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Helping the New Collectors
by David Eidahl*

HE guest editorial by Marie Huizing which appeared in

the Pegmatite issue (1 am curious (and) green') dealt

very effectively with the many ways a new mineral col-
lector can help himself (or herself) advance. But why should
the already advanced collectors, dealers and mineralogists help
these new collectors along on their way? One might at first be
tempted to view these rising enthusiasts as either (a) insignificant,
or (b) potential future competition for a limited supply of min-
erals. Both of these views are shortsighted. Assisting new collec-
tors now will help them take their place as contributing members
of the mineral fraternity in the future. Rather than being com-
petition, these new collectors may be the ones to discover new
deposits or help to import new discoveries from which everyone
will benefit. As they rise in purchasing power they will support
a broad spectrum of the mineral market, everything from 30¢
cleavage fragments and inexpensive but representative species
examples to fine display pieces with which they can demonstrate
their personal tastes and values. The mineral market needs new
collectors to maintain its current vitality; when dealers can no
longer afford to travel the world searching out fine minerals,
every collector will suffer. The new collector is indeed sigmii-
cant.

But there are a number ol hindrances currently operating
against the new collector. Advanced collectors, dealers and
resecarchers as a whole tend to ignore voung collectors com-
pletely. The advanced collector cannot see him as an equal and
a colleague: the dealer knows he has little money, and will tend
to dote on the better funded collectors: many researchers are
disdainful of even the advanced collector and can hardly ever
be bothered by the novice. Before we ignore young collectors
we should think back to our own beginnings. Where would we
be il certain people had not given us the needed help and en-
couragement? We were all novices once. Would it not be nice
someday to be remembered by one ol tomorrow's great collec-
tors or scientists as the person who gave him his start when he
was but a youngster? By helping the young we become part of
the unbroken chain of enlightenment that will preserve and
advance the stady of minerals through untold future centuries.

Another hin irance to the new collector is high prices. This
1s very difficul' to combat directly, since we can hardly expect
a dealer to sel a S1000 specimen to a young collector for $10
simply because he can't afford more. However, giving an oc-
casional discount to the beginner, especially if it is on an inex-
pensive specimen to begin with, would be a wise policy.

A third detr mental influence is the setting of bad examples.
What is a new collector to think when he sees dealers degrading
each other's specimens or, worse yet, each other? Rivalries
nearly as intense can arise between collectors as well, and young
collectors are often exposed to a plethora of unethical practices
carried out with glee.

What, then. is to be done to counter these negative infiuences”’

Experienced collectors should be the beginner’s first line of

defense. Taken under their wing. he can be exposed to the end-
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less variety of minerals in private collections: he can be guided
and taught the basics on which he will be able to build. If money
is a problem (as it usually is) he can be introduced to field col-
lecting and trading. He can be shown that the very inexpensive
specimens have their place and can give great enjoyment and
knowledge. He can be encouraged to collect what interests him,
regardless of what interests others. Perhaps he will eventually
take up the serious study of mineralogy and one day rejoice at
being able to earn a living doing what he would have done for a
hobby anyway...study minerals!

Most young collectors are intimidated by dealers. The dealers,
however, will find it in their best interest to pay some friendly
attention to the young collectors. They should look at it as an
investment in the future. If the young collector of today becomes
the suspicious, uneducated, disenchanted collector of tomor-
row, what will happen to the mineral market? The dealer who
simply enjovs helping young collectors receives his own rewards
and hardly needs to be tempted with money: but such Inendly
and philanthropic people are not as common as one might wish.
The suggestion here is to help young collectors even if you don't
make a buck on the deal immediately: you will eventually benefit
in one way or another. Some of today’s young collectors will be
tomorrow’s major collectors, and they’ll remember how they
were treated. and h} whom.

Museums are excellent places for new collectors to see and
learn. Curators should make a special effort to provide some
displays on the basics that are easy to understand. Displays
which are low enough for children to see (as in the American
Museum) and displays which allow viewers to rouch the speci-
mens too (also found in the American Museum) are particularly
valuable. Museums present a fine opportunity for the experi
enced collector to take a novice friend for a tour, answering
questions and explaining the many interesting details that can-
not be included on short museum labels.

Self-collecting is where many beginners begin. Here it is es-
pecially valuable to have an experienced [nend...one who knows
the local mineral occurrences and can take the beginner along
on field trips. Gem and mineral clubs are especially valuable to
the new collector: he is exposed to many experienced collectors
and can take part in club field trips. In parts of the country where
underground collecting i1s practiced it is essential for the beginner
to have an experienced companion.

Mineral shows provide another unique opportunity for the
beginner. If the show committee has arranged for and encour-
aged novice exhibits as well as educational exhibits by more
sophisticated collectors the beginner can learn by presenting
his own exhibit as well as by seeing those of others. On set-up
day he can chat with the other exhibitors (the Iriendly ones, at
least) and compare notes.

I'he sum of this discussion is the point that beginners and
t‘\rl't"l'ik‘l‘lt‘l..‘ti collectors need each other. The new collector,
given friendship. indulgence and help. becomes in later years
the valued colleague, the contributor to the hobby and the
science. and the supporter of the mineral market that we all
need. The moral: whether you are a collector, curator or dealer,
take the beginners under your wing. You'll be doing them, your-
self, and all the rest of us a favor.

I'he Mineralogical Record. November— December, 1977



TES mie”
DITOR

Welcome to our California Issue! This
special issue began to take shape about a
yvear ago when several articles on Cali
formia localities came i within a short
period of time. With those articles as a base, more were solicited
and appropriately fine photography (much of it the superb work
of professional photographers Harold and Erica Van Pelt of Los
Angeles) was sought until a sufficiently large body ol work had
been accumulated to hill an 1ssue and then some. O course we
make no claim to a complete coverage ol California mineralogy
and localities...that would require volumes. Similarly, ow
Europe Issue did not pretend to cover all of Europe, nor our
Pegmatite Issue all pegmatites. Only with the Tsumeb issue was
an approach to completeness attempted. But this issue on Cali-
fornia does contain some significant and interesting contribu-
tions. Most special issues in the future will be created in a sim-
lar fashion, although a few will undoubtedly be conceived in
their entirety before any writing is done. Because most special
issues do not cover their topic completely there is always the
possibility of Colorado, Pegmatite, Europe and California issues
number two, three, four, eic., depending upon the articles we
receive and are able to solicit. Special issues present special
problems, the most difficult of which are deciding on the scope
of the issues and obtaining solicited articles in a period ol months
rather than years. Suggestions for topics for special issues are
always welcome.

Suggestions for specific articles are also welcome. If you think
a particular locality, mineral or mineral-related topic would
make an interesting article for the Record. let us know. The
article on the characterization of new minerals by Pete Dunn in
the last issue (vol. 8, no. 5) was first suggested by Janet Cares
of Sudbury, Massachusetts: she also suggested that Pete would
be an excellent choice to author such an article. |1 agreed, sug-
gested the idea to Pete, and the rest, as they say, is history. The
article on twinning in the same issue was suggested by several
people independently, and if such an article had not already been
in preparation at the time of the suggestions, one would cer-
tainly have been solicited. When making a suggestion for an
article, please feel free to suggest possible authors who might be
best quahfied to wnite it. If your suggestion sounds like it would
interest a fair share of our readers, and an author can be found
to write such an article, your idea will eventually matenalize in
these pages for the enjoyment of all. 1 feel this method of gen-
erating articles has tremendous advantages: (1) you can influence
the Record toward publishing what you want to read...which,
after all, is the primary function of the Record. It is hardly worth-
while for us to publish what you won 7 read. (2) We can choose,
with vour help perhaps. the most qualified author, thereby in-
creasing the quality of what we publish. (3) Readers can come up
with some very innovative ideas which the editorial staff might
not have thought of. 1 have a file labelled “suggested articles.”
and you are all invited to add to it.

An issue perhaps as large as the Tsumeb issue is being as-
sembled on Pegmatites of Minas Gerais and their minerals. Al-
ready completed for this issue are articles on Virgem da Lapa

Tht' .111'.1’!1'!'4”{!_!:!-. al R{'L‘HJ“J. "i'n'r('mh('r-- [)1'1'.['rnfu-f', 1977

and on herderite (a comprehensive article including chemistry
morphology, and some surprising nomenclature). Articles ap
propriate for any ol these issues. especially the latter, are enthu
siastically solicited. Potential authors are encouraged to write
Lo me about their ideas

Another subject of continuing interest is the series of articles
dealing with Famous Mineral Localities. Again, this is an area
in which we are seeking papers. Locality articles have always
been a mainstay ol the Record. and articles on famous localities
are ol special interest.

Readers will notice another new column in this issue: Micro
minerals by Violet Anderson. Our 1973 survey revealed that
nearly a hifth of our readers are micromounters...a group oo
large and enthusiastic to be neglected for long. Therefore | have
asked Vi to stand in for Neal Yedlin while he is recuperating
from his illness. Vi is one of Canada’s foremost micromounters
and is a specialist in micromount photography. Rather than dupli
cating Neal's approach she will be doing her own thing, and ut
should be imnterestimg. Readers with new \\\n[lh_\ micromounting

information are urged to write to her

I'he funds required to produce color in this issue were gra
ciously donated by our long-time benefactor, Randy Rothschild,
and by Forrest Cureton (one of our advertisers). Any donation
to the Kecord is now lully tax-deductable: we have recently been
granted status as a non-profit organization. The end of the fiscal
vear i1s coming soon, and if your tax accountant says you need
to make some tax-free donations to stay in a lower tax bracket,
keep the Record in mind...100% of such donations are used for
more pages and more color because our administrative costs
are already secure. Very few non-profit organizations can make
that claim.

A note to dealers, especially those of you in California: not
many people are aware that the Record is available 1o dealers
for resale. 1his issue on California, which retails for $5, is avail
able at a 40% discount to dealers. Simply send us a check to
cover as many copies as you would hke, and we will pay the
postage. Our regular issues retail for $3 and are available to
dealers at $2 per copy. Write to Mary Lynn White, our circulation
manager, il you would hke copies for resale. If you like, you can
establish an account with us whereby you are shipped a certain
number of each issue, along with an invoice, as soon as each issue
IS published. In California especially, this California issue will
probably sell well indefinitely, so you are always free to re-order
and we will [ill orders as long as we have copies in stock

There is still time to renew your subscription at the $10 pe:
year rate. Remember that the rate increase to $13 per vear will
become effective on January 1, 1978, Even if vour renewal is not
due for a while yet, we will accept it early so that you can take
advantage ol the lower rate. (The lifetime subscription rate ol
$150 will go up to $195 on January 1.) As explained in the last
1Issue, you will not be paying twice lor any issues il you renew
early. Your subscription expiration date will simply be advanced
by one year.

As | was going over the records of last vear’s auction and com
piling the hist of donors to print n the Europe issue, | kept
wondering, “who have | missed” Sure enough, | missed not one
but rwo of the auction’s major donors: Prosper Williams (who
donated a fine Tsumeb dioptase) and Charles Key (whe 2 | did
not realize had been co-donor, with Sid Pieters, of a magnificent
jeremejevite crystal). | offer my sincere apologies and grateful
thanks to both
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 HISTORICAL

by Ron Bentle)
P.0. Box 366
Windsor, Connecticut 06095

| had planned to follow up last issue’'s column on label col-
lecting with a column on cleaning and preserving old labels.
However, in honor of this special issue on California, I thought
it would be interesting to profile some of the major personalities
in the history of California mineralogy.

Since 1890, descriptions of 82 new California minerals and
more than 300 articles dealing with California mineralogy have
been published. Branches of the University of California at
Berkeley and Los Angeles were (and still are) major centers of
professional research. California’s first society, the Mineralogical
Society of Southern California, was organized in Pasadena on
June 23, 1931, Since then, gem and mineral societies and clubs

in California have flourished: today they number over 700 and
serve more than 30,000 members. Obviously Californians are
active on the amateur as well as the professional level. Although
the following profiles deal primarily with some of the state's
most famous professional mineralogists, a selection of labels
from old (and not so old) dealers, collectors and institutions in
California is also included. a random sampling which readers
might find interesting.

| have tried to keep the profiles brief. Most of these people
have been honored by having a mineral or variety named after
them (although some of those minerals have since been dis-
credited); in such cases the mineral or variety name is given in
parentheses after their name.

Henry Garber Hanks (hanksite), 1826-1907, was the first state
mineralogist of California. He headed the state mining bureau
from 1880 to 1886 and his contributions to California mineralogy
continued until 1905, including several papers on new Cali-
fornia mineral localities.

George F. Becker, 1847-1919, was a pioneer among California
geologists. His paper, “Geology of the quicksilver deposits of
the Pacific Slope,” is a classic and, together with his other
studies, defined the mineralogy of California’s mercury deposits.
His professional career began on the faculty of the University of
California at Berkeley, after which he spent 40 years with the
U.S. Geological Survey (1879-1919).

George F. Kunz (kunzite, the lilac-pink variety of spodumene),
1856-1932, was a self-taught mineralogist who served for more
than half a century as gem expert for Tiffany and Company in
New York. In 1883 he joined the USGS and published gem re-
ports for the United States through 1909. His descriptions of
gem discoveries in California, particularly in San Diego and

NAME G LAUCOPHANE g

LOCALITY

Glaucophane Ridge
San Benito Co., Calif.

ENDLICHITE.
lake Valley,

Locality: wew Mexico.
LEON R. OWEN

E460 W, Colorado Blvd,

Dana'n No.

o - -

Serial No.

18R __ NANE

Glendale, Calif.

Collection of
F. Cureton 11, 328 E. Canterbury Drive
Stockton, Calif. 95207

G URmMTY @\ T

o P D

R. M. WILKE. PaLo ALTO, CAL.
. O. BOX 3ia

R "/?3

JOHN M. GRIEGER

-V RLAS) 5 .o

PASADENA, CALIFORNIA
4 NINITA PARKWAY

Collection of JOHN MELHASE.

£26.m.
3 :a..\_\?h“-‘ﬁ'\!

DEALEN In @{

; L
MINERAL 8PECIMENS ano cOLLECTIGHS

-

Locality

-

BURTON BARFELL
4434 Ellenwood Drive

“o caler
i - Memprn
Tiae Northern Qelifornia Jik

Sﬂ Fri""'“

W

al Society, Iue.

-0s Angeles

PLuMMER'Ss MINERALS

White Garnet

)"

a Fa

Mams

Yl L,

£t
y miles north of Hull,

Lﬁiﬂht\f hig
F "

iin Gatniean River, Cunmda,

G. F. KUNZ,

-,
NOILD3ITTOD

1914 Locust Street

v T F Y/

o 4

L

OSCAR STANKQV

AT=9 POINT _OrA AVE. SAN DIEGO 7. CALIF.

-

T PonTerradE,Province

FROM

. of Leon,Spain

NAME

L

Pasadena, Calif,

The Mineralogical Record, November— December, 1977




Riverside Counties, popularized Califormia as a gem state.

Andrew C. Lawson (lawsonite), 1861-1952, pioneered studies
of geology and mineralogy in many parts ol the state while pro-
fessor of geology at the University of California, Berkeley. With
George Louderback he helped build one of the country’s out-
geology-mineralogy His
70 years, during which he described several new
California minerals.

Arthur S. Eakle (eaklente,

1931, was professor of mineralogy at the University of California,

standing departments. professional

career spans
now a synonym for xonotlite), 1862
Berkeley. where he produced research on California mineralogy
for 30 years. In 1914 he revived the catalog Minerals of Califorma
(first published by W. P.

Henry Hanks in 1884). Eakle made the lirst major study ol the
now-famous Crestmore quarries. describing a large portion ol

Blake in 1866 and later produced by

the 150 or so minerals that occur there.
described by Eakle include
riversideite and wilkeite.

Frederick L. Ransome (ransomite), 1865-1935, earned his
Ph. D. at the University of California, Berkeley, in 1896. While
with the USGS he published many papers on the mineralogy and
economic geology of California, and especially on the Mother
Lode. He joined the California Institute of Technology in 1927
where he described a new mineral from Califormia which he
named lawsonite.

Charles Palache (palacheite, of botryogen), 1869
1954, a native son of California, received his Ph. D. from the
University of California, Berkeley, in 1894, He joined the faculty
of Harvard University in 1896, where he worked and published

Crestmore species [irst
vonsenite, foshagite, probertite,

a vanety

until his retirement in 1941. Among Palache’s many achievements
are his classic paper (USGS Professional Paper 1580) on the min-

erals of Franklin and Sterling Hill, New Jersey, and his work with
Berman and Frondel on the most recent edition of Dana’s Svstem
of Mineralogy.

George D. Louderback (louderbackite., now a synonym for
roemernite), 1874-1957/. also a native Califorman., received his
Ph. D. from the Umversity of Califorma. Berkelev., in 1899 and

1907
and in 190% the new mineral joaqui

returned there to join the faculty in 1906. In he described
the new mineral benitoite,
nie

Hoyt S. Gale (galeite), Harvard

and joined the USGS in 1903, His specialty was the study ol

I876-1952, graduated from

western deposits of nitrates, potash and borax. His papers on
the saline lake regions delined the history of mineral suites in
such areas as Searles Lake (the type locality for galeite)

Austin F.
I877-1957

Rngt'r\ (rogersite, now a synonym for lawsonite),
. was a prolessor ol mineralogy at Stanford University
for 40 years, and contributed 53 papers on California minerals,
including the first descriptions of kempite and sanbornite
Esper S. Larsen (esperite and larsenite), 18758-1961
his Ph. Berkeley,

served on the stalfl of the Carnegie Institute in Washington,

received
in 1918, He
3 ¥ e
and the USGS, and linally as prolessor of petrography at Harvard

HL‘

cluding merwinite,

D. at the University of California.

University described several new Califormia munerals in

searlesite and tilleyite. In addition to his ac
complishments in descriptive mineralogy he developed an iso

method rocks)

topic age-dating (for based on radioactive
elements in rare accessory minerals, that is still use today
Magnus Vonsen (vonsenite), 1879-1954, like George Kunz,

was a sell-taught mineralogist best known lor his hield collecting

His special interest was borate minerals, and it was he who dis

akle. V

covered the borate later named in his honor by |

onsen
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also discovered teepleite at Clear Lake, and reported several new
localities for pumpellyite and lawsonite. His fine personal col-
lection was donated to the San Francisco, Califormia, Academy

ol Sciences.

Waldemar T. Schaller (schallerite), 1882-1967, studied at the
University of California, Berkeley, and published more papers
on California mineralogy (58) than any other mineralogist to
date. He described boothite, stewartite,
inyoite, meyerhofferite and kernite. A chemist and mineralogist
for the USGS for over 50 years, he received the highest awards
of his profession.

Charles Douglas Woodhouse | B8R-1975,
began his career as an attorney with a Master of Jurisprudence
in 1925, He
subsequently studied geology at Stanford University and the
Sorbonne in Paris,

salmonsite, sicklerite,

(woodhouseite),
degree from the University of California, Berkeley,

and became an astute mineral collector as
well. He joined the geology faculty of Santa Barbara State Col-
lege (now the University of California, Santa Barbara), eventu-
ally being appointed professor and Dean of Men. He donated
his superb collection to his university and also founded the Cal-
ifornia Federation of Mineral Societies.

Joseph Murdoch (murdochite), 1890-, was educated at Har-
vard and joined the faculty of the University of California at
Los Angeles in 1928, His specialty was ore microscopy and he
published several pioneering works on opaque minerals. His
published works include 45 papers on California minerals. Mur-
doch’s collaboration with Robert Webb led to editions of Min-
erals of California in 1948, 1956 and 1966.

Henry William Foshag (foshagite),
curator ol minerals at the Smithsonian Institution in 1919, and

1894-1956, was appointed
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was awarded a Ph. D. in 1923 from the University of California
at Berkeley. Foshag published more than 30 papers on Califorma
mineralogy including the first descriptions of plazolite,
erite, krausite and burkeite.

Adolf Pabst (pabstite), 1899-, received his Ph. D. from the
University of California, Berkeley, in 1928. His list of publica-
tions, mostly on California mineralogy.

schair-

numbers over 20 and
1s still increasing (see his article on the new Califormia mineral
jonesite in this issue). He authored Minerals of California (1938
edition) and in 1965 was awarded the Roebling Medal for dis-
tinguished contributions to mineralogy and crystallography.

Robert W. Webb, 1909-, received his Ph. D. from the Cali-
fornia Institute of Technology in 1937, His publications include
over 65 papers, many on the geology and mineralogy of Cali-
fornia. Webb served on the staff of the University of California,
Santa Barbara. for over 40 years, excelling as an admimistrator
as well as a mineralogist. He collaborated with Murdoch on
three editions of Minerals of California.

Other mineralogists among the many deserving mention
include George Switzer (switzerite), a former curator of min-
erals at the Smithsonian, George Tunell (tunellite), still active
at the University of California at Santa Barbara, and William
Nisson (nissonite) of the California Bureau of Mines Museum.

A discussion of the collectors and dealers who have contrib-
uted to the study of California mineralogy would be long indeed,
and might make an interesting future column.

| would like to express my deep appreciation to the following
people for their help in compiling the information and labels
in this column: Dona and Wayne Leicht, Paul Desautels, Jesse
Hardman, Juanita Curtis, John White and William McCarty.
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Neal Yedlin should be writing this column. There 1s no one
quite like him. He has his own particular style of intimacy, dig-
nity, and relaxed humor all in one, and we re going to keep right
on wishing to see him back on the job. I cannot do what Neal
does. | can only dig for, stumble over, or fall heir to a few facts
that may be of some use to micromounters.

This issue of the magazine being on California, it seems appro-
priate to find out something of what that state has to offer in
microminerals. A Torontonian, some 3000 miles from Searles
Lake or the headwaters of the San Benito River, is not in the
best position for such a task, but with the help of Hatfield
Goudey, Fred DeVito, and Sharon Cisneros, all of whom sent
me written material or minerals or both, there just might be a
few paragraphs following. I'll not try to cover all the micromin-
erals to be found in such a large state as California (which must
run into the hundreds), but rather will do a here-and-there job
based on the California microminerals that | — away off here on
the edge of the Precambrian Shield —have found available on
the mineral market or through exchange.

The complexity of California geology is staggering, and the
topography, as observed in aenal photographs of such geological
provinces as the Sierra Nevada and the Great Basin (with uts dry
lakes and Death Valley) shows a ruggedness and bleakness which
for the field-collector must be intimidating. And yet it is from
Death Valley and the famous Searles Lake, in the southern part
of the Great Basin stretching from the 39th parallel to the
Mohave Desert, that many of my own California microminerals
have come.

Most of the lakes are playas, dry lakes becoming marshes only
in a rainy season, followed by the evaporation of their moisture
and deposition of salts. The minerals produced (evaporites) are
usually water-soluble as well as showing a tendency, great or
little, to alter or crumble if they lose what water they possess.
Searles Lake has accumulated hundreds of feet of such deposits
over a period of thousands of years. Mineral species include
many chlorides, carbonates. and sulfates of sodium, calcium,
potassium, and magnesium, and a few borates.

As a protection for certain minerals such as these agains
atmospheric change, Allan Mitchell of Microminerals Inter
national uses a small circular cell (like a minmiature hat-box, if you
can remember such objects) and although 1 doubt if the min-
erals could be photographed through the covering and under
the heat of the lamp, they can be mounted, cell and all, and ob-
served with pleasure, since many of them have attractively sharp
faces. The crystals, devoid of matrix, can be rolled about and the
different forms studied. With perhaps three or more crystals of
the same mineral in the cell, it is something of a game, since
rolling one will roll the others.

The minerals that | have from Searles Lake (San Bernardino
Co.) mounted in cells are not borates but sulfates (hanksite.
sulphohalite, and schairerite) and carbonates (gaylussite and
pirssonite). Micromounters should have them all. The hanksite
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is particularly attractive, showing little
hexagonal barrels closing in at top and
bottom with rings of bipyramaidal faces
which, being of differing slopes, inter
rupt each other until the terminations
are reached. perhaps in pinacoid laces
Gaylussite is equally interesting, a
monochmc mineral with a vanety ol
forms, although gavlussite, unlike the

['ychite and northupite, however,
are. They are carbonates, also from
Searles Lake, similar to each other both
in composition and habit. They are tiny colorless or whitish
octahedrons, again without matnix. Perhaps they too should be
protected against the air, but they would look pleasing mounted
on fine drawn-glass pedestals, if one could master the art ol
glass-drawing. Bob Gait of the Royal Ontario Museum is a de
votee of such pedestals for tiny crystals and, with Cynthia Peat
to hold one end of a glass rod for him, will heat the glass over a
blow-torch until, at the right moment, each must dash across
the room in opposite directions at a speed judged to keep the
hot glass from cooling and hardening before it is fine enough
After that, hopefully — many pedestals needle-thin.

>
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Colemanite (white to yellow) from the Jenifer mine, Boron,
California. Size: 1 cm high. Specimen and photo: Werner Lieher.

Death Valley, to the east ol Searles Lake, in Inyo County,
has very similar climatic conditions: hot and arid. The lowest
point on the Continent is in Death Valley, 282 feet below sea
level, and the valley i1s believed to be still sinking. From the
Russell mine in this area | have celestine crystals with colemanite
crystals on a colemanite matrix; from the Hardscramble mine,
gowerite, line acicular clear crystals, associated with “cotton
tuft” ulexite, and with small plates of clear nobleite: all three
are borates. Inyoite and meyerhofferite, borates from Corkscrew
Canyon, are found together. They are identical as 1o chemical
formula except that inyoite has more water:; both are colorless
to white. Inyoite 1s short monochnic prismatic: meverhofferite

1s elongated and trichmic. Meverhollente i1s an alteration product

Ed. Note: Neal Yedlin passed away on October 8, just as this
ISsue was going to press. A biography of Neal will appear 'n a
future 1ssue




of invoite. Sometimes, however. the inyoite morphology 1s re
tained. in which case one has a pseudomorph of meyerholferite
after invoite. There are times when it is difficult to know what
one has.

Gowerite. nobleite, invoite and meverhofferite were all dis
covered first in Califorma.

From Boron. in Kern County, come still more borates: hydro
boracite (tiny clear blades), tincalconite (a powdery mineral
usually only found coating something else). and colemanite (the
king of the borates). which occurs in neatly formed monochnic
crvstals. The last two were first found in California. Not so the
wispy sulfate, halotrichite, which grows such long silky flibers
that it was only after much searching at Tucson last year that |
found a specimen suitable for photomicrography. Its locality:

ol

the Golden Queen mine, Mohave, Kern County.

San Bernardino County is the largest county in California. It
includes not only the playas but nearby mountains. In the far
east, in the Clark Mountains, is the Mohawk mine which con-
tains azurite. cuprian adamite, and also the triclinic chalco-
phanite (an oxide) whose crystals on matrix resemble small dark
hallmoons. On top ol the chalcophanite are black octahedrons ol
hetaerolite (another oxide). These last two seem to have been
found only recently in Califormia. At Lead Mountain, near
Barstow., Herb and Geneva Corbett have collected hemimor-
phite and barite, and as usual have been generous with their finds
to their many friends. From the Blue Bell mine at Baker (see the
article elsewhere in this issue) come dioptase (in needle form)
and caledonite, as well as chrysocolla with aragonite and em-
bolite (the last a silver chloro-bromide). Most of these are a
colorful change from the clear to white minerals of the plavas.
although none of them was found first in California. Neither was
miargyrite, which occurs at the Kelly-Rand mine, Randsburg, a
stlver antimony sullide. monoclinic, black with glints of red.
and the crystals striated. Hatfield Goudey writes: “The Kelly
mine crystals are probably the best in the world...the number ol
forms seems infinite.”

437

Zinc-lead-copper districts in this part of the state include not
only those in San Bernardino County but also districts at Cerro
Gordo and Darwin in Invo County. Hatlield Goudey has sent
me an unusual specimen from Darwin which includes three lead
minerals forming wheels within wheels. a “cross sectional demon
stration of gradation from galena through anglesite (dark gray)
to cerussite crystals.” In the past he has also had brochantite,
caledonite, and linarite from Darwin. From Cerro Gordo | have
only hemimorphite, although this locality has also produced
colorful species in the past, and may be doing so still

Before hopping the Sierra Nevada Range. one should mention
the cristobalite with fayalite from Cosa Hot Springs in Inyo

County and the trigonal phosphate. woodhouseite, with its quite

simple pseudo-cubic crystals, near-white, and associated with

L 1 '
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Halotrichite (left) (white), from the Golden Queen mine,
Mohave County, California. Specimen height: 1.5 cm. Specimen
and photo: Werner Lieber.

Montroydite (above) (red), from the Socrates mine, Pine Flat,
Sonoma County, California. Needle length: 1 cm. Specimen
and photo: Werner Lieber.

quartz, from the White Mountains in Mono County (see the
article on the Champion mine in this issue), one of the many
minerals found first in Californmia.

['he Sierra Nevadas...well, undoubtedly there's gold in them
thar hills yet, and certainly there are barium minerals, since the
type locality for many of these is Big Creek. Fresno County, but
for the micromounter, minerals from the Coastal Ranges seem
to be the more readily available.

So the Coastal Ranges it is. San Benito County, in the Diablo
Range, provides beautiful neptunite, benitoite. and joaquinite,
the last two of which were first discovered here (see the article
on this locality elsewhere in this issue). Neptunite and benitoite
may have large crystals, of course, but they also occur as micros,
and constitute the sine gqua non of any micro collection. Large
c¢rystals of benitoite tend to be showy blue tngonal bipyramds,
small crystals are lovely pale blue hexagonal plates with large
pinacoid laces. Neptunite shows rich red mner fire. One of my
own neptunite specimens has librous greenish crossite (an am-
phibole) wandering around it. Also found near here are attractive
vellow crystals of andradite on serpentine. often along with deep
black cubic crystals of magnetite. Black melanite garnet crystals
occur with perovskite crystals in the same area. The perovskite
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may be black or a nice amber, cleanly formed. The artinite from
here (see the article in this issue) has beautiful satiny white crys
tals against green serpentine, or 1s associated with little balls ol
white dypingite — a pleasing contrast in shapes. Cinnabar. from
the New ldria mine, has small bright red tabular crystals

From Sonoma County, further north along the coast, the cin
nabar crystals show long trigonal prisms. Light brownish red
almandine garnet on glassy green omphacite (a pyroxene) occurs
near Petaluma. And glossy black hematite plates sprinkled
among vellow siderite crystals are found near Cloverdale. Mon
troydite, a mercury oxide, a mineral with the soul ol an artist
performs as bent and twisted crystals at the Socrates mine

Further north still, in Mendocino County, Deer, Howie and
Zussman have left theiwr mark in sihcates named after them and
first found in the Lavtonville district. The first two, deerite and
howieite, are similar: radiating brownish-black prismatic crystals
rather tightly packed but with a lively luster (aegerine comes
with the howieite on my specimen. and one has to be greatly per
sistent to untangle the two, or even to believe one has done i)
Zussmanite | do not have: it is said to occur in pale green tabular
crystals. Riebeckite, also from near Laytonville, is again in long
dark prismatic crystals but they are set off by the sparkle ol
quartz. From the Russian River comes jadeite, more exciting
because (at least in my specimen) the light green acicular crystals
are terminated, which is rare. Finally, from Red Mountain, comes
the new mineral, vuagnatite (once again, see the article in this
issue!) which is pale greenish, glassy, and botryoidal.

[rinity County is too far north for the Coast Ranges and is
into the Klamath Mountains geological province, but | mention
it here for its inesite, the calcium manganese silicate which forms
pink trichnic crystals found at the Hale Creek mine, and which
most micromounters like.

Some distance south again from these mountains and past
Mendocino County i1s Lake County, the county of Borax and
Sulfur Bank, famous collecting areas. 1 have two specimens
from this county: a rather pale sulfur with the crystals nicely
isolated for photography: and from Siegler Canyon tridymite
with pargasite (the latter differing from hornblende only in its
having no required Fe). It shows clean brown prisms with sharp
termination: the clear little hexagonal plates of tridymite are very
pretty. There are also some small gatherings ol pale brown bio-
tite mica on the specimen.

The lawsonite 1| have comes from Marin County near San
Francisco. This is another first for California. The crystals are
white to pale pink, orthorhomic, and look like somewhat off-

X RAY DIFFRACTION
Mineral Identification
Prices as Low as $8.75 per Sample
Send Stamp for Details

Geo XRD [_aboraton,
B469 W Vassar Drive
Denver Colorado BO227

Collection
A. Giazotto

Request fine Amazonite with Smoky

Quartz cabinet size groups.

very fine Pyrite groups and a few
outstanding Deman-
toid groups for sale
or exchange.

Write to A. Giazotto
Lungarno
Gambacorti, 39

LAPIDARY
SUPPLY

COMPA

Italy
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ROCHESTER

beat or skewed bipyramids

Contra Costa County. with its Mt. Diablo mine. 18 so close 1o
San Francisco that some munerals there have become endangered
species, if not locally extinct. | have metacinnabar from this area
one of Califormia's “new munerals, which was the black sullwde
used at the Mi. Diablo mine for mercury ore. As a collectors
item it 1s more humpy and bumpy than mercunal. Its crystals
are tetrahedral in habit, but tend to crowd in on each other
making for some difficulty in perceiving forms

On Mt Hamlton in Santa Clara County just southeast ol San

4

Francisco. melanophlogite was discovered in 1971 o the
third or fourth occurrence in the world. 1 he lormula seems not
vel to be delinitely settled 'I‘-L‘IT'I_U given in [ he Glossary as S10)
containing C and S. The rare crystals resemble cubes and are
clear as ice. They may be cubic or tetragonal

For zeolites, one looks perhaps first and foremost to Tick
Canyon in Los Angeles County where are found long aciculas
brilliantly clear natrolite crystals and analcime crystals. From
near Agoura in that county come fernerite and chimoptilolite

Not far from Los Angeles, at Pr. Rincon in Ventura County
may be found the gamma-sullur, rosickvite. The crystals are
monochnic — very small, pale yellow, and platy

'he final geological province I'd like to mention is the Penin
sular Range in the far south of the state. For the nonce, that
means Riverside County and Crestmore gquarnes. From Crest
more | have in my collection: minium (such as it 1s), idocrase (an
interesting shallow bipyramid), and graphite. Period! And vyel
the Crestmore quarries are famous, said to have produced the
third largest number of species in the world — after Langban,
Sweden. and Franklin, N.J.. Fred DeVito has sent me two excel
lent papers on Crestmore, one written by Fred and two asso
ciates, one by Fred alone. Of the 140 minerals mentioned and
briefly described. we can by-pass all the best known and the
minerals which appear only as coatings or crusts. That leaves
about 35 unusual minerals which it 1s possible to find in crystal
form. but which are just not available for purchase as far as |
know. In fact, few ol even the better known species seemingly
are reaching us in the East. Perhaps, like the minerals ol Mont
St. Hilaire in Quebec, the supply is limited. | should like 1o be
wrong.

Letters on matters micromineral will be gratelully received

Violet Anderson
1.3/ Buckingham Avenue
[ oronto, Ontario

M4N IRS5 Canada

1/2 mile north on Highway 63.
P.O. Box 6350
Rochester. Minnesota 55901

Thousands of fine
mineral specimens on
display at all times.

bentley’s minerals

Distinctive specimens—
for museums and colleclors

BERNIE KIRCKOF Write: PO B J
Plsa, Phone 507/262-3233 ‘

Windsor. Connect
Telephone
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at a glance the location of
all of our California adver-
tisers.
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four years
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Some people think that all the major whole-
sale mineral dealers are in El Paso, Texas.
There are, however, alternatives.

JTI has imported and sold more dioptase x|.
clusters than anyone else in the U.S. or Can-
ada

JTI has imported and sold more okenite puff-
balls and other Indian zeolite specimens than
any other dealer

JT1 is importing more mineral specimens from
Peru than anyone. More than five 55-gallon
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The reopening of the classic Himalaya mine of the
Mesa Grande district. Specimens are now available.

NEW ACQUISITIONS

Celestite — Emery County, Utah. Crystals from
-4 inches, singles and groups
Rhodochrosite — Cape Province, South Africa,
Vibrant red singles and groups.
Scapolite — Tabora district, Tanzania.
Fine single crystals from 1-3 inches.

Collector Shops at three locations:
912 So. Live Oak Park Road, Fallbrook, Cal.
9484 Brighton Way, Beverly Hills, Cal.
NEW! 1274 Prospect, La Jolla, C
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selected at the source on the Indian subcontinent.
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P Cureton I & Sons

WHOLESALE MINERALS
6211 EAST HIGHWAY 26
STOCKTON, CALIFORNIA 95205

minerals from the CRESTMORE QUARRYHiverside Co., Cal.

