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notes from the

EDITOR

READERSHIP QUESTIONNAIRE

The response to our readership questionnaire has been excel-
lent. . .well over 1000 responses have been received so far and they are
still continuing to come in. [ am told that a response of 5% is considered
normal for such a questionnaire. Considering our circulation of 6000,
we have already heard from more than 20% of our readers! The
questionnaire asked 123 questions, some of which yielded multiple
ANSWErs Or essay answers

..this means, of course, that our small staff
wil! be busy for quite some time tallying the 160,000 or more individual
responses to those questions. The only datum to emerge thus far is that
an average of 2. | people read each copy mailed out; our 6000 copies per
1ssue are therefore read by somewhat more than 12,000 people

TOURMALINE T-SHIRT

Who would have guessed it? You can now obtain a T-shirt embla-
zoned with a crystal drawing, chemical formula, and a vanety of
physical and crystallographic data. . .the mineral depicted is wvire, the
new calcium-tourmaline first described last year by Pete Dunn, eral., in
the March-April 1977 issue of the Record. The T-shirt (available in S,
M. L, or XL sizes) is available for $5.50 plus 50¢ postage from
Scientific T-Shirts, 82 Shirley Avenue, Buffalo, New York 14215. Be
sure to specify the uvite design. . . they also have T-shirts with a trilobite
curvptend and giant beetle design

UNIQUE EDMUND

As tar as | know, there is no other supply company around that
compares to Edmund Scientific (8875 Edscorp Building, Barrington, NJ
0O8007). Their new catalog contains over 4000 useful and hard-to-find
items of a scientific nature. Just browsing through it, | noted the
following items that might be of interest to mineral collectors: ultra-
violet lamps, laboratory glassware, vacuum pump and chamber, ultra-
sonic cleaners, geiger counters, scales and balances, portable Bunsen
bumers, crystal growing kits, emergency chemical light tubes and
battery-less flashlights, metal detectors, compasses, a map distance
measuring guage, Dremel Moto-tools, stereo microscopes, hand lenses
and fiber-optic equipment. In addition the catalog lists a mind-boggling
array of fascinating gadgets and components from lasers to sniper-
scopes to solar energy panels, all at surprisingly low prices. | mention
Edmund here because | know how frustrating it can be to have a
brainstorm of an idea, and then not know where to buy the necessary
equipment (1 wonder where | could get 4000 square inches of polariz-

ing plastic sheet?”). Their 162-page catalog is free for the asking and
may. of itself, stimulate a few brainstorms

While you re sending for catalogs, send for Ward' s summer catalog
of science supplies (35¢): Ward's House of Science, P.O. Drawer
1 749, Rochester, New York 14603
KUNZ LETTERS

Larry Conklin has managed to reassemble a remarkable collection of
correspondence to and from George F. Kunz (1856-1932). Kunz, after
whom the spodumene variety kunzite was named, corresponded with a
large number of people regarding his interest in gems and minerals
Included are letters to Kunz from no less than 48 different men after
whom mineral species have been named, among them such greats as
Canfield, English, Gordon, Palache, Ward, and Lindgren. A wide
variety of other famous people, such as Max Bauer, Edward S. Dana,
Irenee Dupont, Willilam E. Ford, Charles Shepard, and perhaps 75
others are represented as well

Quoting from Conklin’s prospectus: “Perhaps the greatest strength of
this collection lies not in the letters from the notables, but the letters
from countless correspondents who notified Kunz, through his vast
network viathe U.S. Geological Survey, of the almost daily discoveries
of new gemstone matenals or minerals. ™

This collection of letters 1s for sale: interested parties should wnite to
Larry Conklin, R.R.1, Box KH 29, Kent, Connecticut 06757. He has
prepared a preliminary prospectus detailing the more famous names
represented.
THENEW COPYRIGHT LAW

Since the passage of the new copyright law, there has been some
confusion among librarians as to what they should allow to be copied by
xerox or other photocopying processes. Because some instructors oc-
casionally wish to copy Record articles for classroom use, a clanfica-
tion here might be helpful. Circular R2 1, Copyright and the Librarian,
1s available at no charge from the Copynght Office, Library of Congress.
Washington DC 20559. It describes exactly what types of articles can be
copied for classroom use withour permission. Limitations based on
brevity. spontaneity and cumulative effect are imposed, but these will
not normally be a hindrance to copying Record articles. If your librarian
1s reluctant to allow you to copy articles from the Record or any other
publication for classroom use or personal research, send for a copy of
Circular R21 10 show her. Libranans are understandably displeased
with having the responsibility of enforcing the copyright law around the
Xerox machine, but if you can show them you are not violating the rules
there will be no difficulty.
THANKS...

.10 Randolph Rothschild, once again, for contributing the funds

necessary to add color to this 1ssue.

OVERSIGHT DEPT.

Two names were accidentally omitted from the list of donors pub
lished in the May-June issue: Robert L. Thompson (Socorro, New
Mexico) and Robert W. Stevens, (Columbiana, Alabama). The owner
of the fine Old Yuma mine vanadinite pictured on page 195 is Ray
DeMark: Ray collected the specimen himself
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Kdmmererite

by
Roland Dietrich
Wemleldstrasse 17

D-6200 Wieshaden-Biebrich
West Germany

with color photos by
Olaf Medenbach
Institut fur Mineralogie
Ruhr-Universitat Bochum.
Posttach 2148

D-4630 Bochum-Querenbery

West Germany

Figure I. The Kop Krom mine,
Kop Dag. Photo by R.D.

from the Kop Krom mine, Kop Daglan, Turkey

S uperb specimens of kammererite, a chromian variety
of clinochlore, have recently been discovered at a new

locality in the remote Kop Daglart (Kop Mountains) of
eastern Turkey. Many interesting crystal habits are
known, including fine crystals and twins to nearly 2 cm in

size.

INTRODUCTION

Rich chromium ore has been found for many vears in the Kop

Daglar™, between the towns of Erzurum, Erzincan and Gumusane
near Askale. i castern Anatoha, Turkey thig. 2). Due 1o the limed
distnbution of the ore. the remoteness of the area. and the primitive
mining methods used. these small deposits of chromite in serpentine
have never achieved major economic importance. Most of the small
mines produced hittle and closed after a short ime

Most of the deposits are situated high up in the treeless mountains far
away from the larger villages. They can be reached only by field
vehicles and trucks. via roads leading along dangerous. steep cliffs.
over small creeks and through narrow passes. with the ever present
danger of breaking an axle. The primary vehicle for the natives. as i
was in the nme of Chnist. is stll the donkey

Kop Daglart means Kop Mountains. Kop Dag is the singular form
meaning Kop Mountain
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'he mountain district 1s sparsely settled. with a few small and very
poor villages consisting of 10 10 2§ flat cabins of sun-dned bnck
housing 100 o 200 people. Many of the natives. both adults and
adolescents. are now employed in the chromite mines. Near the villages
there are a few meager hields. small and dned out: the only trees in the
arca mostly surround the spring which provides hife-sustaiming water tor
the village

In the lonely highlands a stranger will encounter young shep
herdesses with long rifles on their backs. herding small flocks of sheep
goats and cattle which form the basis of life for the natives. The people
are a robust and frugal race living a scanty hife in the remote ighlands
but very fnendly and hospitable toward strangers (Fig. 3)

Dunng the hard winters. coal and wood are unavairlable; cakes of
dung. mixed with chaff and dned in the sun duning the summer, are
burned for a hittle heat

Here in the mountains the Moslems are a hittle less orthodox, in

contrast 1o the rest of Fasterm Anatoha . Ramasan, the [slamic Shrovetide

-
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winters the camp lies buried under enormous masses of snow. The area
is often attacked by packs of hungry wolves coming down from the
mountains, so the people must always carry rifles. The mine is worked
through the winter, although production is stored on the dumps unul
summer when the ore is transported by heavy duty trucks along a bad
road down to Erbas Istasyonu.

MINERALS

Kammererite (chromian clinochlore) (Mg.Cr. Al (Si.Al),

(OH ),

Species status

Kammererite was first described by Nordenskiold (1841) based on
material from Lake Itkul, Bisersk. Siberia, U.S.S.R. The name was
given in honor of the “mining apothecary™ A. Kaemmerer of St.
Petersburg. Lapham (1958) and Bailey (1975) have given historical
accounts of the classification and nomenclature of chromian chlonites.
Lapham (1958) proposed a classification based on whether chromium
occupies octahedral or tetrahedral sites, suggesting the names kam-

J H.I

Figure 2. Location maps.

is observed less strictly and only some of the
women commonly wear veils. Schools are diffi-
cult to reach; girls generally do not leamn to read
and write, and boys start going to school only
when old enough to master the long. rocky foot-
paths through the mountains.

During most of the year the mountains are
bumed brown by a merciless sun in a cloudless
sky. Only rarely do a few clouds from the Black 7
Sea reach this area and drop some rain. Neverthe- r Erzinc
less the fields do yield some com, which is s ol
threshed by archaic methods:; the com is then '
separated from stones and sand on a washing step
by a gravity settling process. Finally the comn 1s et ““o
dried by sun and wind while spread on large '”‘*
cloths. '
CURRENT MINING ACTIVITY

A small chromite mine in the Kop Daglan,
located about 10 km from the railway station of
Erbas Istasyonu, also called Pembe Giile (**violet
rose ), was mined several decades ago. A small
number of large and well formed kammererite
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crystals to | cm in size were found there (Schumacher, 1958). The mine
was abandoned many years ago, but reopened for a short period last
year: it 1s now closed.

