ji. 1111
Golden, Colorado 80401
Hours: 94 M-Sat.., 1-4 Sun
closed on school hohdavs &
Sundavs in the summen
Specialties: Worldwide

Colorado mm

MInerals

NN & MmMInerals

A. E. Seaman

Mineral Museum
Websit

L urato

vww. muscum.mtu.edu

o |.‘-'f~ sSOT Ol "'\1]|'.L!I|1‘._".
I]'_' ‘|:Hr;" 1".1';
E-mail: robinson(@meu.edu

2572; Fax

R obinson
Iel: Y MG-487 HNH-487-MU)27
Electrical Encerev Resources Center
NMiuchigan Te

| IIHI |'|"'11|1I~|

hnological Umiversiny

nd Drive

Houghton, M| 49931-1295

Hrs (July-Sept.): M=F: 9

S 12-5

Winter Hrs (Ot

Specialey: Michiear
regnon & Miaidwe

SUmimet }-3M)

func M-F: 9—4:30
nunerals, Lake \LI:I,*LHHI

st US. mmnerals

non: Florida munerals, rocks

Houston Museum
of Natural Science

( IrAto |-|ll.| I;ill.:"li]

mineralogm

el (713 639-46G73
Fax: (713) 523-4125
Herman Circle Drive
Houston, Texas 77030

Houw -6 M-Sae.. 12-6 Sun
Specialey: Finest or nea

KNown specunens

Natural History Museum

of Los Angeles County
Fax: (213) 749-4107
Website WWW. N him.org/ site

I i
e | | 1 ._|I||.|1'||1|

neep :
N !!|'|l|;|1| SOOI OGS
Mineral Sciences
|.1 H'l[ijlir.'\_ I I-\|:_'|',-|-|'

lel: (213) 763-3328

L.Uraton

E-mail: akampti@nhm.org
Collecnons Manager
Alvisa R. Moreas
lel: (213) 763-332
E-1mal
Y00 Exposition Blvd
Los Angeles, (A 90007
Hours: 9 )
Specialtoes: (

& I
RET DO AN DG TRETIN0 . T

ST I'I-Ji'.ml
|IET P} '-".*l.'é-;f'.-'-i'. IRRNRR I | Il.
old. rem crvstals.

NUCTONIOUNTS

cOlored

\.-.*.Hlml'. Or&aniz

Fhe Gem

I1on

md Mmeral Counail

California State Mining

and Mineral Museum
Darci Moore

lel. (209) 742-7625

C.uraton

Fax MY D= 35497
Websat
Mailing
Mariposa, CA 95338
Hours: May 1-5Sepi

(et | \'i"”l M open 10—4. closed

l__l|' '."-I\,".\, F'\I“I L_-‘ i 1 il ¥y

PO Box 1192

), open daly 106

l'lx‘*-llﬁ'-
Closed Christmas and Thanksgiving

Specialues: Calitorma & worldwde

minerals, gold, gems, and mining

The Mineralogical Record, volume 41. July—August, 2010




University of Delaware
Mineralogical Museum

D)r. Sharon Fitzeerald

Tel. (302) 831

C.uraton

- - =
M)

E-mail: Sslhtziaudel.edu
Penny Hall
Newark. DE 19716

| p | W

[ W S311-Si137

E-mal: umversiovmuscums(a@' udel . edu

For intormanon: www.udel.edu/museums

Worldwide hine

NOYVatcdo

|
minct ||\ 11 a4 NEWIY

MoAacrn Pac

Matilda and Karl
Pfeiffer Museum

and Study Center
leresa Tavion

L

Execunve | hrecton
Tel: (RT0) 308
E-mal: pteittertnd(@ centurveel.net

PO tox 66

1071 Hermage Park Drive

Piggott, AR 72454
Hours: 9-4 Tues.-Fn

| 1-4 Sat. (Dayhght Savings Tim
Fine colles
Keokuk, lowa, area;

Of nmnerals

“\l‘n. lalnes non of g odes ton

'~1-"'.r:l.!"\.1-'|-.‘|\. COvl i

Carnegie Museum

of Natural History
Head: Secnon of Mmerals: Mare L. Wilson

I. | | I ) s ' B |
4400 Forbes Avenu
Pittsburgh, PA 15213

Ay 341

Hours: 10-5 Tues.—Sat

| 2-5 Sun

Lin
Specialn

C10=8 Thurs
.'ll"\"l.l.] .'\1'-1“ ) i]”l!»«il‘n-
"l,"';!"llil.i.."-fl;r.l.