AFWILLITE, BRUCITE, DEWEYLITE, FORSTERITE, *FOSHAGITE, GEHLENITE, GYROLITE. LEON-
HARDITE. HYDROMAGNESITE. MAGNESIOFERRITE. *MERWINITE. MONTICELLITE. NEKOITE.
PARAWOLLASTONITE, PLOMBIERITE, *RIVERSIDEITE, SCAWTITE, SPURRITE. THAUMASITE,
*TILLEYITE, TOBERMORITE, *WILKEITE, WOLLASTONITE. AND XANTHOPHYLLITE.

other GILIPIIBNI! HINEBII.S by county

Gold, El Dorado Co Opal, flueo., Invo Co
"Hanksite, San Bernardino Ce *Pabstite. Santa Cruz Co
*Howieite. Mendocinoe Co *Paraspurrite. Invo Co
Howlite. Los Angeles Co Perovskite. San Benito Co
Inesite, [rinity Co Priceite. Invo Co

Jadeite. San Benno Co Probertite. Invo Cos
*Jaoguinite, San Henals Pyroaurite, San Benito Co
lulgoldite. 1 rinuy ( Pyrophyllite, Manposa Co
Rammererite. Trine *Redledgite, Nevada Co
Raolinite. Amador Reevesite, San Benito Co
Rarpathite, San Bemito ¢
*hernite. Kern |
Rurnakovite. hern Co
Kyvanite. lmperal

Alumohvdrocaleite, Santa Clara O,
Andesite. Amador O

Anorthite. Nevada Co

Antlerite. Madera Co

Artinite, San Benno Co
Bakerite. Invo Co

Barite. Los Anveles Co
Barkevikite, San Benmo (
Basinaesite, San Bernardine «
*Benitoite, San Henn

Bituminous Sd. Sn.. Santa Crus ¢
Borax, e o

Chent, radiolarian, Marin Co
Chiastolite. Madera Co
Chrysotile, Calaveras Co
Cinnabar, Sonoma Co

*Rosceoelite, Fl Dorado Co
*Rosenhahnite, Mendocime Co
Rubellite. Riversade Co
Schuetieite. San Luis Obispo Co
Serpentine, Amador Co
*Lawsonite. Sonoma C Stibmite. San Benno Co
Lepidolite. Riverside Co Stilpnomelane, Mendocing Co
Lithiophorite. Santa Clara Co lale, Inyo Co

*Macdonaldite, Fresno Co lNaramellite. Fresno Co
Magnesite, Stanislaus Co *Tincalconite, Kern Co
*Tunellite, Kern Co

Ulexite, Kern Co

Uvarovite, Tuolumne Co
*Veatchite, Los Angeles Co
*Vuagnatite, Mendocino Co
*Woodhouseite. Mono Co
*Zussmynite, Mendocino Co

*Indicates TYPE LOCAL

Larnite. Invo (

Clinochlore, Calaveras Co
*Coalingite. San Benno Co
Colemanite, Kern Co
Crocidolite, Mendocing Co
Crossite, Mendocino Co Magnele, Los Angeles C
L vmrite, Santa Clara Co
"Deerite. Mendocino C
Digenite. San Benito Co

Mariposite. Marniposa
Melanite. San Bemito €
Melanophlogite, Santa ¢

i e \. . iy Ly a &
Dypingite. San Benn Meneghinie, Sonta Cruz

Eclogite. Sonoma Co -
¢ . ¥ : Metacimnabar, Contra Cont;
Fibroferrite. San Bernardino Co
*Gerstlevite, hern Co

(slaucophane, Sonoma Co

Miargyrite. San Bernardino
Neptunite, San Benno Co
*Nissonite. San Benwo Co

Retail Customers

please contact the following:

Ward’s Nat.Sci.Co.

P.O. Box 1712
Rochester, NY
14603

Excalibur Minerals
7 Grover Road
Dover, N.J.
07801

Minerals Unlimited
P.O. Box 877
Ridgecrest, CA
95355
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ARTINITE

Southern San Benito County,
California, U.S.A.
Mg'}.(cofi)(OH)f . 3H20

Beautiful, snow white sprays and spheres
composed of numerous individual terminated
needle crystals, on serpentine matrix.

Ref: Mineralogical Record, Nov-Dec 1977.
THUMBNAIL:  $3.50 and $5.
MINIATURE: $5, $8, $10, $12.

CABINET: $10, $15, $20, $25.

MUSEUM. A few large display specimens are available from 4” x 4" to 3" x 7". Write for an
individual quotation on the larger pieces.

% DEALER INQUIRIES INVITED *

MINERALOGICAL RESEARCH COMPANY
15840 EAST ALTA VISTA WAY, SAN JOSE, CALIFORNIA 95127 U.S.A.
PHONE: 408-259-43%4

BENITOITE - NEPTUNITE

& OTHER FINE MINERALS

FOREIGN INQUIRIES INVITED

Showroom Open By Appointment

BRUCE & JO RUNNER

13526 First Ave South
QUARTZ Delhi, Ca. 95315

After tel. (209) 634-6470
ARAGONITE
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California’s Newest Source of Fine Specimen Gold

by

David Eidahl
912 S. Live Oak Park Road
Fallbrook. California 92028

T hen

Califorma,
warm and

But

minerals ol

1'I|

cn-

w thinking
W one
VISIONs beauti-
ful coastlines.
thinking ol the

Califorma.

when

Gold crystals to * 16 inch on ma-
trix, from the Colorado Quartz
mine, Mariposa County, California.
lohn Barlow collection: photo by
Wendell Wilson.

gold quickly
mind!
years California
ol the
prnlii'iu |‘iI'HI.|lIL‘L*I'.H of

comes to Over the

has been

one world's maost
fine
crystallized gold. From her many mines have come some of the
[inest golds ever to grace the many major museums throughout
the world.

history.

illustrious
In this article we are not speaking of gold specimens

loday California is still continuing its

mined 20, 30, or 100 years ago, but rather newly mined specimens
which are the equal of anything ever found in the past.
When production began at the Colorado Quartz mine in Mari-

posa County, Califorma, it was worked strictly

lor ore and not

for specimens. The rich gold vein was discovered as a surface
outcrop. and a UIL'L';& shaft lined with steel-reinforced concrete

was sunk at th the
hole produced an insignificant amount of specimen gold.
Eventually 150 feet from the
['his new shaft eventually reached a depth and
a diameter of about 40 feet

> discovery point. Unfortunately discovery
another shalt was sunk about
discovery shalft,
. where a heavy flow of groundwater
required the installation of a pump. Drifts were driven horizon-
tally and encountered more gold ore. along with some promising
A large

the

signs of specimens. pocket ol quartz crystals was en-

countered in which crystals were waterclear throughout,
except for milky bases. Minute crystals of gold were found along
ractures in the quartz crystals, causing some excitement among

the miners..

perhaps specimens of gold growing out of quartz

crystals would soon be found! However, alter completely re-

moving about 200 pounds of hand-size and larger quartz crystals
and groups from the pocket, no spectacular gold specimens had
been found

I he drift was driven horizontally for another 20 feet. In April
1976 the mine l'hey climbed
down a l10Hoot section of ladder to a platform, then
to another platform. and so on. until
reaching the bottom of the shaft.

of miners entered the as usual.

down
another section of ladder
After nI‘ll} a short [‘IL‘I’iUIJ
work at the tunnel face they broke into a collector’s dream: a
Ihe
pocket was eagerly but carefully removed. and the tunnel was

small pocket of beautifully crystallized gold specimens!

140)

10 feet
anything
Their discovery had
small,

advanced another

without [inding
maore.
been a isolated
pocket.

Some ol the specimens Gold Cl'j’SlIIS to '4 inch from the

Colorado Quartz mine, Mariposa
County, California. Siber and
Siber specimen: photo by Eric
Offermann.

were purchased by a dealer
in San Francisco and sent
The others made
their way to the California
Federation Show in San Francisco in July of 1976. At this show
the major pieces of the pocket were sold to collectors.

LD l'llrﬂ[‘ll.,'.

| obtained one of these specimens at the show myself. After
working at the show most of the day | was feeling rather disap-
pointed at not yet having found anything 1 really liked (and that
was for sale). Then a friend came up and asked me if 1 would
like to look at something: | said sure. We lelt the booth and kept
walking until we were out of the building and in the parking lot.
| asked where his car was and he replied. “what car”” Then he
handed me the gold miniature pictured here on the facing page.
The specimen, as you can see, has exceptional color, sharpness
and luster. It measures slightly under 2 x 2 inches, and bears crys-
tals 4 inch in size. This specimen, for overall quality, is
the finest found in the pocket, and is easily one of the finest
miniature gold specimens ever found in California.

g 1O

Another specimen was acquired by Bryant Harris, a mineral
collector in Fallbrook, California. His specimen is the largest
matrix piece removed from the pocket. The matrix measures
12 x 1'2 x 3 inches: standing straight up on this matrix are two
arborescent groups of gold crystals. Each group is | s
tall and 1s composed of ' sto
sharp and vyellow.

inches
s-inch gold crystals, all very bright,
The finest thumbnail of the pocket is |1 x '2
inch in size, and 1s composed ol

6 to winch crystals in a twisted,

arborescent group (collection of the author). The second finest
miniature and several thumbnails were purchased by an Eastern
I'he miniature is 1 x 1!
arborescent group ol

collector. inches in size, with a finely

gold crystals and a '4 x %6inch quartz
crystal on quartz matrix. On the back of the specimen is a razor-
sharp. mirror-bright octahedron of gold !

T'he the mine is uncertain, and
appears hopelessly entangled in legal difficulties. It is doubtful
that more specimens will be coming from this mine, at
the near future. But this I

producing days of California are far from over!

1 inch in size.

luture ol Colorado Quartz IS

least in
ality has proven that the great gold-
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crystals to "1 inch in a 174 -inch group from the

Golorado Quartz mine, Mariposa County, California.

Collection of David Eidahl: photo by Harold and Erica Van Pelt,
photographers, Los Angeles.
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BENITOITE GEM MINE

by William S. Wise and Robert H. Gill, Department of Geological Sciences
University of California, Santa Barbara, California 93106

Figure 1. (top) A triply terminated benitoite crystal 2
cm wide, on a matrix of natrolite. R. Gill specimen:

photo by Harold and Erica Van Pelt, Photographers,
Los Angeles.

Figure 2. fabove) Panoramic view of Joaquin Ridge and
the Benitoite Gem mine (recent photo).

Figure 3. The Benitoite Gem mine in its early days.
This view shows the open cut, the drift portal (center
background) and the incline with ore bucket to the
left. The present open cut extends 5 metres farther
into the wall and 3 metres lower. This photograph was

first published in the California Journal of Mines and
Geology, 1938.
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INTRODUCTION
HE mention of Benitoite Gem mine! brings
to the minds of most mineral enthusiasts
specimens of benitoite, neptunite, and
joaquinite. To those who have wvisited the lo-
cality, the Benitoite Gem mine 1s one of several
interesting mineral localities in the dry, brush-
covered slopes of the southern Diablo Range
(Fig. 2

). Compared to other famous mineral
localities in the world. the Benitoite Gem mine
stands out, not for the variety of its minerals,
but for their rarity and superb crystal quality,

The three major minerals — benitoite,
and

nep-
tunite. descnibed

Prof. George Louderback in 1909 in a classic

joaguinite — were by
paper, one of the finest descriptions ol a new

mineral written. Benitoite caused

ever an
immediate sensation, partially because ol the
attractive gems cut from it and also because
it was the first mineral found to be in the crystal
class 6m2. Neptunite, although not a new min-
eral, was found in fine crystals with a habit
somewhat different from those already known
from Greenland. Joaquinite was to remain
incompletely described until only a few years
ago.

This article will review the geology, min-
eralogy, and origin of the deposit. The chemis-
try, crystallography, and physical properties
ol the major minerals will be reviewed and
illustrated with all new photographs. New data
will also be presented on the copper sulfide
minerals, which have important implications
on the origin of the deposit.

l=—50 ft —=i

quarry

\

GREENSTONE

(Pyroxene-albite
- chlorite)

BLUE SCHIST

(Crossite -albite
-epidote)

THE SETTING

The Benitoite Gem mine is located at the southern end of
the Diablo Range, a belt of mountains along the west side of
California’s San Joaquin Valley (Fig. 4). The range is built of
rocks of the Jurassic Franciscan formation (graywacke, shale.
chert, and basalt) and serpentine with Cretaceous and Tertiary
sandstones. Throughout much of the range the Franciscan rocks
are metamorphosed to high pressure. low temperature mineral
assemblages which include jadeite, lawsonite, glaucophane,
and aragonite. The Franciscan rocks are intimately associated
with serpentine. Moreover, these rocks have been repeatedly
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Figure 4. (above) Location map
showing general geology, the New
Idria serpentine body and the Beni

toite Gem mine.

Figure 5. (left) Cross-sectional diagram
through the block of metamorphosed
Franciscan rocks in which the Beni-
toite Gem mine is located. The
drawing is based partially on the
work of Sterret (1911) and Coleman
(1957).

deformed since the Jurassic Period, so that the units have locally
been broken and intermixed. One of the largest blocks of serpen-
tine in the Diablo Range occurs in the New ldria district (Fig. 4)

'"The mine has been variously called “Benitoite Gem mine,”
“Benitoite mine.” “Gem mine.” “Dallas Benitoite mine.”
“Dallas Gem mine.” Since the U.S

graphic maps label the locality as “"Gem mine.”

and
Geological Survey topo
we have chosen
to modify this name with the gem mineral. Moreover, “Benitoite
Gem mine” is the name used by the current lessees, |
W. Forrest.

Grav and




greenstone (metamorphosed graywacke) and blue-schist (meta
morphosed basalt). Veins occur in a brecciated zone in the schist,
which is composed largely of albite, crossite, and epidote. The
schist was not only crushed, but was converted in many places
to soft, felted masses ol actinolite or crossite fibers. Benitoite,
neptunite, joaquinite and other minerals formed in the cavities
and filled pore spaces in felted amphibole. The crystals that
grew in the cavities are well formed with the characteristic colors
associated with the minerals, while those that included crossite
or actinolite have a dull, porous appearance with their colors
tinted by the amphibole. Other minerals that formed at about
the same time include albite, apatite, jonesite, and the copper
sulfides djurleite and digenite. At a later stage natrolite partially
to completely coated the earlier-formed minerals and filled
much ol the remaining pore spaces in the crossite rock. Natrolite
also filled a number ol barren fractures, forming veins several

feet wide.

DISCOVERY AND DEVELOPMENT OF THE MINE
The discovery of the deposit is in some dispute, especially with
regard to the discoverer. Sterrett (1911) states "It is evident that

Figure 6. Joaquinite crystal, about 1 mm in size, on the face ol
a lustrous, black neptunite crystal. R. Gill specimen and photo.

Within its 13mile length are several slabs of metamorphosed
Franciscan rocks up to a hall mile long.

During the time that the New ldria serpentine block has been
in place there have been periods during which solutions per-
colated through fracture systems. These fluids have brought
about emplacement ol cinnabar and metacinnabar at New ldna,
altered serpentine to calc-silicate assemblages (these include
melanite and topazolite garnet, diopside, and vesuvianite).
reacted with serpentine to form coalingite and artinite (see
Cisneros, Witkowski and Oswald, elsewhere in this issue), and
altered some ol the Franciscan blocks. 1'he Benitoite Gem mine
is located in one of these blocks.

Figure 5 is a representative cross section through the Francis-
can block in which the veins containing benitoite, neptunite,
and other minerals have formed. The block is composed of 2

g -

Figure 7. Neptunite showing its true red color, perched on a
yellow-brown joaquinite crystal about 1 mm in size. R. Gill speci-
men and photo.

J. M. Couch of Coalinga, grubstaked by R. W. Dallas, was in-
strumental in finding the deposit. Whether he discovered it while

out alone or on a second trip with L. B. Hawkins of Los Angeles,
is a point in dispute. Material taken to Los Angeles by Mr. Haw-
kins was pronounced volcanic glass and valueless. According
to Mr. Couch |see Couch, 1961), specimens given to Harry U.
Maxfield of Fresno were shown to G. Eacret of Shreve & Co.,
San Francisco and to G. D. Louderback. Specimens cut by
Mr. Eacret were thought to be sapphire. Professor Louderback
found the material to be a new mineral and named it benitoite

Figure 8. (left) Benitoite (blue) with joaquinite (vellow-brown)
on crossite matrix; the benitoite crystal is about 1 mm. R. Gill
specimen and photo.
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was leased by Dallas 1o B. Suit of the San Benito
Gem Company. but hittle miming was done
until 1933, At that time the mine was reopened
and M. Dunn removed considerable material
During the early 1950's M. F. Hotchkiss leased
the property. He principally bulldozed the
old dump. looking for large blocks of the veined
blue-schist. C. L. Cole took over the lease from
about 1952 until 1967. He reopened the pit,
burying a portion ol the ongmmal dump with
newly mined rock. For a limited time in 1966,
J. Scripps and G. Bosley sublet the mine from
Cole and enlarged the pit. completely burying
the original dump. In 1967 when E. Gray and
W. Forrest took over the lease, the pit was at
the same depth as in 1912, They enlarged the
pit both laterally and in depth, cutting into
new veined blue-schist

All ol the superb neptunite specimens were

mined from veins in the open cut by Gray and

Figure 9. Benitoite dipyramids with typical white core and blue
edges, on a specimen from which the natrolite has been partially

etched away. Each crystal is 4.1 cm on edge. R. Gill specimen
and photo.

after the county in which it was found. ™

Dallas formed a company and between 1907 and 1912 actively
mined the veins for benitoite gem material. He patented two
claims, covering 40 acres, which have remained the property
of Dallas and his heirs.

The veined schist was exposed by a small pit about 25 metres
long, 6 metres wide, and up to 8 metres deep. An exploratory
drift and incline were also dug with little veined schist found
(Sterrett, 1911). The veins were opened, and the benitoite lib-
erated from the enclosing natrolite at first with chisels and a
punchpress. A great many crystals were destroyed by this process
before it was discovered that the natrolite could be dissolved
by acid® treatment. However, the process was too slow, and
they went back to breaking crystals from the rock.

From 1912 until 1920 the mine lay dormant: apparently the
world war disrupted the market for the gem stones. The mine

?Louderback apparently named the mineral after both the San
Benito River, which has its headwaters very near the deposit,
and the county (Louderback, 1907, p. 149).

SEd. Note: Hydrochloric acid may be used to dissolve natrolite
without harming benitoite, neptunite, joaquinite or jonesite.
Concentration is not especially critical, although the natrolite
will dissolve more rapidly in more concentrated solutions. Cold.
concentrated hydrochloric acid will remove about 0.5 mm of
natrolite per hour. The reaction can be further speeded up by
heating the acid. a procedure which also increases the danger
associated with handling acids. Unfortunately the crossite matrix,
often minutely impregnated with natrolite will also tend to dis-
solve, and may have to be wax-coated to prevent this: however
saw-cuts can be rendered unnoticeable by allowing the acid to
eat away the smooth cut surface on the matrix.

During acid treatment the natrolite will react, leaving a trans-
parent silica gel which is easily brushed away periodically. When
acid etching is complete the final vestiges of silica can be re-
moved from the specimen by a quick rinse in a strong base, such
as lye (sodium hydroxide), potassium hydroxide, etc. Here again.
a hot solution will react more rapidly but is more dangerous.
Wax may be removed by soaking in carbon tetrachloride.
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Forrest between 1968 and 1970. There were
very lew exceptional benitoite specimens recovered from these
veins. A large block with numerous natrolite veins filled with
neptunite was mined from the open cut in the spring of 1970
(see Fig. 1 in Wise, Pabst, and Hinthorne, elsewhere in this issue)
All of the known jonesite specimens excepl for one were from
this block as well as several exceptional neptunite specimens
Future production from the open cut veins is doubtful, because
the remaining veins do not appear to contain any benitoite or
neptunite.

In recent vears Gray and Forrest have worked through the

Figure 10. A large, irregular gray-blue benitoite crystal with a
ball of natrolite crystals. The dull appearance of both minerals
is typical of crystals that have grown in pore spaces in felted
masses of amphibolite, and therefore contain amphibole in-
clusions. The crystal is 4.5 cm across. R. Gill specimen and

photo.

colluvium and soil downhill from the mine. They found a few
superb benitoite specimens and a fair quantity ol good benitoite
and neptunite specimens. as well as gem matenial. Only one
t.‘\'..‘t‘pllnlml neptunite specimen was recovered from these de
posits (Fig. 19). The entire colluvium deposit has been mined
and only limited production is expected in the future.




Figure 11. A large (4.0 cm), irregular crystal of benitoite with
crossite inclusions and two small balls of natrolite. R. Gill speci-
men and photo.

Figure 12. (below) (A) Common forms of benitoite: the forms
are ¢ 0001}, 0111}, wO110), pl10LL}, m (1010}, ri1012), and
x110.1.9.10). (B) Exploded diagram ol the faces of a benitoite
crystal showing their etch patterns. The artificially produced
etch figures demonstrate that the 7 and p faces are not related
to the and m faces by symmetry, thereby showing the existence
of a 6 axis rather than a 6 axis. (Both figures from Louderback,
1909, plate 37).

Figure 13. (below right) Some variations in benitoite habits. The
sequence shows the 7 face decreasing in importance.

Even though good specimen material was produced by various
operators of the mine, the specimens being produced by Gray
and Forrest are probably the best. It is not because they have
found better material but because of the care and technique with
which they remove some of the natrolite from the specimens.

Good quality gems cut from benitoite are seldom larger than
one carat. Gems over 2 carats are rare with only a few in exis-
tence over 3 carats. The largest known faceted clear benitoite
is 7.5 carats and i1s in the gem collection at the U.S. National
Museum. Gray and Forrest made a set of benitoite jewelry. con-
sisting of a necklace, a ring, and earrings. The necklace had a
pendent portion with a 6.53 ¢t pear shaped faceted benitoite.
The Jewelry was shipped to Ziirich, Switzerland, where it was
stolen from the airport. After nearly a year the jewelry was re-
covered. However, the pendant portion of the necklace is stll
missing.

THE MINERALS
Benitoite

Crystals of benitoite commonly have white cores and deep
blue outer margins (see cover photo and Figs. | and 9). Detailed
electron microprobe work by Laird and Albee (1972) on the
white and blue parts of benitoite crystals indicates that the com-
pn\.lliﬂn 1S Very close to stoichiometric BaTiSi_;()H in both parts.
A small amount ol ron (0.05%), detected by emission spectro-
scopy in the deep blue material, may be the chromophor.

The appearance of crystals of benitoite varies widely. A few
are gemmy and deep to pale blue. The large majority are trans-
lucent with white centers and blue outer rims. Crystals that have
a stoney appearance are pale blue-gray because of abundant
crossite inclusions. Some of these crystals have irregular forms
with etch pits and multiple faces or edges (Fig. 10). As far as
we know the largest well-formed benitoite crystal is 5.6 cm and
is in the collection of the Geology Department of Pomona Col-
lege, California. Crystals 2.5 cm across are generally considered
large, and average sizes are in the range | to 1.5cm.

The basic dipyramids are commonly attached by one of the
three corners or edges, although “triply terminated™ crystals
are not especially rare (see cover and Fig. 11). The descriptions
of the crystal forms by Louderback (1909) were well done. In
order to prove that benitoite belonged to the ditrigonal-dipyra-
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Figure 14. Four beni-
toite crystals with
dominant ¢ faces and
a variety ol pyramid
and prism faces. All
crystals are about 1.2
cm high and are
heavily filled with
crossite  inclusions,
making them a dull
gray-blue in color.
R. Gill specimens

midal class (twn2), he had to make a careful study of etch figures
on the faces. One ol his crystal drawings and the results ol the
etch figure study are reproduced in Figure 12. The etch figures
demonstrate that the p and = faces are symmetrically unrelated,
proving the existence of a 6 axis. The atomic arrangement de-
termined by Zachariasen (1930) confirmed Louderback’s con-
clusions.

The luster of the various forms also conforms to the crystal
symmetry. Louderback (1909, p. 346-347) noted that the negative
pyramids (# faces) show various degrees of dulling. while p faces
are commonly, but not always, bright. The ¢ and u forms are
always bright. These luster differences between the forms apply
to crystals that have not been in acid baths for natrolite removal.
The frosty appearance seems to be a result of minute etch pits.
not imperlect face growth. Since the ¢, u . and p forms are arti-
ficially etched only with prolonged exposure in hot acid. Louder-
back concluded that the dullness of the » faces is the result ol
natural etching, possibly at the time ol natrolite deposition.

Considerable variation exists in the shapes ol the crystals.
We have found no forms that Louderback did not recognize,
but illustrate in Figure 13 a number of variations on the basic
shape, caused by the dominance of one form or anothcer. Di-

and photo.

pyramids with no c-face occur with varying degrees ol com
plexity. Crystals with prominant c-faces form plates that are
either trigonal or hexagonal, depending on the relative develop
ment of p and = faces (Figs. 13 and 14). Some f{lat, stoney crystals
have multiple faces = and ¢ on the basal plane. Unusual shapes
occur when some forms, like u become over-developed. A lew
crystals have been found that are elongated parallel to one edge.

Most benitoite crystals are blue and strongly dichroic (colorless
to deep blue). The deepest color is for light vibrating parallel to
the c-axis. A gem cut with the table perpendicular to the basal
plane will yield the deepest color, while those cut at angles to
this orientation will display weaker colors. The color of faceted
benitoite varies from a very pale blue through a rich blue to a
deep purplish blue. Colorless gems are uncommon. A very few
gems have a strong reddish component, giving various shades
of rose to heliotrope. These reddish gems, which have a pink to
blue dichroism, came from portions of crystals which otherwise
showed normal color vanations for benitoite. Small (2mm) pink
benitoite crystals were reported from an undisclosed locality by
Chromy (1969). This locality is now known to be Mina Numero
Umo (Sharon Cisneros, pers. comm. 1976). The cause of the

color and color variations is still under investigation (Rossman,

Figure I5. (left) Dark blue benitoite crystal perched on a neptunite crystal.
The benitoite crystal is 1.6 cm across. Wendell Wilson specimen and photo.

Figure 16, (below) A blue benitoite crystal on blue-schist: the specimen is
5.4 cm across. R. Gill specimen and photo.

T'he Mineralogical Record. November— December, 1977




Figure 17. Stacked, deep blue, lustrous benitoite
crystals on blue-schist matrix. The largest crys-
talis 2.7 cm across. R. Gill specimen and photo.

lo orange-brown equidimensional crystals, was
noticed and briefly described by Louderback
(1909). Joaquinite has the most complex com-
position of the Benitoite Gem mine minerals.
Rare earth elements (REE) were first found in
joaquinite by Semenov, er al., (1967) and de-
tailed analyses were later made by Laird and
Albee (1972). Based on the structure determina-
tion of Cannillo, Mazzi, and Rossi (1972), the
unit cell formula is Ba/FeREE TilSi,0,.)..
where the REE consist of Ce, La, Nd, Pr, Sm,
and Y (Laird and Albee, 1972).

Measurements on the crystal faces by Louder-
back (1909) led him to believe that the mineral
was orthorhombic (Fig. 26). Cannillo, er al.,
(1972) and Laird and Albee (1972) found that
joaquinite 1s monoclinic but twins on (001) to
form an orthorhombic cell.

Joaquinite crystals are vyellow-brown to

pers. comm. 197/6).

Benitoite fluoresces blue-white under ultraviolet light, but
displays some interesting variations, especially in the crystals
with the white cores and blue margins. Under short wave ultra-
violet light the white cores fluoresce brighter than do the blue
edges, and under long wave ultraviolet light the white cores
fluoresce dull red. while the rims are non-fluorescent.

Neptunite

Neptunite was first found in Greenland, and San Benito
County was the second location. It has a composition near
LiNa,K(Fe MgMn),Ti.S1.0,,. The average Fe, Mg, and Mn con-
tents are near 1.40, 0.40, and 0.20 respectively (Laird and Albee,
1972), making the San Benito neptunite considerably more iron
rich than those from Mt. St. Hilaire (Canada), Greenland, or
the Kola Penninsula. The microprobe studies of Laird and Albee
(1972) showed that the only compositional variations were in
the Fe, Mg, and Mn contents.

Neptunite forms prismatic crystals with lengths usually 8 times
the width. These crystals are most commonly attached by one
end to vein walls. Neptunite prisms from Greenland are termi-
nated by domes (hO1} and {Okl}: both forms are lacking in the
San Benito crystals. Here common terminating faces are s {111},
o (111}, and p |31 1}. See Figures 18-20 and 22-24.

Neptunite forms crossing twins, similar to staurolite, with the
angle between the c-axis near 40°. The twin plane is (301) (see
Figures I8 and 21). Many neptunite crystals, including some of
those that are twinned, are S-shaped rather than straight prisms
(Fig. 25). These shapes apparently form by uneven growth on
the @ and m faces. Most rapid growth occurred on the ends of
these faces near the s and o faces, and slower near the p faces.

To our knowledge. the largest neptunite crystal 1s 7.5 cm long
(Gray, pers. comm. 1976, Fig. 25). Generally a crystal 4 cm
in length is considered iarge: average crystals range up to 2.5 cm.

The shiny black color of neptunite is actually a very deep
red-brown, which can be seen in small crystals or fragments.
With numerous amphibole inclusions the neptunite faces lack a

shiny luster, but the red-brown color is more apparent.

Joaquinite

Joaquinite (pronounced “wah-keen-ite™), as tiny honey-yellow
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orange-brown. and vary in length to 3 mm (see
Figs. 6-8 and 27). They have been confused with anatase (re-
ported before Louderback’s description of joaquinite). which
has never been verified at the Benitoite Gem mine.
Copper Sulfides

Louderback (1909) reported chalcocite as one of the original
minerals in the veins, and Desautels (Murdoch and Webb, 1966,
p. 169) found digenite as well. We have obtained a number of
specimens with dull black crystals of copper sulfides.

X-ray studies of the crystals thought to be chalcocite indicate
that they are djurleite (Potter and Evans, 1976), a low tempera-
ture form with a composition near Cu, S. Our X-ray work
confirmed the existence ol digenite. but also revealed that
covellite is present. Electron microprobe analyses of the digenite

Figure 18. (below) (A) Crystal forms of California neptunite:
the forms are ¢ (001}, a(100), m (110}, s(111}, o(111}, g{211}, and
p311). The edge between g and p is commonly rounded and
indistinct. (B) Neptunite twin; the angle between the crystals
is near 40°, and the twin plane is (301).
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Figure 19. (above) A group of large Figure 20. (right) A cluster ol three neptunite
neptunite crystals partially removed crystals with natrolite. The prominent, dark
from natrolite; specimen width is faces are ¢ and the reflecting ones are m. Speci-
7.0 em. R. Gill specimen and photo. men height is 3.7 cm. R. Gill specimen and photo.

Figure 21. (above) Twinned nep-

tunite specimens. (1) with white
natrolite crystals; specimen
length is 6.6 cm. R. Gill speci-
men, W. Wilson photo. (B) with
amphibole inclusions and dull
faces. Specimen length is 2.2 cm.
R. Gill specimen and photo.

Figure 22. (above)
Doubly te rminated
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neptunite crystal on
natrolite: the crystal is 2.9
cm long. R. Gill specimen
and photo.

Figure 23. (left) A neptun-
ite crystal 2.0 cm tall
showing sharp p faces.
Crossite matrix is covered
with natrolite which has
been partially removed
by acid treatment. R. Gill
specimen and phot o.

Figure 24. (right) A 3.3 cm
neptunite crystal partially
removed from natrolite.
Note the rounded g-p face.
R. Gill specimen and photo.




Figure 25, (above) The largest known neptunite crystal, 7.5 cm
long (shown actual size). The curved shape results from uneven
growth on the large prism faces. R. Gill specimen and photo.

Figure 26. (left) Crystal
forms of joaquinite: the
forms, based on an or-
thorhombic cell with
¢ =224 A, are c 001},
a(ll00), m (110 and

Figure 27. (above) Many yellow-brown joaquinite crystals to
I mm scattered on matrix (lower half of photo) with neptunite,
benitoite and natrolite. Specimen width is about 5 em. R. Gill
specimen and photo.

give a composition of Cu, S, typical for the mineral.

Djurleite crystals are generally well-formed, hexagonally-
shaped dipyramids terminated with basal planes; crystals range
up to 8 mm (Fig. 29). The identified crystal forms are shown in
Figure 28. The c-faces of djurleite commonly have hexagonal
pits, probably a result of incomplete growth. The much rarer
digenite forms equidimensional crystals up to 9.5 mm with poorly
developed faces. Most crystals are soft and show evidence of
dissolution. Covellite also occurs in masses that suggest it is
probably a result of alteration of dyurleite or digenite. possibly
during the crystallization of natrolite. (See also Fig. 8, p. 492.)

Both dyurlene and digenite occur intergrown with neptunite
and benitoite. Chrysocolla is commonly found near the crystals
of the sulfides, but may have formed later, possibly at the time
of natrolite deposition.

Other vein minerals

Jonesite. Occurring as small (1 mm) colorless blades on or
near neptunite and joaquinite (Fig. 30), jonesite has been found
on a few specimens mined in 1970. Jonesite has a composition
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expressed by (K,Ba), .Ba,Ti,ALSi,046H,C. An important
aspect of the occurrence of jonesite is that it is not associated
with benitoite. A complete description i1s given elsewhere in
this issue.

Serandite and silica pseudomorphs after serandite. On the
surface of vein walls (exposed by the removal of natrolite) cream
to brownish remnants of crystals 1 to 2 mm in length are often
found. These remnants are composed of amorphous silica, some-
times with Mn-oxides. Study of a rare, unaltered crystal has
proven it to be a calcium-bearing serandite, Na(Mn,Ca,Fe),
S1,040H).

A lbite and apatite. Both of these minerals are fairly common
in veins beyond the limits of the deposit. They occur as small
(1 to 2 mm), colorless crystals. Louderback (1909) provided
measurements and drawings of the highly modified albite crys-
tals. Apatite occurs as poorly terminated, striated hexagonal
prisms. Both apatite and albite have been observed associated
with neptunite in a few veins.

Natrolite

Natrolite has partially to completely filled the veins. Crystals
up to 2 cm in length with irregular shapes and curved cleavages
form the solid masses. Where open spaces occur, allowing for-
mation of crystal faces, the form of the aggregates are certainly
not typical of natrolite. Louderback (1909, p. 358) described
these forms as “...smal!l roof-shaped ridges...commonly with
curved or, more strictly, broken roof lines and coxcomb-like
groups.” The crystals have the tendency to align the b-axis at
right angles to the vein wall.

Complicated groups are common, especially where natrolite
fills pore spaces in felted amphibole masses (Fig. 10). Specimens
of benitoite, neptunite, and joaquinite are only rarely found
free of the enclosing natrolite.

Specimens of natrolite with the n~rmal habit (c-axis normal

Figure 28. (left) Crystal
forms of djurleite: ¢ (001},
a(100), m(110), e[101},
fl401}, p(112}, (223}, and
q {221},

Figure 29. (below) Djur-
leite crystals attached
to vein wall matrix, par-
tially removed from na-
trolite. Note the rough
hexagonal shapes and the
pits in the c-faces. The
diameter of the largest
crystal is 8 mm. R. Gill
specimen and photo.
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Figure 30. Jonesite clusters (the largest is about 2 mm across)
on neptunite crystals partially removed from natrolite. The
neptunite crystal is 4.0 cm long. R. Gill specimen and photo.

to the vein walls) have been found. There are several natrolite
veins with this habit in the productive zone, but these veins are
barren of barium silicate minerals.

Analcime has been found in one vein associated with natrolite.
Calcite occurs in a few veins, having grown after the natrolite,
never before.

Amphiboles

The felted masses of amphibole on or near the vein walls are
commonly green fibers but there are many examples of blue
masses as well. As Louderback (1909, p. 360) noted, the green
fibers are actinolite and the blue are crossite. He used the term
crossite because the iron content was too high for glaucophane.

We have obtained electron microprobe analyses of both of
these amphiboles, and have confirmed Louderback’s identifica-
tions. Moreover, the Fe/Mg ratio is variable, even within a single
fiber.

SEQUENCE OF CRYSTALLIZATION

Our interpretation of the sequence of mineral formation (Fig.
31) differs from that given by Louderback (1909, p. 367-8) who
believed that natrolite filled the veins early with benitoite and
neptunite having to grow in the natrolite later. The following
observations are the basis of Figure 31.

The meta-basalt near the fractures had been converted to
albite, crossite, and actinolite before any vein filling, because
the amphiboles are the same, whether forming vein walls or
inclusions in the later minerals. Albite, apatite, and the serandite
pseudomorph having grown on the vein walls occur as inclusions
in neptunite and benitoite. Djurleite occurs included in or cov-
ered by neptunite and benitoite as well as in the reverse rela-
tionship. Benitoite, neptunite, and joaquinite grew nearly simul-
taneously because jaoquinite has been found embedded in
benitoite and neptunite, as well as growing on the surfaces of
these minerals (Fig. 6), and neptunite is commonly included in
benitoite, though the reverse is rare. Moreover, two simultane-
ously growing, adjacent crystals will leave indentations in each,
when broken apart. Such relations have been observed between
benitoite and neptunite and between neptunite and joaquinite.
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Even though jonesite grows only on vein walls or on neptunite,
it is probably the last to form.

Natrolite is known to have filled the veins at a later time, be-
cause none of the other minerals contain natrolite as inclusions.
Some “floating™ crystals of benitoite, joaquinite, and neptunite
have been interpreted as indicating simultaneous crystallization
of natrolite and these minerals. However, in our specimens these
“floating™ crystals can commonly be shown to be attached to
the vein walls by an amphibole fiber.

ORIGIN OF THE VEIN MINERALS
The origin of the vein minerals preceding the natrolite is best
appreciated in the context of the mineralogy of the New ldria
serpentine body. Benitoite occurs in at least two other masses
of Franciscan rocks within the serpentine body (approximately

6 miles to the west). The larger is being mined by Eugene and
Sharon Cisneros at Mina Numero Uno. Benitoite, neptunite,
and a joaquinite-like mineral occur as micro to small crystals
with albite in open veins or fractures in blue-schist. There is
essentially no natrolite in the veins. The veins are fairly abundant
and occur over several hundred feet in the blue-schist. The other
1s a newly discovered deposit containing small amounts of beni-
toite and walstromite (Gordon Brown, personal communication,
1976). In both cases the host rock, as at the Benitoite Gem mine,
1s a metamorphosed basalt.