During the last few years another chromite deposit, located about 10
km from the Pembe Gule mine, has been discovered and bears consid-
erable promise; it is known as the Kop Krom Maden (Kop Chrome
mine). A large ore body is known to exist there although its true extent
has not yet been fully defined. The mountain in which the deposit is
located 1s called Kop Dag by the local natives (not to be confused with
the larger Kop Dag near the route from Agkale to Gumusane). Three
workings have been driven into the ore body, revealing a predominantly
compact chromite ore without large interlayers of serpentine matrix
The ore body appears to broaden with depth, as far as can be seen
currently. The presently active workings are called the Dogu ocak
(Dogu o¢ak = **Eastern workings**) (Fig. 1). The Ban ocak (**Western
workings ') and also the Sulu ocak. (**Wet workings™’) situated very
close by in the neighboring mountain, show promising ore but are
currently not being worked because of the extraordinary output (relative
to other Turkish mines) of the Dogu mine (more than 30.000 tons of
high-grade chromite ore during the last year)

Near the base of the mountain is the mining camp of Santiya. a small
workmen s colony consisting of a few clay brick cabins and an engi-
neer's office at an altitude of about 2000 m (6500 feet). During the hard
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mererite and kotschubeite respectively for cases where the chromium
content i1s greater than 2% . Since the time of Lapham s investigation the
structures of several Cr-containing chlorites have been solved, and no
example of tetrahedrally coordinated chromium was found. Further
studies by Bayliss (1975) and Bish (1977) confirmed this observation,
indicating that the structural classification of Lapham is not well-
founded. Considering the small amount of chromium involved (less
than 10%) Bish (1977) suggests that the chromian chlorites are not
sufficiently different to justify status as separate species. and proposes
that chromian be used instead as the prefix for other valid chlorite
species names where chromium is present. Kammererite would there-
fore be a chromian clinochlore. It might more accurately be described as
a chromian penninite, based on the chemical analyses given on Table |
and the classification of Hey (1954); penninite is currently considered to
be a pseudo-trigonal variety of clinochlore (Fleischer, 1975)
Composition

The chromium content of Kop Krom mine kammerenite differs
markedly between the different generations of crystallization, generally
increasing with time. In the peripheral zones of larger crystals the
chromium content often reaches a maximum (Krause, 1964). The
analyses of six samples from the main period of growth are given in
Table 1. in weight percent. As will be mentioned later. many other
vanations in composition are known from the Kop Krom mine. and

The Mineralogical Record, September—October, 1978




Figure 3. Change of shift at the Kop Krom mine.
Photo by R.D.

Figure 4. An old miner near the Kop Krom mine.

Photo by R.D.

these unulywn may not be ['L‘pl'l:*.l:nlu[i\t.‘ of the -;jq:pw-.u as a whole
However, the average of these six analyses yields a kammerenite for
mula as follows:

'N‘gq. qu(_‘r”._l.'-q.-"lu_ 4 ql"t“_"-q.xinulln } 'Si i, :...l.'l'.\ll.'l. "P-K}III‘(}H ].‘
A simphified version suitable for mineral labels would be

(Mg,Cr,Al), (Si,Al),O, (OH),

Table 1. Analyses of kammererite from the Kop Krom mine,Kop Dag.

| 2 3 4 s 6 Average
Si0). 13 .68 11 47 1111 131 52 313.76 3370 31.58
M:.‘:‘j1 922 9.02 9.22 1.81 9.21 R.78 LIRS
Cr,0, 6.05 6.24 5.99 7.63 . 5.83 6.18
Fe() ().84 (.80 (8] .04 (.78 0.79 0.84
MnO) 0 0OR .08 (.08 0.10 006 008 0.08
MgO 604 3599 3597 3548 3652 3636 36.06
H, O** 1400 1443 1460 1442 1436 1446 14.38
Total** 10000 10000 10000 10000 10000 10000 100.00

* Analvses by electron microprobe performed by Kurt Abraham. All analvses

have been corrected for fluorescence, absorption, etc. Standards used were
MgO (synthetic). AlLO3 (synthetic), Si0, (synthetic), Cr,0, (synthetic),

metallic Mn and metallic Fe: accellerating voltage 20 kv, emussion 30 nA

= H _J‘ ) calculated by difference

Varieties and habits
Durning the last two years only a few zones with open cavities have

been encountered in the Dogu ogak. The kammererite veins, wide
spread throughout the orebody, here contain cavities lined with crystals
of superb size and quality unlike any seen before. Crystals found range
up to nearly 2 cm, have a marvelous deep purple color and a brilliant
luster. The larger crystals in particular have caused a sensation among
mineral collectors within the last year. The following discussion is
based on material found over a period of several years at the Kop Krom
minc
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Several generations of kammererite are in evidence at the Dogu ogak
The earliest crystallizations are charactenized by a very low chromium
content and a very pale or nearly white color. Spherulitic aggregates of a
[‘IIHix color h‘h'rl"l:._' to the earhiest [‘bh.hc ol cny stalhzatnon. They consist of
soft. massive to laminated kammerenite with small. distinct crystals
covering the outer surface (Fig. B); the color and chromium content
increase from the cores outward

During the earlier phases of crystallization an extreme form of
skeletal growth was common. As can be seen in the SEM photos (Figs
5.6, 7). these skeletal growths consist of elongate, | or 2 mm crystals of
roughly acicular form with repeated internal twinning. It 1s interesting
(0 note that the direction of ¢longation i1s not the ¢ axis but rather a
direction roughly parallel to a face of the pseudorhombohedron. The
pinacoids are therefore always at an angle to the elongation. These
crystals are very low in chromium and are nearly white in color (Fig. 9)
they are theretore properly referred to as chinochlore

Well-formed acicular crystals of kammerente, elongated parallel 1o
¢, are found as an overgrowth on the above-mentioned spherulitic
aggregates. These crystals are brilliant and transparent (Figs. 10, 11)
exhibiting a very steep development of the pseudohexagonal pyramid
and commonly terminated by the pinacond. The crystal diameter in
creases outward from the point of attachment. Some crystals are
terminated by faces of the normal pseudorhombohedron. These crystals
represent the transition to the second phase of crystal growth wherein

the chemical and physical conditions favored the formation of large

well-developed. lustrous crystals

Ihe high chrommum content of kammerente formed dunng the
second PT‘IJ\L‘ lends an indescnbable dL‘L"[‘ |‘II.JF'F"|L' color 1o the crystals
'he pinacoidal termination is rare on such crystals: it may be distin
guished from cleavage taces by the presence of growth features (Fig
26). A sharp termination composed solely of the pseudorhombohedron
[Aces 15 Most commaon

Many of the well-formed crystals of kammererite are found as a
second generation of growth on the acicular clinochlore mentioned
above. Commonly the walls of small cavities are completely covered by
In a few

a carpet of this kammerenite in crystals to a few millimeters

rare cases. where the cavines are wide enough. laree single crvstals o

ideal shape to nearly 2 ¢cm in size are found. Some crystals show a

"l"‘"LJ



Figure 5. Acicular skeletal growth of clino-
chlore surrounded by later generation kam-
mererite. The field of view is about 1.7 by 1.7
mm. Scanning electron microscope (SEM)
photo by Kurt Muth.

Figure 6. Acicular skeletal clinochlore specimen
shown in the preceding figure. The field of view
is about 0.34 by 0.34 mm. SEM phato by Kurt
Muth.

: N

“af =

Figure 7. Acicular skeletal clinochlore at very
high magnification. The field of view is about
0.05 mm by 0.05 mm. Note the obvious twin

plane crossing the center of the specimen. SEM
photo by Kurt Muth.
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pronounced chromium zoning indicative of the increase in chromium
content duning growth. Specimens were found having an intenor
“phantom™ of white clinochlore surrounded by a crystal of purple
kammerente (Fig. 12)

In the last phase of growth chromian clinochlore formed as a crust of
tiny pink microcrystals over larger crystals of kammererite

Even during the main period of kimmererite formation there were
vanations in growth favoring different crystallographic directions
Some specimens have been found that are tabular parallel 1o pseu-
dorhombohedron face. sometimes twinned to form “butterflies.’

In some cases tabular growth approximately normal to ¢ appears to
have at first been dominant, followed by a period of pseudo-
rhombohedron growth, resulting in plates with pointed crystals issuing
from the centers. As in Figure 13, these crystals are commonly twinned
as well

£,

- ,J’W*-

&" L "H :
AV

L)

J -

Another habit consists of platy aggregates to S mm. with many crystal
points protruding from their surfaces in both directions. These plates
sometimes give the appearance of rose petals (Fig. 14)

A tabular habit of some chromian clinochlore crystals has developed
into snowflake-like crystals with six platy “leaves™ extending from a
central plate (Fig. 15). These were formed duning the first period of
crystallization

Yet another habit consists of a steep pseudohexagonal pyramid with
several re-entrant angles along the length of the crystal (probably
representing twin planes). The result 1s a pagoda-hke appearance (Fig
16)

I'he Kop Krom deposit has often been subjected to tectonic move
ment resulting in alteration of the growth conditions as well as dis
placement of crystals. Kammererite crystals broken along the basal
cleavage and later rehealed. sometimes with an additional coating of
calcite. are common (kFig. 17)

Color

I'he color of kammererite vanies noticeably with the tvpe of illumina
tion used. Under incandescent hight the crvstals are a brilliant magenta.
as shown on the accompanying photos. However. under sunlight or
fluorescent light the crystals appear distinctly bluer. almost violet, with
a grayish cast. Specimens to be displayed will be more attractive under
“warm™ incandescent light

T'winning
['wo Kinds of twins have been observed on Dogu ogak material. The

most Ccommon '[HR‘ s d nimph‘ contact twin on (OO1) (penninite law )

The Mineralogical Record, September—October, 1978




Figure 8. Kammererite crystals
coating spheroidal aggregates
of chromian clinochlore. The
aggregate at left measures 6 mm
across. Photo by O.M.