nuncrals & CIns

W. M. Keck Earth Science &

Engineering Museum
Rachel A. Dolbier

1528, Fax 3-T84-1766

\l\1|11l!!=‘\-[!.l=\11
lel: 775
E-mal: rdoleri@unr.edu

Website .L|.'!|,‘ edu/ museum

Mackay School ot Earth Saence

Umiversity of Nevada, Reno, NV 89557
Hours: 94 Mon.—Fn

hohdays

_‘\‘!‘

NMncs. unt

closed universiny
ind by appomtment
\F}‘L'l 1.4|f\ L.OIMSton L Ores., ".".l.'llll.i"."\ 1\1.1,'

mnecrals., numng artifacts, Mag kav silver

O |' NATNCCTING

New Mexico Bureau of
Mines & Mineral Resources—

Mineral Museum

| hrector: e, Vireml W Lueth
l. I_ S5 Bi5-51 41
E-maill: vwlueth@nmt.edu

];.. :&II:;. "-.‘:r:'.'.-1\'|

Associate Curator: R obe

3

I't I‘\'. |Lr]1
lel: (505) R35-5325
lethia ews.nmit.edu

" LW
I
L T ] Ll

rov Placi

E-mail: bew
New M
ST
Socorro, NM R780)1
Hours: 8=5 M-F 103
Sat., Sun
~""I‘~":!’I s: New Mexaco
minng

MmInerils !l.i. I..1"\-_

_n.1"|.",‘.".1‘|_ e |."

Arizona-Sonora Desert
Museum

Fax ~ M1 S8 3_T75iM)
Website: hep://www. desertmuseum.ory
(urator, Mmeralogy: Anna M. Domatrovig

| | '.\. ") b TIER

E-mal: adonmutrovicla desertmuseum.org
N2 \-}qurﬁx|{-wi

Tucson, AZ 83745385918

Hours
-30-5 Daily

8: 305 Daly (Oct.—Feb

Mar.—Sept

Arizona nunerals

U.S. National Museum
of Natural History
(Smithsonian Institution)
lettrey |

NN lll'h ¥ 'I‘!Illllll 8.4 Iillf

Curator: Ih Post
E-mual
Colleconon Managers: Paul Pohwat
ind Russell Feathier
Dept. of Mineral Sciences
Washington, 1)C 20560-0119
Hours: 10 am=5:30 pm daaly

Worldwide

'-:"'. LTI s

nunerals, eems.,

“\}1-. clalties

Tellus: Northwest Georgia
Science Museum

Website: www.tellusmuseum.ore
Tl (7710 ARG-(I5T6G

Executive | irector: Jose Santamaria x40 1
} 1'|'|.I1| |i"w'.wu'Il'“lI\I]H]\i_'lerH!:'_

Curator: Juban Grav x415

E-mail: juhang(@tellusmuseum.org

100 Tellus T
White. (A

MITRY

Museo Andres Del Castillo

Museun

fel: 311.433

President |1Lrl-.1!" [1"-.']'; |'-!l]|l."
Bal
E-mal: muscola mad

Website: www. imad

ciim I'L‘
Lovin ],‘.

Umon 10340,

Lima 1. Peru
Hours: 96 pm W M: closed Tuesdavs
and on Peruvian hohidavs

Specialties: Mainerals ot Peru, Chanca

imnd OId Peru Texules

pottery

Collection des Minéraux
de 'Universite Pierre et

Marie Curie
tormer Sorbonne (

| irector: r, k

lel: 433 144 275 78K

l‘“ix‘h'“

in-Claunde Boulhard

E-mail: jean-claunde. boulhard@ impm
JLISSICLL. O

. Place Jussicu

750005 Paris. France

Hours: 1-6 pm daly, closed Tuesdays

Closed Mondavs

Hllh'-:

Some of the tinest to near-tinest known

SMPCOTINCTS

IH-L{ IHI.'\I.1I"~‘- i .Ll]]'__'||“:

||H-."- I TCli I'I .|F|I.i ‘-.‘-.L'ILi"-".hil Tt I.E*

Gargoti Mineral Museum
K. (

lel: +491 2551 230528

| Mirecton Pandey

Fax: +4+91 2551 238606
12-59 MIIXC, Malegaon, Sinnar, Nashik

122 103 India

Specialty: Minerals of India

T'he Mineralogical Record, volume 41, July—August, 2010




Publisher & Editor-in-Chief
Wendell E. Wilson

Associate Publisher &
Circulation Director

homas M. Gressman

Editor
homas P. Moore

Associate Editors
Malcolm Back
Bill Birch
Bruce Caimcross
Anthony R. Kampi
Steven R, Morehead
George W. Robinson