Scattered in the serpentine are small calc-silicate vein com
plexes composed of chlorite. andradite garnet (melanite and
topazolite varieties), diopside. and vesuvianite (for descriptions
see Coleman, 1957, and Pabst, 1951). In some of the vein com-
plexes iron, titamwum, and the rare earth elements are concen
trated in perovskite, Ce-rich vesuvianite, and the Fe and Ti-rich
garnets. The veins cutting the meta-basalts similarly contain
minerals rich in these elements: benitoite (Ba and Ti), neptunite
(Na, Ti, and Fe), and joaquinite (Ba, Ti, and REE). It is important
to note that barium is here a predominant element and does not
occur in the calc-silicate bodies, even in those closest to the
blue schist.

We concur with Coleman (1957) that the calc-silicate veins
originated as metasomatic deposits with fluids bringing calcium
and aluminum to react with the serpentine along narrow frac-
tures. The Fe, Ti and REE were possibly derived from the ser-

Figure 31. Diagramatic representation ol the sequence ol crys-
tallization in the veins of the Benitoite Gem mine.
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pentine along the fracture system. If similar solutions passed
through fractures in the meta-basalt, Fe, Ti and REE could have
formed silicates with barium. Since these Ba-silicates are re-
stricted to meta-basaltic rocks, the Ba was probably derived from
these rocks. Basalts commonly contain trace, but persistent,
amounts of copper sulfides, which easily recrystallize in fracture
systems.

The close association of djurleite and digenite with benitoite
and neptunite indicates that all these minerals formed at about
the same time and under the same conditions. Experimental
work by Potter (1974) shows that djurleite is not stable at tem-
peratures above 95°C. This would imply that all the minerals
in the veins crystallized at temperatures below 95°C.

Coleman (1957) suggested that the natrolite may have been
derived from a syenite intrusive emplaced less than a mile south
of the Benitoite Gem mine. The syenite was intruded into the
serpentine, and the outer margin contains veins and masses of
natrolite. Natrolite is found in some veins cutting the serpentine
in the vicinity of the syenite. However, natrolite is not found
with benitoite in the other two localities to the west.
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ONESITE occurs in natrolite
filled veins at the Benitoite
Gem mine. San Benito Coun
ty., Calilormia. closely asso

ciated with neptunite and joaquinite

a new mineral from the Benllone Gem Mlne but not benitoite. A weighted average
San Benito COUI’“}'. Ca“forﬂia of 20 electron and ion microprobe

analyses over several crystals yields

the following composition: Si0, 32.54

1 1.3 b “ 5

William S. Wise. Department of Geological Sciences I""- I I, B0, 0.008, ALO ‘

University of California, Santa Barbara, CA 93106 Fe, 0, 0.16, MnO 0.035, MgO 0.111

> 0045, S 0.051 L KK

Adolf Pabst. Department of Geology and Geophysics (_.” g rO o _H““ e

University of California, Berkeley, CA 94720 Na,0 0.67, K, 0 2.70, Nb;O, 0.022

H,O 59, total 99952, giving a gen
eral formula (K.Na.Ba), .Ba,1Ti Al

Si 04-6H.0.

Jonesite crvstals are pointed blades

James R. Hinthorne, Hasler Research Center, Applied Research Laboratories, Goleta, CA 93017

up to 1 mm long and occur most
commonly in rosettes. The blades
exhibit orthorhombic symmetry of
the class m2m with the forms 010
(310}, 210}, and (101} most common,
and the forms (302}, 403}, (313}, and
(312} only on the largest crystals
Single crystal X-ray diffraction photo
graphs indicate the space group
B22,2, and cell dimensions, refined
from powder data,a = 13.73005)A. b
25904(5)A, and ¢ 10.608(3)A; vol
ume =J773A% 2 =4
The crystals are colorless, but
{luoresce orange in shortwave ultra
violet light. Cleavage is parallel to
(010): hardness is near 34, The meas
ured density is 3.25(1) g/cm?; the
calculated density for average cell
contents is 3.239 g/cm?. Jonesite is
biaxial (+), « 1641, § 1.660),
Figure 1. (above) A view of the open cut at the Benitoite Gem mine, ) 1.682, and 2V =76°-78°. The optic plane is parallel to

showing the recovery of the large block of veined greenstone con- (100) with X parallel to b and Z parallel 1o «

taining jonesite (Spring, 1970). W.C. Forrest photo. I'he strongest lines of the X-ray powder pattern (d value in

Fi 2. (bel A cluster of colorless j . Is 3 A, relative intensity, indices) are 12.95 100 (020); 3.031 45 (440)
re 2. w) / S ‘ site crystals 5 - . . : ;
igure elow) A cluster ol colorless jonesite crystals 3 mm across ¢ 18 969, 2652 30 /004): 2.596 17 (024) 2 298 30 (2] 10

on neptunite. Note the dominant pinacoid and dome faces. R. Gill . & B s o -
specimen and photo. 2A15817/0-12:0): 2073187622)

The name honors Francis T. Jones of Berkeleyv. California

INTRODUCTION

For the past 70 years the Benitoite Gem mine in San Benito
County, Califormia, has produced thousands ol specimens ol
three unusual and rare minerals— benitoite, neptunite, and
joaquinite. In 1907 Louderback published a brief description ol
benitoite as a new gem mineral and mentioned another mineral
which proved to be identical with the neptunite from Greenland
described nl]i_\ a decade earlier. Because of the ph'.mn-_' blue
color and unusual symmetry, there quickly followed a flurry
ol papers describing the crystallography of benitoite, as well as
neptunite. In 199 a complete description of the occurrence
was published by Louderback. By that time the deposit was
actively being exploited by the Dallas Mining Company. In his
report Louderback {1909) provided a careful and complete de
scription ol the deposit and its geologic relations, as well as the
mineralogy. In this later report he also described another new
mineral, joaquinite, with such a complicated composition tha

onlv recently has it been fullv determined (Laird and Albe«

|‘~i_'_1|
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Benitoite, neptunite, and joaquinite occur in natrolite-filled
veins that branch and anastomose in blue-schist composed
chiefly of actinolite and crossite. The benitoite, neptunite, and
joaquinite have grown on the walls of fractures and cavities
of brecciated greenstone. Most of the open spaces were later
filled with natrolite, covering the earlier formed minerals. Speci-
mens were prepared by treatment with hydrochloric acid, which
decomposes the natrolite, leaving a silica gel. The reaction is
stopped and the gel removed by immersion in a strong alkaline
bath.

In 1957 Francis T. Jones found in the acid baths single blades
or small clusters of crystals of a mineral not previously recog-
nized from the mine. The amount of material was sufficient
to determine that it was a new mineral, but insufficient to fully
characterize it for description (Jones, 1971). The renewed mining

Table 1. Chemical composition of jonesite

weighted average of
I8 microprobe analyses

cell contents
(average) (range)

Si10., 32.54 Si 9.97 10.10 - 9.90
110, ’ Al 1.99 1.86 - 2.10
B.O.*
Al,O, : T 3.99
Fe,O ). : 0.04
MnO* 035 0.01
MgO* | g 005
CaO* 45 i 0.01
SrO* 0.051 0.01
BaO 34,88 4.19
Na,O .67 | 0.40
K.O 2.70 : 1.06 0.70 - 1.10
Nb.,O.* 0.022 H.,O 6.0 w

H.,O** 5.9

total 99 952

3.90 - 4.05

4.15 - 4.4]
0.30 - 0.47

Calculated density

for average cell contents: 3.239

General formula:

(K.Na.Ba), _.Ba,/TiAl, _.Si 0.+6H.0

L =4

*Elements determined by ion microprobe mass analyzer, others

determined by electron microprobe

**Water determined by ion microprobe. also by difference in
electron microprobe data.

454

Figure 3. (left) A scanning electron micrograph of a small jone-
site cluster. Note that these small crystals are terminated with
the simple form (101). Length of the bar is 0.1 mm.

activity by W. C. Forrest and Elvis Gray uncovered a huge block
of the veined blue-schist in 1970 (see Fig. 1), from which many
superb specimens of neptunite have been recovered. On a few
of these specimens numerous rosettes of the new mineral were
exposed by the acid treatment. This paper describes this new
mineral, for which the name jonesite® is proposed in recognition
of the discovery and early work by Francis T. Jones of Berkeley,
California.

DESCRIPTION
Chemical Compeosition

The determination of the composition of jonesite presented
the most difficulty in the characterization of the mineral. It was
evident in the early attempts at electron microprobe analysis
that the composition was somewhat variable, even within a single
crystal. Because the total available supply of the mineral was
and remains small, analysis was only to be accomplished by
microprobe methods. However, bubbling from the sample under
the electron beam indicated that the sample was hydrated: water
analyses cannot be made with an electron microprobe. For this
reason, and because of a desire to determine all the major and
minor elements in the mineral, complete mass scans (looking
for every element) were made with the ion microprobe.

Several crystals were embedded in epoxy, ground to expose
the centers, and coated with carbon. These crystals were ana-
lyzed at about ten spots. Ten additional analyses were ob-
tained from the surface of a large single crystal. The electron
microprobe analyses were carried out under the following
conditions: accelerating voltage 15kV for all elements; sample
current 8 nanoamps; spot size 20 micrometres; standards, beni-
toite for Ba, Ti, and Si; K-feldspar for K; and albite for Na. Data
were reduced and interelement corrections applied with a modi-
fied version of EMPADR7 (Rucklidge and Gasparrinni, 1969,
Department of Geology, University of Toronto). The ion micro-
probe analyses were carried out with a negatively charged
primary beam of monatomic oxygen (%07) at 17 kV. The spot
size was approximately 20 micrometres and a sample current
of 6 nanoamps. The hydrogen content was estimated from the
working curves of Hinthorne and Anderson (1975), and the other
element data were quantitatively reduced, using sensitivity
factors derived from a theoretical ionization model (Anderson
and Hinthorne, 1973).

In order to determine whether the hydrogen in the mineral
was bonded as hydroxyl or water molecules, an infrared absorp-
tion spectrum was obtained by George R. Rossman at California
Institute of Technology. The absorption spectrum was obtained
from a pellet of the powder of several crystals (180 micrograms)
in KBr. The strong absorption band at 1635 cm™! indicates that
water molecules are by far dominant in the mineral.

The resulting analyses are given in Table 1. From calculations,
using the measured density, the unit cell volume (Table 2), and
the average composition, a general formula was obtained (Table
). The composition i1s that of a hydrated form of BaTiSi;0O,,
benitoite, in which Al has replaced some of the Si, and the re-
sulting charge is balanced by K, Na, and extra Ba. The variation

in K, Al, Ba, and Si from spot to spot in the crystals is probably
a result of the coupled substitution K +5i = Ba +Al.

*The description and name have been approved by the Com-
mission on New Minerals and Mineral Names of the International
Mineralogical Association.
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Table 2 Caystel Gosmetey

Cell dimensions were determined by means
of ROl and Ok! precession photographs, a
c-axis rotation photograph, and an hkO Weis-
senberg photograph, allowing two or three
independent measurements on each cell edge.
First, second, and third level Weissenberg
photographs (hkl, hk2, and hk3) were taken
to check for proper indexing and for systema-
tic extinctions. The cell dimensions were
refined from the X-ray powder diffraction

X-ray powder diffraction data for jonesite. Least squares refinement of cell dimen-
sions gives a = 13.730(5) A, b = 25.904(5) &, ¢ = 10.608(3) A, and V = 3773(1.4)
A’. Powder data were standardized with Si (@ = 5.4309 A) and taken with CuK
(A = 1.5418 A). The pattern was indexed for the space group B22,2, but hk/'s with
h or  odd were also excluded. Intensities were derived from measurement of peak
heights on a diffractometer strip-chart recording.

hki  dcalc  dobs 11, hkl deale dobs  I/1,

020 12.95 12.95 100 642 1.999

040 6.47 6.46 10 444 1.996 1.99%

012 5.20 S. 3 2130 1914 1.914 pattern (see Table 2), standardized with Si

032 4.52 L : 464 1.887 1. metal (@ = 54309 A), using Cuk » radiation

4.20 . 294 1.876 | 87! : (A 1.5418 A).

4.14 0.14.0 1.850 I l'he diffraction symmetry is mmm indi
199 3 474 1.R25 j cating orthorhombic symmetry. Indexing of
371 - 4.11.2 1.823 ; the Weissenberg photographs is limited to
157 : 690 1.791 h+1 =2n in hkl reflections and k =2n for
343 14 : 2.10.4 TRO _ OkO, which lead to only one space group,

1
A 1) 016 1.764 764 B22,2. Not only are all hkl's weak for / odd.

3.033 3.0 : 4584

I
3.009 0.11.4 | : e
2%4 3 624 1 717 1 719 These observations indicate a smaller pseudo-
1
1

761 as seen on the c-axis rotation photograph,
761 1.760 but all hkl's for h odd are also very weak

712 cell, whose axes are a = 6.88 A, b=2595A,
717 1 713 ) and ¢ =5.31 A, Reindexing leads to the pseu-
| 706 L 706 dospace group for the cell | h i

1.698 1.699 Crystal Morphology
1.696 Jonesite crystals are slender blades termi-

2.813 . 810
206

. . nated w yme faces. These blade
| 693 1 695 _ ed with dome faces. These blades most
| 675 675 1 commonly form rosettes, composed of several
tens of crystals (see Fig. 2 and 3). The rosettes

il il
'
b
-~

2
s |
I

1.655 656
1.642 642

1.552 51

may be as large as 3 mm across or as small
as 0.2 mm.
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‘ Individual jonesite crystals commonly
S48 549 : : : .
1.548 4 have six faces forming a prism (see Fig. 4)
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The relatively large crystal, shown in Figure
4, which was coated with gold for the SEM
photograph, was suitable for optical gonio-
metric measurements. The faces identified

=~
—
N
- -

plus at least 10 weak
lines to 1.14

N
— —
== N
738
’,'Jﬁ

are (010} and {010}, the largest pinacoid faces
with 310}, 310}, 210}, and (210} forming
the prism (see Fig. 5). The dome faces termy
nating the crystal are simple —commonly (101} and
(101} — if the crystal is small. However, complex, irregular
surfaces develop on the larger crystals (compare Fig. 2
and 4). Goniometric measurements on the Figure 4
crystal indicate the crystal class m2m. Moreover, the
goniometric measurements, as well as X-ray photographs
clearly disprove the suggestion that the forms, illustrated
in Figure 4, have resulted from twinning on the (010)
plane.
Physical Properties
All the observed crystals are colorless. Jonesite fluor
esces dull orange in shortwave ultraviolet hght, but 1s
nonfluorescent under the longer wavelengths. The den-
sity is 3.25 (= 0.01) g/cm?®, measured by a sink-float

Figure 4. (left) A scanning electron micrograph of a
single, large jonesite crystal. Faces other than the 010
pinacoid are (310} and (210). X-ray diffraction and gon-
iometric measurements prove that the re-entrant faces
are not a result of twinning, but from the rapid growth
of the 010} faces. Length of the bar is 0.1 mm.
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method in acetone diluted di-iodomethane. The crystals have
a hardness near 3 to 4.

Crystals break irregularly across the blades, but cleave parallel
to the (010) plane.

Optical Properties

Jonesite is biaxial (+), a 1.641, B 1.660, 4 1.682
(all £ 0.001), and 2V =76° to 78°. The optic plane is parallel
to (100) with X parallel to b and Z parallel to ¢ (see Fig. 5).

Type Specimen

The type specimen is preserved in the mineral collection in
the Department of Geological Sciences at the University of
California, Santa Barbara, as specimen USCB 7325. A similar
specimen is in the collection of the American Museum of Natural
History.

ORIGIN

Jonesite, so far as it is presently known, occurred only in a
few of the veins at the Benitoite Gem mine. It has been found
closely associated with neptunite and joaquinite, most commonly
having grown near or on those earlier formed crystals. Jonesite
has not been found in close proximity to benitoite.

These observations lead to the conclusion that the jonesite
grew from the same fluids from which the other minerals crys-
tallized. Jonesite does not appear to have grown at the expense
of benitoite, but rather in its place, possibly where the fluids
were too aluminous for benitoite. Jonesite will most likely be
found in the rare type ol environment where benitoite can also
grow at low temperatures.

optic plane

Figure 5. Crystal forms and optical properties of jonesite crys-
tals. (a and b) The crystals have the forms 5 (010}, & (310}, p
210}, and d (101}, and belong to the crystal class m2m. (¢) The
optic orientation of jonesite.

456

\ N
g
-
Figure 6. Colorless jonesite clusters and single crystals. The longest

jonesite crystal is less than 2 mm in length. R. Gill specimen and
photo.
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Mineralogical Research Company
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R. E. Witkowski and D. L. Oswald
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Pittsburgh, Pennsylvania 15213

ABSTRACT

A recent discovery of artinite in San Benito County, California,
has produced some of the finest specimens known in the world
today. This paper describes the geology of the locale and some
of the exceptional specimens obtained. Techniques of Scanning
Electron Microscopy and Infrared Spectroscopy have been
employed to characterize the material morphologically and
structurally. Hydromagnesite “puff balls” and calcite crystals
have been found associated with the artinite, as well as orange
crystalline to earthy pyroaurite, and dypingite (Erd, 1976).

photo.

Figure 2. (right) Detailed view of the main collecting area. S. Cisneros

photo.
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Figure 1. (below) General view of the main collecting area. S. Cisneros

Artinite, a pure white basic carbonate of magnesium, Mg
(CONOH)-IH. 0. was first found at Val Malenco, ltaly., and
was described by Brugnatelli in 1902. He named the new mineral
after E. Artini, professor of mineralogy at Milan Polytechni
and director of the Natural History Museum of Milan (Bedogne
and Pagano, 1972). A low-temperature hydrothermal mineral,
artinite 1s commonly found as crusts of acicular crystals, cross
fiber veinlets, botryoidal masses of silky fibers. and as spherical
aggregates of radiating fibers coating fracture surfaces in serpen
tinized ultrabasic rocks. It is commonly associated with hydro
magnesite, brucite, aragonite, calcite, dolomite, magnesite,
pyroaurite, and chrysotile.

A recent find of artinite by one of the authors (SLC) in south
ern San Benito County, California, has produced some of the
finest specimens known in the world today. The deposit is
situated in the New ldrna district in the rugged Diablo Range
about 140 miles southeast of San Francisco. The geology ol the
district has been described by Eckel and Myers (1946) and by
Coleman (1957) and only the pertinent points are mentioned
here. Artinite occurs within the New ldria serpentinite, a large
oval body which forms the core of a breached anticline, trending
N. 70° W, flanked by Jurassic and Cretaceous sediments. The
dome is marked on the northeast flank by overturned beds and
by high-angle faulting along the contacts ol the serpentinite body
with the enclosing sediments. The mineralogy and origin of the
asbestos in the serpentinite have been described by Mumpton
and Thomson (1975). Scattered throughout the area of sheared
and weathered serpentinite are outcrops of silica-carbonate rock
and residual “boulders™ of hard, dark green to brown serpen
tinite masses. T he greater part of the serpentinite is very strongly
sheared and resembles talc in appearance and feel. An old talc
prospect in one such zone, situated about 1.5 miles west of San
Benito Mountain, is the site of this find of exceptional artinite
specimens.

Although artinite has been found for a number of years al
various localities within the serpentinite dome area of San Benito




Figure 3. (above) Artinite tufts on ser-

pentine matrix. A typical specimen. D.
L. Oswald photo.

Figure 4. (above right) An exceptionally
fine artinite specimen. The spherical
formation on the right of this specimen is
25 mm in diameter. D. L. Oswald photo.

Figure 5. (right) A museum quality art-
inite specimen, overall size is 175 X
37.5 em. Note the small “bow-tie” for-
mation on the lower edge near the center.
D. L. Oswald photo. CMNH 18129,

Figure 6. (left) A photomicrograph of
the artinite “bow-tie” formation noted
in Figure 5. The formation is 12 mm

in length. D. L. Oswald photo. CMNH
18129.
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County, no large quantity of exceptional specimens had been
collected. Until the new find at this particular locale, which 1s
shown in Figures 1 and 2, collecting in this area was only poor
to mediocre. As a result of natural weathering of the serpentinite
in the upper area of the pit, some large boulders gradually be-
came exposed. It was in the cavities between these large boulders
that artinite formed. In general the seams were thin and pinched
out in places. However, where the seams opened up, artinite
spheres were found lining the resulting cavities. One ol these
pockets attained dimensions of 1.2 m tall by 1.5 m deep by 0.3 m
wide. The thin layer of serpentine lining the cavities made i
easy to pry oui flat plates completely covered with spheres com-
posed of individual artinite crystals. Thus the exceptionally
delicate, snow white artinite crystals were collected for the first
time in rather large quantities. The relatively soft serpentine
lining the cavities made it possible to remove a high percentage
of the artinite as beautiful, undamaged specimens.

A number of exceptionally fine artinite specimens have been
removed from this locale since the new find was made. Figure 3
shows a typical specimen with individual tufts greater than 25
mm in length; the overall size of the specimen is 50 by 75 mm.
An example of exceptionally fine crystalline formations is shown
in Figure 4; the crystalline spherical formation on the right of
this specimen is 25 mm in diameter. A museum quality specimen
is shown in Figure 5: the physical dimensions of this specimen
are 17.5by 37.5 ¢cm, and it is now a part of the mineral collection
of the Carnegie Museum of Natural History, Pittsburgh, Penn-
sylvania. Upon close examination of this specimen a small “bow-
tie” crystal group measuring 12 mm in length may be noted on
the lower edge near the direct center. A photomicrograph of
this group is shown in Figure 6. Other large specimens have
been placed in the collections of the Smithsonian Institution,
Los Angeles County Museum of Natural History, the University
of Copenhagen, and the Musee de Mineralogie de L'Ecole des
Mines in Paris.

Detailed microscopic observations of selected artinite speci-
mens were made by scanning electron microscopy. The speci-
mens were mounted on standard specimen stubs with electrically
conduciing siiver cemeni, and were carbon coated to render
them electrically conductive. A Cambridge Stereoscan SEM
was employed for this study. The details of the SEM technique
have been previously described in this journal by Wilson (1972).

As shown in Figure 7, the artinite needles were found to be
closely associated with another crystalline formation. These
delicate microcrystalline “puff-balls” are shown in greater detail
in Figure 8, attached directly to the artinite material and, in some
instances, pierced by the crystalline needles. The morphological
features of a “puff-ball” formation are shown in Figure 9: this
material was later identified by infrared spectroscopy as hydro-
magnesite.

Infrared spectroscopy analyses were made of both the artinite
crystals and hydromagnesite “puff-balls™; a Beckman I[R-12
grating spectrometer was employed. The standard KBr pellet
technique was utilized to disperse the samples in an infrared
transparent medium for subsequent study. The frequency range
covered in these measurements was 200 to 4000 ¢m . Figure 10
details the infrared spectrum of both materials and confirms
the artinite and hydromagnesite structures: these spectra agree
with published literature (by White, 1971).

Figure 8. (center right) A detailed SEM view ol the artinite crys-
tals and associated hydromagnesite growths. R. Witkowski
photo.

Figure 9. (bottom right) An SEM micrograph detailing the

morphology of the hydromagnesite “puff-balls.” R. Witkowski
photo.
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Figure 7. n SEM mlc of the mlnklt needles and assoc-
iated hydromagnesite “puff-balls.” R. Witkowski photo.
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FAMOUS MINERAL LOCALITIES:

-7
LLllrmalasa
Dilxe Sy sterm

MESA GRANDE DISTRICT,
SAN DIEGO COUNTY, CALIFORNIA

by Eugene E. Foord, U.S. Geological Survey, Denver Federal Center, Denver, Colorado 80225

The Himalaya pegmatite-aplite dike system of the Mesa Grande District, in the upland country
southwest of Lake Henshaw in north-central San Diego County, California (Fig. 1) is world famous
for its production of gem and specimen-quality tourmaline and numerous rare mineral species. It
still ranks as North America’s largest producer of gem tourmaline.

m

District
Fallbrook

Rincon
ﬁ District fa¥
. Vista-

Moosa
Canyon

district SAN DlEGO C O .

INTRODUCTION

The Himalaya dike system is composed of two pegmatite-
aplite dikes, ranging in combined thickness from less than 19
inches to nearly 6 feet, accompamied by several thin branch
stringers. These have been exploited by the Himalaya and San
Diego mines. The dikes are sub-parallel and lie 13 to 35 feet
apart in the vicinity of the Himalaya mine, but on the San Diego
mine property they converge and are juxtaposed for a distance
of more than 50 feet. They trend approximately N20E. dip 30
to 35 degrees toward the west, and outcrop for a distance of
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about a mile along the east-facing slope of Gem Hill. The host
rock, a norite member of the Southern Califormia batholith,
has been hydrothermally altered adjacent to the borders of the

Lilkl“\.

HISTORY

An excellent general history of much of the early pegmatite
mining activity in San Diego County has been given by Kunz
(1905) and more recently by Rynerson (1967) and Sinkankas
(1976). No detailed description of the mineralogy and geology

461




. Figure 4. (right) Tourmaline (el

: baite ), doubly terminated and color-
zoned. The crystal is 7.7 em long,
and is in the Smithsonian collection:
NMNH# 118169, Photo hy Wendell
Wilson.

Figure 5. (right) Multi-colored tour-
maline (elbaite) with quartz, albite and
lepidolite, from the Himalava mine.
The largest crystal measures 8 em tall;
the specimen is in the collection of the
Los Angeles County Museum of Natural
History. Photo by Harold and Erica
Van Pelt, photographers, Los Angeles.

Figure 2. (above) Tourmaline (elbaite)

on quartz from the Himalaya mine. Notice
the large doubly terminated crystal at
lower right. The crystal on the left is 12.5
cm tall. Trelawney collection, now part
of the Smithsonian collection: NMNH 2
137508. Photo by Wendell Wilson.

Figure 3. (right) Tourmaline (elbaite),
with a small piece of feldspar matrix,
from the Himalaya mine. All three
tourmaline crystals are douhly ter-
minated: the longest crystal measures
9.4 cm. Trelawney collection, now
part of the Smithsonian collection:
NMNH# 137505, Photo by Wendell
Wilson.

JI"J_“




46 3




HORNBLENDE
- NQRIE _

GRAPHIC
MASSIVE
ZONE

POCKET
ZONE

LAYERED
AND
NON-LAYERED
APLITIC
ZONE

DIKE
BOUNDARY

S, '~ HORNBLENDE
pie | NORITE

Y

Scale: 1 cm on the figure equals about 8 cm. M = microcline

Figure 6. An idealized section through the Lower Dike, as ex-
posed within the San Diego tourmaline mine, showing all zones
developed.

of the Himalaya dike system has been previously published,
although it has been studied by W. T. Schaller and by R. H.
Jahns and J. B. Hanley of the U.S. Geological Survey. More
recently a discussion of the mineralogy and petrogenesis of the
dike system was completed by the author (Foord, 1976).

Mining operations on the Himalaya dike system began on
the Himalaya claim in 1898, with the collecting of surface ma-
terial by Gail Lewis. Shortly thereafter, opencut work was begun.
In 1899 tourmaline was discovered on the San Diego property,
also by Gail Lewis. In 1902, the Himalaya property was taken
over by J. L. Tannenbaum, and J. Goodman Braye supervised
much of the subsequent mining. By about 1904, surface work
was essentially completed and subsequent mining was entirely
underground.

During the three vears after the discovery of tourmaline on
the San Diego property, several opencuts and trenches were
excavated by K. C. Naylor and A. L. Ross. In 1902, underground
work was begun and the San Diego Tourmaline Mining Com-
pany was organized in 1904 to work the deposits. Work pro-
ceeded at an extremely rapid pace and by 1910 nearly all of
the old underground workings on the property had been devel-
oped. The collapse of the Oriental tourmaline market in 1912
resulted in bankruptcy and cessation of work on both properties.

464

Between 1912 and 1960 mining and excavation at the San Diego
mine was limited in large part to short inclines, in general less
than 100 feet long, and to tunnels and cuts. Most ol the work
was done by Fred J. Rynerson or under his supervision. During
the period between 1925 and 1928 the General Electric Com-
pany, with F. J. Rynerson acting as mine foreman, excavated
two holes along with the General Electric tunnel in the Himalaya
mine.

Some additional work was done between 1933 and 1950 by
E. B. Rynerson and B. F. Rynerson, and in 1934 by Arthur Mont-
gomery and Edwin Over at the San Diego mine. In 1960, Eugene
B. Rynerson, initially with the assistance of his nephew, Alan
Rynerson, began full-ime operation of the San Diego mine by
driving a new tunnel some 30 feet below the level of the old
Nayvlor workings. To date, a total of approximately 1500 feet
of workings have been developed.

Minerals were identified largely by
touch, because of poor lighting conditions.
Many excellent beryl crystals and smooth-

faced crystals of tourmaline were

discarded on the dumps because they
felt like quartz crystals...

Some small scale work was done by Thomas A. Quinn at the
Himalaya mine until his death in 1938. Herbert C. Hill was an
unofficial caretaker during the 30's and 40’s until he died in 1952.
Contrary to popular belief, Hill was not responsible for any ap-
preciable amount of work except for two inclines in the southern
part of the property that were sunk by him in 1945 and 1948.
The Himalaya mine was acquired by Ralph R. Potter from the
Quinn family in 1952 and was operated by him until 1963, using
Mexican labor. Several old inclines and tunnels were reopened
and additional new work was done as well. At this time, 1963,
the Himalaya mine was divided into 10 shares and sold to various
parties, Potter retaining two of the 10 shares.

After the main portal of the Himalaya mine collapsed during
the wet season of 1968-6Y, some surface work (backhoe) was
done by the Himalaya Mining Corporation, as underground
activity there was no longer practical. During the period 1971-74
a new portal was excavated on the east side of Gem Hill to re-
open the old “hard rock™ tunnel. Recently the tunnel was ex-
tended from the lower dike to the upper dike, and some cross-
drifting along the dikes was done.

It is worth commenting here on the evolution of mining
methods used in the Himalaya dike. The first work consisted
of pick and shovel excavation with a little blasting. Loose blocks
of dike rock on the surface were processed for their possible
content of gem tourmaline. This work evolved into shallow
opencut activity along the strike of the dike system. Material
was mined down dip as far as was practical to strip off the over-
lying soil and decomposed norite. Following this, underground
work was extended down dip in favorable areas, and thence
along strike. Because of the lack of tungsten carbide drill bits
and modern drilling machinery, work was at first limited to about
100 feet or so down the incline where the norite above and below
the dike was sufficiently weathered to permit hand drilling.
Chunks of dike rock were then blasted out and examined under-
ground. Minerals were identified largely by touch, because of
poor lighting conditions. Many excellent beryl crystals and
smooth-faced crystals of tourmaline were discarded on the
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dumps because they felt like quartz
crystals, and lor years alterward this
material was scavenged Ifrom the

Table I: Minerals from the Himalaya pegmatite-aplite dike system
. dumps. Depth was also limited to

Aplite zone Graphic pegmatite Pocket pegmuatite zone about 100 feet on the incline owing
zone to the necessity of hand winching
: 1 n: OS5() .
Primary minerals Secondary minerals It was not until the | s. when
0 < I' h Ouart Chuagie hard-faced dnrill bits became readily
uartz Same as lor the Juartz Juar
available, that deeper mining activity
Garnet Aplite zone, with Spessartine Muscovite l '
. in fresh norite was economically {easi
Plagioclase the addition of Cleavelandite (albite) Rynersonite
\ ble. The San Diego mine was exca
Microcline locally developed Microcline f-:r:mth vated with the use of compressed-ait
Y I ine schorl-elbaite. Orthoclase Sn-Microlite
:nurma.llm — Scl ‘H'H c L‘ ; driven jackhammers and tungsten
. ScCovile SChori- yaie WIKECIE
“1“ - LI _ M ! HH . carbide insert dnill buts. Stimular meth
Spinel (eahnite) Muscovite cyerie
el : ¥ H- ods have recently been used in the
pidohte ambergite " "
I.‘;I dolite : I B . hard rock™ tunnel by the Himalava
eanile \Dervi avenie .
PP Yo . Mining Corporation.
Columbite-Tantalite Herderite The author has inspected and
L . L c CL LY AL
Stibiocolumbite horogummite
Seil . ; < Lt € studied the accessible workings on
SliMotantante lokesite
. M both properties, and has assisted both
paz ntmorillonite .
;F : hl l ' . organizations in the mining activity.
Apatite aolinite . gy
Uranmicrolite (microlite) Leonhardite : IRUC Il_ Rl
: ‘ac M the dikes 1s asvmetnically
Microlite Laumontite Each « ¢ dike - y
. ; zoned both verucally and hornizontally
Dialmaite (microlite) Stilbite '
_ with respect to mineral content, grain
Monazite N'homsonite .
S size, and crvstal habut (Fig. 6). Per
Zircon Heulandite '
: . haps the most striking mineralogical
Pollucite I odorokite ' .
Cassiterit changes along strike are in the amount
assiterite , .

and distribution of potash f[eldspar
Varietal names in italics: mineral group names in bold. Within the San Diego mine, the upper

dike contains relatively minor amounts

of microcline in its upper portion

The great bulk of potash feldspar
that is present occurs in lower areas, beneath the pocket zone
Within much of the upper dike on the Himalaya property to
the north, numerous tapered crystals of potash feldspar are
present along the upper margin and flare downward. The foot-
wall portions of both dikes in the Himalaya mine contain lower
proportions of potash feldspar than the footwall portions within
the San Diego mine. The relative abundance of potash feldspar
1s greater on the north end of the dike system than on the south

A second notable horizontal vaniation within the dike system
is shown by the quality and quantity of gem and specimen ma
terials within the pocket zone. The north end (Himalaya mine)
has yielded the largest quantities of pocket minerals, as well
as those ol best qualty.

The lower two-fifths of the combined pair of dikes are com
posed largely ol non-layered aplite that s relatively coarse
grained and structureless. It is overlain by finer grained pegma
titic aplite (aplite containing some large crystals) that is com
positionally layered on a fine scale (0.X to X.0 inches). The
pegmatitic aplite grades upward into a zone ol coarse grained,
massive to graphic pegmatite that fills the remainder of the dikes
The central portion of each dike (pocket zone) is characterized
by large crystal size. chemical and color zonation in tourmaline.
garnet, micas and other minerals, and by the occurrence ol
numerous rare mineral species. Within this zone are clay-filled

Figure 7. (left) Potassium feldspar crystal with cleavelandite,
from the Himalaya dike. Photo by O. D). Smith.
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cavities. inches to several feet in maximum dimension, that con-
tain free-standing euhedral crystals.

MINERALOGY

The minerals indicated in Table 1 represent all species posi-
tively identified in the course of the present investigation (Foord,
1976, which see for further descriptions and analytical proce-
dures). At least three heretofore unknown (not previously
described from the Himalaya dike system) or new minerals also
were identified. Rynersonite, Ca(Ta,Nb),Og, is a new species
(Foord and Mrose. 1978, in press), and stokesite, Ca5n51,0
2H,0, and fersmite, (Ca,Ce,Na)(Nb, Ta,Ti)(O,0H,F); are min-
erals new to California. Djalmaite, stannian microlite, beyerite,
thorogummite, and todorokite have not been reported previously
from the dike system.

Quartz; Si0,

Quartz 1s a ubiquitous mineral within the dike system and
varies widely in grain size, habit, and other properties. Quartz
from the aplitic rocks is generally anhedral to subhedral, whereas
that from the pegmatite portions and pocket pegmatite portions
is generally subhedral to euhedral (Fig. 5). Some crystals of
pocket quartz are more than 8 inches in length. Areas of clear
material are interspersed with milky areas in many crystals,
but the tips of crystals generally are clear. Most of the quartz
is colorless or milky white but some yellow and smoky maternial
has also been found. Pocket quartz crystals are usually elongate
prismatic with well developed trapezohedral and rhombohedral
faces. Formation of quartz evidently occurred at all times during
evolution of the dike system, and it is on¢ of the last minerals

to have ceased growth

(K.Na)AlS1,0,— CaAl.Si,0,

I'he alkali and plagioclase feldspars together constitute the

Feldspars

most abundant mineral group within the dike system. Both feld-
spars show progressive compositional shifts. Plagioclase within
the footwall aplite has a composition of about An,, as does
that in the hangingwall graphic pegmatite. In albite of the pocket
zone, the composition is An, or less, the crystal habit becomes
that of cleavelandite (Fig. 8), and freshly broken surfaces com-
monly are pale blue or green in color. Alkali feldspar (maximum
microcline) within the footwall aplite and hangingwall pegmatite
has a composition ol about Org,, which shilts abruptly to about
Org; within the pocket zone. Many pocket crystals of microcline
are coated with an overgrowth ol transparent, glassy feldspar
that has been shown to be nearly fully ordered orthoclase
(Prince, Donnay, and Martin, 1973) with a com-

position of about Org,. The contacts between
these overgrowths and the host microcline crys
tals are sharp to gradational over distances ol
as much as one-quarter inch. The overgrowth
1s not equally developed on different faces of a
given host crystal.

The crystals of potash feldspar range from
less than 0.1 inch to a foot or more in maximum
dimension, whereas the range for albite is only
about (.1 inch to 1 inch. Graphic texture is well
displayed by quartz and microcline within the

Figure 10. (right) A compilation of analyses ol
columbite-tantalite group minerals of known
structural type. All analyses were taken from
published literature except those for the Him-
alaya dike system, which were made as part of
this study.
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Figure 8. (above) A circular plate of white albite attached to a
pink crystal of tourmaline from the Himalaya mine. The albite

crystal is 3 cm across. Smithsonian specimen, NMNH# 118174;
photo by Wendell Wilson.

Figure 9. (below) A crystal of muscovite (hottom) with an epi-
taxial layer of lepidolite (pinkish purple ). The specimen as shown
is about 6 cm wide. The arrows mark the contact between lepi-
dolite and muscovite. Smithsonian specimen, NMNH# R17237.
Photo by Wendell Wilson.
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pegmatite portions of the dike system, particularly within the
large tapered crystals of potash feldspar. Lacy and dendntic
texture is shown by the albite particularly well within the
hangingwall pegmatite portions of both dikes, and to a lesser
extent below the pocket zone.