Figure 9. White skeletal clino-
chlore as shown in Figures S
through 7, associated with later
kammererite. The clinochlore
needles are 1 to 2 mm tall. Photo
by O.M.

Figure 10. Acicular kam-
mererite from the Kop Krom
mine. The crystals are | to 4
mm long. Photo by O.M.

T'he Mineralogical Record, September—October, |
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Figure 11. (above) Elongated pseudohexagonal
crystals of kammererite. The crystals are about |
mm long. Photo by O.M.

Figure 12. (right) Kammererite crystals contain-
ing phantoms of white clinochlore from the Kop
Krom mine. The crystals are about 1 mm in
length. Photo by O.M.

Figure 13. (below) A tabular, twinned kam-
mererite crystal with a later growth of pseu-
dorhombohedral habit. The crystal is 1.3 by 1.5
mm in size. SEM photo by Kurt Muth.
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Figure I4. Extreme tabular or platy de-
velopment of kammererite crystals from
the Dogu ocak. Note the tiny, pointed
crystals grown on the surfaces of the
plates. The crystal plates are about 5 mm
across. The wispy white membranes are
chrysotile. Photo by O.M.

Figure I5. (below) A pink chromian clino-
chlore crystal showing a snowflake-like
development. The crystal is 0.2 mm in
size. Photo by R.D.
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Figure 16. (left) A pseudohexagonal crys-
tal of pink chromian clinochlore showing
re-entrant angles which gave a pagoda-
like appearance. The crystal is about 0.5
mm tall. Photo by R.D.

Figure I7. (below) A kammererite crystal
broken by natural tectonic movements.

The crystal is about 6 mm long. Photo by
O.M.




.,
".I L

Figure I8. Kop Krom mine kimmererite crys-
tals contact twinned according to the penninite
law. The crystals are about 5 mm in length.
Photo by O.M.

Such crystals appear to have a mirror plane through the center perpen-
dicular to the ¢ axis (Fig. 18)

I'he other type of twin is rare: a penetration twin according to the
pennimite law (Fig. 19), resembling in appearance the twinned cinnabar
from Hunan, China. A possible third type consists of two pseudo-
rhombohedral individuals interpenetrating with the ¢ axes forming an
angle (Fig. 20). These intergrowths have not been fully studied yet, and
were observed on only a very few (but identical) examples: they are not
vet established as twins

Uvarovite Ca,Cr,(Si0,),

The calcium-chromium gamet uvarovite occurs rarely, lining fis
sures in the chromite ore, forming bright green crusts and powden
coatings to several mm in thickness. Slickensides coated by a film of
uvarovite have been observed. Extremely rare. well-formed, deep
green., lustrous crystals to 2 mm in size have been found. These crystals,
generally composed of the dodecahedron and trapezohedron (Fig. 22),
occur on chromite with large kKammererite crystals

Calcite CaCO,

Calcite 1s found in small amounts at the Dogu ogak as well-formed
crystals reaching several cm in size, generally having frosty, etched
faces. Combinations of the prism. rhombohedron and/or scalenohedron

are common. Crusts of small rounded aggragates on chromite or kam
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mererite are typical. as well as coatings of small. flat rhombohedrons
Fine. doubly terminated prismatic crystals are sometimes found
perched on kammerenite (Fig. 23). Pnsmatic calcite crystals are com
monly observed extending from small. sphencal aggregates of micro
crvstalline calcite

Brucite Mg(OH),

['hree habits of brucite have been observed at the Dogu ocak . Crusts
of very sharp. flat rhombohedrons occur lining fissures. Sometimes
very small. flat rhombohedrons of the same type are found sprinkled on
kammererite or suspended on thin chrysotile membranes. By far the
most attractive habit. however. consists of small. transparent. marvel
ously formed “roses™ composed of many rhombohedral crystals with
prominent pinacoidal faces

I'hese brucite roses form a beautiful contrast resting on dark red
kammerente. They can reach nearly 3 mm (Figs. 24, 25). A third form
of brucite occurs in plates and thin, transparent leaves intergrown with
compact chrysotile. Brucite also occurs as compact intermixtures with

calcite forming large. stalactitic white masses
Hydromagnesite Mg (CO,),(OH),®4H,0

Hydromagnesite occurs as thick. white. loose encrustations consist

Figure 19. A kammererite crystal exhibiting a
penetration twin according to the penninite law.
The crystal is about 6 mm in height. Photo by
O.M.
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Figure 20. Kammererite exhibit-
ing an intergrowth suggestive of
possible penetration twinning.
The crystals are about 1.5 mm
long. Photo by R.D.

d. D. 5 c

d.

Figure 21. Sketches illustrating a single pseu-
dorhombohedral crystal of kammererite (pos-
sibly generated by polysynthetic twinning on
the mica law) (a), a simple contact twin ac-
cording to the penninite law (b), a penetration
twin according to the penninite law (c), and an
interesting intergrowth of possible crystallo-
graphic significance (d). (Sketches by Wendell
Wilson.)
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I'able 2. Sequence of crystallization at the Kop Krom mine

Chromite ore
Nickel sulfides —
Uwvarovite - .

Chinochlore

Chromium-fre — I
.";"-'- { hrrrr‘nun! —
Kammererite — -
Chrysotile — '
Artinite —
Calcne e
Brucite —
Hydroxylapatite -
Hydromagnesite -
['IMI »

ing of aggregates of very small, white blades. Tiny white spheres and
nodules have been found on kammererite (Fig. 26). chromite and
artimte and, at least partially . as an alteration product of brucite. Ven
attractive pscudomorphs of hydromagnesite after brucite roses have
been found in which a core of unaltered brucite remains. Very attractive
specimens ol artinite spherules and tults with tiny spheres of bladed
hydromagnesite perched on them have been found that are very similar
to specimens from San Benito County. Califormia (Cisneros
Witkowski and Oswald., 1977)

Figure 22. The crystal habit of
Kop Krom mine uvarovite: do-
decahedron modified by trape-
zohedron.

Artinite Mg, (CO WOH),*3H,0

Artinite 1s very common in the Kop Dag region. It occurs dissemi
nated in the altered serpentine rock. often as a network of thick veins
and also coatings of snow-white spheres and fine. silky needles lining
cavities. The needles sometimes have a pale green sheen. Large speci
mens of excellent guality have been found. but safely transporting the
extremely delicate snow-white crusts over rocky . dusty mountain roads

IS quite a problem

Chrysotile Mg Si1,0.(0H),

Secondary chrysotile occurs as dense. white to vellow . waxy masses
filling the open spaces between chromian chinochlore crystals
Chrysotile s also common as very fine., thin, extremely homogencous
membranes loosely draped over kammerernite crystals (Figs. 14, 27)
Even the microscope commonly fals 1o reveal the structure of these
membranes. but SEM (scanming electron microscope) photos demon
strate that the membranes are composed of a netting of extremely thin
curving JIT“_A.«-»HHL' fibers (Fig. 28y Late generation kammerente crvs
tals and brucite roses commonly occur suspended on these chrvsotile

membranes




Figure 23. Doubly terminated white calcite
crystals to 2.5 mm perched on deep reddish
purple kammererite. Photo by O.M.

Figure 24. Transparent white brucite roses to
0.3 mm in size. SEM photo by Kurt Muth.

Hydroxylapatite Ca.(PO,),(OH)

Hydroxylapatite occurs very rarely in the Kop Dag area in association
with calcite and kammerente., forming loose heaps of brilhiant, thin
prisms with rounded terminations: individual crystals may reach | ¢cmon
length. Hydroxylapatite belongs to the late phase of minerahization,
after the formation of the large kammererite crystals. The identification
ol hvdroxylapatite. as with the other rare minerals reported here, was
made by infrared spectroscopy

Acicular sky-blue unknown

Small nests of acicular, sky-blue to nearly colorless crystals have
been observed in fissure fillings with compact chromian clino-
chlore. The acicular crystals are commonly grouped around weathered
grains ol nickel minerals (heazelwoodite, Ni,S,. and pentlandite,
(NI, Fe)eSg.have been identified by their powder patterns). The blue
needles vield a pronounced X-ray reflection at 7 A. but remain
umidentitied
PARAGENESIS

During the Tertiary peniod the extensive, geologically old Kop Dag
serpentine region was subjected to hydrothermal alteration by solutions

rich in carbon dioxide. Tectonic fractuning allowed alteration and

deposition to take place along a dense network of fissures and cracks
Alteration of the serpentine resulted in the formation of secondary
magnesium minerals while alteration of chromite liberated chromium
later taken up in chlorite minerals and gammet. Veinlets of compact or
laminated kammererite impregnate chromite ore, locally to such an
extent that dumps of dry ore show a pink to light purple color. Rare open

cavities provided the opportunity for large. attractive crystals to form
The sequence of crystallization, as far as it can be determined from
specimens available, 1s shown on Table 2. There appear to be three
distinct generations of clinochlore formation, as indicated below ., which
seem to have been separated by intervals during which physical and/or
chemical conditions changed. As previously mentioned, the crystal
habit as well as the chromium content differ for each of the generations

Figure 25. A brucite rose, transparent and col-
orless. The rose is about 0.3 mm across. SEM
photo by Kurt Muth.
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Figure 26. (left) White hyvdromagnesite pseu-
domorphous after brucite with a large kam-
mererite crystal showing a natural pinacoid
termination (not a cleavage: note growth fea-
tures). The pinacoid is about 2.6 mm on an

edge. Photo by O. M.