Board of Directors
Ralph D. Clark (president)
ralphdclark @ msn.com
Thomas M. Gressman
tgressman @ comcast.nel
Robert W. Jones
suesjones @ gmail.com
Anthony R. Kamplf
akampt@nhm.org
Steve Neely
neelytn@aol.com
George W. Robinson
robinson @ miu.edu
Marshall Sussman
tsumebmine @ aol.cm
Wendell E. Wilson
minrecord @ comcast.net
Allan Young

allanyoung @ cableone.net

Founder
John Sampson White

(Graphic Design
Wendell E. Wilson

Graphic Production
Capitol Communication Systems, Inc
Crofton, Maryland

Printing

Allen Press, Lawrence, Kansas

Editing Office
Wendell E. Wilson
Thomas P. Moore

4631 Paseo Tubutama
Tucson, AZ 85750
Tel: (520) 299-5274

Email: minrecord @comcast.net

Subscriptions, Back Issues
& Book Orders
P. O. Box 35565
Tucson, AZ 85740
el: (520) 529-7281

Fax: (520) 544-0815

THE MINERALOGICAL RECORD
(ISSN 0026-4628)
18 published bimonthly at $62/year (U.S.)
by Mineralogical Record, Inc
a 501¢(3) non-profit Subscriptions:
Individuals (U.S.):
$62/year or $114/two years
Individuals (outside the U.S.):
“_n-."llf} ear or $130/two years
Libraries, companies &
institutions worldwide:
$190/year

Scientific/educational orgamization,
5343 N. Sabino Canyon Rd., no.17
Tucson, AZ 85750
Postage paid at Tucson, Anzona
and additional mailing offices
Postmaster: Send address L'hil.ll:.'t.‘\-
to the above address

Associate Photographers
JL’T'TTL‘_\ A, HL‘II‘- i|
Harold & Enca van Pelt

Advertising Office
Thomas P. Moore
2709 E. Exeter Street
Tucson, AZ 85716

Advertising Rates Email: tpmoore | @cox.net

are available online at

www.MineralogicalRecord.com i
€ Opinions expressed

in the Mineralogical Record magazine
and 1ts supplements are the authors’

All advertising in
The Mineralogical Record must be

paid for before the closing date
" opimons and do not necessarily

Ad Closing Dates: represent those of the Mineralogical

Jan-Feb issue: Oct. 15
Mar-April issue: Dec. 15
May-June issue: Feb. 15
July-Aug issue: Apr. 15
Sep-Oct issue: June 15
Nov-Dec 1ssue: Aug. 15

Record, Inc., its advertisers. editors.
directors or employees

Disclaimer
The Mineralogical Record, Inc. and
its employees do not endorse, warrant

or guarantee the vahdity, authenticity,
For convenient online book orders,

back issue orders and subscriptions,
as well as numerous useful and
interesting databases, visit

condition, provenance, ownership,
price or value of any specimens
discussed, advertised or pictured in the
Mineralogical Record magazine or in

www.MineralogicalRecord.com supplements to the magazine

-+ ADVERTISERS INDEX &« <«om—
Friends of Mineralogy 388 Proctor, Keith & Mauna 350
Green Mountain Minerals o4 Roger's Minerals 387
Internet Directory 3849 Rudoiph, Scott 320
Joyce, Dawid K ja’ omale, Steve & Clara 317
Knstalle C2 Stonetrust 353
Lapis Magazine 349 Sunnywood Collection 352
Mineralogical Record Trinity Minerals 3B6

Books for collectors 372 Venerable Stone 372
Subscription Information 392 Weinnch Minerals 351
Museum Directory 380-391 Western Minerals 388
Neely Steve 316 Wilensky, Stuart & Donna 314
Obodda. Herbert 387 Wrnight's Rock Shop 370
Pala International Ca Zinn Expositions an

Argentum Auchoneers 18R
Arkensione 112
Betts, John 17

Bonham's 187
Brazihan Minerals 170
Budil, Marcus 113, 315
Collector's Edge Minerai 3
Dakota Mairix 149
Detroit Show 186
Displays of Nature ;Jerry North) 387
Excalibur 371
Fabre Minerals 371
Fine Minerals International 118-319




Tenacity

The exploration for superb minerals takes us around the globe
numerous times each year. The Collector's Edge team
traveled nearly 350,000 miles in 2009. With over 25,000 sq ft of
showrooms, laboratories and warehouses in the United States
and China, The Collector's Edge is uniquely positioned to
uncover mineral treasures for your collection.

JEFF SCoviL PHOTO

SOoLD TucsoN SHOw 2010 -

/

C

————————————MINERALS, INC.
SINCE 1984

P.O. Box 1169, Golden, Colorado 80402 USA
Tel.: (303) 278-9724 Fax: (303) 278-9763
Bryan Lees, President
Sales inquiries: Steve Behling, steve@collectorsedge.com
- www.CollectorsEdge.com




( ; §; ndeed, it is supposed in the East that a living spirit

dwells within these stones, a spirit potent for good.

— George F. Kunz, The Curious Lore of Precious Stones, 1915
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