Pocket-zone potash feldspars generally show evidence ol
corrosion, and boxwork texture is widespread (Fig. 7). Some
of the large crystals of perthite are distinctly cellular in appear-
ance, the microcline having been etched out to leave a reticulate
network of albite parallel to (010) and (001) of the host. Crystals
outside of the gem pockets do not generally show evidence ol
later corrosion and replacement of the type seen within the
pockets.

Figure 11. The type specimen of rynersonite. The area in the
center is dark yellow-brown stibiotantalite, surrounded by a light-
colored border of rynersonite with a thin, discontinuous rim ol
fersmite. The specimen is 6.5 cm long.

Only crystals of potash feldspar from the pocket zone have
smooth and regularly developed faces. Phantom crystals, out-
lined by very thin, dust-like coatings of muscovite, schorl, or
garnet, are locally abundant. Most of the microchine is white,
gray and flesh-colored, but some pocket crystals are a deep
tan in color. The dominant faces on most of the pocket feldspar
crystals are the base, clinopinacoid, prisms, and orthodomes.
Small pyramidal faces are not uncommon. In addition to the
lamellar albite and pericline twinning of the microcline, many
of the potash feldspar crystals are twinned according to the
Carlsbad law, Manebach law or Baveno law.

Garnets (almandine-spessartine) Fej AlS1,0),
Mn, AlLSi10,),

Almandine-spessartine garnet is relatively abundant and ap-
pears to have crystallized throughout nearly all of the primary
development ol the dike complex. It 1s most common within
the layered aplite and accompanying fine-grained pegmatite,
where it ranges in composition from Alm,,Spess,Pyr; to Alm,
SpesssoPyr,. Within the pocket pegmatite zone, in contrast, the
garnet 1S nearly pure spessartine. Almg Spessg Pyr,. and is a
distinctive light orange in color. The maximum grain size is

greater than 1 inch across, but rarely is the garnet found as gem-
quality material suitable for cutting.

Almandine-spessartine garnet is present in the non-layered
and layered aplite as dodecahedral and trapezohedral crystals
0.01 inch to 0.1 inch in diameter. Somewhat larger crystals are
present within the graphic pegmatite portions of the dikes bul
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are less abundant. Though dominantly dodecahedral and trape
zohedral in form, many ol the pocket crystals also show well
developed trisoctahedral faces.

Garnet within the layered aplite-pegmatite and the non
layered aplite has a mean composition of about AlmgSpess,,
with only minor zoning present within individual grains, although
some exceptions have been found. Major changes in the Mn:Fe
ratio do not occur within the dikes until just above or below
the pocket zone. Garnet within the hangingwall graphic peg-
matite shows compositions similar to those within the layered
aplite sequence, as well as developing compositions rich in the
spessartine component. Crystallization evidently ceased with
formation of nearly pure spessartine during the early stages ol
pocket development

Micas

Muscovite, KAIJAISiO,OH),, and lepidolite, KiLi Al),
(Si,LADO,(F.OH),, of polymorphic types 2M, and IM respec
tively, are the most common members of the mica group min
erals in the Himalaya dike. Lesser amounts of biotite, K(Mg. Fe),
(ALFe)SijO,dOH.F),, exist near the edges of the dikes. Lepr
dolite is found only within the pocket zone and is further re-
stricted to domains of pink tourmaline, whereas muscovite is
present in all three zones. Green tourmaline pockets contain
only muscovite, commonly as crystals with colorless to pink-
violet to colorless zoning. Lepidolite occurs as epitaxial over
growths on muscovite books (Fig. 9) and as isolated scaly masses.
All lepidolite thus far observed is purple-violet in color. The
largest individual books of muscovite and lepidolite are about
3 to 4 inches wide and *3 inch thick. Lepidolite also occurs as
rims around grains of spessartine that occur above and below
the center of the pocket zone. This is a local phenomenon ap-
parently controlled by exclusion of Mn*?, and perhaps higher
valence states of Mn as well, from spessartine to create a “front™

favorable for the formation of lepidolite containing as much
as 4% MnO

Cookeite, LIALIAISIHO,JOH).. 2a member ol the “bnittle
micas,  occurs sparingly within the pocket zone. It 1s a late
stage alteration product of lepidolite and tourmaline. and forms
coatings on these and other pocket minerals. The maximum

STIBIOTANTALITE = STIBIOCOLUMBITE SERIES

Figure 12. A compilation of analyses in the stibiotantalite-stibio-
columbite series. Solid dots represent analyses from localities
other than the Himalaya dike system. Triangles represent pre-
viously published analvses from the Himalaya dike system. Anal-
yses at the bottom (density not determined) are from this work.
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grain size is about 0.1 inch: the crystals are colorless to pale
pink in color and often show hexagonal outlines.

Niobium-Tantalum Oxides

Nb-Ta oxides are a minor but distinctive mineral group oc-
curring within the dike system. Columbite-tantalite, stibiocolum-
bite-stibiotantalite, djalmaite-uranmicrolite, microlite, rynersonite,
fersmite, and stannian microlite have been positively identified.
Several of these minerals are compositionally unique among
reported world occurrences.

Columbite-Tanralite (Mn.Fe)iNb, Ta), 0,

Analyses of specimens from this mineral series indicate that
compositions range from nearly pure MnNb,Og; to Mn(Ta,
Nb.;).0s. Compilation of all available analyses from this series
shows that Himalaya dike material is unique in composition
(Fig. 10). Only a few analyses of material from elsewhere in the
world approach MnNb.O; (manganocolumbite), whereas much
of the Himalaya material examined is of that composition.

Figure 13. Oxide variation within tourmaline from the Himalaya

dike system.

Most of the columbite is enclosed by other pocket-zone min-
erals, and euhedral, free-standing crystals are rare. Crystal sizes
up to | inch by one-half inch by 2 inches have been reported.
The crystals are generally lustrous and characteristically sub-
metallic, particularly on broken surfaces. Many ol the crystals
are plates which are flattened parallel to the side pinacoid. Other
individuals, in contrast, are nearly equidimensional or tabular
in habit. Some have been partially altered to rynersonite-
fersmite (Fig. 11), which forms a fine-grained cream to flesh-
colored coating.

Stibiocolumbite-Stibiotantalite SbiNb,Ta)O,

Figure 12 is a plot of available analyses of stibiocolumbite-
stibiotantalite from both the dike system and other localities.
In almost all the other localities, the minerals of this series are
extremely rich in tantalum. If it were not for the stibiocolumbite
from the Himalaya dike, one might reasonably question the
existence of a complete solid-solution series between the two
end members.

As in the case of the columbite-tantalite examined. the Nb
Nb -+ Ta ratio decreases steadily from cores to rims of individual
crystals. Values for this ratio are given in Figure 12. The Hima-
laya mine i1s world-famous for its production of fine, euhedral
crystals of stibiocolumbite-stibiotantalite. Crystals up to 2 inches
by 0.5 inch by 2 inches have been reported. Some of the crystals

have been partially altered to rynersonite and or fersmite. Figure
I1 shows a specimen of stibiotantalite partially replaced by
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rynersonite that in turn has an alteration rind of fersmite. Crys-
tals are generally tabular to equant in habit and show charac-
teristic resinous to almost adamantine luster. The tabular crystals
are flattened parallel to the side pinacoid. Domal and basal faces
are well developed on some individuals. Many of the crystals
are polysynthetically twinned on the side pinacoid. and this
twinning is readily observed on pyramidal faces.

Djalmaite-Uranmicrolite-Microlite (U . Ca Na)TaNb),O,
(OH,0,F)

Djalmaite, a variety of microlite, is very rare within the Hima-
laya dike system and has been detected only as extremely small
grains less than 0.01 inch across. By definition, djalmaite has
uranium as the most abundant A site cation except for possibly
Ca +Na. Because of the extremely high U content (about 32%),
the mineral is metamict. The habit of the few grains observed
was equant and subhedral.

Uranmicrolite-microlite crystals are distinctive in their color,

Figure I4. Oxide variation within pocket tourmaline crystals from
the Himalaya dike system.

habit, radiation damage effects, and other characteristics. They
occur only within the pocket zone of the dike complex. Octa-
hedral crystals up to nearly 0.5 inch in maximum dimension
have been observed in association with lepidolite or quartz.
Some minor but sharply developed dodecahedral, trisoctahedral,
and trapezohedral faces may also be present. The larger crystals
are honey-yellow to lhight yellow, and the grains of uranmicrolite
are dark brown to black. Radiation “burns™ are readily observ-
able around grains of the uranmicrolite variety in quartz and
tourmaline. Composite uranmicrolite-microlite crystals may
have metamict or partially metamict cores and crystalline ex-
teriors. As in the case of the other primary Nb-Ta oxides from
the dike svstem, the Nb/Nb+Ta ratio decreases from cores to
rims of individual crystals.

Rynersonite CalTaNb),O,

Rynersonite is a new mineral species (Foord and Mrose, 1978,
in press) named in honor of the Rynerson family, members of
which have operated mine workings in the Himalaya dike since
the turn of the century. CaTa,O4 (rynersonite) and CaNb,O,
(fersmite) do not form an isomorphous solid-solution series.
The space group for rynersonite is Pmnb, but that for fersmite
1s Pben. The mineral occurs as an alteration product of stibio-
tantalite and. to a lesser extent. of tantalite. It is extremely fine
grained and ranges in color from buff-cream to pinkish red.
Rynersonite may occur singly or more commonly as intergrown
masses of slender acicular crystals.
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Fersmite (Ca,Ce Na)(Nb,Ta,Ti).(0O.,0H.F),

Fersmite is a rare species hitherto not reported from Cali-
formia. It occurs with or without rynersonite which it resembles
in general appearance. The mineral is also extremely fine
grained, cream to light buff-pink in color, and has an acicular
habit. However, it i1s strongly fluorescent (blue) in ultra-violet
light, whereas rynersonite is not.

Stannian microlite (CaNa.Sn . Sb)Ta.Nb),OJOH.O.F)

Sn-bearing microlite with or without some antimony occurs
as an alteration product of several Nb-Ta oxides. It is similar
in appearance to rynersonite and fersmite, and commonly is
admixed with either or both. The mineral 1s very line gramned
ticss than 0.01 inch across), pale yellow to cream-bull n color,
and has an equant habit.

Tourmalines (schorl) NaFe AlJ(BO,).Si,0,40H),
(elbaite) Nal(Li,Al);Ali(BO,)Sig0,(OH.F),
(dravite) NaMg,AlBO,)Si;0,4OH),
I'ourmaline of the schorl-elbaite series is a widespread mineral
within the Himalaya dike system. It occurs as euhedral, elon-
gated prisms, black to pink in color. Crystal size within the foot-
wall aplite (layered and non-layered) is generally less than '4
inch in maximum dimension, while that within the pegmatite
and pocket pegmatite zones is an order of magnitude larger or
more. Locally, schorl-dravite is developed within the adjacent
hydrothermally altered norite wallrock and occurs as slender,
elongated, black prisms as large as 3 inches in length and '4
inch in diameter.
Chemical zonation within schorl-elbaite crystals was examined
in detail by electron microprobe methods. Figure 13 is a summary

Figure I5. "Pencil” tourmaline (elbaite) from the Himalaya mine.
The terminated ends on the left are green and the darker por-
tions of the crystals on the right are red: the longest crystal is
7 em. Smithsonian specimens: photo by Wendell Wilson.

of observed chemical trends as correlated with tourmaline loca-
tion for various occurrences in the dike system. Staatz, Murata
and Glass ( 1955) were the first to document changes in the chem-
istry of tourmaline according to its position in a zoned pegmatite
body. Until now, however, there has been little quantification
of elemental trends or monitoring of all major elements. The
principal changes are in contents of Mn, Fe, Al and Ca, which
evidently increased at the expense of Fe with continued develop-
ment (crystallization) of the pocket crystals. The corresponding
color sequence, as typically observed in singly terminated pocket

zone crystals, is black — blue — blue green — green -

vellow — colorless — pink (Figure 14). The clear “caps”
that are so prominent on many gem crystals of Himalaya tourma-
line must represent a marked change in pocket conditions (Fig.
14). The chemistry of the caps is a repeat of the trend already
noted, although not necessarily with the same absolute element
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abundances. It can be thought of as a result of a resetting of a
chemical clock. Depending on the local pressure, temperature
and composition conditions, pocket rupture as hypothesized by
Jahns and Burnham (1969) may have occurred as early as the
achroite stage of development or as late as the rubellite stage
Evidence has been found in some pockets for secondary, and
even for tertiary or later episodes of rupture (pocket failure)
The well-known “pencil” tourmalines, generally of gem quality,
evidently were formed at the same time as the caps and over
growths on the primary crystals that line the pocket cavities
(Figure 15). The larger crystals of tourmaline seem to have nu
cleated on the upper surfaces of these cavities, smaller and more
scattered crystals on the cavity [loors.

Most doubly terminated crystals, for which the Himalaya dike
system 18 world-famous, appear to have formed after pocket
rupture and simultaneously with the pencil tourmalines.
I'he properties of pyroelectricity and piezoelectricity may well
have been mainly responsible for the different colors (and com-
positions) on opposite ends of these crystals. Presumably, Fe
(green chromophore)* was preferentially attracted to the anal
ogous pole (pole of less negative charge), while Mn 2 (pink or
red chromophore) was attracted to the pole of maximum nega
tive charge (antilogous pole). Mn*? is not necessarily a chromo
phore by itsell, as witness achroite (colorless tourmaline) with
more than 6% MnO! During the growth of primary crystals,
the composition was controlled by the pocket solution chemustry,
however, subsequent to pocket rupture and crystal breakage,
growth 1s controlled not only by the solution chemistry but also
by the pyroelectric and/or piezoelectric effects which become
manifest. Tourmaline is non-centric and possesses the properties
of pyroelectricity and piezoelectricity. As the pressure and
temperature returned to more ambient conditions (those condr
tions within the surrounding dike material), final material crys-
tallized is again controlled only by the solution chemistry, and
the last material to form on a doubly terminated crystal ol
tourmaline has the same composition at either end and along

the sides.

Crystals of tourmaline within the pocket zone and particularly
those within open cavities are all sharply faced, especially in
the prism zone. There are all gradations from single, deeply
striated prismatic crystals to composite crystals that consist
of several united but slightly divergent individuals that evidently
grew from a common base. Individual crystals range from tiny
needles less than 0.25 inch long to thick prisms as much as 15
inches long and 3 inches in diameter. Few, however, are more
than 6 inches long and 2 inches in diameter. Elbaite crystals
are typically associated with quartz, microcline-orthoclase,
cleavelandite, muscovite and/or lepidolite.

Most pocket crystals of tourmaline show pronounced hemi-
morphism with the simple (0001) pedion face being most well
developed on the positive termination (positive pole) while
rhombohedral and scalenohedral faces are developed on the
negative terminations (negative pole) if the crystals are doubly
terminated. Undulatory and step-like (raised) features commonly
observed on the pinacoid faces ol tourmaline crystals are some
of the most striking and interesting growth phenomena found
Figure 16 shows examples of these features. The growth “hills™
or “spirals” often reflect the trigonal morphology (R3m) of the
mineral.

As the growth velocity increases, morphology changes from
planar to cellular or even dendritic. Conditions ol extremely
rapid growth produce distinctive “catseve™ tourmaline, “catseye™
being defined as tourmaline possessing a silky sheen and cha

toyancy due to the presence of numerous oriented. elongate,

*chromophore = the coloring agent of a mineral




Figure 16. Growth features on termination faces of Himalava dike tourmaline: the sr:llc bars represent 1 mm. (a) Growth cones on the
0001) face of a “pocket” rubellite with a light green cap. from the “pink area” of the San Diego mine. (b) Steeply pitched growth hills on
the (1011} face of a “pocket” olive-green to colorless crystal from the San Diego mine.(c) Growth cones on the [(001] face of a “pocket”
olive-green to colorless crystal from the San Diego mine. /d) Trigonal growth cones on the |1 face of a “pocket” crystal, olive-green
to colorless, irom the San Diego mine. (¢) Growth hills on the (0001} face of a doubly terminated rubellite crystal with a medium-green
cap, from the Himalaya mine. (f) Growth hills on the {0001} face of a doubly terminated, colorless to red crystal from the “pink area™
of the San Diego mine. (g)/ Growth cones on the {001 face of a doubly terminated rubellite crystal with a medium-green cap (same
crystal as in ¢.) (h) Inclined growth hills on the (1021} face of a rubellite crystal with a thin, light green cap, from the Himalaya mine.
Foord photos and specimens.
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tubular cavities parallel to the ¢ axis. Catseye material may be
grown upon any colored substrate, but it does so with a very
sharp contact. Some transitions between clear and milky ma-
terial are gradational over '4 inch or less.

Sector zoning, in conjunction with twinning on {1011}, is only
rarely observed within tourmaline from the Himalaya dike sys-
tem, and then only in pencil and catseye materials. This phe-
nomenon may be due to secondary pyroelectric and/or piezo-
electric effects (temperature and pressure gradient over the
length of a crystal), or to preferential site occupancy reflecting
lattice energies and bonding energies.

Figure 17 shows a pocket filled with gem and specimen-quality
pink tourmaline immediately before extraction. Note the jack-
straw distribution and fractured nature of the crystals. The
surrounding matrix is principally montmorillonite. Crystals
from this pocket weighed as much as 0.5 pound each, with di-
mensions on the order of 2 inches by 6 inches.

Mechanical deformation of tourmaline is shown by bent,
twisted, and otherwise deiormed primary crystals containing
fractures filled with material having the same composition as
the ‘caps’ on such crystals (Fig. 18). Some crystals within pockets
were not completely broken off from the walls, but nevertheless
were deformed in a brittle manner. This phenomenon is of great
interest and is seen in other gem pegmatites within San Diego
County as well. Such deformation is thought to have occurred
at the time of primary pocket rupture when solutions were
allowed to flow through pocket cavities with some violence.

Beryl Be;AlSi0

The Himalaya mine has produced many fine morganite crys-
tals, some of which have been corroded and etched, while still
others have been partially or wholly altered to bavenite and
other secondary minerals (Fig. 20). The color ranges (when
unaltered) from a peach-orange to a delicate strawberry-pink
(see photo in Larson, this issue), and the habit, typical for mor-
ganite, is squat and tabular, flattened parallel to ¢. The maximum
crystal size reported is on the order of 5 inches by 3 inches by
4 inches. It has been found that the total content of alkalies
increases while BeO decreases as crystallization of beryl pro-
gressed.

Apatite CayPO,)(F,OH)

Fine specimens of apatite also have been obtained from the
dike system, including a few of gem quality. The color ranges
from a light pink to a deep wine-red for some crystals, and from
pale sky-blue to medium blue for others. Some pockets contain
apatite crystals with pink centers and blue rims. The contact
between the two colors is sharp and is analogous to the green
caps on pink tourmalines. As in the case of tourmaline, this is
thought to reflect changing conditions at the time of pocket
rupture. Most of the apatite found is strongly fluorescent under
ultraviolet light. The maximum crystal size reported is about

3 by 2 by 2 inches, and the habit is generally short to moderately
elongate prismatic.

Pollucite (Cs,Na), (AlSi)0,+xHO

Pollucite was sought within the Himalaya dike system by the
General Electric Company during the 1920's. The mineral or-
dinarily is difficult to identify because its appearance is similar
to that of feldspar. However, the density is significantly greater,
and the vitreous luster is characteristic. Pollucite is the only
silicate in which cesium is a major element, and the material
from the dike system is as rich in Cs as any reported in the world.
It occurs within the pocket zone as masses associated with pink
tourmaline and lepidolite. Some of the masses are as much as
several inches in maximum dimension, and are irregular in shape.
The mineral is colorless to milky white.
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Zircon (Zr HNHSI10,

Zircon and uraniferous zircon have been found in sparse
amounts from the dike system. The color ranges from a dark
brown (U-bearing) to a light buff-orange-tan (non U-bearing),
and radiation haloes are present around grains that contain
significant amounts of U. The crystals are euhedral, forming
stubby pyramids, and are associated with other pocket zone
species. Rarely are they more than 0.5 inch in maximum dimen-
sion. The zircon is fluorescent orange or yellow-orange in ultra-
violet light.

Monazite (La Ce NdPO,

Monazite, like zircon, i1s a rare mineral from the pocket zone
of the dike system. It typically occurs as euhedral crystals with
tabular habit as much as 0.5 inch in maximum dimension. The
color ranges from dark mahogany-red to chartreuse-green and
greenish brown, and reflects extreme compositional zonation
and inhomogeneity.

Clays

By far the most abundant clay mineral from the dike system
1Is montmorillonite, Ca, o AlLMg), S1,0,40H)»+xH,O. It occurs
chiefly within pockets (Fig. 17), in places associated with sparse
kaolinite. Some pockets contain only white to pink clay that 1s
chiefly montmorillonite, whereas others also contain deep red-
brown, sticky clay that clearly reflects transfer ol matenals from
the host-rock norite by surface waters. Among the montmorillo-
nites examined, only Ca-Mg varieties have been found

Topaz AlSIO(F,OH),

Topaz appears to be a rare pocket zone mineral apparently
associated only with pink tourmaline, lepidolite, quartz and
cleavelandite. It has been found in cellular to cavernous ag
gregates as well as isolated crystals that are perched on larger
individuals of elbaite, potash feldspar and cleavelandite. The
crystals are as large as 3 inches in maximum dimension and are
colorless to very pale blue, distinctly paler than much ol the
topaz from other pegmatites in San Diego County. Best devel
oped are the prism, base, and dome faces, and pyramidal faces
also occur at the ends of crystals that project into cavities (Jahns
and Hanley, 1955).

Beyerite (Ca,Pb)BiJfC0O,),0.

Beyerite, a rare calcium-lead-bismuth carbonate, has nol
previously been reported from the Himalaya dike system. It
occurs intimately mixed with montmorillonite, with or without
an as vet unidentified Ca-V phosphate (hydrated?”) within the
pocket zone. It also can be found as isolated masses, in places
associated with bismuth-bearing stibiotantalite, rynersonite,
and fersmite. It is invariably a fine-grained, earthy powder with
a maximum grain size of about 10 micrometres. The color ranges
from vellow to greenish yellow.

Spinel

The spinel group appears to be represented in the dike system
only by gahnite, ZnAl,O,, which occurs sparsely within the
layered pegmatitic aplite rocks. The grains range in diameter
from less than .01 inch to shightly more than 0.1 inch, and are
a characteristic leek-green color. Microprobe analyses indicate
the presence of major amounts of I e (about 7% FeO) along with
the Zn. Grains of gahnite are euhedral and have octahedral
form.

Todorokite

This mineral, a rare hydrous manganese oxide with the general
formula (Mn xHMn*4);0,-2-xH, 0O, has not previously been
reported from granitic pegmatites. It is found chiefly in man-
ganese and manganese-base metal ore deposits. Within the
Himalaya dike system it occurs as a late-stage alteration product
of pocket minerals, chiefly as a powdery coating on quartz,
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CaBeAl.SiO.(0H).

Bavenite is a rare beryllium-calcium aluminosilicate reported

Bavenite

from the Himalaya mine by Schaller and Fairchild (1932). It is
a scarce but by no means rare constituent within the pocket

zone, where it 1s characteristically associated with beryl as an

o

alteration product. Several excellent pseudomorphs of bavenite
alter beryl have been observed. It ordinarily occurs as sheallike
aggregates of colorless to white fibrous crystals as much as sev-
eral inches long, and as more or less earthy appearing anhedral
masses as much as 5 inches across. The mineral is white but is
rarely colorless as well. Crystal habit is elongate prismatic.

Thorogummite Th(SiO,), (OH),,
'horogummite has been identified from the pocket pegmatite
zone, where it occurs as a fine-grained tan to buff powder pseu-

domorphous after an unknown mineral or minerals. The primary
. . - . o an " mineral 1s believed to have been thorite. Radiation damage

Figure I7. A pocket in the San Diego mine filled with tourmaline | . riff i ¢ - li :

. . ‘naracieristice CSC H dCeg dIrts O ds550C 141 C 3

imbedded in pocket clay. characteristically is present in adjacent parts of associated min

erals, among which are quartz, pink tourmaline, cleavelandite,

cleavelandite, tourmaline, and micas, and may be elsewhere 53
and apatite. Some masses are as much as 0.2 inches across.

as well. The color is black, typical of manganese oxides.

Cassiterite SnQO,

Cassiterite occurs within the graphic pegmatite and pocket
pegmatite as euhedral pyramidal crystals an inch or more across
(Fig. 21). The mineral is deep golden to reddish brown or black,
and it is lustrous on both crystal and broken surfaces (sub-
metallic). It occurs chiefly with albite, muscovite, blue-green
tourmaline, spessartine, and quartz, and also in lesser amounts

Zeolites

Zeolite-group minerals are common within the dike system,
and particularly within pocket pegmatite. They fill fractures in
other minerals, occur as coatings and alteration rinds, and also
form isolated masses. They are most commonly associated with
late-stage pocket minerals such as cleavelandite, pollucite, clays
and micas.

Stilbite, NaCail AlS1,304-14H,0, laumontite-leonhardite, with very iate-stage pocket minerals. Only mMnor percentages
Cal ALSI O, -4H O— Cal Al,Si,)0 I--l-\.H_.t ). thomsonite, NaCa, of Fe, Ti, Ta and Si are present as contaminants.
(ALSI0,,-6H,0. and heulandite, (Na,Ca), sAlgl ALS1) Si1560);5 Stokesite  CaSnSizOg 2H;0
24H.0. have been identified. The first two are most abundant. Of all the minerais examined from the Himalaya dike system
Stilbite forms stoutly tabular to elongate crystals as much as during this study. stokesite is probably the rarest. The mineral,
(.5 inch length. Many occur singly, but more commonly they not previously reported from California, occurs as an alteration

are found as radial clumps and mesh-like aggregates. Laumontite
1s present as slender, white crystals of columnar habit, typically
in rosettes and fan-shaped groups as much as 0.5 inch in length.
Heulandite and thomsonite are similar in appearance to laumon-
ute.

Figure I8. (below) Tourmaline (elbaite ) from the Himalaya mine.
The crystal is 3.2 em thick, pink on the surface and green in the
interior. The specimen has been bent by natural forces and the
cracks rehealed by white tourmaline. Smithsonian specimen,

NMNH # C3253-2. Photo by Wendell Wilson.

Figure 19. (above) An apparently black crystal of tourmaline
which is a very dark green on thin edges, associated with albite
and quartz, from the Himalaya mine. The specimen is 4.5 cm tall,
and is in the Smithsonian collection; NMNH# 123534, Photo
by Wendell Wilson.
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product of cassiterite. All grains encountered have been less
than 0.05 inch in maximum dimension. X-ray studies and micro-
probe analyses have confirmed the symmetry and chemistry of
the mineral.

Other minerals

Herderite, CaBePOF.OH), and hambergite, Be BOMOH),
also have been reported from the pocket zone of the Himalaya
dike system. Samples of both species were provided by J. F.
Scripps for confirmation of their identity. Both are low-tempera-
ture secondary minerals. Spodumene, LiAlIS1,0, also has been
reported in small amounts from the Himalaya mine, but it was
not identified during this study. An as yet unidentified Ca-V
phosphate is commonly associated with thorogummite

MINERAL PARAGENESIS AND SUMMARY

Figure 22 is a paragenetic diagram for minerals from the Hima-
laya dike system. It can be seen that there is a definite sequence
and association lor these constituents.

The following model is proposed for crystallization of the
Himalaya dike system, based on the information presented here
and from Foord (1976). After emplacement of an aqueous grani-
tic magma, initial crystalization yielded f[ine-grained, non-
layered pegmatitic aplite along the footwall of the lower dike.
Extremely rapid vertical differentiation yielded Na-rich lower
portions and K-rich, volatile-rich upper portions. With declining
temperature and continued crystallization, minor fluctuations
In pressure-temperature-composition conditions caused forma-

tion of layered aplite and pegmatitic aplite contemporaneously,

with hangingwall graphic to massive pegmatite. As the residual
fluids were progressively enriched in hyperfusible (any substance
capable of lowering the melting ranges in end-stage magmatic
fluids) constituents, including volatiles, the content of these
constituents reached a level where exsolution of a discrete vapor
phase resulted. Pocket zone pegmatite crystallized in the pres-
ence of this aqueous phase and. depending on the local abun-
dance of iron, either pink or green tourmaline was formed.
Isolated and/or semi-isolated cavities (pockets) ultimately were
left in this zone, and crystallization continued within them from
the vapor phase. If the vapor pressure ol the contained aqueous
phase greatly exceeded that of the confining pressure on the
pockets, they ruptured with variable degrees of violence. The
temporary superccoling resulting from the sudden pressure
decrease, as well as the pressure decrease itself, resulted in
thermal shock which was responsible for the shattering so evi-
dent in pocket minerals. However, if a pocket did not rupture,
then hydrothermal alteration at lower pressure and temperature
resulted in destruction or partial destruction of the pocket con-
tents. We have here a case of a cruel paradox, if a pocket did
not rupture at least once, there were no gem minerals formed,
yet rupture invariably induced close fracturing of contained
phases. Growth of minerals after rupture was of excellent qualirty
if only one such episode of major rupture occurred. Subsequent
rupturing events also resulted in crystals showing the results
of thermal shock. The internal pocket pressure must be reduced,
through one or more rupturing episodes, below some critical
value for the primary minerals to survive unaltered. All pockets,
however, contain some secondary alteration minerals, which
invariably formed during the later stages of cooling of the dike
system. The pocket clays were the last to form and may have
been formed from pre-existing primary minerals as well as in-
troduced from outside the dike system.
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Figure 20. (above) Morganite crystal (pale peach-pink), 99.3
grams, from the Himalaya mine. See also the color photo of a
Himalaya morganite in William Larson’s article elsewhere in
this issue. Linley K. Hall collection.

Figure 21. (below) Cassiterite (black) with albite (white) on tour-
maline (green) from the Himalaya mine. The tourmaline crystal
is - 5 em tall. William Larson collection: photo by Harold and

Erica Van Pelt, photographers, Los Angeles.
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Figure 22. Postulated paragenetic sequence diagram for minerals of the Himalaya dike system.

tion and assistance of Eugene B. Rynerson, owner and operator
of the San Diego tourmaline mine, this research would not have
been possible. Several residents of San Diego County kindly
permitted examination of their private mineral collections and
loaned crucial specimens for scientific study. Most helpful in
this sense were Linley K. Hall, Lyn Johnson, William Larson,
Josephine Scripps. and William Woynar. Thanks are due to
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Fine specimens of minerals from the Himalaya dike system
are in the collections of the following museums and private col-
lectors:
. Smithsonian Institution (National Museum of Natural
History), Washington D.C.
California Institute of Technology, Pasadena, Califorma.
San Diego County Museum, San Diego, California.
Josephine F. Scripps, San Luis Rey, California.
Himalaya Mining Corporation, San Diego. California.
John Sinkankas, San Diego. California.
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HIMALAYA MINES
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by David Lidahl ~
912 South Live Oak Park Ron
Fallbrook. California 'JZHEH

Relatively little work has been done at the Him-
alaya mine since 1964. Pala Properties Inter-
national recently acquired the lease to the mine,
and has reopened the deposit.

Over a year ol negotiations and research preceded the re-
opening. The area was studied and surveyed, and it was finally
decided to begin operations not at the main site of the old work-
ings but directly over the mountain on the east side. Here the
Himalaya dike resurfaces after passing through the mountain.
A short adit had been driven into the east side by Ralph Potter,
who mined the pegmatite full-time until 1964, but httle else had
been done there until July 7, 1977, when Ed Swoboda, his son
Bryan, Dave Wilber, John McLean, Ralph Potter and 1 met at
the Himalaya mine to break ground for the new operations.

After a long, early-morning ride up the mountain, with occa-
sional stops to open and close gates, we reached the original
workings on the west side of the mountain. The old main haulage
tunnel was completely collapsed: a small building Ralph had
once erected in which to sort tourmaline still stood. Even the
wooden sign bearing the mine name still swung from a rusty
hinge. Walking around the dump for awhile, Dave reminisced
about visiting the mine in the days when it was swamped with
people.

But this was not where the new work would begin, so we
climbed back into the pickup truck, drove to the top of the
mountain, and parked. We descended on foot down a path lined
with poison oak to the east side workings. Reaching the old pad,
we looked about for the old adit. It was caved in and overgrown
with brush.

Ed and his son had camped overnight at the mine, and came
down the hill to greet us, followed by Ralph Potter. While we all
waited for the D-8 Caterpiller to arrive, Ralph regaled us with
stories of the old dilfh'h.

At 7:30 AM a loud roar was heard from the canyon below:
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the Caterpiller had arrived and was making its way up the steep
mountain. At first it looked like a small toy, spitting out bursts
of black diesel smoke, but as it got closer it could be seen to
fill the whole road: an enormous machine indeed. Under the
direction of Ed and John, the Caterpiller carved out a new, wider
road to the east side workings with skillful ease

I'here was an air of excitement, a feeling that something sig-
nificant and promising was happening. After all. the Himalava
mine was already a famous locality, having produced more
tourmaline than any other locality in the world, over 80 rons
so far. Perhaps the reopening would bring more treasures. Cam-
eras clicked, Dave posed smiling in front of the Caterpiller’s
10-foot blade. Ed carried a portable tape recorder, capturing
the sounds ol the moment.

Once at the mine site the Caterpiller began cutting into the
hillside. ]..dr]__'t.‘ boulders, some up to 6 leet, were worked oul
and pushed over the edge of the dump. The entrance to the old
tunnel had collapsed, but as the Caterpiller cut back the ground
we could again see the outline of the old tunnel.

We could see something else as well...little reflections on the
ground. Tourmaline! Ed rushed in to gather up the crystals from
the path of the Cat. A small pocket had been cut into: an appro
priate way to chnisten the first day of work! The crystals ranged
in size up to '2 by 1 inch, and were green with black ups, a type
referred to by some as coming from a "house pocket.

By the end of the day the original 20 by 40-foot pad had been
enlarged to 40 by 150 feet. A couple of days later John cleaned
out the old tunnel entrance to expose the pegmatite dike. Since
then the tunnel has been shored and more tourmaline has been
discovered.

It remains to be seen whether the Himalaya mine will again
vield tourmaline of the fine quality produced in the old days
(see the color photos in the preceding article) but with such a
large section ol the pegmatite dike lying untouched between
the old and new workings on opposite sides of the mountain,
we have high hopes.