Figure 27. (below left) Chrysotile fiber mem-

branes partially covering reddish purple kam-
mererite crystals. The kKammererite crystals are
about 2 mm in size. Photo by O.M.

Figure 28. (below right) Chrysotile fibers as
shown in the preceding figure, under high mag-
nification. The field of view measures about
0.01 mm across; the fibers are about 0.0 to
0.0002 mm in thickness. SEM photo by Kurt
Muth.
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NOTE

It should be mentioned that entering the mining area is strictly

torbidden to strangers without official permission of the chief engi
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neers. The mine is patroled day and might by armed guards. Collecting

of specimens by miners as well as visitors 1s prohibited
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by Ron Bentley
P.0.Box 366
Windsor, Connecticut 06095

While examining vanous aspects of the Historical Record over the
last few months. 've been compiling letters, comments and odd bits ol
information which, by themselves, would not individually warrant a
full column. They are. nevertheless. interesting. so for this issue the
column will ramble over some of these items

Judging by the number of people who have spoken to me at shows
regarding label collecting. my name appears to be rapidly becoming a
collectors” curseword. Those of yvou who have been stashing away vour
labels in a closet or a shoebox have been shamed into bringing them out
and putting them into some sort of order. The profanity evidently begins
when the couple of hours alloted to the job have been used and the job
isn't even halt done. However, with the perseverence of the true
collector. you will end up with your ttme well spent and your collec-
ton s ancestry preserved

Among the most common misconceptions held by the beginning
label collector. and even some of the more experienced collectors. is the
assumption that a handwntten label or one not carryving the collector s
name 1s not worth keeping. Thas 1s certamnly not true; if you can identify
the collector's handwrniting. or the style of the label, it is collectable
Consider. tor example. the following excerpt from a leter | received
from Benjamin Burbank. curator of munerals at Bowdoin College.
Brunswick. Maine

After reading vour interesting article on labels in the September
October issue of the Mineralogical Record, | am taking the liberty of
sending vou, gratis, a few labels that mav be of interest. althoueh the
are not quite like the illustrations with vour article

Fhe labels were used by professor Parker Cleveland. the *father of
American mineralogv,” on both his private collection and that of
Bowdoin College from 1808 until his death in 1858 . As vou undoubtedih
know, he was professor of mineralogv and geologv at the college and
author of the first text published on those subjects in America. in 1816
During the vears since, quite a few specimens have been lost. labels
detached, and. as a result, no amount of detective work seems able to
restore them. This means we have some labels without specimens. as is
the case with the labels | am sending vou. We do have the old cataloes
written in Cleveland s own longhand, and thev assign specimens to

these numbers. eivine localities and donors in most cases

— e ——— —-w
879 1568 1778
A

Figure I. Parker Cleveland number labels.
(Shown actual size.)

Burbank goes on 10 explain that specimens in Cleveland's own
collection have red numbers on a white background. while those be
longing to the Bowdoin College collection have black numbers on a

20)

white background. So you can see that even labels as superficially
insignificant as those shown here in Figure | can have great relevance to
the Histonical Record

[ mentioned in an earlier column that Larry Conklin had acquired a
collection of “ancient™ correspondence between Clarence Bement and
various other dealers and collectors of the 18(X)s, such as Chamberlain,
Ward. Palache, Dana, du Pont, Penfield. Canfield. Sheppard. Fermer,
Jefferiss, Bauer, Hamlin, and many others. Upon my return from the
[ucson Show | found a copy of one of the more interesting letters
waiting for me. It was from A. E. Foote to Clarence Bement and reads
as follows

On train near Guavmas, Mexico
Mr. C. L. Bement Feb 14, |89

Dear Sir,

Your letter of the 7th was rec’d vesterday just as | was packing my
trunk to eo to Boleo. The steamer, which goes only semioccasionally at
the pleasure of the mining co had gone over on the 9th and my friend
wrote me would probably go again on or about the | 7th. 1 felt | must try
to visit this unigue localiry so here I am on a train moving at the rate of
[0 miles an howur. fare 10¢ a mile . Just at this moment we are stopping at
a station whose name being translated means Pumpkin. There was veny
little to be got just now at Bisbee . | put a couple of men into the cave and
packed 13 boxes of specimens that they got. Among them are what
veemed to me at the time the best | ever saw. Certainly there were none
in the collections at Bisbee that compared with them for beauty. You
mav find a few vou would like. The cuprites and azurites & malachites
vou would not care for unless there was some small variery about them
I was there 2 weeks and shipped 18 boxes. | do not expect to get nearly
as much bulk ar Boleo but more that is rare and especially valuable. |
shall look out especially for the crvstallized gold and sharp-edged
tourmalines when I get to California

Yours sincerely,
A. E. Foore
CGuavmas 15th. Got in this afternoon and take the steamer this evening. |
hear some verv remarkable stories about specimens bur we shall know
in a few davs. I hope that vou bought none of the Egleston lot

The muineral symposium sponsored by the Rochester Academy of
Sciences in April was as much of a delight 1o attend as ever. Very
seldom do mineral dealers get the chance to attend lectures except at the
Rochester Symposium, and I hope the tradition continues. Speaking of
traditions. a new one was begun this vear: the symposium’'s first annual
mineral auction. It was a great success, and gives us label collectors a
new label to lust after (Fig. 2). For those of you who haven 't heard about
the symposium. it is one of the most interesting mineral events in the
country and | strongly recommend it to beginner and advanced collector
alike. For a nominal registration fee you get three evenings and two days
of good food, great lectures and exhibits, and fine comradene

Following my last column on labels. | received two letters dealing
with the mounting of old labels. The first is from Peter Tarassoff of
Quebec, Canada:

16

1 P I,"r-'—_ =
%*;’Fw\ “i‘ FIRST ROCHESTER ge-*: Jg‘:
'-n_{rf 'Q"'-'II'\.I-F-.HHH g ":Jih*
=1 I% CAL SYMPOSIUM AUCTION™ )
April 15, 190 HEAWEhOrNeden

f""\\
r-) Barite xl. with 3‘\
pyrite and fluorite
Lac St. Jean, Quebec

Figure 2. Rochester symposium auction label.
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\s an alternanive 1o usime maenetic pecture albums for labels. colleq
tors might consider using the various rvpes of transparent mounts used
by stamp collectors. These come in a range of sizes. and are available

with a black back

a much grealer o hoice of colors. textures. and thicknesses for his album

ground. By using such mounts, the label collector has

pages. The mounts also avoid the problem of comtact with a gummed
surface in the magnetic albums

The second letter 1s from Wilham Henderson, Jr.. Stamford. Con

necticut

I have been enjoving vour Historical Record column and it has finally
inspired me to sort and mowunt the lapels | have accumulated over the
Vedrs

In so doing I have hit on several ideas different from vours. and which
offer some distinct advanmtages. First, | mount my labels on black pages
This affords a pleasant contrast, more pleasing than the white-on-white
effect commonly seen. Second, I am just as concerned as vou are that
over a period of time, labels will become irretrievably stuck to the
so-called magnatic album pages currently available. | have gotten
around this by using ordinary stamp collectors™ hinges. All except the
hH'L"c'\.’ fu!ﬁ:'f\ are easilv held in I,”-"m ¢ by a HHL,’J"!' stamp .IHH'.H [hese
hinges, when drv, peel from the back of a stamp or label with no il
effects or damage. They have been used for many vears by stamp
collectors, and should be completely reliable. Third, I obtain complete
protection for my labels by purchasing black sheets punched for three

ring binders rJ'I:JI,'”HJ'r cted by clear, wrap-around plastic covers. Thesi
adret ||'-'-'I.¢II"'I; il ¢adni ".-J-J,"'I sfitliimmitry: slidri el ot frism | ‘\_' TTIRLES
'“!4" -”I:-'l 'I"-'f LR f '?il.n'l"l' i’u'lil-lli [rfarrrraad il vl

apiece, depending on quality a

not written on the label, notes written on the back of the label, or
translations of foreign labels to the pages by typing the information on
white paper and affixing the notes under the appropriate labels in the
album. The result is verv neat and attractive

For those of you who have wnitten requesting more information on
Marshall’s Sprav Glass, | am sull waiting for an answer from them
regarding the locations of their distributors. In the meantime | have
located a similar product made by the Bond Adhesives Company ol
Jersey {Il[f\ New Jersey. It s called No 205 Mirror Clear Glaze and
you can probably order it through vour local lapiwdary dealer if he does
not already stock 1t

My last ndbit of information s an offer 10 any of you who are
interested in UI”CHIHI'._’ labels but who haven't really gotten into it yet I
vou wish to write me and don t mind waiting a couple of weeks or so for
a reply. | will be pleased to send you a selection of duplicates from my
own collection at no charge. | only ask that yvou serously intend to take
good care of them (sounds hike an adoption agency, doesn 't it”?), and
that if you ever decide to stop collecting , you find a good foster parent to
whom vou can pass them on. | would also enjoy hearing from other labe|
collectors interested in exchanging duphicates and information