ERENO

470

(}cuh:g}' & Mineralogy

A FIELD GUIDE TO ROCKS AND
MINERALS, F.H. Pough. 4th edition.
Clothbound edition, 300394. Publisher’s
Price $9.95, Our Price $8.55, Paperbound
edition, 300565. Publisher's Price $5.95,
QOur Price $5.30

300645. A GEOLOGIST'S VIEW OF
CAPE COD, AM. Strahler. Clothbound.
Publisher's Price $2.95, Our Price $2.75

300536. A TEXTBOOK OF MINER-
ALOGY,K ES. Dana and W.E. Ford. 1932
4th edition, 851 pp. Publisher's Price
$18.50, Our Price $16.75

300535. AN INTRODUCTION TO THE
PRACTICAL STUDY OF CRYSTALS,
MINERALS & ROCKS. Cox, Price & Harte.
1975 revised edition. Paperbound. Pub-
lisher's Price $10.75, Our Price $10.00

300533. AN INTRODUCTION TO THE
ROCK FORMING MINERALS, Deer, Zuss
man & Howie. 1973, 528 pp. Paperbound
Publisher’s Price $12.50, Our Price $1165

300540. APPLIED MINERALOGY FOR
ENGINEERS, TECHNOLOGISTS AND
STUDENTS, Kirsch & Jones. 1973. Paper-
bound. Publisher's Price $6.95, Our Price
$6 60

300429. AUSTRALIAN GEMSTONES IN
COLOUR, Perry & Perry. 112 pp.. 84 color
photos. Publisher's Price $8.25 Qur Price
$7.20

300459 AUSTRALIAN OPALS IN
COLOUR, Perry & Perry. Publisher's Price
$8.95, Our Price $7.75

300454, BRIGHT FINE GOLD: STORIES
OF THE NEW ZEALAND GOLDFIELDS,
compiled by W.F. Heinz. Publisher’s Price
$14 .95, Our Price $12.60

300548. COLLECTOR'S
ROCKS AND MINERALE,
Thornhill. Publisher’s
Price $15.00

GUIDE TO
Tindall &
Price 31?.95, Our

300541. CRYSTALLINE SOLIDS, McKie
& McKie. 1974. Includes representation of
crystal lattices, X-ray methods, phase dia-
grams and experimental methods. 628 pp.
Publisher’'s Price $17.75, Qur Price $16.25

300219, DANA'S MANUAL OF MINER-
ALOGY, C.S. Hurlbut, Jr. 18th edition.
1971. The best and most widely used intro-
ductory textbook. Publisher's Price $19.50
Our Price $17.60

300228. ENCYCLOPEDIA OF MINERALS
AND GEMSTONES, M. O'Donoghue,
editor. Detailed informauon on over 1,000
minerals. 500 color photographs. Publisher's
Price $22.50. Our Price $18.75

FIELD GUIDE TO SNOW CRYSTALS,
E.R. LaChapelle. 1969. 108 pp., 65 photos.
Clothbound, 300013. Special Offering, Our
Price $7.95 Paperbound, 300567. Publish-
er's Price $4 95 QOur Price $4 50

300573. GEMSTONE AND MINERAL
DATA BOOK, J. Sinkankas. 352 pp. Pub-
lisher's Price $8 95, Our Price $7.75

W BOOKS

GEMSTONES OF NORTH AMERICA, Sin-
kankas. 300232 Vol. 1, Publisher's Price
$27.50, Our Price $22.75. 300233 Vol. 2,
Publisher’s Price $30.00, Our Price $24.75

300697. GEOLOGY OF MARS, Mutch,
Publisher's Price $35.00, Our Price $33.25

3005675. GLOSSARY OF MINERAL SPE-
CIES, M. Fleisher. Every species known.
1975. 145 pp. Special Offering, Our Price
$4.00

300229. HANDBOOK OF GEM IDENTIFI-
CATION, R.T. Liddicoat, Jr. 10th edition.
An easily understood system of gem identi-
fication. 440 pp., well illustrated. Publish-
er's Price $14.75, Our Price $12.50

300509. HOW TO KNOW THE MINERALS
AND ROCKS, R.M. Pearl. Paperbound. Pub-
lisher's Price $1.50, Our Price $1.35

300538. LABORATORY HANDBOOK OF
PETROGRAPHIC TECHNIQUES, C.S.
Hutchinson. 1974, From thin sections to
thermal analysis. 527 pp. Publisher’s Price
$22.50, Our Price $20.25

300225. MINERAL RECOGNITION, |,
Vanders & P.F. Kerr. Includes 287 color
photographs. Publisher's Price $18.25, Our
!"-u:L—- 51535

300523 MINERAL RESOURCES: GEOL-
OGY., ENGINEERING, ECONOMICS, POL-
ITICS, LAW, P.T. Flawn. 1975. Limited
stock. Publisher's Price $17.50. Our Price
$1585

300537 MINERALS AND HOW TO
STUDY THEM, ES. Dana and C. Hurlbut.
1963. 3rd Edition. 323 pp. Paperbound.
Publisher's Price $8.75, Our Price $8.25

300042. MINERALS: NATURE'S FABU-
LOUS JEWELS, |. Campbell & M. Haber-
stadi. Published at $35.00, Our Price $17.50

300455. NEW ZEALAND GEMSTONES,
L. & R. Cooper. Publisher's Price $6 .95, Qur
Price $6.20

300223. ODDITIES OF THE MINERAL
WORLD, Sanborn. Publisher’s Price $9.95,
QOur Price $8.55

300495, PLEISTOCENE EXTINCTIONS,
THE SEARCH FOR A CAUSE, P.S. Martin
& H.E. Wright, Jr., editors. A new look at
the unsolved problem of large animal extinc-
tions that swept most of the world in the
late-Pleistocene. Includes A BESTIARY
FOR PLEISTOCENE BIOLOGISTS. 1967.
453 pp., numerous illustrations. Publisher’s
Price $25.00, Our Price $20.75

300444, PRECIOUS STONES, M. Bauer.
A popular account of their characters,
occurrence, and applications, with an intro-
duction to their determination, for mineral-
ogists, lapidaries, jewellers, etc., with an
Appendix on Pearls and Coral, and with new
Appendices on Synthetic Gems and the Cul-
tured Pearl. English translation., Cloth-
bound. 672 pp.. 13 color plates. Publisher’s
Price $27.50, Our Price $22.75

300549, PROSPECTING FOR GEM-
STONES AND MINERALS. J. Sinkankas.
Paperbound. Publisher’'s Price $4 95, Our
Price $4 .50

Qur suppliers advise us that price and availability are subject to change without notice.

ERENOW BOOKS

801 Easton Road, Willow Grove, PA 19090 Telephone 215-657-2665

FINE BOOKS AT SUBSTANTIAL SAVINGS

300047. ROCKS AND ROUTES OF THE
NORTH COUNTRY, NEW YORK, B.B.
Van Diver. A geological guide for tours,
minerals, rock climbing, and white-water
70 mineral sites. 1976. 205 pp. Paperbound.
Publisher’'s Price $6.95, Our Price $6.20

300532. STRUCTURAL GEOLOGY OF
FOLDED ROCKS, E.H.T. Whitten. 1971.
An up-todate reference book. 678 pp.
Publisher’'s Price $23.50, Our Price $21.25

SYSTEM OF MINERALOGY, J.D. Dana et
al. 300213 Vol. 1, Elements, Sulfides, Sulfo-
salts, Oxides. 300214 Vol. 2, Halides,
Nitrates, Borates, Carbonates, Sulfates,
Phosphates, Arsenates, Tungstates, Molyb-
dates. 300215 Vol. 3, Silica Minerals. Three
volume set., Publisher's Price $74.25, Our
Price $67.00. Volumes also sold separately,
please inquire.

300543. THE ALKALINE ROCKS, H.
Sorenson, editor. 1974, Petrology, regional
distribution, tectonic relations, alkaline
provinces, conditions of formation. Publish-
er's Price $58.00, Our Price $51.65

300438. THE BOOK OF OPALS, W.C.
Evies. 224 pp.. 41 plates, 18 in color.
The most comprehensive book on opals
vet published. Publisher's Price $11.50,
Our Price $9.80

THE MINERALOGY OF
JW. Anthony,

ARIZONA,
S.A. Williams and R.A.
Bideau. Information on more than 600
minerals. Nearly 70 color photographs.
1977. 255 pp. Clothbound, 300589. Pub-
lisher's Price $22.50, Our Price $21.95. Pa-
perbound, 300048. Special Offering, Our
Price $9.75

300516. THE MINERALOGY OF PENN-
SYLVANIA, S.G. Gordon. Reprint of 1922

edition. 255 pp. Special Offering, Our Price
$5.00

300517. THE MINERALOGY OF PENN-
SYLVANIA, 1922-1965, A. Montgomery.
1969, 104 pp. Special Offering, Our Price
$4 50

300052. THE STUDIO HANDBOOK OF
MINERALS: A GUIDE TO GEM AND
MINERAL COLLECTING, H. Boegel.
1972 revised edition, edited by Sinkankas.
154 color plates, 102 line drawings, iden-
tification tabies Publisher’'s Price $12.50,
Our Price $10.75

300227. THE WAKABAYSHI MINERAL
COLLECTION. AT THE UNIVERSITY
MUSEUM OF THE UNIVERSITY OF
TOKYO, R. Sandanaga and M. Bunno.
Publisher's Price $28.00, Our Price $26.95

300249. THE WORLD'S FINEST
MINERALS & CRYSTALS, P. Bancroft.
1973. 72 color plates. Photos of rare speci-
mens with explanatory text. Published at
$28 .50, Our Price $12.75

300224. TREASURES FROM THE
EARTH, THE WORLD OF ROCKS &
MINERALS, B. Shaub. Publisher's Price
$15.95, Our Price $13.50

300547. VAN NOSTRAND'S STANDARD
CATALOGUE OF GEMS, J. Sinkankas.
Paperbound. Publisher’'s Price $6.95, Our
Price $6.20
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300745. A COLOR GUIDE TO FAMILIAR
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illustr. Special Offering, Our Price $2.95

300569. A FIELD GUIDE IN COLOR TO
MINERALS, ROCKS & PRECIOUS
STONES, Jaroslav Bauer. 1974, 208 pp.
Published at $10.00, Our Price $4 .95

300733, FOSSILS AND PROGRESS: Pal-
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Bowler. 200 pp., illustrated. Special Offer
ing, Qur Price $9.95

FOSSILS FOR AMATEURS, R. P. MacFall
& Jay Wallin. Originally titled FOSSILS OF
NORTH AMERICA. 300238 Clothbound,
Publisher’'s Price $12.95, Our Price $11.00,
300382 Paperbound, Publisher’'s Price $5.95
Qur Price $5.30

300744, GEMSTONES AND MINERALS
A GUIDE FOR THE AMATEUR COL
LECTOR AND CUTTER, Paul Vilhiard.
A concise, fully illustrated handbook. 244
pp. Publisher’s Price $7.95, Our Price $6.95

300044, INDEX FOSSILS OF NORTH
AMERICA, Harvey W. Shimer & Robert
R. Shrock. The authoritative reference
Publisher's Price $45.00, Our Price $40.50

300746. INTRODUCTION TO MOUNT
AINEERING, George Alan Smith, New re
vised edition. 52 photographs. Published at
$6 .50, Our Price $2.95

300244, LIFE OF THE PAST: AN INTRO
DUCTION TO PALEONTOLOGY, George
Gaylord Simpson. Publisher’s Price $12.50,
Ciur Price $10.75

300045. MINERALS AND MAN, CS.
Hurlbut, Jr. 1968. Publisher’'s Price $20.00,
Our Price $19.50

300734, ROCKS AND ROCK COLLECT-
ING, E.K. Evans. Owver 100 color illustra-
tions. Special Offering, Our Price $1.00

TRILOBITES, A PHOTOGRAPHIC AT-
LAS, L. Setti. 300380. Clothbound edition.
Publisher’s Price $27.50, Our Price $24.75.
300251. Paperbound. Publisher's Price
$9.95, Our Price $8.55

300735. THE DAWN OF LIFE, G. Pinna.
The world of fossils. 126 color photographs
Special Offering, Our Price $4 .95

300736. THE EARTH IN DECAY: A Hist-
ory of British Geomorphology, 1578-1878.
By Gordon L. Davies. 390 pp., illustrated.
Publisher's Price $12.00, Our Price $11.75

300551, THE GEM KINGDOM, Paul
Desautels. 1971. Publisher's Price $25.00,
Our Price $23 .95

300737. THE GOLD HUNTER'S FIELD
BOOK: How and Where to find Gold in the
United States and Canada. By J.K. Ransom.
More than 4000 sites. Published at $9.95,
Our Price $2.95

300741. THE WORLD OF MINERALS,
V. De Michele. 185 color phoios. 21 dia-
grams. Special Offering, Our Price $4.95

300738. THE GREAT BOOK OF JEWELS,
E.A. & J. Heininger. 206 color plates, 94
black & white photographs. Published at
$69 .50, Our Price $24.50

300739. THE ILLUSTRATED ENCYCLO-
PEDIA OF MINERALS AND ROCKS, R.
Lucas, editor. 400 Photographs, 200 in
color. Special Offering, Our Price $6.95

THE MEANING OF FOSSILS. EPISODES
IN THE HISTORY OF PALEONTOLOGY,
M. J.S. Rudwick. 300248, Clothbound edi
tion. Publisher's Price $15.00, Our Price
$14 50. 300383. Paperbound. Special Offer
ing, Our Price $6.95

300740. THE PAUL HAMLYN DICTION
ARY OF AUSTRALIAN GEMSTONES
B. Myatt, editor. 140 illustrations, 75 in
color. Special Offering, Our Price $6.95

300043. THE WORLD TREASURY OF
MINERALS IN COLOR, Fierre Bariand
128 pages in color. Publiched at $12.50,
Our Price $3.75

Selected pupuhr and scholarly
books on Natural Hiatury'

3J00088. THE DRAMA OF THE OCEANS,
E.M. Borgese. Explores all facets of the
owean world. 109 full color plates, 258
pages. Publisher’'s Price $25.00, Our Price
$20.75

300104, DWELLERS IN THE SEA, D.
Faulkner & B, Fell. 194 pages, including
130 resplendent underwater color plates

Publisher's Price $40.00, Our Price $32.75

300199, THE SHELL: FIVE HUNDRED
MILLION YEARS OF INSPIRED DESIGN
H. & M. Stux and R.T. Abbott. Publisher's
Price $35.00, Our Price $28.75

300200. MUREX SHELLS OF THE
WORLD, AN ILLUSTRATED GUIDE TO
THE MURICIDAE, Radwin and D’Attilio.
1976, 284 pages. Publisher's Price $35.00,
Our Price $28.75

300629. THE STONE CIRCLES OF THE
BRITISH ISLES, Burl. The origins, purpose,
possible astronomical functions, regional
groupings and architectural types of nearly
1000 stone circles in the British Isles. In-
cludes a catalog and major bibhiographical
references. 432 pages, B6 illustrations.
Publisher’'s Price $20.00, Our Price $17.00

300148. AN ANCIENT WORLD PRE
SERVED, RELICS AND RECORDS OF
PREHISTORY IN THE ANDES. F.A
Engel. Translated from the French edition
Revised and updated. Publisher's Price
$12.95, Our Price $11.00

300333. STONEHENGE DECODED, GS.
Hawkins & J.B. White. Discovery of the
meaning of this astronomical observatory.
Publisher's Price $7.95, Our Price $6.95

300154. THE EUROPEAN DISCOVERY
OF AMERICA: THE NORTHERN VOY
AGES, A.D. 5001600, Samuel Ehlot
Morrison. Publisher's Price $1950, Our
Price $16.25. 300155. THE SOUTHERN
VOYAGES, A.D. 1492-1616. Publisher’'s
Price $19.50, Our Price $16.25
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300180. WATCHING BIRDS, An introduct
won to ornithology, R.F. Pasquier. Fore
ward by R.T. Peterson. 301 pp., 104 illus
Publisher's Price $9.95, Our Price $8 55

300064, PORTRAITS IN THE WILD
Behaviour Studies of East African Mammals,
Cynthia Moss. 1975, 363 pp. Publisher’s
Price $12.50, Our Price $10.75

300153, AMERICA BC, ANCIENT
SETTLERS IN THE NEW WORLD, B
Fell, Startling new discoveries of pre
Columbian European settlements. Pub
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JO0144, PRE-COLUMBIAN ART OF
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1977 Two volumes. Publisher's Price
$40.00, Our Price $36.00

300260. KONRAD LORENZ,
GRAPHY., A. Nisbett,
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A BIO-
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300360. ON THE ORIGIN OF SPECIES
A FACSIMILE OF THE FIRST EDITION,
Charles Darwin, introduction by E. Mayr.
1964. 501 pages. Paperbound. Publisher’s
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300355. ANIMALS IN ART & THOUGHT
TO THE END OF THE MIDDLE AGES,
F. Klingender, Publisher's Price $39.95,
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300036. NATURAL HISTORY DRAW
INGS IN THE INDIA OFFICE LIBRARY,
M. Archer. A descriptive catalog of some
5,000 drawings of plants & animals with
33 illustrations. Publisher’'s Price $8.00,
Our Price $7.00

300037. NATURAL HISTORY AUCTIONS
1700-1972. A Register of Sales in the Brit-
ish Isles, intro. by J.M. Chalmers-Hunt, Pub
lisher's Price $35.00, Our Price $28.75

J00038. BIRDS, BEASTS, BLOSSOMS
AND BUGS, THE NATURE OF JAPAN,
H.P. Stern, Nature as depicted by Japanese
artists on screens, scrolls, ceramics & ivories
from the 12th—19th centuries. Paperbound
Publisher's Price $12.50, Our Price $10.75
HANDBOOK OF NORTH AMERICAN
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SOuUrce. 300492 VOL. I, LOONS
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Price $30.00, Our Price $24.75. 300493
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MINERALOGY OF THE

CHAMPION MINE

WHITE MOUNTAINS, CALIFORNIA

by William S. Wise

Department of Geological Sciences

University of California
Santa Barbara, California 93106

The bold, bleached outcrop of quartzite at the 2800 m level on the west
front of the White Mountains of eastern California is visible for tens of
miles. For mineral collectors it marks a locality* well known for its large
rutile crystals and rare phosphate minerals.

The locality 1s known mainly because it was mined by the
Champion Sillimanite Company for andalusite during the 1920's
and 30's. The mining operation was supervised during most of
this time by C. D. Woodhouse (see Bancroft, 1976), who was an
excellent mining geologist and a dedicated, perceptive miner-
alogist. This description of the mineralogy and geology of the
deposit is dedicated to his memory, for without his generosity
and encouragement my research into the minerals and para-
genesis would not have been carried out.

I'he deposit was discovered in 1919 by J. A. Jeffery, then presi-
dent of the Champion Porcelain Company. Using descriptions
of occurrences of andalusite in the White Mountains (Knopf,
1917) he found rich masses of andalusite-bearing rock in the
near vertical cliff faces (Fig. 1 and 2). The difficulties encoun-
tered in the mining of ore from the hard, vertical faces were
described by Woodhouse (1951). The ore was of sufficient value
to be sorted and loaded into sacks at the mine. This part of the
White Mountains is so steep that the ore had to be carried by
mule 3'2 miles and down 780 m to an area where it could be
loaded into trucks.

With a few notable exceptions the minerals in the Champion
mine and close vicinity are compounds of aluminum. The gen-
eral assemblage is similar in many ways to that at Graves Moun-
tain, Georgia (Hurst, 1959). Here 1 will describe some of the
more interesting minerals and the geologic setting for the deposit,
and then will offer an explanation for the origin of the entire
assemblage.

GEOLOGY OF THE DEPOSIT

Recent mapping of the western front of the White Mountains

*The mine has carried a number of names in the past. It is re-
ferred to in Minerals of California (Murdoch and Webb, 1966)
variously as the Champion Sillimanite mine, Champion Silli-
manite Incorporated mine., Champion Sillimanite Company
Incorporated mine, and the Mono County mine of Champion
Sillimanite Incorporated. Woodhouse (1951) was bothered by
the fact that no sillimanite has ever been found at the locality,
and followed the practice of company reports (of the Champion
Sillimanite Company), calling it the Mono County Andalusite
mine. Many labels in the Smithsonian give the locality simply
as the Champion mine, and this name is in frequent use among
collectors. | therefore propose that it be U“iL‘iﬂ“} ildt‘lrl[L‘d_
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by Crowder and Sheridan (1972) shows that all the localities in
Figure 3 lie within the White Mountain fault zone. This zone
has a width up to one mile and is composed of sheared and mixed
blocks of metavolcanic and metasedimentary units of Permian
to Jurassic age. In the northern part of the range the fault is cut
by Cretaceous dikes of aplite and pegmatite (Crowder, Robinson,
and Harris, 1972). The part of the fault zone in which the Cham-
pion mine i1s located is believed to be composed ol a metamor-
phosed rhyolite. Elsewhere along the fault zone these meta-
rhyolites appear as muscovite-albite-quartz schists. The more
mafic metavolcanic rocks form chlorite-chloritoid schists.

The Jurassic intrusion near the fault zone in the vicinity of the
andalusite deposit is similar to those cut by the fault to the north
and therefore is older than the formation of the deposit. How-
ever, an outcrop of Cretaceous granitic rocks is within 2 miles
and may have a genetic connection with the andalusite.

MINERALOGY

Table 1 is a list of the major minerals that have been identi-
fied at the Champion mine, and Figure 3 shows the best col-
lecting localities for these minerals. Much of the data presented
here were obtained from specimens donated to the University
of California, Santa Barbara, by C. D. Woodhouse, but frequent
reference was also made to Lemmon (1937b) and Gross and
Parwell (1968). The mineralogy descriptions will concentrate
on two major parts of the area: the orebody (locality A in Fig. 3)
and the phosphate rock (locality B, Fig. 3) formed along shear
zones in andalusite-quartz rock.
Minerals of the ore body

Andalusite (Al.S10;). Much of the andalusiic occurs as coarse
granular masses in the quartzite of the ore body. Crystals or
clusters of crystals form columnar masses (Fig. 4). The andalu-
site 1s pale green or yvellow-brown to white, but most crystals are
coated with a thin layer of pyrophyllite or muscovite. The pris-
matic crystals, ranging from a few millimetres to 10 cm in length
have simple {210} and {101} forms.

Some of the andalusite — most of that forming the columnar
crystals projecting into cavities — has had some of the alumina
leached away by late fluids. These prismatic crystals, such as
in Figure 4, are partial pseudomorphs of quartz after andalusite.
During the mining operation the specific gravity of the ore
samples was periodically determined to eliminate this kind of
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Figure 1. (above) A view of the Champion mine.
The ore body was located in the cliff face of the
highest outcrop. Most of this view is shown on Figure 2. (below) The mining operation in 1935,
map Figure 3. The string of pockets are mined out andalusite

ore bodies, and illustrate the distribution of ore
(Lemmon photo).
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material. Therefore specimens can still be found in the dump
talus slopes.

Quartz (510;). Quartz is certainly the most abundant mineral in
the area, forming the bold outcrops. However, long prismatic
crystals up to 10 cm were found lining the walls of vugs and
fractures. They are commonly associated with tourmaline
(schorl), pyrophyllite, muscovite, and woodhouseite (Fig. 5).

Corundum (Al,0,). Corundum is a scarce but persistent mineral
in the ore body. It occurs most commonly as plates or irregular
crystals included in andalusite masses. Clusters of crystals up to
15 cm were found during the mining operation. All of the cor-
undum is deep blue. Lemmon (1937b) noted that the color was
not evenly distributed but strongly concentrated in a few spots
within a crystal. These spots are similar in size and distribution
to the disseminated rutile in the deposit, strongly supporting
the supposition that titanium causes the blue color.

Topaz (Al,SiOF,). Topaz is a common mineral, but almost never
displays any crystal form at this locality. It is frequently over-
looked in the ore because of its similar appearance to quartz.
A few topaz crystals have been found in vugs in the andalusite
body and in the Al-phosphate rock (see below).

Rutile (TiO,). Occurring mostly as tiny crystals less than 1 mm
across, rutile is disseminated throughout the entire area. The
quartzite and andalusite ore are tinted pink from the tiny red
grains, forming about 0.5% of the rock. As reported by Lemmon
(1937b) and Gross and Parwell (1968) much larger crystals occur
in two zones below the main quartz mass (see Fig. 3) and at a
small claim a few hundred metres west of the map area of Figure
3. These large crystals occur in zones of particularly coarse-
grained diaspore-pyrophyllite rocks, easily breaking free. Crys-
tals range up to 6 cm (Fig. 6 and 7).

Generally the rutile forms crystals that are complexly twinned
and are nearly equidimensional. They are deep red to red-brown
with a submetallic luster. Figures 6 and 8 illustrate the simple
untwinned tetragonal prism with various bipyramid forms. All
of the crystals for which the twinning relations have been solved
are twinned on (031) (Fig. 8), although eightlings have been
reportea (presumably twinned on (011)).

Diaspore (AIOOH). Diaspore forms white to yellow-brown
blades and plates up to 3 cm in length. In the andalusite ore it
occurs as sparse, thin plates. In localities such as near H in Figure
3 it forms massive bodies of interlocking plates associated with
pyrophyllite and rutile. Very few crystals exhibiting faces have
been found.

Pyrophyllite (Al,Si,O,(OH);). This mineral is wide-spread
throughout the area. It occurs as white to colorless plates, com-
monly in radiating clusters up to 1 cm in diameter. Small clusters
or sheaves occur throughout the ore body, commonly as a late
replacement of andalusite. Only where pyrophyllite forms radi-
ating clusters is the distinction clear. Much of the pyrophyllite
has formed as a reaction product from andalusite and water
vapor. It can be thought of as an adjustment of the system to
cooling temperatures,

Woodhouseite (CaAl.SOPOJOH);). The White Mountain
deposit is the only known locality for this member of the alunite
group. First described by Lemmon (1937a), woodhouseite occurs
In open cavities in quartz veins and alteration seams in the andal-
usite rock and quartzite. Crystals vary from clear and colorless
to translucent and pale orange pseudo-cubic rhombohedra.
Typical growths of the larger woodhouseite crystals are shown
in Figures 10 and 11. In some cavities tiny crystals are perched
on schorl fibers (Fig. 12). The common forms are shown in
Figure 13.

Microprobe analyses (Wise, 1975b) of samples from many
localities (A, F, and D. Fig. 3) reveal a complete solid solution
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series with svamnbergite. Moreover, a few crystals have been
found that contain Ba in amounts to 20 mole percent.

Because of its location in seams and vugs in andalusite ore and
quartzite, woodhouseite is clearly a late-formed mineral. It
formed from sulfate- and phosphate-bearing solutions reacting
with andalusite or pyrophyllite.

Svanbergite (SrAl,SOPO,(OH)g). Pale yellow to orange simple
rhombohedral crystals up to 5 mm occur with fibers of blue-
gray schorl in a quartz vein at locality H in Figure 3. Crystals
found at the Moreau claim by A. Ordway contain an excess of
phosphorus, indicating a partial solid solution series with goya-
zite (Wise, 1975b).

Phosphate Rock Minerals

The phosphate rock formed along two shear zones (locality
B, Fig. 3) through andalusite-muscovite schist. It is composed
chiefly of augelite, trolleite, strontian natroalunite, and topaz
with minor rutile and quartz (Fig. 16). All of these minerals are
clearly later than the formation of andalusite. The phosphate
rock also contains small cavities containing even later phos-
phate minerals (Fig. 16).

Strontian natroalunite (Na K Sr)Al(SO,PO,J{OH); This com-
positional variety of natroalunite occurs abundantly in quartz
veins and with augelite and trolleite in the area around locality
B (Fig. 3). It most commonly forms granular, pink to pale brown
masses, but also forms rhombohedra modified by basal faces.
Although the compositions are variable, an average can be repre-
sented by 45% natroalunite, 30% alunite, and 25% svanbergite
(Wise, 1975b).

Augelite (Al,POOH);). This mineral occurs rarely as fracture
coatings and miarolitic cavity fillings in the andalusite bodies
and in the massive phosphate rock of locality B (Fig. 3). The
crystals from the fractures and cavities are commonly euhedral,
coloriess, and transparent (Fig. 14). Lemmon (1935) described
the crystal forms of this material, and Figure 15 is a drawing of
the common tabular form. Some of the early found crystals are
nearly 2.5 cm across, while those with the best crystal form are
about 1 cm.

in the phosphate rock the augelite is anhedral and is recog-
nized by its white color and prominent basal cleavage. Some of
these crystals reach 10 cm, and commonly include smaller grains
of rutile, trolleite, and topaz.

Experimental work has shown that augelite can form readily

from a reaction of andalusite and phosphoric acid. Moreover,
augelite is not stable at temperatures above 500°C (Wise and
Loh, 1976).
Trolleite (AlL(PO)4OH)y. Trolleite is a very rare mineral,
having been reported from only three localities in the world.
Gross and Parwell (1968) were the first to note its existence in
the phosphate rock in the White Mountains. It forms pale blue
to pale blue-green masses intergrown with augelite and topaz.
Crudely formed crystals have been found only in a few cavi-
ties in the phosphate rock.

Trolleite is easily synthesized, and has a stability range at
somewhat lower temperatures than does augelite (Fig. 17).

Lazulite [(Mg.Fe)Al(PO,);(OH);]. The deep blue color of this
mineral makes it the most striking of the deposit. It occurs in
veinlets cutting the ore body, widely disseminated in the phos-
phate rock, and in vein quartz (locality H. Fig. 3). Well-formed
crystals are rare; those that have been found have the simple
pyramid forms, typical of the mineral at Graves Mountain,
Georgia. Masses up to 10 cm across occur in quartz veins near
locality H (Fig. 3).

Samples from various locations (A, B, and H) were analyzed
with an electron microprobe. All except those associated with
svanbergite and schorl have Mg Fe. and are lazulite. The
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material with the svanbergite is then scorzalite.

Other minerals:

Many cavities in the phosphate rock are partially lined with
pale orange apatite crystals (see Fig. 16). Forming even later is
viseite in the form of white, earthy aggregates.

I'he experimental work by Wise and Loh (1976) indicates that
berlinite (AIPO,) is to be expected in this mineral environment.
However, since berlinite is very nearly identical with quartz in
its physical properties, it has not yet been recognized at this
locality.

Table 1 lists other minerals that occur largely as weathering

products. Most are found in seams and on joint surfaces

ORIGIN OF THE DEPOSIT
For earlier workers the mass of quartzite, large pods of andal
usite or pyrophyllite, finely disseminated rutile. local concen-
tration of diaspore, corundum, topaz. and Al-phosphates have
defied easy explanation. Recent experimental work (Wise, 1975a,
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Figure 4. (above left) A cluster of andalusite
crystals with simple prism and dome faces.
The crystals are about 3 cm long.

Figure 5. (below left) A quartz crystal 4.5 cm
long with inclusions of pyrophyllite and rutile.
Figure 6. (above right) A complexly twinned
rutile crystal in pyrophyllite. The crystal is
5.5 cm in the longest dimension.

Figure 7. (below right) A single crystal of rutile

(3.5 em high). Compare with Figure 8 to iden-
tify the crystal forms present.

and Wise and Loh, 1976) provides the basis of an hypothesis that
makes explanation of the observed features easier. First, the
coexisting minerals provide the temperature-pressure range
within which the deposit formed regardless of the mechanism
that brought these elements together. In Figure 17 we can see
that the andalusite could have formed at the highest temper-
atures (between 400 to 600°C), while the augelite is limited to
temperatures lower than 475°C. The phosphate rock could not
have formed at temperatures much above 400°C. The pyro-
phyllite-diaspore rich zones probably crystallized below 350°C.

Kerr (1932) suggested that the andalusite formed from the
metamorphism of aluminous volcanic material or sediment
interlayered with trachytic flows. Gaseous and aqueous solutions
were thought to have caused the crystallization of topaz and
schorl and. as temperatures decreased. pvrophvllite and dir-
aspore. Lemmon (1937b, p. 39) argued that the andalusite formed
by “metamorphism of a highly aluminous quartzite at consid-
erable depth...” with the addition of boric, sulfuric, hydrofluoric,
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Crystal 8. (top left) Crystal forms and twin of rutile. The common
forms are al010), A{120), m (110}, s(111}), {011} and 7{133}. The
twin plane is (031). Note that the dominant prism form is (110}, not
(120) as in similar twins from Cerrado Frio, Brazil.

Figure 9. (top right) Coarse-grained pyrophyllite (blades up to 1 cm)
with rutile in diaspore and andalusite. Sample length is 16 cm.

Figure 10. (center left) Woodhouseite rhombohedra up to 6 mm
forming crusts on tapering quartz crystals. Specimen width is 10 cm.
Figure 11. (center right) Pale orange woodhouseite rhombohedra
(9 mm across) on quartz.

Figure 12. (bottom right) Microcrystals of woodhouseite on tourma-
line fibers with quartz crystals in a vug in quartzite. Width of view,
1 cm.
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Table 1. Minerals of the Champion mine.

Abundance [Hlustrated Best collecting
Mineral and form * in figure locations (Fig. 3) Comments

high temperature minerals (400-600°C)

Quartz X, M 5 / Best crystals are in partially filled
fractures and vugs

Corundum (x), (m) Occurs as deep blue plates (in
andalusite)

Andalusite A and C Many crystals have been partially

(also D, E) leached of the alumina, and are now

quartz and andalusite.

Hematite, B and elsewhere In schists
llmenite

Pyrite M, x A and H Many pseudomorphs, goethite after
pyrite
Muscovite X A and elsewhere In veinlets with tourmaline and
quartz
Topaz M 16 A and B Occurs in quartzite and trolleite-
augelite rock
moderate temperature minerals (300-400°C)
Schorl X, (m) 12 A, H, and in Occurs as fine, hair-like fibers in
country rocks veinlets, also as porphyroblasts
Trolleite 16 B Massive with augelite, lazulite and topaz
Rutile .7, and 8 E. G, and Large crystals at E and G in pyro-
elsewhere phyllite, occurs as small grains
throughout entire area
Diaspore -. H, near D, E Massive with lazulite and pyro-
phyllite or muscovite
Pyrophyllite M. X G and elsewhere Radiating clusters of plates up
all localities to 12 mm near G
Lazulite- . All localities Masses from all occurrences are dark
Scorzalite blue, in quartz veins and quartz or
serie phosphate rocks
Augelite W _15. B (massive) Occurs as massive crystals up to 13 cm
with trolleite-lazulite-topaz
A (crystals) Crystals in veinlets with tourmaline,
quartz, and muscovite
Woodhouseite 10 to 13 A (original loc.) Occurs as 2 to 6 mm crystals in frac-
and F and D in talus ture fillings
Svanbergite (x) H (and D) Occurs with quartz in veinlets and
similar to woodhouseite
Strontian M, (x) All localities In veinlets with quartz
natro-alunite
low temperature minerals (lower than 300°C) forming later than those above
Barite (x) A, B, F, G In fractures
Apatite group

(x) 16 B In cavities replacing augelite

Jarosite- (x) F and G, others Late fracture fillings
natro-jarosite
series

Viséite In cavities with apatite

Strengite

Variscite

Other minerals occurring mostly as low temperature reaction products are: limonite, sulfur,
calcite, cacoxenite, opal, todorokite, chloropal, alunogen, and alumino-copiapite.

*M = massive, X = crystals: X, M = abundant, X, M = common, x, m = rare, (x), (m) = very rare
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Figure 13. (top) Common forms and habits of woodhouseite.
The forms are s (0112}, c (0001} and 4(0221).

Figure I4. (top right) Augelite crystal, 2.5 cm in length, showing
¢, m, n and o faces (see Fig. 15).

Figure 15. (below) Common forms of augelite, and the origin
of the common stepped feature of the ¢ face. The forms are
cl001), @100}, m {110}, n{111}, F1201}, x (201} and o(111}. Steps
result from alternating ¢ and n (as well as ¢ and o) faces. See
Lemmon (1935) for a complete listing of forms.

Figure 16. (center right) Phosphate rock. Lightest areas are
mostly augelite and topaz; darker, trolleite; nearly black,
lazulite. Dark specks are rutile. Within the vug apatite and
viséite have formed as a low temperature reaction. Width of
the vug is 4 cm.

Figure 17. (bottom right) Pressure-temperature diagram illus-
trating the stability limits of some of the minerals occurring
in the Champion mine. Andalusite probably formed at tempera-
tures above 400° C, and the phosphate rock (augelite | trolleite )
between about 350° and 450°C. Pyrophyllite can form only
below about 325°C. Abbreviations: P = pyrophyllite. Ad
andalusite, K = kyanite, Q = quartz, V = water vapor, T

trolleite, Ag — augelite, and B = berlinite. Adopted from Wise
and Loh (1976).
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and phosphoric acids from the nearby magma. Gross and Parwell
(1968), who were primarily concerned with the rutile, felt the
titanium was also introduced by high temperature fluids.

Wise (1975a) presented data and calculations to show that a
muscovite-albite-quartz schist could be converted to an andal-
usite-quartz rock by reactions hke:

JH+ + 2KALLAL1S1.0,/0H), — JALS10; + 3510 2H. O+ 2K
acid + muscovite -» andalusite | quartz

The H™ participates in such reactions as an acidic fluid, even as
a gaseous phase. The K and Na' are carned away by the fluid.
The results of such reactions (called hydrogen metasomatism)
are commonly observed in porphyry copper deposits.

The advantages of this theory are that it accounts for the
andalusite in the environment of volcanic rocks without ap-
pealing for special aluminous material or sediments. It also ac-
counts for the widespread rutile. Crowder and Sheridan (1968,
[able 2) show that the metarhyolite contains 0.5% TiO,, prob-
ably as titanite. A reaction of an acidic fluid with titanite (Ca-
TiS10;) might easily result in the formation of rutile and iron
oxides.

If the acid in the fluid is largely hydrochloric, the main product
will be andalusite or pyrophyllite. Local concentration of alu-
minum causes the formation of corundum or diaspore, depending
on the temperature. A hydrofluoric acid component to the fluid
will produce topaz, while boric acid leads to schorl and, as dis-
cussed above, phosphoric acid i1s necessary for the formation
of trolleite and augelite

I'hese fluids could have originated in the nearby Cretaceous
granitic intrusion. The fault zone provided a ready made channel
lor these [luids, concentrating their effects in one local area.
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OUT OF THE PAST AND INTO THE FUTURE

by Peter C. Keller and Anthony R. Kampl
Natural History Museum of Los Angeles County
900 Exposition Boulevard, Los Angeles, California 90007

OST MINERALOGISTS, be they amateur or professional, would agree that

California possesses more than its share of mineral wealth. Not surprisingly,
the state also boasts perhaps the greatest concentration of mineral collectors in
the U.S. Therefore it is only logical that California should have a public mineral
and gem display of the highest quality. Such is the goal of the Natural History Mu-
seum of Los Angeles County. Presented here is a brief introduction to the museum,
its rapidly growing mineral collection and, most importantly, its exciting new Hall
of Minerals and Gems.

Figure I. The new North Entrance to the Los Angeles County Natural History Mu-
seum. The new Mineral and Gem Hall is located to the right of this entrance.

The Natural History Museum of Los Angeles County is located
in Exposition Park, across the street from the campus of the
University of Southern California. Since it first opened its doors

to the public in 1913, the Natural History Museum has grown
steadily and today ranks as the finest museum of its kind west
of the Mississippi. Within its walls a delicate balance of research
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Figure 2. The floor plan of the new Mineral and Gem Hall. Its actual

dimensions are about 134 x 42 feet.

and exhibits is maintained to serve the public. Last year over

3 million people, more than 400,000 of them school children,
visited the museum.

HISTORICAL BACKGROUND OF THE
MINERAL COLLECTION

Geology has played an important role in the museum since
the building was opened in 1913 primarily to house the huge
coliection of Pleistocene vertebrate fossils being excavated at
the Rancho La Brea tar pits 10 miles away. The original building,
however, consisted of art, science, and history exhibits, each
housed in a 94 x 110-foot wing. The three wings met in a central
rotunda which in recent years has housed the mineralogy ex-
hibits.