Untill next time, remember, help save our history by saving your

labels E
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by Wendell E. Wilson

ELECTRONIC FLASH TECHNIQUES

No great skill 1s required to take surpnsingly good photographs of
minerals using an electronic flash.* In fact, this 1s a techmque that might
be employed by virtually anyone, regardless of traiming or expenence:
all you need to know will be presented in this column

Four pieces of equipment are essential, six if you will be taking shots
requiring a tripod and cable release. These are: (1) a single-lens reflex
camera, (2) a close-up (or macro) lens, (3) an automatic electronic
strobe, and (4) a rotating strobe attachment bracket

Armed with these items. the world 1s your oyster. The easiest place to
start 1s at a mineral show . | have found that it 1s great fun to take pictures
of showcases and specimens within showcases at mineral shows: in later
years it 1s very interesting to look back through a collection of such
shides. Furthermore, if vou are one of those people whose mind quickly
becomes flooded with mineral images at a show . and vou later find that
yvou can remember hardly anvthing of what you saw. vour shde set wall
bring it all back. Whenever | am taking tlash shots of showcases at a
show , someone invanably asks me if the reflected flash on the showcase
glass won't ruin my photo. Reflected flash 1s actually quite easy to
avord. whether you are standing up close or farther back. The only
exception is a case with glass shelves, a glass back and glass sides that
meet in the comer at N 1o each other: this produces what 1s called a
corner mirror, and will reflect lhight directly back to the source
regardless of the angle from which it comes. However, such cases al
shows are rare. so this s not commonly a problem

I have specified that vou use an automatic electronic strobe for these
shots. (This eliminates the need for tedious manual calculations. ) These
strobe units contain an electric eve. The strobe tums on when you push
the shutter, and begins emutting hight. The hight bounces off the subject
and 15 sensed f"lf'u the electric Ceve When the electnic eve decides that
cnough hght has bounced off the subject to make a good exposure it
shuts oft the flash. Most automatic electronic strobe units will produce a
flash varying in length from 1/1000 second to an incredible 1/30.000 of
a second

50 1t becomes doubly important that you do not get a flash reflected
back from a glass surtace. Not only will it mar the appearance of vour
photo, but it will confuse the electric eye, resulting in an incorrect flash
duration and an incorrect exposure

When standing a few feet away from a case. all vou need remember is
that the glass case window will act as a mirror. If you stand so that you
will not be able to see your own reflection in the “*mirror.” then vour
camera will not see the reflection of the flash either. Generally this

Hereafter | will refer to the instrument as a “strobe” to avoid

ambiguity with its function of producing a **flash™ of light

1[}1

means standing off to the nght or ieft side (Fig. 1). If the case 1s low or
its glass 1s tilted forward you can sometimes stand in front of the case on
tp-toes and shoot downward at an angle

It you wish to get up close and take pictures of individual specimens
or groups within the case. vour problem is slightly different. Generally
with the camera very close to the glass there is little danger that the flash
will reflect into the lens. but there is still the danger that the flash will
reflect back into its own electric eye (Fig. 2). thereby ruining the
exposure. You can protect against this in two ways. One method is to
move closer until the strobe is actually touching the glass (Fig. 3). This
allows no room for a reflection to enter the electric eye. The other
method 1s to angle the camera to the glass sufficiently to keep the
reflection from coming back

SHOWCASE GLASS

Figure I. The man standing at position A will
see a reflection of his electronic flash in the
showcase glass window. It is necessary to stand
to the right of line N (or to the left of line M), as
at position B, in order to avoid a reflection from
the glass.

SHOWCASE
GLASS
Figure 2. Incorrect position for a close-up photo
through showcase window. Note that the flash
will reflect from the glass and confuse the
strobe’s electric eve (E).

The Mineralogical Record, September—October, 1978




Figure 3. Correct position for a close-up photo
through showcase window. Note that the flash
cannot reflect back from the glass into the elec-
tric eye or the lens.

Figure 4. The dil'"l"lrully with electronic flash
used in close-up photography is that the fMash
will not shine on specimens that are too close to
the lens.

s

Figure 5. The addition of a rotating attachment
bracket under the strobe allows the strobe to be
tilted forward and down so that it shines on the
specimen being photographed.
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In order to photograph a small specimen in the front row of the case
vou will find that an additional angular adjustment 1s necessary. The
strobe is usually located several inches higher than the lens. If vou look
through the lens you may see the specimen framed perfectly, just a few
inches away. The trouble 1s that the flash will shoot over its head (Fig
4), and the specimen will not be properly illuminated. To correct for this

yvou need a hittle artachment, available in most camera stores. that will

allow vou to tilt the strobe downward so that the flash 1s pointing at the

specimen while the specimen is in front of the lens (Fig. §)

Some strobe units allow vou a choice of exposures. Naturally it 1s best
to choose the setting which allows you to use the smallest {/stop so that
you will have maximum depth of focus. There is also a setting for your
film speed. and you will find that the higher the film speed. the smaller
the f/stop you can use. Unfortunately you will also find that high-speed
color films are noticeably more grainy, so that what you gain in depth of
focus. you lose in overall sharpness. | still prefer to use Kodachrome 25
shide film because it has the finest grain. Using this film. with a film
speed of 25, my strobe unit (a Vivitar 283) allows me to use /5.6 1f |
wished to use 1/16 a film speed of 160 would be required. That
however, presumes only one flash per exposure!

We can get around this {/stop limitation simply by making more than
one flash per exposure. In order to do that, the camera must be placed on
a tripod so that it does not move between flashes. The strobe is removed
completely from the camera and held in the hand about the same
distance from the specimen as is the camera. Using a cable release. with
the shutter set on “B.”" you open the shutter, point the strobe unit at the
specimen, flash it manually a certain number of times, then close the
shutter. (The room must be rather dark when you do this. ) The effect on
film will be cumulative, as if only one much brighter flash had been
used. This method has an additional advantage in that you can hold the
strobe in a ditterent position tor cach individual discharge and. in eliect
light the specimen from several different angles using only one lLight
source. The muluple-flash-and-tnpod method works fine for set-ups
0o, where you can actually handle the specimen and place 1t on your
own background matenal first

Calculating the number of flashes to use for a given f/stop is easy
You simply double the number for each step smaller the f/stop is from
what you would use for only one flash. In the case of my own umit, as |
said, | can use 1/5.6 and one flash. The next step 1s {/8, requinng 2
flashes: next is f/11 requining 4 flashes; next is /16 requiring 8 flashes

You may notice in the owner’s manual that comes with your strobe
that the manufacturer says your unit will function only as close as about
2 feet. | have found no difficulty as close as 2 inches, so don’t let that
bother you. But you will have to leam to compensate somewhat for the
background matenal in the case or behind the specimen . If the matenal
1s very light vou may have to overexpose by '2 stop or more to make the
minerals come out hight enough. Simularly. if the background 15 ven
dark. you may have 1o underexpose a little. This is because the electnc
¢ye in the strobe collects reflected hight from the whole field of view and
not just the specimen. but all you are concerned with is the specimen

To see a few examples of how this works, see What's New in
Minerals” m vol. 9, no. 3, page 192-194. The figures | through 4 were
all taken using a hand-held camera with strobe, as was the legrandite in
Figure 7. The legrandite. incidentally, was moving while 1 photo
graphed it through the showcase glass: it was on a slowly revolving
turntable. The fast flash easily produced a “*stop-action™ photo. In that
same 1ssue. in the article on the Kalahan manganese field. many of the
photos werc «aken using a strobe (Figs. 6, 7. 8.9, 13, 18 and 19). | was
especially pleased with Figure 13, because that specimen had not
photographed well under standard studio conditions with fixed hghts
50 vou can see that even though the strobe 1s a great convemence for
certain Kinds of informal photography. it 1s actually capable of pro

ducing fine studio-quality photographs as well

AIRPORT X-RAYS
-I-]"IL'I'L' has been controversy lor a IHTI'_' time regarding the [mnlhh'

“fogging" of undeveloped film by secunty inspection X-ray machines
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at airports. Considering that mineral photographers often travel to do
photography, and also that many people photograph mineral localities
while on collecting trips, | thought it would be appropnate to relate
some new information on the subject

The National Association of Photographic Manufacturers (NAPM),
the trade association of the domestic photographic equipment and film
manufacturing industry, says that the equipment used to screen hand
luggage in the United States is safe for normal film. A spokesman for
Eastman Kodak has agreed with the NAPM conclusion. Signs posted by
the Federal Aviation Administration (FAA) at airport security check-
points say inspection will not affect ordinary undeveloped film

However, there 1s evidence to the contrary, and the FAA is currently
being sued to change its signs to read “‘not film-safe.”” A comprehen-
sive field test was commissioned by Technical Photography magazine
Tests were run at airports in Minneapolis, Chicago and New York.
About half of the unprotected film showed a trace of fog, but probably
not enough to concern any but **the most discriminating users.” (That’s
us.) Seventeen percent of the unprotected film showed definitely notice-
able fog, and there were a few examples in which the fog was so severe
as to render the film completely unusable. The technical consultant who
ran the test concluded that the possibility of fog is real and unpredict-
able .

Irwin Diamond. president of Sima Corporation (manufacturers ol
lead-lined safety pouches for carrying film), reports another study
conducted at Chicago’s O'Hare Intermational Airport. The study, by
high school senior David Joseph, won first prize at the Illinois Science
Fair. Joseph's report concluded that the “‘fluoroscopic inspection
devices definitely harm photographic film by increasing the grain size
and the exposure index and by lowering the sharpness as well as
worsening the contrast.”

Even NAPM and Kodak agree that foreign airports and airlines
present a definite danger to film. Their screening equipment may be less
sophisticated, requiring more intense radiation to be used

Most travelers do not realize that their carry-on luggage is not the
only luggage X-rayed. The airlines are very secretive about their
screening of luggage checked in for storage in the airplane’s baggage
compartment, but they’'ve been known to scrutinize it by X-ray. So
packing your film in luggage to be checked in is no safeguard.

What can you do? Request a hand-inspection of your carry-on lug-
gage, and then make certain they don’t send it down the X-ray conveyor
belt anyway. Or purchase one of the lead-lined safety bags available in
photography shops. Do take precautions...the danger appears to be

real.
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Mineralogical|

Notes

PSEUDOMALACHITE
FROM AUSTRALIA

by D. H. McColl
Curator, Bureau of Mineral Resources
P. 0. Box 378
Canberra City 2601 Australia

A new Australian discovery of pseudomalachite. Cu(PO,),(OH),.*
has been made at the West Bogan mine., near Tottenham in central New
South Wales. Unlike most occurrences of this mineral, these new
specimens illustrate most vividly the origin of the mineral name and,
despite an observation back in 1920 that the color was unusally bluish,

had been regarded as massive malachite ever since. Quite appreciable
quantities have been used for lapidary purposes in the last decade or so

Figure I. Botryoidal pseudomalachite, 7 cm
wide, from the West Bogan mine, near
Tottenham, New South Wales, Australia.

Figure 2. Botrvoidal pseudomalachite, 4.5 cm
across., from the West Bogan mine, near
Tottenham., New South Wales, Australia.

'he illustrations show the form of typical specimens which have been
deposited from solution in voids. The similanty to massive botryoidal
malachite 1s very marked. Samples have been obtained which are up to
2 ¢m thick, with lustrous growth surfaces up to 12 x 10 ¢cm. The bluish
green color is distinctive and easy to recognmize after it has been seen a
lew nimes

Large massive pieces of pseudomalachite showing the resemblance
to malachite are apparently quite rare. Dana’s Svstem of Mineralogy
reports that such specimens once came from the Urals in Russia, and
hearsay suggests that there were also some pieces from central Afnca
but these new preces are certanly finer than any others from Australian
localities

I'he new collapsed mine shaft s in flat, featureless country almost
devoud of surface outcrop. The dump matenal consists of chlornite
sercite-quartz schist of probable Ordovician age. and a serpentinous
talc rock. This possibly indicates that the mineralization s localized
along the junction of an altered ultramafic intrusive plug where it has
1“!["1:4.! and fissured the host metasediments. but there 1s no way o
estabhish this without restoration of the mine

Associated muinerals are malachite, azunite, quartz and fairly hine
drusy hibethenite in prisms a few millimeters long. Cometite was
expected but was not found. A full descniption of the discovery 1s in The

\ustralian Mineralogist, June/July 1978, 77-7% R

*Note formula does not correspond with Fleischer. See recent publi
cations on the structure of pseudomalachite

GHOSE. S.. Acta Cryst. (1963). 16, 124

SHOEMAKER eral. Am. Min. (62)9, 10, p. 1042- (M8
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YUGAWARALITE
FROM BOMBAY, INDIA

by William S. Wise
Department of Geological Sciences
University of Califormia
Santa Barbara, CA 93106

Introduction

Yugawaralite. a relatively rare calcium zeolite, CaAl,S1,0,,-4H,0.
has been found in specimens mined from the Khandivah quarry near
Bombay. India. The specimens, imported by Rock Cumer of Jewel
Funnel Imports, have exceptionally well formed. water-clear crystals
up o 3 cm long

Yugawaralite was first described by Sakurai and Hayashi (1952)
from vein fillings near Yugawara Hot Spring. Kanagawa Prefecture,
Japan. The zeolite has been found at three more localities in Japan, as
vein fillings at Shimoda (Sameshima. 1969) and as a microcrystalline,
metamorphic mineral in the Tanzawa Mountains (Seki er al. 1969) and
the Onikobe geothermal area (Seki and Okumura, 1968); as well as n
Alaska (Eberlein er al. 1971); in Iceland (Barrer and Marshall. 1965);
Sardinia (Pongiluppi, I'-!""'J_ and British Columbia (Tschermich and
Wise, in prep.)

Figure I. Large (3 cm) blades of yugawaralite
with hydroxyapophyllite (top), gray gyrolite,
white sprays of okenite, and opalescent balls of
prehnite, covering small crystals on altered
basalt matrix. Currier specimen

Figure 2. Yugawaralite crystal (center) on gyro-
lite with white sprays of okenite and a large
crystal of hydroxyapophyllite. Width of speci-
ment S cm. Currier specimen.

Association and description

Yugawaralite forms clear, bladed crystals up to 3 cm long (see
Figures | and 2). It has grown with other zeolite and calcium silicates in
breccia cavities. which have been exposed in the Khandivali quarry
['he approximate growth sequence in the cavities 1s quartz and calcite,
gyrolite, hydroxyapophyllite.

laumontite. okenite.

vugawaralite.
gyrolite, prehnite. and calcite

Yugawaralite crystals clearly display their monoclinic symmetry,
and are similar to those descnibed and illustrated by Eberlemn eral (1971,
Figure 3). Forms found on the Khandivah crystals are {001}, {0104,
{021}, {110}, {100}, and {1 11}. Striations on the {010} faces (Figure 2)
are parallel to the a axis direction

[able 1 lists the chemical composition and physical properties deter
mined from the Khandivali yugawaralite. The cell dimensions were
refined from the X-ray powder pattern, which is nearly wdentical to that
published by Eberlein er al (1971). When compared with data listed by
Pongiluppi (1977) and Eberlein er al (1971), 1t 1s apparent that
yvugawaralite has a consistent composition (Ca-rich and Si/Al near 3.0)
and physical properties: such a consistency 1s shared by few zeolites
The association with the higher temperature zeolite, laumontite, and
prehnite also appears to be typical of the various occurrences

Although only a few specimens have been recovered, these are
among the best crystals of yugawaralite ever found at any locality

Table 1.
Chemical composition and physical properties of the Khandivali
yugawaralite

Microprobe Analysis
S510), 6] . KI
-'\I,[-l.‘ 1685
{lf ) g 28
Na,() (5

Cell Contents
]."Ntl i ."'l]| ‘Iiglh u*’t ) It JH-{}

Density
2.25 ¢/em

Refractive ladices
1
remainder is H,O a 1.493(2)
Fe. Me. Sr. Ba. and B 1.499(2) 2V 6S
: - = % . L * . q 1 w
K sought but not 8 = 1.503(2)

found

Cell Dimensions (in A)
13.99(1). ¢ 6.71(1). B 1117 20¢3)
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What's New In
Minerals’

NEW TOURMALINE DISCOVERY IN BRAZIL
by Andre Lallemant

Av. Cel. Jose Dias Bicalho, 1152

Bairro Sao Jose-Pampulha

30.000 - Belo Honzonte

Minas Gerais, Brazil

A sensational discovery, made around April of this year, has been
attracting the attention of mineral collectors worldwide. The discovery
was made at the Itatiaia mine, 3 miles east of Conselheiro Pena, near
Govermador Valadares, Minas Gerais, Brazil. A pegmatite pocket there
has been found to contain enormous, superb crystals of red elbaite
(**rubellite’’) associated with fine albite, quartz, lepidolite and micro-
cline. Both foreign and local experts who have seen the specimens agree
that this may be the most important find of tourmaline, for size and
quality of crystals, ever made in Latin America and perhaps the world.

The Itatiaia mine, owned by a farmer and leased by a local dealer, 1s
currently being worked by Ailton, a hired garimpeiro who oversees a
team of five miners. They have dnven an adit horizontally into a
hillside, through enclosing schist and into the pegmatite. Within the
pegmatite they first encountered pockets containing beautiful plates of
albite as large as 5 cm across, intergrown with attractive green elbaite
crystals a few millimeters in diameter.

At a distance of about 60 m into the hillside. the garimpeiros broke
into a pocket of elbaite and albite which was filled with mud and water.
Ailton was impressed, and felt certain that another pocket lay directly
above, from which water was entering the lower pocket. Ailton directed
the excavation upwards, using carefully placed dynamite charges.
Eventually a small opening into the upper pocket was achieved, reveal-
ing several lovely rubellite crystals.

After the discovery of this **bamboo’” pocket, as the garimpeiros call
It, the pocket dimensions were defined: a width of 2.0 m and a height of
2.5 m. It was uniformly lined with fine rubellite crystals in or on bright
quartz, albite and lepidolite. The pocket was very clean, and acid
cleaning of the specimens was not necessary.

Many of the rubellite crystals are of gem quality, and vary in size
from a few millimeters to nearly a full meter. The color is a fine, rich
magenta-red, and many crystals are doubly terminated. I have seen four
large specimens, weighing from 30 to 40 kg each, having large rubellite
crystals of gem quality associated with doubly terminated quartz and
white plates of albite to 10 cm.