Early museum records are vague, but it appears that the min-
eral collection had a slow and not very impressive start. Initially,
minerals, shells, fish, amphibians, and reptiles were all included
under the care of a single curator, zoologist Howard Hill. For
brief periods in the 1920's, however, the mineral collection did
benefit from part-time curators Arthur Tieje and R. T. Hill
(R. T. Hill is best known for his geological investigations in Texas
and Mexico.) During this early period in the museum's history,
mineralogy’s role was expanded slowly by the acquisition of a
number of small collections. In 1921 the mineral collection of
the now defunct Chamber of Mines and Oils, an affiliate of the
Los Angeles Chamber of Commerce, was acquired. This collec-
tion consisted principally of California and Arizona specimens
and included a number of very fine specimens of Bisbee azurite
and malachite. In 1923 the museum acquired a collection from

the State Board of Mines. Other significant early acquisitions
include the Crofts collection in 1927, the Johnson and Lukens
collections in 1928, and the Last and Berray collections in 1932,

Mineralogy was finally established as a separate section in
1946 and Rene Engle was appointed part-time curator. Raymond
Barber took over in 1950 and in 1952 oversaw the installation
of the museum’s first Mineral Hall, located in the rotunda of

JNN

the original building. From 1955 to 1961 Thomas Clements, then
head of the Geology Department at the University of Southern
California, also served as part-time curator of mineralogy and
petrology at the museum. During the 1950’s William E. Phillips
initiated the museum’s gem collection with a series of annual
gifts extending from 1953 to 1961. Notable among the Phillips
gems are a 122-carat St. John's Island peridot, a 26-carat golden
brown diamond, a 158-carat sinhalite (this stone is believed to
be the world’s largest), and a suite of 12 colored diamonds. In
1955 and 1956 the Fain and Blanch King collection was donated.
The King collection is particularly strong in Illinois fluorite.

During the 1960's the collection continued to expand under
the guidance first of Randall Chew 111 and then, in turn, of
Robert Gaal, Jerry Matthews, and Bernard Fuller. This decade
saw the donation of the Leon A. Salinger collection of fine opals;
the Jay S. Smith collection of Franklin, New Jersey material:
and the Mildred J. Groesbeck collection, which includes a par-
ticularly fine specimen of California gold (Fig. 4).

During the period 1971 to 1977 F. C. Hixon catapulted the
museum’s gem collection into national prominence through a
series of very generous gifts from his personal collections. This
period also marked a major change in the stature of the mineral
collection. It was at this time that the commitment to con-
struct a major mineral and gem gallery in the proposed new north
wing of the museum was made largely through the intensive
personal interest shown by the museum’s Director, Giles W.
Mead, and several members of the museum's Board of Gov-
ernors. Mrs. E. Hadley Stuart, Jr., Douglas J. Macdonald, and
Ed N. Harrison, in particular, have been instrumental to the
success of this development program. In late 1976 mineralogy
was brought under the new direction of the authors, Peter C.
Keller and Anthony R. Kampl, associate and assistant curators,
respectively. A large number ol display-quality specimens were
purchased immediately preceding and during this period of
intense development. The most important source was the late
Martin L. Ehrmann, who himself showed more than a monetary
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Figure 3. Exceptionally bright leal gold,
approximately 10 cm high, from the
collection of the Los Angeles County
Museum of Natural History. This speci-

men is from an unknown locality in the
; o ' northern Sierra Nevada Province of
. California. (Photo by Harold and Erica
Van Pelt, photographers, Los Angeles.)




Figure 4. (above) An exceptionally aesthetic crystallized
gold from an unspecilied locality in the Mother Lode
Country of California. This specimen, from the museum’s
Mildred }. Groesheck collection, is 2.5 cm across. (Photo
by Harold and Erica Van Pelt, photographers, Los Angeles.)

Figure 5. (below) One of the world’s finest epidotes from
Untersulzbachtal, Austria. This specimen, on long term
loan from Ed N. Harrison, is about 12 cm in maximum
dimension. (Photo by Harold and Erica Van Pelt, photog-
raphers, Los Angeles.)
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interest in improving the museum's mineral and gem collection.
Through Ehrmann, the museum purchased many of its linesi
specimens, which now form the nucleus of its display collection.
During the development period several private mineral and gem
collections were also purchased, notably the Sol Shalveitz collec
tion of rough and cut tourmaline and the G. A. Alexander col
lection, which includes a SO-carat faceted alexandrite.

A PREVIEW OF THE NEW HALL OF
MINERALS AND GEMS
In 1971 the Natural History Museum embarked on a $3.5
million campaign seeking private linancial support for the vitally
needed north wing expansion of the museum's exhibition, re
search, and educational facilities. An integral part ol the new
north wing facility is the new Hall of Minerals and Gems, which

world of minerals and gems. In the distance, inside the doors
to the hall, the visitor will be invited to explore further into the
subject by a 3 minute orientation film that will be screening
continuously and will present highhights of the fascinating story
of the onigin of minerals. Highly sophisticated film techniques
including computerized animation, split-screen projection, and
tume-lapse photomicrography will be used. As the hilm ends
the film narrator directs the audience’s attention to a huge
vividly colored artist's conception ol a hypothetical cross-section
ol the earth s crust. Informative matenal, together with a display
ol actual mineral specimens set into the cross-section, will focus
on the igneous, sedimentary, and metamorphic environments
in which minerals form. After the mineral environments are
explained, the visitor 1s free to move on and look out into the

main bodv ol the hall

Figure 6. Cuprosklodowskite from Musonoi, Katanga. This specimen
is approximately 10 cm long with needles up to 2 cm in length. (Photo
by Harold and Erica Van Pelt, photographers, Los Angeles.)

1s scheduled 1o open early in 1978,

Innovative in concept and plan of execution, the new Hall
of Minerals and Gems was designed by architect Joseph Wetzel
of Stamford, Connecticut, to stress the basics of mineralogy in
a spectacular atmosphere of simple elegance. Within the more
than 5.600-square-foot area of the hall, (Fig. 2) 16 different ex
hibits will be employed to depict the basic principles of min-
eralogy in a unique., educationally onented presentation that
will stimulate both the interest and the senses of the museum
visitor and will encourage a better understanding of the multi-
faceted nature of gems and minerals.

Prominently displayed in the main entrance to the Hall
(located in the northwest corner of the museum’s main fover)

will be a spotlighted pedestal case containing a group of spec-

tacular mineral specimens welcoming the visitor to the exciting
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I'he hall’s atmosphere is one of sheer elegance and beauty
perhaps more so than any other such hall in the world. In the
center of the hall, under a dropped ceiling, will be a triangulas
arrangement of 12 specially designed parallelogram-shaped
cases with granite bases and seamless Plexiglass tops. Housed
in these unique cases will be outstanding mineral specimens
those that we think rank among the finest in the world and that
should be especially emjoved for their aesthetics and beauty
Some examples are such classics as a Kongsberg silver (Fig. 9
an Austnian epidote (Fig. 5), and a Zambian pyromorphite
Fig. 10). The outer six parallelogram cases will have spectacular
specimens from the E. Hadley Stuart, Jr. collection. The Brazil
1an tourmaline cluster seen in Figure 7 is a fine example ol the
material from this outstanding collection

If the visitor can resist examining the paralielogram cases o




will be explained in an area of the hall entitled Minerals
to Gems in the Americas. The exhibit's concept is simple:
we wanlt to provide an introduction to the ghttering world
of the gem vault by telling the rarely explained history
of gem-quality minerals prior to their appointment with
the gemcutter. Six of the better-known American gem-
stones — tourmaline, beryl, sapphire. opal., turquoise,.
and spodumene —will be highlighted and their lo-
calities researched. The results of this research., on-
location photography and collecting, will be incor-
porated into the presentation. An audio-visual pre-
sentation 1in a mini-theater will augment the exhibit
and explain how the gems occur, how they are mined.
how they are subsequently processed and, finally, how
they are used by man.,

With the Minerals to Gems in the Americas presenta-
tion as an introduction, the visitor will proceed into a
magnificant gem vault. The triangular, vault can be
described in one word: elegant. The walls are black
granite, the floors are covered with deep burgundy car-
peting. The vault is dark except for the spotlights in
each of the 13 granite-based gem cases. With the recent
donation of the F. C. Hixon collection, we believe that
these unique cases will house one of the linest gem col-
lections in the United States. To highlight the intrinsic
value of the gems, they will be artistically displayed with
the simplicity and beauty of a Tilfany display window.
All this will be secured each evening by an impressive
stainless steel vault door.

The “workhorse™ of the Hall will be a 60-foot-long
case along the south wall, containing the systematics

Figure 7. Magnificant green tourmaline cluster on
guartz from the Cruzeiro mine, Minas Gerais, Brazil
(E. Hadley Stuart, Jr. collection). This specimen is : . . oo
s : - - collection, arranged according to Dana. In this exhibit,
approximately 40 cm high. (Photo by Harold and Erica 5 . 3 .

D fine examples of the native elements, sulfides and sulfo-
Van Pelt, photographers, Los Angeles.) - : A
salts, oxides, halides, carbonates, oxysalts, and silicates
will be displayed. Each of the groups will be explained

a while, he may continue along the north wall of the hall briefly and simply. Over 500 representative specimens

for a simplified yet thought-provoking lesson in the basic

lements of mineralogy. This lesson includes peeking . ae .
clements « S o — cludes pecking — rFioure 8. A large, sharp benitoite crystal associated

with natrolite and djurleite from the Benitoite Gem
mine, San Benito County, California. This specimen
is approximately 2.5 cm in diameter. Photo by Harold
how a mineral grows and how it can, under proper en- and Erica Van Pelt. ph{"ographen‘ Los Angeles.
vironmental conditions, change from an octahedron to

a cube-octahedron and linally to a cube. An internally

illuminated amethyst-lined lava tube over 3 feet deep

into the infinite atomic lattice of a quartz crystal while
learning the complexities of defining a mineral. In the
next exhibit, fiber optics will be employed to demonstrate

will be set within a floor-to-ceiling graphical representa-
tion of a hydrothermal vein in an exhibit exploring how
minerals need open spaces or “room to grow.” Another
north wall exhibit will teach the basic concepts of crys-
tallography and the visitor will watch, with the aid of
neon sculpture, how a simple, highly symmetrical iso-
metric form degrades in symmetry step by step into a
triclinic form. Fine examples of pseudomorphs will
compliment the explanation of pseudomorphism. The
fundamentals of mineral identification, based on their
physical properties of hardness, streak, specific gravity,
color, luster, and cleavage, will be illustrated in a series
of highly descriptive exhibits. The educational exhibits
along the north wall are concluded by three alcoves
specially designed to prevent incoming white light. These
will serve as an exhibit area for light-sensitive and fluo-
rescent minerals.

Some minerals. if they satisfy certain important criteria
such as durability, transparency. and brilliance, can be

included in the world of gemstones. The interesting

transition from an uncut mineral specimen to a gemstone
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will be included in this portion of the hall.

Finally, since a significant part of Califormia's history and
early economic growth can be traced to the discovery and mining
of gold, a large cove-like area in the east-central portion of the
hall will be devoted to gold and its early recovery. Included in
the display will be numerous examples ol early mining tools
and other artifacts of the Gold Rush, such as maps, daguerreo-
type photographs, and items made from California gold. The
highlight of the exhibit, however, will be an exceptional collec
tion of native gold in all its various forms (as in Fig. J3).

In addition to the new exhibit space, the mineralogy section
will also have a new research and storage mezzanine located
above the Mineral and Gem Hall. This area will house the mu-
seum's ever-growing reference collection ol both minerals and
gems. The collection and facilities will hopefully form an active
area where interested mineralogists can come and study. In
addition, the Gemological Institute of America will use the
facilities (which include classroom space) for some of their
classes.

The opening of the new Hall of Minerals and Gems early i
1978 will mark the culmination ol untold man-years of effort,
but at the same time it will mark the beginning of yet another
phase in the growth of the Mineralogy and Geology Section of
the Naturgl History Museum of Los Angeles County. An up-
coming project of mammoth proportion will be the development
of a comprehensive reference and display collection of Calr
fornia minerals. This will be an ongoing project that will depend
heavily on fieldwork and the aid of local collectors. We hope
that the Califormia project, along with our continued personal
interest in pegmatites and Mexican mineral localities, will lead
to the development of a serious program of scientific research
at the museum. At the same time, we will continue our efforts
to acquire exceptional display specimens, so that we might
constantly improve and expand the exhibits in the new Hall of
Minerals and Gems. (R
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Figure 9. A beautifully sculptured wire silver
with calcite and acanthite from Kongsherg,
Norway. The specimen is about 15 cm high.
(Photo by Harold and Erica Van Pel,
photographers, Los Angeles.)

Figure 10. Pyromorphite crystals measuring
up to 3 cm in length from Brokenm Hill,
LZambia. (Photo by Harold and Erica Van
Pelt, photographers, Los Angeles. )




Figure I. Dioptase druse on matrix, 3.8 x 10 x 15 cm, from the Blue Bell mine.

Figure 2. Linarite with anglesite on matrix,
5 x 8 cm, from the Blue Bell mine.

MINERALS OF THE

SAN BERNARDINO COUNTY, CALIFORNIA

by Jack A. Crowley, 5881 Bellflower Drive, Newark, California 94560

INTRODUCTION

'he Blue Bell mine, also known as the Hard Luck claims, is
located in the Soda Mountains about 11 km west of Baker, Cali-
formia (see location map). It has produced a number ol very
attractive specimens of an assemblage of common to uncommon
minerals, many of which have been found in unusual habits and
extremely colorful combinations. The mine was described by
Wright er al. (1953), although the location and some of the geo-
logic descriptions are inaccurate. The mine is located in the
SE '35, 8ec. 2. T 13N, R 7 E. San Bernardino Meridian, and is
shown as an unnamed adit symbol on the Soda Lake 15" Topo-
graphic Quadrangle.

The mine was located in 1949 and produced ore in 1949 and
1950 as the Blue Bell and in 1951 as the Hard Luck claims. The
complex ore yielded smelter returns ol lead. zinc, copper, silver
and gold (Wright er al., 1953). The mine consists of several short
adits and small stopes (Fig. 3). A single stope. open at the front,
approximately 8 m deep. 8 m wide, and 5 m high (Fig. 4) has
produced the mineral assemblage described here.

GEOLOGY

I'he geology of the Blue Bell mine area is complex, and has
been outlined by Grose (19539). The rocks are a mixture of
Mississippian-Pennsylvanian(?) metacherts. quartzites. and light
colored. very fine grained. banded hornfels. Thin limestone
beds that were present have been metasomatically replaced by
assemblages of garnet and light colored calc-silicate minerals
for hundreds of metres from their contact with Mesozoic granite.
The granite contact is a short distance west of the workings.
This granite has also been extensively altered by later hydro-
thermal fluids. The metallic mineralization probably occurred
during this period of alteration. The metamorphic rocks of the
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mine area have been extensively intruded by numerous felsite
dikes. These dikes have a northwest trend and make up nearly
hall of the exposed rocks in the mine area.

Faulting in the area appears to have been rather severe. The
rocks within the stope and adjacent workings have been ex-
tensively fractured and broken. The roof of the main stope has
a distinctly brecciated appearance. with some blocks up to 1.5 m
on a side. Working within the stope is rather hazardous due to
the broken nature of the rock. A large number of fractures have
been partly filled with secondary minerals during oxidation of
the deposit. Throughout the area extensive alteration has dis-
guised many of the original rocks and their relationships.
MINERALOGY

The hypogene minerals apparently consisted of galena, sphal-
erite, chalcopyrite, specular hematite, and quartz. Sphalerite
and galena have not been seen, but the ubiquitous nature of
the secondary lead and zinc minerals suggests they were orig-
inally present. The original silver bearing mineral is unknown.
Pyrite appears to have been missing from the hypogene assem-
blage, and this may have been a significant factor in the
secondary assemblage that formed.

Oxidation is nearly complete. and the ore mined in the past
must have been almost exclusively composed of oxidation
products of the original sulfides. The following supergene (oxi-
dized zone) minerals have been identified by X-ray diffraction
and optical means: anglesite, brochantite, calcite, caledonite,
cerussite, chlorargyrite, chrysocolla, dioptase, fluorite, hemi-
morphite, leadhillite, linarite, quartz, rosasite and wulienite.
With the exception of rosasite, all the minerals listed above are
relatively common in the oxidized ores. See Table 1 for the
mineral paragenetic sequence.
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The secondary minerals in the mine formed in numerous
small fissures which criss-cross the ore body. Most of these lis-
sures are a few mm or less in width. The minerals formed either
as stubby crystals oriented normal to the fissure in which they
grew, or as long bladed crystals parallel to the sides of the fissure.
No large open cavities or vugs with secondary minerals crys-
tallized in them have been found. The limonitic gossan so fre-
quently accompanying weathered sulfide deposits i1s poorly
developed at the Blue Bell mine. The limonitic minerals, al-
though present, are relatively minor in amount. Generally the
oxidized zone has a light tan to light greenish-yellow or hght
brownish-green coloration.

A nglesite PbSO,

Anglesite is present as coatings of milky white subhedral crys-
tals which have a greasy luster. It is commonly coated with
linarite (Fig. 2) and more rarely with caledonite (Fig. 6) or bro-
chantite, creating very attractive specimens. Anglesite also
occurs as brilliant colorless crystals in druses with linarite and
caledonite on them.

Soda Mountains

}.
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LOCATION
MAP

Brochantite Cu (SO MOH),

Brochantite occurs as deep green crystals of acicular to stubby
prismatic habit. It usually occurs with linarite and also commonly
replaces linarite. Brochantite usually is not found with minerals
other than linarite. Rare associations include anglesite, hemi-
morphite, and caledonite.

Calcite CaCO,

Calcite was one of the last minerals to crystallize at the Blue
Bell mine. It occurs as rhombohedrons usually associated with
dioptase and as curved bladed crystals found throughout the
mine.

Caledonite Pb;CuldCO NSO )JAOH),

Caledonite is one of the more colorful minerals in the mine.
It occurs as fine, flat-lying bright turquoise-blue crystals up to
2 cm in length. It also occurs as stubby prismatic crystals up
to several mm long growing from the sides of fissures. The ter-
minations are generally somewhat round and poorly developed.
Caledonite is found with linarite, leadhillite, anglesite, and rarely
with cerussite and dioptase. Caledonite is one of the early min-
erals. Linarite usually crystallized before or at the same time as
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caledonite and they commonly grade into each other in the
same crystal. Fine druses of caledonite measuring up to 10 x 15
cm have been found with linarite and/or leadhillite and um
doubtedly larger and finer specimens were found during mining
Cerussite PbCO,

Cerussite 1s somewhat less common than the sulfates and
does not form particularly attractive crystals. Cerussite occurs
as milky white subhedral coatings of individual crystals which
are up to 1 cm long, and as crystal druses with bladed habu
I'he bladed crystals usually are stained red-brown. They seldom
attain a length of more than a few mm. There were two periods
of cerussite formation. The bladed crystals pre-date the sulfates
and have linarite, caledonite, and leadhillite formed on them.
The milky crystals formed late in the sequence.

Chlorargyrite AgCl

Chlorargyrite is inconspicuous but relatively common when
looked for. It i1s associated with chrysocolla, quartz, and dioptase
in black to brown siliceous ore. The chlorargyrite occurs as
brown to purplish brown cubes and cubo-octahedrons. The
crystals are seldom over a few mm in size.

Dioptase CuSiO4OH),

Dioptase occurs in the peripheral area of the ore body. It
crystallized late in the sequence and occurs as brilhant, light
emerald green druses of micro-crystals found upon most of the
minerals present (Fig. 1). The crystals are acicular to rod shaped
and have both flat and pyramidal terminations. Dioptase is
commonly associated with chrysocolla. Chlorargyrite frequently
coats the dioptase crystals. The dioptase crystals make attractive
micromounts, especially when found with leadhillite, wulfenite,
or chlorargyrite. Plates of up to 20 ¢cm on a side have been found
with a solid layer of micro-dioptase on one or more faces.
Fluorite Cak,

Fluorite occurs as colorless, transparent cubes and octa
hedrons. The cubic form is most common. Fluorite crystallized
late and crystals have been found on all the minerals except
brochantite. The largest fluorite crystal seen was a 5 mm cube.
Hemimorphite Zn Si,0,(0OH);H, 0O

Hemimorphite is common in the peripheral areas ol the ore
body. It is generally found in the same area as dioptase and other
silicates. The crystals are small, transparent blades.

Leadhillite Pb (SONCO,J(0H),

Leadhillite is one of the earlier crystallized minerals of the

secondary mineral group. It forms good pseudohexagonal crys-

Table 1.

Paragenetic Sequence of Secondary Minerals
Neutral Acid

Conditions

Neutral
Conditions to Alkaline
Leadhillite
Caledonite
Anglesite
Cerussite
Linarite
Brochantite
Dioptase
Hemimorphite
Wulfenite
Chlorargyrite
Chrysocolla
Quartz
Calcite
Fluorite
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This view is toward the southeast.

tals with the ¢ axis approximately normal to the matrix and also
with the ¢ axis parallel or slightly inclined to the matrix. Indi-
vidual crystals are seldom more than a few mm in size, and form
aggregates measuring up to several square cm in area. Leadhillite
1s found as colorless to pale ice blue, milky coatings commonly
associated with caledonite (Fig. 5) and less commonly with
linarite. It rarely occurs with dioptase and cerussite. It has not
been found associated with anglesite.

Linarite PbCu(SOMOH),

Linarite is the most common secondarv mineral present at
the Blue Bell mine. It forms druses and crusts of brilliant royal
blue crystals (Fig. 2). Bladed crystals up to 3 cm long are rela-
tively common. The longer crystals rarely have good termina-
tions due to contact with the matrix or other crystals. Smaller
crystals are transparent and usually have good terminations.
The crystals are striated parallel to the long axis. Linarite crys-
tallized early and again during the middle ol the paragenetic
sequence. Linarite crystals with cerussite cores have been seen
in some specimens. This suggests that linarite replaced cerussite.
Linarite is often replaced by caledonite or brochantite. In some
cases the reverse situation has occurred.

Quartz 510,

Quartz occurs as tiny transparent, sparkly crystals associated
with the silicate minerals. It appears to have crystallized late
in the sequence. \

Rosasite (Cu,Zn)ACOMNOH),

Rosasite occurs as a light green, fuzzy, powdery coating oc-
casionally found on some of the other minerals.
Wulfenite PbMoO,

Waullenite is present in two forms. Small, bright yellow to
orange-yellow amoeba-like blebs lying flat on the matrix are
most common. It also is found as crystals of varying forms about
| mm in size. Wullenite crystallized late in the sequence and
usually occurs by itself or on dioptase.

PARAGENESIS

The great variety of minerals, reversals in crystallization
sequence, and rapid changes in mineral assemblages in the same
fissure both vertically and laterally over the space of a few cm
or less make the application of Eh-pH diagrams difficult. The
Eh-pH conditions in the solutions apparently changed consid-
erably during secondary mineral formation. Some gereral
observations can be made about the assemblages however,
Conditions were initially near neutral, which allowed the cerus-
site to form. With time, the solutions became progressively more
acidic and finally a reversal toward higher pH and eventually
mildly alkaline conditions occurred. The acidic conditions
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through most of the time of secondary mineral formation would
account for the general lack of limonitic minerals in the Blue
Bell mine, the iron having been carried away by the acid solu-
tions. In addition, a pyrite-deficient hypogene assemblage would
also help to explain the lack of limonitic matenal.

According to Jarrell (1944) brochantite forms from mildly
acid, dilute sulfate solutions. The transition from neutral to
acidic conditions probably coincided with the formation of bro-
chantite. Then the transition from acidic to alkaline conditions
occurred after the formation of the second stage brochantite.
The formation of the hemimorphite-dioptase-wulfenite mineral
assemblage then occurred under neutral to alkaline conditions,
after the cessation ol the crystallization of brochantite. The
solutions in the ore body were initially copper bearing, and
became progressively enriched in lead and other ions as oxida-
tion progressed and pH dropped. These types of conditions
would explain the assemblage in order of crystallization of
brochantite — linarite — caledonite +anglesite. When condi-
tions began to change towards higher pH, these minerals again
came into their stability field and crystallized in the reverse
sequence: caledonite — limarite — brochantite with excess
lead forming anglesite or combining with carbonate to form
cerussite. As stated by Takahashi (1960), anglesite and cerussite
are metastable under neutral conditions.

& - B A
Figure 4. Entrance to the Blue Bell mine stope containing the
minerals discussed in the text.

The tendency for the minerals present to form parallel to
the sides of the fissures, rather than normal to the sides is in-
teresting. This has been the tendency even in some of the wider
openings. This can possibly be explained by the thoroughly
broken nature of the rock with generally narrow fractures in a
somewhat non-reactive siliceous matrix. Groundwater entering
the system can rapidly disseminate into the fissures and work
its way downward in a one-way system. In very narrow fissures
this might be a slow process. When the fissure widens the water
would tend to remain as a thin coating, moving downward along
the sides of the fracture and never completely filling the opening.
Reaction and crystallization would then take place within this
layer of water and crystals would have a tendency to form par-
allel to the sides of these fractures. This would explain the com-
mon occurrence of normally free-standing crystals such as
linarite, wulfenite and cerussite to form flat bladed crystals lying
flat on the wall rock. With a badly brecciated, near-surface ore
mass, evaporation may also be a factor in the crystallization

continued on page 518
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VUAGNAITITE

/ '7},./// Z (M/// ‘:w/éz

Adolf Pabst™. Richard C. Erd™™. Fraser Goll™. and leo Rosenhahn***

F

EW occurrences of
CaAlSiO,
(OH), are described from several
localities in Mendocino County,
California. The principal occur-
rence is at Red Mountain in ro- - 4

vuagnatite,

dingitized metagabbro dikes in " & .
serpentinized peridotite of Mesozoic age. Here vuagnatite is
associated with hydrogrossular, idocrase, chlorite, and various
copper minerals. Vuagnatite in diverse lithologies has been
found in cobbles in the Russian River near Cloverdale. Vuagna-
tite occurs both as prismatic and as disphenoidal, colorless,
euhedral. orthorhombic crystals.
Vuagnatite has H =6, Sp. Gr. =3.42(2), and a conchodal
fracture. It is brittle, colorless to pale brown (rare), and non-
fluorescent. Vuagnatite is biaxial negative with a 1.701(2),
B 1.72442), 1 1.727(2), and 2V = 44(1)°: X =¢. Y = b,
Z = a: rarely pleochroic with X (colorless or yellowish brown)
Y.Z (colorless): r < v, strong. Space group P2,2,2, with
a =7.0538(4)A, b =8.5410(4), ¢ =5.6839(3): Z 4 CaAlS10 -
(OH)). Electron-microprobe analyses of five crystals show the
following ranges (in wgt. percent): Ca 22.10-22.26, Al 14.96-
15.24, and Si 16.04-16.20.

INTRODUCTION

The story of California vuagnatite properly begins with its
discovery in 1965 and 1966 by Keith Rhea during work on “Geol-
ogy of the Red Mountain area, Lake and Mendocino Counties,
Californmia,” for his ML.S. degree at the University of California,
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Berkeley. The first material found
occurred as small vemnlets in a
sheared metagabbro composed
mainly ol hydrogrossular and
chlorite together with minor
amounts of native copper and
chalcocite. Rhea described the
occurrence and optical properties of the unknown mineral, and

Pabst determined the space group P2,2,2

in the orthorhombic
disphenoidal class. and the cell dimensions

No further work was done until, eight years after Rhea's dis
covery, one of us (LR) found vuagnatite in tiny disphenoidal
crystals enclosed in calcite veinlets, together with prehnite,
xonotlite, calcite, ibrous docrase, and hydrogrossular. These
minerals were found in a Russian River cobble, st north ol
Cloverdale, Mendocino County, California, near the locality
where rosenhahnite was discovered (Pabst er al, 1967). The
rock 15 a microbreccia composed chielly of light-green pum
pellyite and pink diopside. Rosenhahn determined the optical
properties of the Russian River material and brought the specimen
to Erd for X-ray study. At this point, we realized that it matched
Rheas Red Mountain mineral. Rosenhahn returned to Rhea's
locality (Fig. 1), where new exposures had since been made
and found beautiful, euhedral, prismatic crystals showing many
forms (Fig. 2 through 6). So different are these crystals in ap
pearance from those found at the Russian River that they are
not easily recognized as the same mineral. Complementary dis
phenoids generally occur together on the Red Mountain vuagna
tite, such that the crystals appear holohedral. The simple
disphenoid {111} of the Russian River vuagnatite makes their
true symmetry readily apparent (Fig. 2, lower right, and Fig. J,

. I}L‘p;lr!nwn! ol Geology & Geophysics University of Califormia
Berkeley, California 94720

** U.S. Geological Survey, Geologic Division, Branch ol Expen

mental Geochemistry and Mineralogy, M5 Middlefield Road.
Menlo Park, California 94025

*** 8K Broadmoor Avenue. San Anselmo, California 9496()

Figure I. (top) The site ol Keith Rhea's original find of vuagna-
tite (view looking to the west from the Miner Ridge jeep trail).

Figure 2. (left) Drawings ol various crystal habits ol vuagnatite.




upper left).

In March of 1975, when vuagnatite was submitted to the IMA
Commission on New Minerals for approval on the basis of an
occurrence in Turkey (Sarp er al., 1976), we immediately recog-
nized that this was Rhea's unknown. Some weeks later Akira
Kato, Chairman of the IMA Commission, wrote that he and
Matsubara had found vuagnatite in Japan. Shortly thereafter,
Erd, Pabst, and Ed Oyler, guided by Rosenhahn, visited Rhea’s
locality and the same day Rosenhahn found yet another oc-
currence of vuagnatite 380 metres away. he mineral 1s now
known in at least six localities, as Sarp er al. (1976) mention
an occurrence in Guatemala vet to be described.

OCCURRENCE

There is a striking similarity in the worldwide occurrences ol
vuagnatite so far known, with the exception of the Russian River
cobbles. All are in rodingitized gabbros,
or in what Coleman (1967) terms “reaction
zones.” These are metasomatically altered

PHYSICAL PROPERTIES

Vuagnatite is colorless, has a vitreous luster, and is nonfluo-
rescent. The mineral has a hardness of 6, is brittle, and has a
conchoidal fracture. The specific gravity of vuagnatite, measured
in Clerici solution with simultaneous determination by a West-
phal balance, is 3.42(2). Compared with other calcalumino-
silicates, vuagnatite has a relatively high density and a low
volume per oxygen. This is in accord with its occurrence in rocks
metamorphosed under conditions of low temperature and high
pressure.

CRYSTAL MORPHOLOGY

Vuagnatite at the Red Mountain locality occurs as prismatic
crystals up to 3 mm in length elongate on ¢ or a. Crystals from
this locality show many forms; of the eighteen forms found to
date, only half can be conveniently shown on the drawings in

TABLE 1. Unit cell and optical data for vuagnatite.

rocks, characterized by loss of silica and
alkalis and enrichment in lime and water.

Red Mountain

Russian River Turkey®

associated with serpentimized alpine ultra-
malic bodies. The ultramalic bodies are
segments of the earth’s mantle that moved A
up into the crust and were altered, at rela- ok A)

tively low temperatures and high pressures, " (A3)

as this movement took place (Coleman,. Z

1967; Honnorez and Kirst, 1975). D (calc.)

D (meas.)
Space group

ui.}ﬂ
h |,5‘+

At Red Mountain, vuagnatite occurs
both as a late vein and rock-forming min-
eral in rodingitized metagabbro dikes in

7.0538(4)
8.5410(4)
5.6839(3)
342.44(2)
4{CaAlS1040H)]
341,

3.42(2)

1.701(2)

7.0539(4)
8.5396(3)
5.6833(2)
342.35(2)
41CaAlSIO(OH))
341,

n.d.

P2,2,2,

1.702b

7.055(6)
8.542(7)
5.683(5)
342.48

41CaAlSiOOH))

3.42
3.20-3.25
P2,2,2,
1.700(1)

1.724(2) 1.726 1.725(1)
1.727(2) 1.728 1.730¢1)
2V 4441) 35 - 40°, est. 48°
Orientation X =¢ P X

X =0 Y

?. il Z a Z —

X IL'UIHT]L‘!\.N or

a serpentinized peridotite of Mesozoic
age. Rhea’s original find of vuagnatite is
from an outcrop of a reaction zone in
the peridotite very near its contact with
Franciscan formation of
Jurassic-Cretaceous age. The exact loca-
tion is just west of Miner Ridge, 1.50 km
N 40° W of Red Mountain peak (VABM
3389 on the Purdys Garden. California.

- i

2" quadrangle). where vuagnatite occurs

the enclosing

Pleochroism

Colorless Colorless

yellowish-brown)
- Y, Z (colorless)
Dispersion - < v, strong e r << v, very strong

as veinlets and in vugs (Fig. 4) associated _ =
a Data from Sarp er al. (1976).

with hydrogrossular, fibrous to prismatic ey
b Determinations by Leo Rosenhahn.

idocrase, chlorite (several species), native
copper, copper sullides (chalcocite, chal-
copyrite, and minor covellite), and supergene copper minerals
(cuprite, chrysocolla, malachite, and azurite). Diopside is promi-
nent in the rodingite at this locality, but not in direct association
with vuagnatite. The second locality, also within the ultramafic
mass, is a prospect cut (Copper King No. 2), 1.12 km N 39° W
ol the Red Mountain peak, where vuagnatite occurs as crusts
or vemns in a rock that consists of ninety percent or more of
ripidolite (a high-iron chlorite) and vuagnatite. Accompanying
the crusts ol vuagnatite is a greenish-blue mineral that will be
described in a later paper. Some of the vuagnatite crystals at
both localities are encrusted with goethite.

Figure 3. Crystals of

vuagnatite exhibiting

various habits. The crys-

tal at the top is 0.4 mm

in the longest dimension.
The vuagnatite first found in the Russian River cobbles (de-

scribed above) is also part of a typical rodingite assemblage.

However, a second cobble found at this place is a microbrec-

ciated graywacke composed mostly of quartz, plagioclase. and

sericite with minor calcite, barite, vuagnatite, and titanite. The

occurrence in this last rock type is tantalizing in that it shows

that vuggnatite is not limited to the rodingite association. So

far all attempts to locate the source of these cobbles have been

unsuccessful.
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Figure 2. The forms shown are

{120}, m{110}, k210), M{O11]

ollll), ‘o{lll}, p121), and

Crystals ol thas habit are elongate on
(also shown in Fig. 5). Smaller crys

tals of a ssmpler habit and elongate

i : . varallel to the a axis are als -
* Figure 4. A vug lined with | . ¢ re also found

vuagnatite crystals from @ this locality. A typical crystal with

the Red Mountain lo- this habit is shown in Figure 2 (upper

¥ 4 cality, right). Note that some of the disphe
noids appear in complementary pairs

lor these crystals, the forms are o {111

and ‘o{lll}, but others appear singly

or with only an occasional face

Vuagnatite from the Russian River

cobbles occurs only as tiny crystals

up to 0.5 mm, showing only the right
TABLE 2. X-ray powder diffraction data for vuagnatite. disphenoid o {111}. The various habits

ol vuagnatite are shown in Figure J;

h k| dicalc.)* diobs. )** | h ki dicalc.)* diobs.)** the single disphenoidal crystal (at

(A) (A) (A) (A) the left) s from the Russian River

110 5.439 5 440 ) 103 ] 829 . No. | cobble. The other crvstals are

o - i d Mountain; the 1 'rysi
011 17 4716 240 826 85 from Red Mountain: the two crystals

{01 147 113 20 780 with bipyramidal terminations are
O02() 41".':-[} 4 773 '“‘1 - --'-1--‘1' L‘l‘-ﬂlj..';llt‘ |‘HH.I||L'| 10 a, the other two

1 1930 2 Q) 400 _ -"h-l elongate parallel to ¢. Habits with

P 2 652 2 K8 . clongation parallel to ¢, sometimes
20 3.00. J.056 . 232 _ 147 |

200 3.527 3.533 : 023
021 3414 3416 - 331
210 3.260 410
121 3.073 (42
201 Y6 . 203
002 842 : 051
211 828 420
220 719 151
012 696 223
130
102
031
112
221

131
022

310
122
230
202
301
212
(40
311
320
140

7D

———

132
141

parallel to a, but never parallel to
b are precisely in conformity with
what would be expected in the space
group P2,2,2, and with the orientation
( a b .lL'L'HTLlIT'ﬁ_L' o the rule ol
Donnay and Harker.

The dppcarance ol satellite reflec-
tions from the (010) and (001) pina

coids in alternate quadrants only,

.
)
7
j.

during two-circle measurement, may
640 . 133 : : be taken as an indication ol twolold
636 242 . - axes and lack of symmetry planes
546 332 _ normal to the pimacoid faces

19 " :
453 45. ' : . X-RAY CRYSTALLOGRAPHY

304 39¢ ‘ : Unit-cell data for vuagnatite from

<N N R

I I

166 California are compared with those
%7 " from Turkey (Sarp er al, 1976) in

243 Table 1. The unit-cell dimensions

N BN

215 - . g were obtained by least-squares reline
13 ' ment of the X-ray powder diffraction
.I."'11 g data given in Table 2.

) ]
:i: “ - - OPTICAL PROPERTIES

e ' 'he optical properties of vuagna
Y -

N RN N N

- tite. shown in Table 1. were obtained
16l) 2059 13

. from X-rav oriented sinegle crvstals
(44 2.044 29 '

965 1.964 21 -
s ) . . B : sodium hght. Vuagnatite typically
93 1.935 29 Plus additional lines all with | 10 b cclofbess Sut saams coeaneh: =8
923 1.923 : : ’

14 :
Rhea's oniginal locality at Red Moun

" 12 - enn tain are pale vellowish-brown. Under
*All calculated hk!'s listed for d,,, > 2.100A. All d,, 1.S00A are indexed. Indices and !
e the microscope the color appears to

using a Supper spindle stage and

dicalc.) from the least-square analysis of X-ray powder data using the digital computer : < x
program of .-ipplk‘n'li"'l and Fvans (1973). be mottled. or 1o show ;"f!'ldlllnﬂ'l‘\

or multuple “phantoms (Fig. 6). Only
**Data for material from Red Mountain. Mendocino County. California. X-rav diffracto-

meter conditions are: Chart No. X-3839; Cu/Ni radiation. A CuK=, = 1.54051A: Si used
as internal standard: scanned at '3 ° 20 per minute.

one umlormlv-colored crvstal has so
far been found. The unit cell dimen
sions of the colored crystals are essen-

nally identical with those ol the
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colorless crystals, but the indices of refraction are shghtly higher:
a 1.7042), B 1.726(2). 3 1.73002).

['he optical properties of vuagnatite may easily be confused
with those of clinozoisite or low-iron epidote, depending upon
the section seen, and the mineral may well have been overlooked
until now for this reason.

CHEMISTRY

Crystals of vuagnatite from the Red Mountain and Russian
River localities were microanalyzed with an ARL electron micro-
probe, giving the results shown in Table 3. The ligures shown
are the averages of two determinations for each crystal. The
crystals were relatively homogeneous except for one (Table J,
No. J) at the Russian River locality that contained inclusions
of diopside. Traces of Mg, Fe, and Mn determined spectro-
graphically in vuagnatite from this locality are probably also
due to included L“H“Nilh‘.

When heated slowly above 650°C, vuagnatite loses water
gradually and becomes slightly cloudy. The X-ray powder dif-

TABLE 3. Microprobe analyses of vuagnatite.
] 2 ; 4 3 H

22.10 22.20) 22.16 22.13 22.26 22 7

-y -

-

15.15 14.96 15.03 15.24 15.01 15.32

16.15 16.20 16.04 16.10 16.16 15.94
Analyst: Fraser Goff, U.S. Geological Survey. Data in weight
percent.

I - 3: Crystals from the Russian River locality.

4 - 5: Crystals from the Red Mountain locality (No. 1).

6 : Calculated composition (neglecting H,0) for CaAlSiOy
(OH).

Figure 6. (right) Various views of a pleochroic crystal from the
Red Mountain locality. A “phantom” is visible within the crystal.
The crystal is elongated parallel to ¢. These views are in the
a-c plane (top photos) and h-¢ plane (bottom photos). The vibra-
tion direction of the polarizer is vertical in all four photos. The
width of the crystal, as seen in the bottom photos, is 0.3 mm,

217.1,

Figure 5. (left) A prismatic crystal of vuagnatite elongated parallel
toc . The width of the crystal is 0.3 mm. (Red Mountain locality.)

fraction pattern of matenal heated to 665°C shows a few addr
tional lines due to gehlenite. At 725°C, essentially all of the
5.11 percent of water has been driven off. The crystals are
porcelaneous at this point, but give no indication of fusion and
the X-ray pattern still shows a trace of vuagnatite. At 985°C
there are only X-ray powder lines corresponding to gehlenite
and anorthite present in a rotation photograph. However,
vuagnatite does not melt at this temperature and would not be
k'\[lfu'ir.'d to do so until the ternary eutectic point at 1266°C
1s reached.

However, when vuagnatite is heated rapidly (as over a Meeker
burner), some of the water is entrapped and the mineral fuses
readily to a frothy glass with n 1.608 and with crystalline n-
clusions of gehlenite and anorthite.

Vuagnatite is insoluble, or only very slightly soluble, in hot
aqua regia but, in a way similar to grossular and idocrase, gela-
tinizes with acid after fusion before the blowpipe.

It is interesting to note that vuagnatite has not been found as
a phase in studies of the CaO-Al,O4+S10,-H,O system (such as
those of Huckenholz er al., 1975: and Shop, 1974), but most of
these have been conducted at higher temperatures and lower
pressures than those at which vuagnatite might be expected to
form. Structurally, vuagnatite is related to the conichalcite
(CaCuAsO(OH)) group of minerals, but chemically it is the
analog of datolite (CaBSi0OH)).

Vuagnatite may not be an uncommon mineral and should be
sought in rodingite assemblages. It would be especially fruitful
to locate the outcrop sources of the Russian River cobbles.
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HTDROBURAGITE

AMARGOSA DESERT,
EASTERN CALIFORNIA

by Robert L. Countryman
Department of Geology
University of California
Los Angeles, California 90024

HYDROBORACITE (CaMgB.0O,,-5H.0), in
the form of radial clusters of acicular crystals
up to 5 cm long, has been identified from the
Terry borate mine, Inyo County, in eastern
California. It is associated with colemanite,
calcite, phillipsite, analcime, chabazite, and
clinoptilolite. The hydroboracite apparently
formed through groundwater alteration of cole-
manite.

T'he Mineralogical Record, November— December, 1977

. 'S e

N @

-

"-‘ll" L;.‘
e D -~

[
2

Figure I. Mining operation at the Terry pit: mine gevlogist C. Barker is
directing a front-end loader into a rich colemanite horizon. The Terry
mine is presently worked out and closed.

Hydroboracite (CaMgB.0,,-5H.,0) was first described from
the Caucasus Mountains in 1883 (Palache, er al, 1951) and has
since been reported from many ol the borate localhities through
out the world. It has now been discovered in the Amargosa
desert at the Terry borate mine, located 7.5 km west of Amargosa
(Death Valley Junction), Inyo County, California, and 123 km
west of Las Vegas, Nevada. This new locality is believed to be
the first report of hydroboracite in the Amargosa Valley borate
area and only the second report of this rare mineral in large
well-preserved crystals, the first being at the Thompson mine in
Death Valley (Minette and Wilber, 1973).

l'he Terry deposit occurs within the Pliocene Furnace Creek
formation described by McAllister (1973) as being composed ol
lacustrine mudstones and sandstones, interbedded massive tuffs
minor limestones, conglomerates, and altered fragmental ba
salts. Locally the strata encompassing the Terry deposit consist
ol pale ohive-green calcareous
mudstones with light grey lime
stone laminae, tan [ine-grained
tulfaceous sandstones, and
white to tan tufls. The borates
are found within a lens-shaped
hmestone and clay horizon
about 95 metres wide and vary
mg up to 10.5 m in thickness
The horizon contains vuggy
clusters of large (10 - 25 cm)
interlocking radial colemanite
crystals and minor accessory
hydroboracite in a marly matrix
An wrregular halo within the
shales surrounding the borate
horizon contains fracture fillings
of ulexite and gypsum as well

Figure 2. Radial colemanite
crystal groups in sitw in the
main borate horizon: radiating
sprays of hydroboracite were
also found in this zone. The lens
cap is S cm across.




as ulexite cottonballs along shale partings. A thin zeolitized tuff
bed near the wp of the horizon contains analcime, phillipsite,
chabazite, and clinoptilolite.

Hydroboracite occurs in several forms at the Terry deposit.
Drusy coatings and radiating sprays ol acicular crystals, some up
to 2-3 ¢cm long, are found within vugs between the interlocking
colemanite crystals. Large radial clusters ol acicular hydrobor-
acite crystals up to 5 cm long occur in a massive marly matrix
and are very similar in appearance to the radial habit ol cole-
manite. Microscopic hydroboracite can be found in association
with colemanite and secondary calcite at the highly weathered
edges of the deposit. The crystals are generally clear to white
and translucent, with a silky luster and a hardness of 2-3. The
hydroboracite sprays occur secondary to the radial colemanite
crystals but are in turn frequently overgrown by small, clear,
elongated colemanite crystals. At the edges of the borate hor-
izon, both borates are weathering to calcite.

I he occurrence of hydroboracite at the Terry deposit i1s ap-
parently the result of a complex history of alteration. Christ,
el al. (1967) indicate that a decrease in the activity of Ca or an
increase in that of Mg would favor the formation of hydrobor-
acite at the expense ol colemanite, whereas changes in the activ-
ity of H,0, presence of other salts, and temperature variations
probablyv would have signilicantly less effect. Groundwater
studies (Hall, 1973) indicate that the portion of the Amargosa
desert contaiming the lerry deposit presently has a significantly
higher Mg/Ca ratio than does the remaining portion of the
desert. Based upon this information, an alteration history for
the Terry deposit can be envisioned as follows. After burial and
dehydration ol a primary borate to colemanite, the Terry de-
posit was uphited to its present position near the surface and
subjected to groundwater alteration in a relatively Ca-poor and
Mg-rich environment. Conversion of colemanite to hydrobor-
acite and the precipitation of hydroboracite within vugs then
resulted. Subsequent minor fluctuations in the activities of Ce
and Mg due to changes in the groundwater chemistry could
then cause oscillations between colemanite and hydroboracite
precipitation and result in growth of the small colemanite crys
tals on the radial hydroboracite and the precipitation of the
drusy and microcrystalline hydroboracite.

All mineral identifications used in this report were obtained

through X-ray powder diffraction methods. The samples were

ground to less than 63 ym, mounted on a glass shde, and X

rayed on a Phillips powder diffractometer using Cu K > radiation

S04

Figure 3. (left) Large clusters of radial colemanite
crystals on marly mudstone matrix. UCLA collection
specimen number ML-86-1.

Figure 4. (below) Radial group of hydroboracite crys-
tals, possibly pseudomorphous after colemanite. UCLA
collection specimen number MS 1513A.

and a graphite monochromator. The patterns produced were
compared against ASTM values and patterns of known samples.
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A SELLECTED BIBLLIOGR APHY OF

CALIFORNIA MINER

hJ

AL OCCURRENCES

H. Earl Pemberton
16520 Bristlecone Street
Elsinore. California 92330

THE MINERALS OF CALIFORNIA SERIES

Since 1914, the Califormia Division of Mines and Geology
has published at approximately ten-year intervals a bulletin
series entitled Minerals of California. These bulletins have listed.
by county, significant mineral occurrences in the state. The
data are supported by complete bibhiographies ol published
SOuUrces.

The most recent issue in the Minerals of California series is
Bulletin 189, authored by Joseph Murdoch and Robert W. Webb.
The bibliography of this issue covers 115 pages. Bulletin 189
covers information available through December 1964. In 1969
the Mineral Research Society of California, a private organiza-
tion, published a supplement to Bulletin 189, covering the years
1965 through 1968. (Copies of that supplement are available
from the Mineral Research Society, 2051 Charlemagne Street,
Long Beach, CA 90815.)

The state Division of Mines and Geology currently has in
press a new edition of the Minerals of California series, covering
the years through 1974,

OTHER STATE DIVISION PUBLICATIONS

Besides the Bulletin senies the state Division of Mines and
Geology has published since 1950 a Special Reports se.ies. Many
of the Bulletins and Special Reports carry significant information
about mineral occurrences in the state.

From 1880 through 1920 the state published annual or biennial
State Mineralogist Reports. Starting in 1922 these reports were
issued as a monthly series and later as a quarterly senes, under
the title Mining in California. In 1933 the title was changed to
California Journal of Mines and Geology: it was issued quarterly
through 1958,

These issues of the State Mineralogist Report, under the vari-
ous titles, have included much in the way of scientific informa-
tion on geology, mining and mineralogy in California, including
a complete series of reports on the mines and mineral resources
of each of the Califormia counties, sometimes published as
separate reprints. In 1962 a new County Reports series was in-
augurated. This series, together with the earlier county reports
in the California Journal of Mines and Geology, provides a rich
source of imformation about California mineral occurrences.

THE NATURAL GEOLOGIC PROVINCES
OF CALIFORNIA

Over 600 mineral species have been identified in California.
One of the primary reasons why this number is so large is the
geologic and mineralogic diversity of the state’s natural prov-
inces, each of which has unique charactenistics. Some of the
more significant references for the mineralogically important
provinces are listed below.

Klamath Mountains Province
ALBERS, 1.P. (1966) Economic deposits of the Klamath Moun-

tains. In Geology of Northern California. California Division
of Mines and Geology Bulletin 190, 51-62. See also bibliograph
pp. 61-62.
Modoc Plateau, Cascade Range and Northeastern
Great Basin Provinces

GAY, T.E., Jr. (1966) Economic mineral deposits of the Cascade
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Range. Modoc Plateau and Northeastern Great Basin Provinces
In California Division of Mines and Geoloey Bulletin 199. 97-1(4
See also bibliography, p. 14

Sierra Nevada Province
CLARK. W.B. (1966) Economic minerals of the Sierra Nevada.

In California Division of Mines and Geology Bulletin 190, 209
214. See also bibliography, p. 214,

CLARK. W.B. (1970) Gold Dustricts of Califormia
Division Mines and Geology Bulletin 193, 186 pp.

Califorma

Coast Ranges Province
BAILEY, E.H. and EBERHARD, D.L. (1964) Geology and quick-
silver deposits of the New Almaden district, Santa Clara County,

Califormia. U.S. Geological Survey Professional Paper 360,
206 pp.
WHITE. D.E. and ROBERSON, C.E. (1962) Sulphur Bank,

Caliiornia. a major hot-spring quicksilver deposit. In Petrologic
Studies: a volume to honor A.F. Buddington. AE.G. Engel,
H.L. James and B.F. Leonard (eds.). Geological Society of Amer
ica, 397-428.

STINSON, M.C. (1957) Geology of the Island Mountain copper
Mines

mine, Trinity County, California. California Journal of

and Geology 53, 9-33.

MOLLER, W.P. (1965) Minerals of Southern San Benito County,
California. Gems and Minerals, 331, 28-32.

BAILEY., EH., IRWIN, W.R., and JONES., D.L. (1964) Fran
ciscan and related rocks, and their significance in the geology

of western Califorma. California Division of Mines and Geology

Bulletin 183, 177 pp.

Lake Bed Deposits of the Great Basin and
Mohave Desert Provinces
MUMFORD, R.W. (1954) Deposits of saline minerals in South-
ern California. In Geology of Southern California. California
Division of Mines and Geology Bulletin 170, ch. V111, 1522
SMITH, G.1. and HAINES, D.V. (1964) Character and distribu-
tion of non-clastic minerals in the Searles Lake evaporite
deposit, Califormia. U.5 Bulletin 118IP,

{."{'Hfu!fh.m' Survey
S8 pPp.

PEMBERTON, H.E. (1975) The crystal habits and forms ol
the minerals ol Searles Lake. San Bernardino County. Cali
hifl‘li.!_ .‘f.*m‘i"u!."n:_'huf Record 6, 74-83

SCHALLER. W.T. (1930)) Borate minerals from the Kramer
district, Mohave Desert, Califorma. .5
Professional Paper 158, 137-170.

MORGAN. V. and ERD. R.C. (1969) Minerals of the Kramer
borate district, Califorma. Califormia Division of

t-!.t'i’”rrl: li al 1'I\H.i"le'ln

Mines and
Service 22. 143153, 165-172
MCcALLISTER, LF. (1970) Geology of the Furnace Creek borate

area. Death Valley. Invo County, Califormia. California Divi

sion of Mines and Geology Map Series 14, 9 pp. (Includes a

Geology, Mmeral Information

complete list of the borates in the Furnace Creek district.)
Ranges of the Great Basin and Mohave Desert Provinces
GROSS. EB. and PARWEL. A

(1968) Rutile mineralization ol

505




the White Mountain andalusite deposit, California. Arkiv.
fiir Mineral. och Geol. 4, 493-497.

KNOPF, A. (1914) Mineral resources of the Inyo and White
Mountains, California. U.S. Geological Survey Bulletin 540,
81-120.

McALLISTER, LF. (1955) Geology of mineral deposits in the
Ubehebe Peak quadrangle, Inyo County, California. Cal-
fornia Division of Mines Special Report 42, 64 pp.

HALL, W.E. and MacKEVETT, EM. (1962) Geology and ore
deposit of the Darwin quadrangle, Inyo County, California.
U.S. Geological Survey Professional Paper 368, 87 pp.

HALL, W.E. and STEVENS, H.G. (1963) Economic geology of
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the Panamint Butte quadrangle and Modoc district, Inyo
County, California. California Division of Mines and Geolog)
Special Report 73, 39 pp.

OLSON, 1.C., SHAWE, D.R., PRAY, LC., and SHARP, W.N.
(1954) Rare earth mineral deposits of the Mountain Pass dis-
trict, San Bernardino County, Califformia. U.S. Geological
Survey Professional Paper 261,75 pp.

Pegmatites of the Peninsular Ranges

WOODFORD, A.O. (1943) Crestmore minerals. California Divi-
sion of Mines and Geology Report. 39

JAHNS, R.H. and WRIGHT, LA. (195]1) Gem and hthium
bearing pegmatites ol the Pala district. San Diego County,
California. California Division of Mines and Geology Special
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by Bill Larson
912 S. Live Oak Park Road
Fallbrook., California 92028

Almost all fine mineral collections are graced with mineral
treasures from the pegmatite mines of San Diego County,
California. This is perhaps not too surprising, considering that
many of these mines were discovered in the late 1800’s and
total production of specimens is documented in the hundreds of
tons. The best specimens that have been preserved make for
an interesting discussion.

ITH the overwhelming and well-deserved success

of the TSUMESB issue, a new standard of excellence

has been set in mineral periodicals. To continue in
this direction, the editor called me to discuss an upcoming Cali-
fornia issue and to see what could be done along the lines ol
Charles Key's excellent article, “The Best of Tsumeb.” The
answer: nothing. No single mine in Califormia could interest
readers as does Tsumeb: however, what about several areas’
What about “The Best of San Diego County™ | began to sift
my memory and gather the opinions of long time San Diego
County collectors, various dealers and several museum curators.
The result’is a collage of their opinions, summarized by myself,
hopefully devoid of the typical rumored specimens (4-foot-long,
flawless tourmaline?), lost specimens, or faked specimens. Cer-
tain known specimens have been excluded because specific
locality information has not been preserved through the years
and could not be accurately inferred from their characteristics.
Many other exceptional specimens no longer exist due to care-
lessness or (because several species are gem materials) the
dreaded “crystal chopper.” Apologies must be made to all the
collections, both public and private, which have fine specimens
from San Diego County and are not mentioned. However, this
will be a problem inherent in all “best of ™ attempts;: we hope
reader response will enlighten us and add to our knowledge.

The decision as to which species to include for discussion was
based upon specimens produced in San Diego County which
compare favorably to very fine quality specimens of the same
species produced at other famous localities around the world.
That is not to say these are the finest in the world, but simply
that these are of very line quality (and in the case of elbaite,
kunzite, morganite and spessartine, probably indeed the finest
ever produced). This left us primarily with the pegmatite min-
erals (no one wants the finest San Diego chalcopyrite). 1 have
further eliminated species that occur only as micromounts (San
Diego County has the finest stewartite ever produced) as well
as a few species not generally appreciated by specimen collectors
(such as large, crumbling, altered lithiophilite crystals., un-
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doubtably among the finest”!) and have come up with something
over 100 specimens of fifteen species from twenty-one mines
LOr prospecits).

The difficult problem of choosing the criteria by which to
judge the finest i1s certainly open to debate. The individual must
evaluate all specimens as to color, form, perfection, size, and
that somewhat mysterious quality, aesthetics. | think it will
become increasingly apparent as more “best” attempts are
written that there 1s rarely a best single specimen which i1s ob
viously finer in all the cntical features prized by connoisseurs
Rather, there will be several specimens all possessing a number
of the criteria deemed necessary to be exceptional, which will
share the elusive crown of “The Finest.”

San Diego County consists of several general pegmatite dis
tricts: Chihuahua Valleyv. Aguanga, Pala, Rincon, Mesa G rand
Ramona and Jacumba. See the map on page 461 of this issue for
the locations of these districts. These areas contain numerous
mines and prospects, most of which will not be discussed here
because they did not produce fine specimens or were never
documented. In addition to these districts, | have included
Fallbrook as a location since it has produced several specimens
of note.

CHIHUAHUA VALLEY DISTRICT
Blue Chihuahua mine

Herderite. Four outstanding examples of blue-green, gemmy
herderite are the top specimens: 1. a perfect, twinned, 143 x
s-inch herderite on a 2 x 2-inch microcline matrix (E. Swoboda
collection, Beverly Hills, California); 2. an unusual gem her
derite crystal 1'a x 1 inch, capped scepter-like, with opaque
white herderite (). Scripps collection, San Luis Rey. California);
3. a combination of herderite and topaz. 2 x | inch (B. Bartsch
collection, Pasadena, California); 4. a perfect, gemmy single
crystal 1'2 x %5 inch (B. Larson collection, Fallbrook, Cali
fornia) (Fig. 1).

Tourmaline. Numerous bright single crystals and matrix speci
mens of schorl were produced. The linest 1s a “V™ shaped inter
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Figure I. HERDERITE, blue-green, % x
1'% inches, from the Blue Chihuahua mine,
Chihuahua Valley District, California, Col-
lection of B. Larson: photo by Harold and
Erica Van Pelt, photographers, Los Angeles.

growth in which the longest tourmaline crystal measures |
Y3 inch (). Scripps collection).

Topaz. Numerous single crystals were produced. perhaps
many equivalent, but one 1 x 1'2-inch white single with a complex
termination stands out (B. Bartsch collection).

AGUANGA DISTRICT
Emeralite (Ware) mine

Tourmaline. Elbaite from this locality is noted for an exquisite
sky-blue color, locally called emeralite. The finest example is a
beautiful 1'2 x 2-inch multicolored crystal grading from the
sky-blue to pink (M. Ware Van de Velde collection). Topaz. The
finest example consists of two medium-blue, intergrown crystals,
3 x 3 x 4 inches (M. Ware Van de Velde collection). Another
fine crystal is a 3 x 3 x 2 inch single (in the California Institute of
Technology collection, Pasadena).

Aquamarine. Aquamarine was rarely produced at this locality,
however. one exceptional crystal is certainly worthy of note: an
etched blue-green gem crystal 3*3 x 1 inch (). Scripps collection).

PALA DISTRICT
Stewart mine

Tourmaline. Production for the mine’s history is several tons,
sO numerous crystals are known. The largest is an incredible 10 x
4-inch rubellite with cleavelandite (S. Singer collection, New

York). The finest are three specimens produced in one pocket

in 196Y. These are each approximately 4 x 1 inch with lepidolite

SN

association (E. Swoboda. B. Larson (Fig. 3) and J. Barlow.
Appleton, Wisconsin, collections). The best mimature is a 143 x
‘s-inch blue tourmaline on white cleavelandite (B. Schneider
collection, Poway, California). The most unique specimens are
three crystal sunbursts of gem-pink tourmaline about 1'3 x |
inch each (San Diego Museum of Natural History collection,

San Diego, California).

Spodumene. This mineral is only rarely encountered at the
Stewart mine. Two exceptional examples ol gem-quality light
yellow spodumene are known. The finest is a 2'2 x 3'2-inch
spodumene on a 5 x 6-inch piece of pocket matrix with pink
tourmaline (E. Swoboda collection). The second best is a 2 x 3
inch spodumene on a 3 x 4-inch piece of pocket matrix (J. Barlow
collection).

Morganite. Numerous single crystals and matrix specimens
were produced, however, few are of fine quality. The finest is a
| x 1%-inch peach-colored morganite on a 2 x 3-inch matrix
(B. Bartch collection). Another fine piece 1s a 133 x 1'4-inch
light peach-colored morganite perched on a 2 x 1 inch pink tour-
maline (E. Swoboda collection).

Stibiotantalite. Extremely rare, the finest specimen is a 1 x
l-inch dark brown crystal on a 2 x 3inch piece of pocket matrix
(D. Wilber collection, Carson City, Nevada).

Tourmaline Queen mine

Tourmaline. This mine has certainly been one of the largest
tourmaline producers in San Diego County. Numerous speci-
mens are incredible (more than slight prejudice demonstrated
here since the author is co-owner of the mine). The finest speci-
mens from production preceding Pala Properties’ re-opening in
1971 are in the Harvard University collection, Boston and the
British Museum of Natural History collection, London, England.
The finest specimens overall were mined in one pocket found in
1972. These are easily discerned because of a deep indigo-blue
termination. Perhaps the finest of these is a specimen consisting
of two 412 x 2-inch tourmaline crystals flaring out of a 6 x 4-inch
quartz crystal (E. Swoboda collection). Other equally major pieces
include one in the Smithsonian collection, Washington, D.C.,
with three large tourmaline crystals on matrix, the so called
“Candelabra” (pictured on the cover of the Record, vol. 6, no. 2,
1975), another with two large tourmalines on intergrown quartz
crystals in the Canadian National Museum collection, Ottawa,
Canada (Fig. 2), and one composed of two tourmaline crystals
attached by a quartz crystal with a cluster of morganite mid-way
on the largest tourmaline (see sketch in the Record, vol. 5, no.
4, p. 154) (B. Larson collection).

Morganite. Many small, fine morganites have been produced.
The finest is a unique specimen consisting of a complex 2'2-inch
morganite crystal attached to a 5-inch tourmaline (K. Proctor
collection, Colorado Springs) (see the sketch in his ad in this
issue and the color photo on p. 218 of vol. 7, no. 5 of the Record).
Another specimen of superb quality is a 2'2-inch morganite
crystal perched on a 3 x Finch cleavelandite matrix with associ-
ated small tourmaline crystals (D. Wilber collection).

Apatite. One perfect, 1 x l-inch purple apatite is known (D.
Wilber collection).

Spessartine. This mineral has been found only once at the
locality: one pocket was recovered in 1974 with orange spes-
sartine similar to those produced in Ramona, California. The
finest is a 1-inch gemmy orange spessartine on a |1 x 2-inch schorl
L‘I'}H[;il (D. Wilber collection).

Tourmaline King mine

Tourmaline. This mine has been another major producer of
tourmaline: many of the large tourmaline singles found in the
early 1900's were from this mine. The finest specimen is the
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Figure 2. ELBAITE tourmaline on quartz,
about 10 inches tall, from the Tourmaline
Queen mine, Pala District, California. Col
lection of the Canadian National Museum,
Ottawa, Canada: photo by Harold and Erica
Van Pelt, photographers, Los Angeles.
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Figure 3. ELBAITE tourmaline with lepi-
dolite, 1 x 4 inches, from the Stewart mine,
Pala District, California. Collection of B.
Larson: photo by Harold and Erica Van Pelt,
photographers, Los Angeles.

famous “Steamboat™ in the Smithsonian Institution (cover of the
Record, vol. 2, no. 4, 1971). It consists of two perfect tourmaline
crystals, 6 x 2'2 inches each, on a matrix of cleavelandite, and
perched on a large double terminated quartz crystal over 1 foot
long (for a view ol the entire specimens see p. 171 of Peter Ban-
crolt's World's Finest Minerals and Crvstals, 1973). The second
finest | have seen (that was certainly from the Tourmaline King
mine) is an intergrowth of four large (approximately 5 x 2-inch)
tourmaline crystals in the Vienna Natural History Museum col-
lection. Numerous other fine examples from the Tourmaline
King mine are in most museums. An exceptional over-all suite
of tourmaline from this locality is on display at the San Diego
Agriculture Building in San Diego. Note: the Fletcher mine was
located on the same pegmatite and adjoins the Tourmaline King
mine. Specimens produced from both mines are indistinguish-
able.

Morganite. This mine yielded a large production of crystals,
but was poorly documented. The linest piece i1s a matrix speci-

X 9 inches
in sizeg, studded with over five 1 to Z-inch-diameter morganite

men of lepidolite and cleavelandite, approximately 7
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crystals (American Museum of Natural History collection. New
York).

Columbite. Columbite i1s rarely recovered from this mine.
['he finest known specimen is a 1 x 1-inch complete crystal on a
2 x 21 2-inch quartz crystal (J. Scripps collection)

Pala Chief mine

Spodumene. The finest crystals of kunziie produced anywhere,
came from the Pala Chief. The finest crystals are the two rich
purple, well-formed, flawless crystals kept in Harvard University's
vault. The largest of these is approximately 11 x 3 x 1 inch. Num-
erous other extraordinary kunzite crystals are in major museums,
notably the Musee au Jardin des Plantes, Paris, the American
Museum of Natural History, and the Smithsonian Institution.
The finest two pieces in private hands are the one in the T.
Morris collection, Los Angeles, and the single crystal pictured
in Kunzs Gems, Jewelers Maternials and Ornamental Stones
of California, p. 80 (B. Larson collection) (Fig. 6).

Tourmaline. Somewhat overshadowed by the famous kunzite
crystals, Pala Chief tourmalines include some ol the flinest
colored red tourmaline known. The finest specimen is an ideal
textbook matrix specimen consisting of a 6 x Jinch tourmaline
crystal attached parallel to a larger quartz crystal (American
Museum of Natural History collection). Perhaps the finest single
crystal is in the Musee au Jardin des Plantes. Many others are
similar, notably, a fine single crystal 7 x J inches, in the American
Museum of Natural History collection, and the fine 6 x ¥inch
crystal in the Cranbrook Institute collection, Detroit, Michigan.
In private hands the fine red single crystal, 6 x 3 inches, in the

Figure 4. MORGANITE beryl on cleavelan-
dite albite, 12 x 2 inches, from the White
Queen mine, Pala District, California. Col-
lection of E. Swoboda: photo by Harold and
Erica Van Pelt, photographers, Los Angeles.
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Figure 5. KUNZITE spodumene, about 5 x 7
inches, from the Pala Chiel mine, Pala Dis-
trict, California. Collection of B.
photo by Harold and Erica Van Pelt, pho-
tographers, Los Angeles.

Larson:
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boda collection) (Fig. 4). Other fine examples are in many col-
lections, notably the Smithsonian collection and the N, Dawson
collection, San Marcos, Califorma. The linest mmmature re
covered 1s a perfect hexagonal prism almost 1 inch across on a
cleavelandite plate 1'2 x 2 inches (J. Scripps collection).

Cleavelandite. Although cleavelandite (platy albite) is a
mineral usually not attractive enough for display collections,
cleavelandite found in the White Queen is in the form of snow-
white bladed aggregates which are quite beautiful. Many fine
specimens were recovered: perhaps the finest is a 4 x 7-inch
ovoid cleavelandite group (B. Harris collection).

Quartz. The quartz crystals produced in the White Queen
mine are not attractive from the outside. These crystals are
rough, corroded, clay-encrusted, and often grow to crude, large
sizes (2 to 3 feet). However, when cut in hall and polished, they
reveal some of the most beautiful inclusions ever exhibited in
quartz. The quartz is gem quality and all along the crystal faces
is included red montmorillonite, manganese oxides, lithiophyl-
lite and other minerals giving the impression of an undersea
garden. Many specimens were so treated, the finest of which is a
crystal cut in half down the ¢ axis and approximately 16 x 10
inches in size (N. Dawson collection). Admittedly, these are
not true mineral specimens since they require minor lapidary
work, but readers have always been subjected to authors
prejudices.

Vandenberg mine

Kunzite. The Vandenberg mine has been a major producer of

kunzite. The finest pocket was recovered by George Ashley.
Figure 6. MORGANITE beryl, 3 x 4 x 5 inches, 'I'lm. pocket Iprmiuccd I_‘al_l pngnda of fine, dark purplc._ gem-
from the Himalava mine. Mesa Grande Dis- quality kunzite crystals. The finest preserved crystal 1s in the
trict. California. Collection of B. Larson: Smithsonian collection and measures approximately 5 x 2 x |

photo by Harold and Erica Van Pelt, pho- inch.
tographers, Los Angeles.

D. Wilber collection is the finest. Another similar piece is in the
collection of A. Kaplan, New York.
Morganite. Many fine morganites were produced. but locality
information seems all but lost. The two finest that are known
Pala Chiel specimens are a fine 1 x Z2-inch morganite on a 2 x }
inch feldspar matrix (T. McKee collection, Scottsdale, Arizona)
and a 144 x 1'2-inch crystal on a small ball of lepidolite in the
J. Scripps collection.
\quamarine. Aquamarine was rarely produced at the Pala
Chiel mine. The finest specimen is a 1 x 1'2-inch light blue aqua-
marine on a 2 x }inch plate of muscovite (San Diego Museum of
Natural History collection).
San Pedro mine
Spodumene. The finest crystal is an 11 x 3'2-inch single, light
purple gem crystal of kunzite (C. Reynolds collection, \alley
Center, Califormia). This crystal was recovered from a pocket
that produced 280 pounds of spodumene.
Aquamarine. A totally unprecedented specimen is an in-
credible intergrowth of two fine blue aquamarine crystals
measuring 3 x 4 inches overall (California Institute of Technology
collection, Pasadena, California).
Morganite. The finest is a 3 x 2-inch morganite on a 7 x 5-inch
matrix (C. Reynolds collection). Another fine specimen is a 2 x
2-inch crystal on matrix (B. Harris collection).
White Queen mine Figure 7. SPESSARTINE garnet crystal, about
“4 inch, on matrix with schorl, from the Her-
cules mine, Ramona District, California.
Collection of D. Wilber: photo by Harold
and Erica Van Pelt, photographers, Los

Morganite. Perhaps the finest morganite crystals produced
anywhere. in terms of beauty and perfection, are from the White

Queen mine. The finest of these is a specimen pictured on page
102 of Bancrolt's World's Finest Minerals and Crystals, a | X

2-inch gemmy pink morganite on cleavelandite matrix (E. Swo Angeles.
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Figure 8. AQUAMARINE beryl, pale blue, 2
inches tall, from the Mack mine, Rincon Dis-
trict, California. Collection of D. Wilber;
photo by Harold and Erica Van Pelt, photog-
raphers, Los Angeles.

quality kunzite crystals. The finest preserved crystal is in the
Smithsonian collection and measures approximately 5 x 2 x |
inch.

Morganite. Many fine small morganites have been produced
from this locality. One specimen stands out as easily the finest.
Discovered in the 1960's by the Norman Dawsons and nick-
named “The Miner's Lamp,” this specimen is a perfect hem-
isphere of cleavelandite. approximately 10 inches in diameter,
with one hexagonal morganite almost 4 inches in diameter
perched on its center (Smithsonian collection).

Quartz. Unlike most other mines in the Pala District, the Van-
denberg mine produced beautiful quartz crystals. Light yellow,
complex, and reminescent of Swiss pieces, the finest may be a
10 x 4-inch transparent crystal (J. Scripps collection).

Elizabeth R mine

Morganite. A small number of {ine, etched morganite crystals
have been recovered by R. Reed of El Cajon, California. during
the past several years. Fine examples include: 1. a 6 x 4inch
quartz and mica matrix with two 1'2 x l-inch peach-colored
morganite crystals (B. Magee collection, Oceanside, California);
2. an 8 x 10-inch quartz and mica matrix with two 1'2 x l-inch
peach-colored morganite crystals (Los Angeles County Museum
of Natural History collection, Los Angeles, Califormia): 3. a 3
X 2'2-inch single (unetched) hexagonal gemmy prism (R. Reed
collection).
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FALLBROOK

No actual mines exist in the town of Fallbrook itself, however
numerous amateur mineral collectors have dug large prospects
in conjunction with varnous local building and road construction
projects

Axinite. While many small crystals have been recovered, one
incredible specimen is known. This piece is a complete 2 x |
x *#inch rich plum-colored gemmy crystal with several small

epidote crystals attached (Z. MacAnear collection, Fallbrook
California).

Quartz. Numeronis smoky quartz pockets have been recovered
Two very different pieces stand out as the finest: 1. a perfect
6'2 x 2<inch light smoky gem crystal with large trapezohedral
faces which give it an interesting termination: 2. a very black,

large, 12 x 6-inch tapered smoky quartz crystal with small epidote
crystals encrusted on the prism faces (B. Harrnis collection).

RINCON DISTRICT

Mack mine

Aquamarine. Small vugs are commonly found in the footwall
of this pegmatite, which contain flawless light blue aquamarine
crystals. These crystals are usually from '2 1o |

inches in
length with a few notable exceptions. The two finest gem singles

are: 1. a 2 x Y4-inch flawless, light blue, single terminated crystal
with cleavelandite attached near the base (D. Wilber collection)
(Fig. 8): 2. an equally fine single 2'4 x '4-inch gem doubly ter
minated specimen (J. Scripps collection). Another fine specimen
1s a 1-inch gem aquamarine sticking out of a small matrix of white

3

Figure 9. AQUAMARINE beryl, pale blue, 1
inch tall, on white cleavelandite with a ‘s
inch crystal of gemmy red spessartine, from
the Mack mine, Rincon District, California.
Collection of B. Larson: photo by Harold and
Erica Van Pelt, photographers, Los Angeles.




cleavelandite with a 3s-inch germ-red spessartine formed at thc
base of the aquamarine (B. Larson collection). (Fig. 9).
Clark mine

Apatite. One large 3 x 2-inch cluster of four deep blue apatite
crystals, lightly dusted with muscovite crystals, is known from
the Clark mine (J. Scripps collection).

Aquamarine. From near the main pegmatite and on the Clark
claim, some agquamarine crystals larger in diameter than those
produced in the Mack mine have been found. These are fine
hexagonal prisms but are not of gem quality. Perhaps the finest
is a 1'2 x %4-inch light blue aquamarine on a 6 x 4inch quartz,
mica and microcline matrix (B. Magee collection). Other fine
specimens are in the C. Reynolds, B. Harris and J. Scripps
collections.

Quasrtz. Numerous quartz crystals have been taken from the
Clark mine. including one which weighed about 100 pounds and
was cut into a flawless 6-inch sphere. The finest specimen known
IS a transparent, 8 x 3'2 inch, pcrl'wl'unml-.j. crystal (N. Dawson
collection).

Steven's Ranch

Titanite. A unique specimen for San Diego County was dis-
covered in a small quartz-epidote vein. A perfect 193 x 1'4-inch
titanite crystal was recovered among several smaller ttanmte
\.T}"'s[illh (D. Wilber collection).