The dealer who 1s leasing the property has not per
mitted people to visit or photograph the occurrence
However, according to Ailton, there 1s a magnificent.
terminated rubellite crystal suspended from the cetling.,
which he describes as 40 cm long and 15 cm in diameter
The crystal is on a block of albite matrix weighing about
300 kb (660 pounds). Before cutting the specimen loose
from the ceiling, the miners piled car tires underneath it
to break its fall and protect it from damage.

Another remarkable specimen, named ““the rocket™
by the miners, consists of a rubellite crystal about |
meter tall and 40 cm wide at the base, on a matnix of large. clear. bright
quartz crystals

This discovery, because of its extraordinary commercial value, has
caused a great deal of excitement in and around Governador Valadares.
Profits from the sale of specimens are being divided between the miners
(20%) and the dealer lessee (80%). Their expectations are high because
a single carat of cut, gem quality rubellite can bring as much as $210. . .
perhaps, they hope, as much as $600,000 per kg. This, combined with
the size of the discovery and its remote location, has created a kind of
“wild west’" atmosphere in the area. Armed guards are everywhere,
and no one is permitted near the mine entrance or warechouse. Even
Brazilian Internal Revenue agents have been unsuccessful in their
attempts to examine the discovery.

The dealers intention is to maximize his profits by attempting to sell
every specimen as gem material over the next year or so. Recently he
sold a doubly terminated rubellite crystal 1.5 by 10 cm for $1500.

The cut stones | have seen thus far are dazzling in their color (a
delicate pink to a deep red), brightness and fire. Governador Valadares
has “‘tourmaline fever’” and everyone is talking about the unusual

discovery. Ailton recently bought a new car and has moved into his new
house.

EDITOR’S NOTE
Recently, at the International Show in Washington, D.C., a selection
of small specimens from this find was seen. They were brought in by
Brazilian dealer Luizhelio Barreto. The color, clarity and perfection of
the crystals is certainly extraordinary. Most crystals in this small lot
ranged from | to 5 cm and are associated with pale lavender crystals and
masses of lepidolite. Luizhelio described a specimen he saw which was
under guard in the warehouse in Governador Valadares. The specimen,
probably “‘the rocket”™ described above by Lallemant. weighed
several hundred kilograms and measured nearly a meter in height. The
specimen sat on a table, beneath which were piled explosives; the owner
1s determined that if anyone tries to take this specimen from him he will
destroy it first. The asking price, according to Luizhelio, is one million
U.S. dollars. At $200 per faceted carat, 1 kg in faceted stones would
yield the million dollars, so perhaps this price is not as outrageous as it
sounds to a mineral collector. But it will take a brave and wealthy buyer
to find out.
See Bob Sullivan’s Letter from Europe (this issue) for additional
comments on this discovery.
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Deep red tourmaline specimens

from the Itatiaia mine, near

Conselheiro Pena, Minas Gerais,

Brazil. Above left: with lepidolite

and quartz. Below right: 12-inche

long quartz crystal with tourmaline and albite.
Photos by Andre Lallemant.
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Famous mineral localities

the pecmatites of Lachman,

Danlstar)
Afchanistan

Many gem crystals of spodumene, tourmaline and beryl have been extracted during the

past few years from the pegmatite fields in eastern Afghanistan. In the region of Nuristan,

In certain of these localities

the pegmatites appear to occur over a considerable area

specimens of quite exceptional color and perfection have been found, easily rivaling those

discovered in the other great worldwide deposits.

by Pierre Bariand and J. F. Poullen
Laboratoire de Mineralogie et Cnistallographie
Universite Pierre et Marie Cunie, Panis Vi
Tour 16 -- 4, place Jussieu
75230 Panis Cedex 05, France

INTRODUCTION

Until recently. Afghanistan was principally
renowned in the world of the mineralogists and
gemmologists for the famous deposits of lapis
lazuli in the Badakhshan (a province in the
northeastern part of the country. separated
structurally from Nunistan by the Pandjshir
fault) and also, in lesser measure, for the rubies
in the Jegdalek marble near Sorobi. More re-
cently. emeralds from Pandjshir valley and the

Figure I. Alingar Canyon near Nuristan,
Afghanistan.
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PAKISTAN

Figure 2. Location of the map area shown in Figure 3.

pegmatitic minerals of Nunistan have appeared on the market. *

However, in actuality the gems of Nuristan were discovered long
ago, because during the archeological diggings done in the ruins of the
ancient Greek town of Ay-Khanoum (Badakhshan), situated at the
confluence of the Amou-Dana and Kokicha Rivers, some treasures
were exhumed which contained, in addition to many fragments of
lapis-lazuli, perfect crystals and gems of beryl whick must have come
from the high valleys of nearby Nunistan.

Even though Nuristan 1s geologically one distinct structural unit,
essentially crystalline and limited on the south by the Quaternary basin
of Jalalabad, it is administratively divided into two provinces: Laghman
to the west, and Kunar to the east, bordering the Pakistani province of
Chitral. The pegmatites of Kunar supply splendid crystals, especially of
beryl, as in the celebrated deposit of Gur-Salak, and also of tourmaline
and kunzite in the Kantiwa field. However, the best pieces seem to have
been found in Laghman, and that is why in the main part of this article
we limit ourselves to that province.

GEOLOGY

The three deposits that we were allowed to visit (Nilaw, Mawi, and
Kurgal) are situated not far from the most important river in Laghman,
the Alingar, which rises in the far north of the province and joins the
Kaboul River in the south a few kilometers from Mehtar Lam.

The rock types are quite varied but always metamorphic or intrusive.
They are mostly gneisses (complex migmatites), mica schists, quart-
zites and marble (which undoubtedly correspond to the original lith-
ostratigraphic formations later metamorphosed), with diverse intru-
sions of granites (with biotite, amphibole or two micas) and of more
mafic rocks such as diorite and gabbro. The metamorphism, which is
imposed on an old sedimentary series, is weak in places; cross-bedding
and graded bedding are still visible and the contact between the weakly
metamorphosed senes and the migmatites is relatively sharp

The pegmatites, those of Nilaw and Mawi especially, occur as veins
of highly vanable size, from 10 ¢cm to 40 meters in thickness and from a
few meters to a few kilometers in length, in what has been called the
plutonic intrusion of Nilaw (Fuchs et al., 1974), which is composed of
rocks ranging from diorites to gabbros, and which shows conspicuously
in the broader migmatitic complex. The intrusion is rich in layers of
marble with calcium silicates.

*The exploitation of these was made possible by Russian Geologists
who found the deposit in 1970.
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The vein network of pegmatites 1s more dense toward the southern
end of the intrusion, especially at the points where it touches
tourmaline-two-micas granite which is localized to the southeast. This
granite seems to be the source of the pegmatite veins injected into the
diontic intrusion, since toward the west, in contact with the biotite-
amphibole granite, the vein cluster is thinner and more sparse, and is
replaced by breaks of the alpine cleft type containing adulania, chlorite,
epidote and axinite.

The pegmatite veins in the Nilaw intrusion have a very characteristic,
stratiform shape which may be described as “*watch glass, ™ hornizontal
in the center of the pluton and plunging slightly at the edges. This **ring
dike’’ aspect can be explained as the sinking of segments around the
edges of the roof of the subjacent reservoir. The products coming from
the two-mica granite could then be injected into the empty spaces thus
created. But it is possible to imagine other causes (form of the iso-
therms, reduction of volume of the diorite on cooling lateral com-
pression, efc.).

In a more general way, the tectonic directions of the metamorphic
rocks are consistently NNE-SSW, and the sernies of intrusions follows
that onientation even though indiscriminately cutting all of the enclosing
metamorphic formations. According to Fuchs er al. (1974) the geologic
history of that region should be as follows:

A paleozoic sedimentary senes, deposited on a basement of mig-
matites, was subjected to metamorphism and then to intrusion by
various rock types (diorites, gabbros, and finally biotite-amphibole
granites) leading to the remobilization of the migmatites. Fuchs er al.
(1974) supposed that the intrusions appeared during the alpine cycle
(the diorites may be of lower Cretaceous age and some of the granites of
Oligocene age). The pegmatites in the pluton of Nilaw appeared later.

THE DEPOSITS

Even today the deposits of Laghman are difficult to reach due to the
considerable distances that must be covered on foot. Neither mules nor
horses can be obtained, which considerably limits the number of points
accessible to a visitor.

At present, the end of the jeepable road is situated very far below the
interesting sites. In 1977, this road, which leaves the Kabul Jelalabad
route, goes straight northward to Mehtar Lam and ends several kilo-
meters beyond the village of Nuristan (70 km after the fork) just at the
point where a small, recently constructed bridge (Gandalabouk) crosses
the Alingar River. Then a full day on foot is needed to traverse the 25 km
of narrow gorges which separate that bridge from the nearest houses (5
houses, one belongs to the subgovernor) one hour away from the village
of Dahaneh-Pyar, at the junction of the Kolum and Alingar rivers. Yet
another full day is necessary to reach the deposit of Nilaw—15km of
bad rocky trail.

Nilaw

The stratiform pegmatite vein can be easily seen even from far away,
forming white bands that show clearly in the abundant vegetation of the
little narrow valley of Nilaw. In several places the pegmatites have been
exploited with the use of dynamite.