MESA GRANDE DISTRICT
Himalaya mine

Tourmaline. Attempting to isolate the finest tourmaline from
the Himalaya mine is folly, considering that the mine has yielded
the largest production of any single locality in North America
(some Y0 tons of elbaite). Many extraordinary specimens exist.
I'he most popular and unusual specimen is a cluster ol four crys-
tals, the main crystal being 3' 2 inches long with the other three
attached at the top of the main crystal (Fig. 10). All crystals are
doubly terminated and bi-colored. This cluster has been {eatured
on the cover of the Lapidary Journal, June 1972: Mineral Digest,
Vol. 7, and Rock and Gem, June 1977 (B. Larson collection).
It was also pictured in color in the Record, vol. 7 no. 5, p. 236.
I'he finest single is a limegreen and pink bi-colored 7 x 112 -
inch doubly terminated tourmaline (D. Wilber collection). One
of the finest large matrix specimens is a 7 x S>-inch specimen in
the Los Angeles County Museum of Natural History collection.
The finest small matrix specimen is an incredible 5 x 1-inch tour-
maline attached to a 3inch guartz crystal with two minor tour-
maline crystals (Smithsonian collection). Most major collections
have examples from this locality.

Morganite. The morganite crystals from the Himalaya mine
are unique in that they are beautifully etched, peach-colored
crystals. The finest specimen is a 5 x 4 x }inch gem-quality crys-
tal (B. Larson collection) (Fig. 6). Other fine examples are in
the California Institute of Technology, B. Harris and D. Wilber
collections.

Apatite. Beautiful pink apatite crystals are associated with
tourmaline pockets found in certain portions of the Himalaya
mine. Numerous [ine crystals exist, however, many have been
ruined since they fade rapidly to an unattractive white in sun-
light. Among the finest 1s a 1%y x 4sinch doubly terminated
crystal attached to the top of a |
(J. Seripps collection)

x l-inch green tourmaline

Cassiterite. This mineral is rare at the Himalava mine but
beautifully formed small crystals are known. The finest by far
1s a s -inch bright black crystal on a 1'2 -inch green tourmaline
crystal, pictured in Foord's article on the locality in this issue
(B. Harris collection).

Hambergite. Although rarely found at this mine. the few that

SI4

have been recovered are fairly similar all being approximately
I x "2 -inch translucent white single crystals in the following
collections: Los Angeles County Museum of Natural History.
San Diego County Natural History Museum, B. Harnis, J. Scripps,
and B. Larson, to name a few.

Stibiotantalite. Very rare. fine, small single crystals are known
from the Himalaya mine among advanced mineral collectors.
Perhaps the finest are 2 x l-inch single crystals in the Harvard
University collection. Others are found in most museums. Two
outstanding. extremely sharp. l-inch-plus single crystals are in
the D. Wilber and B. Harris collections.

Lepidolite. Few good lepidolite specimens were recovered
or preserved out of the enormous quantity of lepidolite mined.

Figure 10. ELBAITE tourmaline, green with
red tips, 32 inches tall, from the Himalaya
mine, Mesa Grande District, California. Col-
lection of B. Larson: photo by Harold and
Erica Van Pelt, photographers, Los Angeles.

['he finest is a 2 x *5 -inch rich purple gem crystal on a 5 x 4-inch
tourmaline and quartz matrix (J. Scripps collection).

Microcline. While not a showy mineral, those recovered at
the Himalaya mine are exceedingly sharp. fine crystals. Also,
many of these are well-formed twin crystals, making these speci
mens more interesting for collectors. The finest suite is in the B.
Harris collection. consisting of one 4 x 5-inch manebach twin.
one 3 x 6-inch baveno twin, and one 3 x 5-inch carlsbad twin

Another fine suite is in the San Diego County Museum of Natural
History.
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Esmeralda mine

Tourmaline. Fine dark blue tourmaline crystals were en-
countered with morganite crystals, however, poor documen-
tation has lost most of these to locality collectors. The finest
known tourmaline is a specimen with two 3 x *&inch gem-quality
blue tourmaline crystals attached to a 2 x l-inch quartz crystal
(L. Renge collection, Fresno, California).

Cota mine

Tourmaline. Fine, sharp, bright schorl crystals are known from
this locality. The finest is a 3 x l-inch single crystal with cleave-
landite attached to the base (B. Larson collection). Another
similar specimen is in the D. Wilber collection.

RAMONA DISTRICT

Little Three mine

Tourmaline. Known for numerous “slugs™ of dark green tour-
maline, the Little Three has produced. in the last year (1976),
the finest tourmaline (and topaz) specimens in its history. The
finest is an incredible Y x 7-inch matrix specimen of cleavelandite
and quartz with two 3 x 1'2-inch tourmaline crystals perched
on top and, for added impact, two intergrown 2-inch bluish topaz
crystals attached on one end (L. Spaulding, Jr. collection,
Ramona, California). Other large, fine, green tourmaline speci-
mens are in the T. Morris, D. Wilber, J. Scripps and B. Harris
collections, to name but a few. A unique specimen of yellow-
green tourmaline 4 x *4 inch in size and covered with many micro
topaz crystals is in the D. Wilber collection. The finest miniature
is a 2 x Ywinch flawless yellow and green bi-colored crystal in
the G. Ashley collection, Pala, Californma.

Topaz. The Little Three mine is famous locally for the pro-
duction of light blue topaz crystals. Certainly one of the [inest
is the specimen mentioned above under tourmaline. Another
superb matrix piece is a 14 x 10-inch cleavelandite ball with a
flawless 2! 2-inch topaz crystal attached (J. Scripps collection).
Yet another fine specimen is a 5 x 4-inch cleavelandite and quartz
matrix piece with three gem topaz crystals attached: the largest
topaz crystal measures 1%4 inches (C. Larson collection, Fall-
brook, California). These matrix specimens are similar to the
famous Ural Mountains specimens. One fine, single topaz crystal
is actually an intergrowth of two singles measuring 5 x 3 inches
overall (L. Spaulding, Jr. collection). Perhaps the finest miniature
isa 1'2 x I-inch gem crystal with attached cleavelandite (B
Larson collection) (Fig. 11).

Lepidolite. Associated with the topaz-tourmaline pockets al
this locality are some of the finest lepidolite specimens in the
world. Several specimens stand out: perhaps the finest is a 10 x 9-
inch cluster of transparent to translucent lepidolite crystals, each
up to 2 inches. with a 2-inch topaz crystal associated (L. Spauld-
ing. Jr. collection). Three others that are very close in quality
are in the B. Harris. J. Scripps and D. Wilber collections.

Axinite. Usually only poor single crystals are produced at this
locality. One specimen that has achieved greatness has been pre-
served: a 3 x 4-inch cluster of l-inch translucent axinite crystals
with associated cleavelandite (B. Harris Collection).

Hambergite. Hambergite has been produced in small pockets
associated with the topaz-tourmaline pockets at the Little Three
mine. Numerous fine single crystals are known for this rare
species. One of the largest and finest is a 2'4 x 12 -inch single
crystal in the San Diego County Museum of Natural History
collection.

Hercules Mine

Spessartine. Adjacent to the Little Three mine, the Hercules
has produced large quantities of fine gem spessartine. The finesi
specimen. which i1s probably the linest spessartine specimen
known from any locality. i1s a small matrix piece that consists ol

Figure 11. TOPAZ, pale blue, 1 x 112 inches,
with cleavelandite albite, from the Little
Three mine, Ramona District, Calilornia.
Collection of B. Larson; photo by Harold and
Erica Van Pelt, photographers, Los Angeles.

several sharp orange crystals up to 1 inch associated with rosettes
of cleavelandite and a single sharp. black 1'4-inch schorl crystal
(Smithsomian collection). Other notable spessartine garnets are

in the D. Wilber collection (Fig. 7) and the J. Scripps collection

Microcline. One superb, sharp, white, 4 x 2 x 2-inch single
crystal with '4-inch gem spessartine garnets attached near the

base i1s certainly one ol the linest (J. Scripps collection.)
JACUMBA DISTRICT
Beebe Hole mine

Spn-dumune. RL'L'L'IIIH discovered. thes locality has |1|--1|H..:'L1
numerous spodumene crystals ol yellow, blue and purple colo

I'he finest is a 6 x 4-inch single crystal of kunzite (L. Beebe col
lection, Spring Valley, California) v
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| would hike to remind readers. as | stated in the last column.

William W. Pinch
82 Kensington Court
Rochester. New York 14612

that there is some delay between the writing of this and the
printing of the Mineralogical Record. For example, this install-
ment had to be submitted in early August in order to appear n
the November-December issue. | am advising some of the dealers
of this so that they can try to retain some ol the mentioned
specics in stock.

| would like to olfer a service to collectors, curators and re-
searchers who read the Record, and that is to answer letters
regarding specific rare species requests. | will make a serious
effort to locate a species for a collector or for research purposes
(please indicate which) but | must stipulate that | cannot help
collectors who send a list of hundreds ol species (although it
always interests me to see such lists and add them to my file).
But if the request can be kept to three or four species |1 will do
my best to help locate them.

| appreciate receiving dealers, and collectors’ lists and letters
giving news ol rare species they have available, and will make
use of these in my column as space permits. This particular in-
stallment was derived entirely from dealers’ lists and letters.
I highly recommend that collectors and curators keep all dealers’
lists for a number of reasons. They contain valuable locality
information (as, for example, the Japanese localities given in
Abe Rosenzweig s list quoted herein). They also contain valuable
information on quahty, sizes and prices.

Sometimes dealers’ lists contain a type of information that
should probably nor have been printed: mineral names not yet
formally published, even though accepted by the IMA (the In-
ternational Mineralogical Association). It i1s currently considered
improper to use a species name before it has been formally
published, even though we would all like to know about it, and
dealers would like to be able to sell it (which is difficult to do
when no name can be given). This presents a problem to collec-
tors, curators and dealers alike, and will be discussed further
in a future editorial.

And now to the rare minerals.

David Garske has advertised the following: aguilarite (San
Carlos mine, Guanajuato, Mexico), antlerite in superb crystals
(Chuquicamata, Chile), ferroaxinite (Dome mine, South Porcu-
pine, Ontario), gerhardtite (Likasi mine, Zaire), lueshite (Lueshe,
ZLaire), parakeldyshite (Lagendalen, Larvik, Vestfold, Norway),
paraspurrite (Darwin, California). robertsite, jahnsite, segelerite
and whitlockite (Tip Top mine, Custer County, South Dakota),
sampleite (Chuquicamata, Chile), tellurantimony in altaite (870
level. Mattagami Lake mine, Mattagami, Quebec). wodginite
with epitaxial cassiterite in superb crystals (Galilea, Minas
Gerais, Brazil) (an article describing these specimens is coming
in the Record. Ed.), brandtite (Harstig, Wermland, Sweden),
cafarsite (Mt. Cervandon, Alp Devero, Novara Province, ltaly),
calumetite (Calumet, Michigan), schairerite (Searles Lake, Cali-
fornia), meyite (Alice Arm. British Columbia), talmessite ( = ar-
senate belovite) (Criss Creek, near Savona, British Columbia),
goedkinite. a new species (Palermo mine, North Groton, New
Hampshire), hinsdalite (Sylvester mine, Zeehan, Tasmania)
(See Mineralogical Notes in the last issue. Ed.). macfallite (near
Copper Harbor, Michigan), rancieite (Mont Mirat, Lozere,
France), and superb crystals of piemontite (Ultevis. Sweden).
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[his piemontite looks like stubby tourmaline crystals at hirst
glance: it is dark red to black. occurs in brilliant crystals to 6 mm
and broken sections to | cm, in association with powellite

On occasion, living in Rochester, | drop in at Ward’s Natural
Science Establishment and. on occasion, they have some rare
species available. As of this writing they have svanbergite (Horrs
joberget, Sweden), hjelmite., which was recently redefined in
the American Mineralogist (Stripasen, Sweden), tellurobismuth-
ite (Boliden, Sweden), the unnamed aluminum analog of jahnsite
| Taquaral, Minas Gerais, Brazil), and pinakiolite, litharge, tila-
site, melanotekite, kentrolite, berzeliite and the very rare blixite
(Langban, Sweden)

Abe Rosenzweig recently put out a list containing some very
rare and interesting Japanese minerals, including the following
fukuchilite (Hanaoka mine, Ohdate-shi., Akita-ken) (Note
“shi”™ = city, “gun” town, “ken prelec
ture. Ed.), ishikawaite (Ishikawa-machi, Ishikawa-gun, Fukushi
ma-ken), kobeite (Ushio mine, Omyia-cho, Kvoto-ken), osariza-
waite (Osarizawa mine, Akita-ken), nakauriite, a new species
(Nakauri-shi, Aichi-ken), bicchulite (Fuga. Kawakami-gun,
Okayama-ken), sugilite (Iwagi-gun, Ehime-ken), voshimuraite

island. “machi

(Tanohate mine, Iwate-ken), yugawaralite (Seikoshi mine, Toi
machi, Shizuoka-ken), stannoidite (Akenobe mine, Yabu-gen,
Hyogo-ken), and the unnamed joaquinite-like mineral (Hashi
date, Ohmi-machi, Nugata-ken) which has also been found at
the Benitoite Gem mine. Abe's address 1s Department of Geol
ogy, University of South Florida, Tampa, Florida 33620.

Sharon Cisneros of Mineralogical Research Co. recently hsted
the following: keldyshite and parakeldyshite, a new species
(Lagendalen. So. Norway), stringhamite (Christmas mine, Gila
County, Arizona), sugilite (Iwaki-jima, Ehime, Japan), tegtupite
(Kvanefjeldet. llimaussaq. Greenland). valleriite (Pima mine
near Tucson, Arizona), and westerveldite (llimaussaq, Green-

land).
John Metteer of the Mineral Mailbox (he has now joined the

Record as an advertiser. Ed.) recently listed calarsite (Cervan-
don, ltaly), eulytite in nice crystals (Johanngcorgenstadt, East
Germany), gordonite (Fairfield, Utah), laurite (Cale. Colombia)
leadhillite (from the Beer Cellar mine, Grandby, Missour, an
old classic locality). naujakasite (Naujakasik. Tunugdliarfik
Fiord, Greenland). sampleite (Chiquicamata, Chile), alamo-
site, leiteite, schultenite, tsumebite and arsentsumebite ( Tsumeb,
Southwest Africa), choice valentinite crystals to *s inch (Oruro,
Bolivia), and superb crystals of kleinite to 3 mm, the world’s
best (McDermitt mine, Humboldt County, Nevada: originally
listed as being from the Cordero mine, the locality designation
has recently been corrected by the dealer).

Minerals Unlimited recently offered agardite (Bou Skour,
Morocco), agrellite (Kipawa Complex, Villedieu Township,
Quebec), bandylite (Chugquicamata, Chile), bellingerite (Chu
quicamata, Chile), briartite (Prince Leopold mine, Kipushi,
Katanga, Zaire), carrboydite (Carr Boyd nickel mine, W. Aus
tralia), foggite (Milgun Station. W. Australia). melonite (Cresson
mine, Cripple Creek, Colorado). nambulite (Gozaisho mine,
Iwaki-shi, Fukushima-ken, Japan), and berryite (Mike mine,
San Juan County, Colorado). A long list of about 600 species
currently in stock 1s available but since no localities or other
details were given, no excerpts are presented here.

Gunar Penikis carries quite a few rare species from the Yukon
phosphate locality inc'uding kulanite, penikisite, barifite, mari-
cite, arrojadite (crystals!), gorceixite (crystals!), kryzhanovskite
and the aluminum analog of jahnsite. According to Joe Mandan
no of the Roval Ontario Museum (pers. comm.), penikisite is
much rarer than has been thought: most is actually kulanite
which i1s compositionally zoned and which contains only a small
percentage of penikisite. (A

n)




continued from page 49%

of these minerals. The broken nature of the rock would allow
relatively easy access for air to enter the system and cause con-
centration of solutions and crystallization of the munerals by
evaporation.

COLLECTING

The mine is accessable to two-wheel-drive vehicles. Take the
Zzyzx Road turnoff about 9.5 km southwest of Baker, California,
on Interstate 15. Follow the road north over the overpass and
continue in a northwesterly direction up the alluvial fan for
approximately 6.5 km. The Blue Bell mine and other workings
can be seen on the higher hill west of the road. The mine is
posted, and the owners are usually present on weekends. The
mine, at an elevation a little over 860 m, has been heavily pros-
pected by mineral collectors. The dump has apparently been
turned over more than once. Nice specimens are still obtainable
from the stope. The rear of the stope and the right side will yield
dioptase and wulfenite. The floor is virtually untouched and
has yvielded some nice linarite on anglesite. The roof near the
front of the stope will yield leadhillite and caledonite from the
ore zone. A portable and fairly long aluminum ladder is needed.
The dump will still yield small specimens of all the species.
Chrysocolla-rich ore will yield chlorargyrite, which has been
overlooked by most collectors.
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Figure 5. Turquoise-blue caledonite and colorless leadhillite
on matrix 4 x 8.5 cm, from the Blue Bell mine.
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Figure 6. Blue caledonite on white anglesite on matrix, about
3.5 x 8.5 cm, from the Blue Bell mine.

and H. Earl Pemberton who critically reviewed the manuscript
and provided helpful suggestions.
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Mineralogical
Notes

HNDRHDITE FROM THE

A new occurrence of specimen-quality andradite, Ca,Fe,
(Si0),).. 1s located at the Junnila mines, near the New ldria mine,
San Benito County, California. The four specimens examined
herein were obtained from Crystal Cavern Minerals of 1800
Arnold Palmer Drive, El Paso, Texas, 79935.

The andradite occurs as small, light green, brown and dark
brown (almost black) euhedra varying in size from 1-10 mm,
with most of the crystals being about 3-4 mm. The crystals are
implanted on a serpentinite rock and present very esthetic speci-
mens. here are samples totally covered on one surface with
interlocking crystals, as well as samples with isolated euhedra

JUNNILA MINE, CALIFORNIA

TABLE 1.

Microprobe analyses of Jlunnila mine andradite

Figure I. Andradite (medium yellow-green), San Benito
County, California. Crystal size is S mm.

Color green light brown

brown dark brown

NMNH# 136883 136881
Si10, .73 36.27
TiO, 0.04 0.07
AlO, 0.23 0.32
Cr.,0O, 0.07 0.08
Fe,O,* 30.82 30.19
MgO 0.11 0.25
CaO 33.32 33.63
MnO 0.07 0.07

Total 100.39 100.88

THEORETICAL
ANDRADITI
15.48

1 36880 1 36882
315.96 35.93
0.14 2.36
1.80 0.08
0.10 0.08
28 .45 2843
0.25 (.56
33.77 .15
0.07 (.08

100.54

31.42

3510

101.67 100K

* total iron calculated as Fe, 0,

Accuracy of data - + 2% relative.

on matrix. The morphology of the andradite is simple: most of
the crystals are dodecahedral in habit, having the dodecahedron
(110} modified by small faces of the trapezohedron (112}. When
cleaned. the specimens are very lustrous.

Four specimens in the Smithsonian collection were analysed
with an electron microprobe using an operating voltage of 15 kV
and a beam current of 0.15 yA. Standards used were almandine
and hornblende and the data were corrected for fluorescence.
backscatter, background and absorption with a computer pro-
gram. The resultant analyses are given in Table 1.

The analytical data verify that the Junnila mine crystals are
indeed andradite. The composition of the crystals is quite close
to that of end-member andradite (Table 1) and there s little
substitution of other cations except aluminum and ttanium
It is interesting to note that the color of this andradite darkens
with increasing titanium.

Pete ). Dunn

Department of Mineral Sciences
Smithsonian Institution
Washington, D.C. 20560

—_—

INTRODUCTION

In 1974, kinoite. Ca.Cu,Si0,,2H.0. was found in the Kear
sarge Lode near Calumet in Michigan's “Copper Country.” It
was lirst observed as minute azure-blue crystals occurring as

inclusions in quartz and calcite. Several years were spent utilizing

X-ray diffraction, optical. and electron microprobe techniques

belore identification was possible. This paper presents the re-

sults of these studies.

KINOITE FROM MICHIGAN -a New occurrence

PREVIOUS WORK

Kinoite was [lirst described by Anthony and Laughon (1970)
as occurring in contact metamorphosed limestones and dolo
mites of Paleozoic age in the Santa Ruta Mountains, Pima
County, Anizona. The Arnzona matenal occurs as vemnlets hilling
cracks and as single crystals which, with copper, are embedded
or partially embedded in apophyllite. Other associated minerals

are dyurleite, bornite, and chalcopyrite
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Figure I. Electron micrograph of a single kinoite crystal from
the Kearsarge Lode near Calumet, Michigan. Note the pseudo-
orthorhombic habit and the etch pits caused by acid leaching.
Crystal width is 0.075 mm.

'i:'m;”.',-.r
Figure 2. A quartz crystal with kinoite crystals partially coating
a “phantom” just beneath the surface. The quartz crystal (from
the Kearsarge Lode) is 1 mm in width.

PHYSICAL AND OPTICAL PROPERTIES

Crystals from the Michigan locality are azure-blue, tabular,
and pseudo-orthorhombic. Unit cell dimensions
X-ray

method of Buerger and optical properties were determined using

monoclinic,
were obtained following the Weissenberg diffraction
['hese values
Anthony and

a spindle stage. The results are given in Table 1.
correspond remarkably well to those given by
Laughon for the Arizona maternial.

TABLE 1.

Physical and Optical Properties of Michigan Kinoite

Optical:

1.640

1.663

1.680

Hl"l. sign i-)
2V =80 B
space group = P2,/m

Unit Cell Dimensions:

002 a 7.01 O1A

002 b 1292 + 0O1A

002 C 5.67 = 01A
S12.71A

9 ° W

PARAGENESIS

Michigan kinoite occurs embedded in calcite and quartz
amygdaloid fillings in the Keweenawan basalts of the Kearsarge
Lode. It is important to note that the following sequence is only
rarely observed in its entirety on a single specimen: most specr
mens show interruption or termination of the sequence at one
or more stages. However the general sequence of formation of
the minerals associated with Michigan kinoite appears to be

as follows:

. Basalt solidified. containing vesicles (gas bubbles).
Epidote formed in some but not all vesicles.

I
a
3. Quartz began forming on vesicle walls or on epidote.
4

When the quartz crystals had reached 1-10 mm in size,
kinoite crystals began forming with their largest faces
parallel to quartz faces. Simultaneously. native copper
and native silver began crystallizing. Also at the time,
calcite crystals began nucleating on Kinoite crystals
that were floating free in the solution. These calcite
crystals grew to include crystals of kinoite, copper and
or silver.

5. While quartz and calcite were still crystallizing, Kinoite
not protected by inclusion in other crystals began to
dissolve. Evidence of this is seen in skeletal crystals
preserved in quartz.

6. Quartz ceased to crystallize but calcite continued to form,
in some cases completely filling the vesicles to form
solid amygdules.

7. Remaining spaces left after the end of calcite crystallization

were filled with pumpellyite, chlorite and saponite.

'he end result is quartz crystals with kinoite forming “phan-
toms™ just under their surface, and calcite crystals with Kinoite
in their centers. These crystals are associated with epidote,
native copper, native silver, pumpellyite, chlorite, and/or sapon-
ite crystals with an occasional chalcocite crystal following later.

REFERENCES
ANTHONY. J. W_., and LAUGHON. R. B. (1970) Kinoite, a

new hjn.drum copper calcium silicate mineral from Arizona.
American Mineralogist, §58. 7089-715.

BUERGER. M. J. (1942) X-Ray Crystallograph

Sons. Inc.. 531 pp.
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ADAMAS

“MINERALS FOR MINERAL COLLECTORS”

ADAMAS IS LOCATED 2 MILES NORTH OF THE OHIO TURNPIKE (EXIT 16) AND
20 MINUTES SOUTH FROM I-76 & 80. IF YOU PASS THROUGH YOUNGSTOWN
GOING EAST OR WEST AND YOU ARE A MINERAL COLLECTOR, WE THINK YOU
WILL FIND THE VISITTO ADAMAS WORTHWHILE.

WE WOULD LIKE TO TAKE THIS OPPORTUNITY TO INTRODUCE OURSELVES
AND EXTEND TO YOU A MINERAL COLLECTOR'S INVITATION, FOR WE ENJOY
NOTHING MORE THAN TALKING TO MINERAL COLLECTORS. THE ADAMAS MU-
SEUM IS A MUST FOR ALL THAT SEE BEAUTY IN THE MINERAL KINGDOM AND
HOUSES THE FINE COLLECTION OF THE LATE CLARENCE SMITH SR., AS WELL
AS OUR RECENT ADDITIONS. WE THINK YOU WILL AGREE THAT THE MUSEUM
ALONE IS WORTH THE VISIT, HOWEVER WE DO HAVE THE LARGEST VARIETY OF
CRYSTALLINE ARCHITECTURES AVAILABLE TO THE COLLECTOR, THAT WE CAN
MUSTER. AMONG THE RECENT ADDITIONS TO OUR STOCK ARE A FINE SELEC-
TION OF HUBNERITE CRYSTALS FROM SILVERTON COLORADO AND SOME
EXCELLENT TREMOLITE/ACTINOLITE AFTER PYROXENE FROM SALIDA, COL-
ORADO. WE ARE PERHAPS MOST PLEASED TO OFFER YOU OUR ASSEMBLAGE
OF CALCITE PENDLETON TWINS FROM ANDERSON, INDIANA. WE BELIEVE THE
ABUNDANCE OF PERFECT TWINS TO BE NATURE'S ACCOMPLISHMENT OF AN
INCOMPREHENSIBLE IMPROBABILITY. WE ARE NOT A SHOW DEALER AND
HAVE NO LIST, BUT WE ARE EASILY ACCESSIBLE FROM MAJOR HIGHWAYS AND

EXTEND A WARM INVITATION. WE WOULD BE PROUD TO SHOW YOU ADAMAS.
PLAN TO VISIT US AND WHEN YOU COME TO YOUNGSTOWN:; ASK FOR 'ANDY".

Cleveland

Andrew J. Love
GEOLOGIC CONSULTANT

Hours: M-F 1-8
Sat 10-8
Phone: 216-758-3185 Pittsburgh

YOUNGS TOWN
OHIO
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quality mineral specimens from

all over the world - Select ausiity micromounts. fare end well orye: 291-293 Wattletree Road,

Specializing in minerals from Colorado, tallized species from all over the world. Com-
Brazil and old European classics plete listing 1 Dollar. KUMINERAL. 1. ch. Aug Malvern, 3144'

Vilbert. 1218 Grand-Saconnex Geneva, Switzer- Melbourne’ Vic_| Australia‘

CALIFORNIA / \ A FINE

- oy [\ ~ MINERAL ¢ #5
[ -7 L A ., IMPORTS MINERAL
| V?ﬂ(

12 SHORT ROAD SPECIMENS

LONDON wa 2QuU
ENGLAND

01-994-3273 ; We invite you to consider
our detailed listing o]
excellent specimens from
world wide locales.

2 : Satisfaction guaranteed,
2749 South Lake Ridge Trail f g

Boulder, Colorado 80302 of course.
(303) 443-3085

(By appointment only) IMPORT-EXPORT |
GOLD NUGGETS, RARE MINERALS, | EARTH FORMS

WHOLESALE | e
LISTS, from ox e ———
Elitons, Sherwood Court, o LITTLE ROCK. ARK.

Perth, Western Australia.

Write for our list

W oD G/zristianson, Minerals

200 NAPIER ST., BARRIE, ONTARIO, CANADA, L4M 1W8
TELEPHONE 1-705-726-8713

MICROMOUNTS % THUMBNAILS +® HAND SPECIMENS

RECENT ACQUISITIONS
Minerals from Russia, Tsumeb, and Switzerland
Glendonite from Australia
Getchellite from the Ge'chell Mine
TRY OUR MAIL ORDER SERVICE
A MONEY BACK GUARANTEE
CHARGEX and BANKAMERICARD/VISA ACCEPTED
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| he Mineralogical
Md

and other

security holders owming or holding 1 per-

cemt or more of total amount

mortgages or other securities: Nore

9. For optional completion by

mailing at regular rates (Section
L.S.C
“No person who
would have been entitled to mail

Postal Service Manual) 39
provides in pertinent part

bonds.

publishers
121,
3626

maiter

vnder former section 4359 of this title shall
mail such matter at the rates provided under

this subsection unless he

files
with the Postal Service a writien

annually
request

for permission to mail matter at such rates.”
In accordance with the provisions of this

statute, | hereby request

PCrmission

L

mail the publication named in tem | at the
reduced postage rates presently authornized

by W L.S.

editor

Wb Wendell |

10. Not apphicable

Galas Minerals (209-632-1341

Galatea Gems & Minerals, Inc
(212-682-2700

Garske

Geo XRD Laboratory

Giazotto (06-462 330

Goudey, Hatheld

Gussen s Minerals

GW!I Corporation (201-7T67-9292

Hamel (213-645-1175

Hammersley s Minerais

Hansen Minerals (314-569-0842

Hawthormeden (613-473-4325

Indian Wells Lapidary (714-375-9468

Jewel Tunnel Imports (213-2B7-8352

Jeweltrain (415-651-1691

Keller-Wildi

Kovac's (51 2021

Kristalle (714-494-7T695

LaJolla (7T14-454-1323

Lane Science EQuipment

Lapis

Le Monde et Les Mineraux

Lidstrom s (503-447-T104

Lioyd (839-5233

Ludiow Smith & Cann, In

Lythe Minerals

Maier, Clarence P (215-855-5388

Mathiasen Minerals (415-657-0994

McGregor and Watkins

Microminerals International

Minerahienfreund

Mineral Classics (303-366-0092

Mineral Imports 01-994-3273

Wilson

ADVERTISERS INDEX

435

522
521
433
433
434
501
521
434
501
522
506
434
435
435
S01
526

inside front cover

437
527
524
524
435
521
516
522
524
435
518
518
524
526
526

11. Extent and nature of circulation

457

Actual No

Average No
Copies Each
Issue During
Preceding
12 Months
a) Total No. Copies
Printed

Copies of
Single Issue
[‘uhit\hr:d
MNearest Lo
Filing Date

{Net Press Run) 6917 Q000
b) Paid Circulation
1. Sales through dealers
and carmers, streel
vendors and counter
sitles 1244 170
2. Mail subscniptions 4601 5386
¢) Total Paid Circulation SK45 5556
d) Free Distributions by
Mail, Carrier. or
other means 35 40
¢) Total Distribution
{Sums of ¢ and d) 5880 5506
f) Office Use, Left-over.
Unaccounted, Spoiled
after Printing 1037 Wi
g) Total (Sum of ¢ and 1|
should equal net press
run shown in a) 6917 OO0
I certily that the statements made by me
above are correct and complete.
WENDELL E. WILSON,
Editor

Mineral Kingdom of Woodmere
516-295-3050

Mineral Mailbox

Mineral World (415-391-2900

Mineralogical Research Co ’
408-259-4394

Minerals International

Minerals Unlimited

MNature's Treasures (213-373-3601

Obodda, Herb (201-467-0212

Oceanside Imports (516-678-3473

Okavango (0B9-222524

Pala Properties International
7T14-T28-9121

Peri Lithon Books

Proctor, Keith
(303-47 1-2544

Rochester Lapidary Supply
507-282-3233

Rockhound Magazine

Rocks and Minerals Magazme

Runner, Bruce and Jo (209-634-6470

Shannon, David (602-962-6485

Schneider's Rocks and Minerals
T14-T48-3T719

Silverhorn (403-762-3918

Sutcliffe. Ralph A
iNelson 64615

Tate Minerals (512-478-4713

Tucson Show

Western Minerals (602-325-4534

Williams, Prosper J. (416-421-0858

Wilson House (214-239-8740

Wright's Rock Shop (501-767-4800

Yount Victor (TO3-943-1673

714-488-6904)

452

506

526

back cover

439
522
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435
501
501
501

436
435

inside back cover

433
524
524
439
460

434
506

518
460
502
506
452
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523
528
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“Iih colled tion
will be on display
at the
[ucson Show

Some specimens from this unique private collection are currently available.

KEITH PROCTOR - 1422 N. HANCOCK, Suites 1, 2, 3, COLORADO SPRINGS, CO. 80903

MORGANITE
ON TOURMALINE
PALA, CALIFORNIA

KEITH PROCIOR

fine minerals

Make arrangements to see it. Call 303-471-2544



A UNIQUE GALLERY FOR THE 120 GEARY STREET

(between Grant Avenue & Stockton Street
UH:?S:;I':ILZALISSS?SLI&E:;\E:::SF SAN FRANCISCO, CALIFORNIA 94108

(415) 391-2900
BU#E‘;EFLLTEYS iEPiIA[)Sg$I:LESH OPEN TUESDAY THRU SATURDAY

9:30-5:30.
WONDERS OF NATURE. CLOSED SUNDAY & MONDAY

Mineral World

Amethyst — Las Vigas, state Calcite — San  Carlos. state ol

of Vera Cruz. Mexico. 2 x 3 x 2: Chihuahua., Mexico. 2 x 2 X

four large xls. and several smalle 2 bright red xl. cluster containing

ones radiatme from a base ol inclusions of hematite S67.00

drusy quartz and chlorite. Ven \ragonite — Krupp Iron mine.
lime display specimen 575.00 Erzberg, near Eisenerz, state ol

Wavellite — near Pencil Blulfl Gold — Farncomb  Hill near
Monteomery County. Arkansas Breckenndege. Summit  County,

-

Carinthia. Austria. 5 x 3 X

flos-fernt type with no matrix
3x3x 1'2: good showing of ra Colorado. 1¥8x X s thin plate S40.00

" .y TalL * 3 i
diating xIs. on exposed seam in with equilateral triangle markings

- Copper & silver — Painesdale,
brecciated novaculite $32.00 507.00

Reweenaw Peninsula, Houghton
Naica, state of Chi ; -

County, Michigan. Half — breed
type with no matrix 2 x | I

$37.0

Dioptase — Tsumeb, near Otavi. Galena
Namibia (South West Africa) huahua. Mexico. Extremely showy
Great  display material, | X with pale blue fluorite and minor
| X ' l"lk‘.H't"s dolomite base amounts ol pyrite, }x 3 x 102 ,

S92 00 Copper — Emke mine. near On-

covered with small briecht ereen -
: ganja, Namibia (South Wesi

xIs. S47.00 Galena — Tulsa Quapaw mine. . s

_ _ Alnica). 199 x 1 x 1 superb hittle

Dioptase — Tsumeb. near Otavi. Ireece, Cherokee County. Kan-
71 .

Namibia (South West Alrica). 2 x sas. 214 x IPax 1721 two steel grey

. . . i wl A
| x | matrix of white calcite interlocking xis. S12.00

dendritic specimen with attached

calcite xls. S18.00

New Cornelia pit, Ajo,

Copper
xls. coated with bright green Rock crystal quartz — ldarado ppe

Pima County, Arnzona. 34 x
214 x 14 bright, clean specimen
with no matrix, fine xl. defimtion

$32.00

xls. S47.00 mine. near Ouray, Ouray County,

Dioptase — Tsumeb, near Otavi, Colorado. 42 x 4 x 172 cluster

Namibia (South West Africa) coated erev and dusted with
; . *1)

) % 1 x 14 cluster of |-H_'_‘L‘ pyrite S32.00

showy xls. $125.00 Amethyst — Denny Mountain,
| g Rock crystal gquartz — near Char- King County, Washington, 17%

amite — Ojuela mine, Map
Adamite iuela mine., Mapimi. cas. state of San Luis Potosi. ?

' x 12 single scepter xl. restine
Mexico. 5 x 4 x 3 matrix of on a single milky quartz x1. $45.00
large cream colored danburite

state of Duraneo. Mexico. 2% x
1ax 24 hight green xls. on a base

i white adamite and lhmonite Rose quartz — Island of Lavra da
: v - c : s xls. coated with small brilliant 49

$34.00 quartz xls. $400.00 llha., .lu|uilinhnnl.1.'r Riwr.‘ nc-fu'
Adamite — Ojuela mine, Mapimi, I'aquaral. state of Minas Geras,
state of Duranco. Mexico. 34 x Smoky quartz — Hot  Springs. Brazil. 13 x 1'2 x 1'% excellent
) x 1 m 1”.1\; of limonite con Garland County, Arkansas. 213 x display specimen with no matrix.
ered with golden brown xls. ol 1'2 x 1, showing fine phantom brilliant xls. $175.00

 eLE zoning and no matrix on (wo ‘ e -
various sizes 565.00 ' o Enargite & pvrite - Quiruvilea
sharp single attached xls. $67.00 -

. mine, near Trunllo, La Libertad
‘g - |. i 1 [ { 1|'IILI 1 i

state ol Durango, Mexico. 2'2 x _"I"“'“ Egremon umberiand Department. Peru. 24 x | X
County, England. 4 x 2'2 x 114 :

Adamite — Oyuela mine, Mapimi.

144 x 144: blue xls. covering brown with mmor amounts of quartz

or y of cle: Is. 1 4 orev an -
adamite xlIs. on limonite matrix group of clear xls. o erey and S52.00

- white matrix S180.(00 )
Gold — Pilerim’s Rest mine, Prov-

Calcite — Tsumeb, Namibia (South 2V2 x 2'4 x 134; very well xid.

mcee of Transvaal. RCP[]IUII'L' ol West Africa). 5 x 4 Xx 3 mass show uinmn;- lvpe ol specimen

South Alrnica X X 1 twisted of xls. containing red colored with no matrix. truly a superb

mass with no matrix $120.00 inclusions of hematite $125.00 piece ST100.00

PLEASE INCLUDE AMONEY ORDER OR CHECK WITH YOUR ORDER. CALIFORNIA RESIDENTS PLEASE ADD
€% SALES TAX (SAN FRANCISCO, ALAMEDA AND CONTRA COSTA COUNTIES 6-1/2%) TO ALL ITEMS._ ALL
SPECIMENS ARE WELL PACKED, INSURED AND SHIPPED POSTPAID. YOUR PURCHASE MAY BE RETURN-
ED FOR CASH OR CREDITIF YOU ARE NOT COMPLETELY SATISFIED.
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