Afghan law prohibits anyone from exploiting deposits of any kind
whatever, excepting the employees of the Ministry of Mines, who work
periodically on the most interesting zones. That prohibition even applies
to the local village inhabitants; but this does not stop the smugglers who
come. from Kabul and elsewhere, well prepared to make a fortune by
selling the products of their work in the markets, especially in Kabul
Peshawar, Gilgit and even Tucson. The beryllium and lithium peg-
matites of central Laghman are now prospected only for gems, and not
for industrial elements such as Be, Li, Nb-Ta or Cs. In the Kunar field,
beryllium is the only industrial element being exploited.

The extent of the pegmatite veins of the zone called Kolum (Nilaw-
Mawi) seems to be associated with the nature of the enclosure. In the
Proterozoic formations they rarely reach 100 m in length and do not
exceed 10 m in width, while in the gabbro-dionitic intrusions they can be
followed for several kilometers (up to 7 km for some veins) and certain
local enlargements have a thickness of 50 m.
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Figure 5. Kunzite spodumene, 20 cm tall, from
Mawi, Laghman, Afghanistan (collection of the
Sorbonne). Photo by Nelly Bariand.

According to Rossovski) er al. (1974) it is possible to define several
types of pegmatitic veins from their mineralogic composition:

1) Oligoclase-microcline with black tourmaline and beryl

2) Albitized microcline with more frequent black tourmaline and
beryl

1) Albitized microcline with black tourmaline, beryl and con-
centrations of lepidolite, multicolored tourmaline, spodumene,
and pollucite.

4) Albite with segregations of lepidolite and spodumene

5) Lepidolite, spodumene and albite

Three types of veins (2, 3 and 5) are found in the Nilaw field. The
central part of the third type of vein shows lepidolite, blue cleave-
landite, multicolored tourmaline, kunzite (lilac-colored spodumene),
white-pink spodumene, beryl and pollucite. Microlite, mangano-
tantalite, columbite-tantalite and cassiterite are present there and also in

type 5. Fuchs er al. (1974) advance the figure of 1,000 tons of reserve of

beryl in the veins where it is exploitable in segregations. The average
contents of Li, Cs, Rb and Sn are also appreciable (Rossovskij er al.,
1974; Chmyriov etal., 1975)

The workings that we visited cut the pegmatites only in a place where
the thickness of the vein is about 15 m. The zonation of this body is
assymetnical; fine grained in the lower levels, and in higher levels an

assemblage of large size crystals, where quartz, microcline and spod-
umene dominate. The crystals of spodumene embedded in the rock are

04

rosy and opaque, in immense sheafs with rather diffuse outlines
Crystal-lined cavities are mostly localized toward the top of the vein;
those that we could examine are about 50 cm across and contain
essentially large crystals of quartz and microcline. It is certain that they
also contained crystals of kunzite as we saw elsewhere. Muscovite,
black tourmaline and beryl are found in the matrix, as are also some
phosphates of iron, manganese and lithium. At the top, limited to a layer
20 cm in thickness, the pegmatite is full of blades of columbite-tantalite
We have also noticed that the pegmatites at Nilaw, as at Mawi and
Korgal, are invanably associated with amphibolites

Mawi

East of Nilaw, not far from the Kolum River, is the famous deposit of
Mawi where very large crystals of spodumene (green, blue, pink,
yellow and colorless), beryl (morganite and aquamarine) and tricolored
tourmaline were discovered. The path from Nilaw to Mawi is relatively

Figure 6. Green spodumene crystal 60 cm tall.
This is probably the finest crystal yet recovered.
It is twinned and doubly terminated. From
Mawi, Laghman, Afganistan (collection of the
Sorbonne). Photo by Nelly Bariand.
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easy and can be covered in a half-day walk. It is necessary to cross the
Koh-e-Sagoli range (altitude about 3,000 m), then descend again
through the short valley of Mawi until the dumps that mark the zones of
exploitation appear. It is difficult to judge the thickness of the Mawi
pegmatites, but it is surely considerable. (According to Rossovski), et
al. (1976), the principal vein is about 40 m thick and runs for 1,200 m.)
The following paragenesis can be recognized

(1) Aggregates of quartz and muscovite of about 10 cm thickness
first formed at the borders of the veins, in contact with the
wallrocks, some with blue-green beryl crystals of large size

(2) Biotite and microcline with quartz, aquamanne, and black
tourmaline formed next. This association 1s only observable in
the eastern part of the deposit

Figure 7. Kunzite crystal, twinned, 15 cm tall,
from Mawi, Laghman, Afghanistan (collection
of the Sorbonne). Photo by Nelly Bariand.

(3) A discontinuous zone of giant crystals of quartz and microcline

then formed. The beryl crystals are found only in the apophyses
of the principal vein.
Then a **zone’’ of quartz and spodumene formed, which actually
comprises local segregations with a thickness of several meters.
also containing crystals of columbite-tantalite. The spodumene
crystals of this **zone’" are of great size (up to 2 m long)

Paragenetic stages 5 through 7 proposed by Rossovskij er al. consist
of the associations albite-muscovite-quartz in vanous proportions, in
places sugary, with concentrations of lepidolite, multicolored tour

maline and spodumene. The latter mineral seems the most sought
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Figure 8. Spodumene crystal, twinned and
showing re-entrant angle, from Mawi,
Laghman, Afghanistan (collection of the Sor-
bonne). Photo by Nelly Bariand.

after at Mawi. In July of 1973, 420 kg of spodumene were extracted
there, and 176 kg in October-November of the same year. These figures
lead one to suppose that the reserves are important. Estimates of
reserves of beryl immediately exploitable at Mawi lead to a total in the
vicinity of 50 tons. Tantalite and pollucite seem too dispersed to be of
economic value

On visiting several dumps, we were able to observe great plates of
rock, covered with crystals of quartz, microcline and albite (cleave
landite), on which had been fixed the crystals of spodumene of which
only the bases remain, individual crystals having been detached from
their support by the gem hunters. However, spodumene lining cavities
seemed rare and the production consists largely of isolated, free crystals

that are extracted from pockets in altered pegmatite. The same appears
to be true for beryl. We also found several specimens covered with little

crystals of tricolored tourmaline and even colorless tourmaline (ach
roite). It 1s, however, illusory to imagine gathening beautiful crystals if
one has only a geologist's hammer. Other minerals also caught our
attention, notably some pretty spessartine gamets embedded in the
pegmatite and also two enormous balls of botryoidal muscovite with a
maximum diameter of 30 cm but, sadly, untransportable

Korgal

The deposit of Korgal is famous for its extraordinary, absolutely
transparent green tourmaline, so sought after by the gems hunters. The
mine is situated in a little valley on the other side of the Alingar River
From Dahaneh-Pyar, two ways of access are possible. The longer (a one
and one-half day hike) consists of going back down the Alingar to the
bridge. crossing the nver at that point and searching for the path which
takes off upstream in the direction of Dahaneh-Pyar. The second way 1s
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more dangerous but takes only a half day: at Oloswali, cross the Alingar
River over the small bridge at the exit of the village, then go down the
river along the slope to Korgal. Unhappily, this path is very often cut by
rock cliffs that have to be jumped over, not without some acrobatics

The deposit consists of several veins of pegmatite embedded in
crystalline schists and gamet-sillimanite-biotite gneiss, all Proterozoic
The thickness of the veins is from | to 50 m, over a length of several
hundred meters. Four typical mineral associations have been observed
by Rossovski) er al ..

(1) Microcline-muscovite-black tourmaline granitic pegmatite, with
sporadic manganotantalite and pollucite

(2) Ohgoclase-microcline-black tourmaline-muscovite-beryl

(3) Oligoclase-microcline-black tourmaline-muscovite with segre-
gations of lepidolite and multicolored tourmaline.

(4) Albitized pegmatite with microcline

The pegmatite contains an abundance of gem crystals of tourmaline
(green and sometimes pink). in places forming magnificent sheaves on
muscovite. Spodumene and beryl seem less common. At Korgal, as in
the other deposits, the phosphates triplite, purpurite and heterosite are
rare, although eosphorite has been found. Clear, gemmy bastnaesite
crystals, that we have heard about must come from the emerald mines of
Pandjshir valley where some contact hydrothermal processes have
affected the carbonate formation

Figure 9. Elbaite tourmaline crystal 4 cm tall
from Mawi, Laghman, Afghanistan (collection
of the Sorbonne). Photo by Nelly Bariand.

Figure 10. Elbaite tourmaline crystal 6 cm tall
from Korgal, Laghman, Afghanistan (collec-
tion of the Sorbonne). Photo by Nelly Bariand.

MINERALS

The minerals that we have observed are very typical of pegmatites
rich in Be and Li: quartz, microcline, albite, lithium-tourmalines, pink
and blue beryl, spodumene, muscovite, lepidolite, tnplite, heterosite,
purpurite, manganotantalite, columbite-tantalite, cassiterite, spessar-
tine, violet apatite and pollucite. Under present conditions, it is only the
gem minerals (tourmaline, spodumene and beryl) that make these
deposits interesting

Tourmaline i1s the most remarkable mineral. It is present in an
astonishing variety of forms and colors. Great pink crystals with flat
terminations with many striations, sprinkled with lepidolite, very much
resembling those from Pala, California, have probably been extracted
in the region of Korgal. At the home of a merchant in Kabul we noticed
one section of such a crystal that was 30 cm in diameter. The small,
incolored crystals (pink base, green center, colorless top) seem more
charactenstic of Mawi. The vellow-brown tourmaline crystals seen in
the bazaar in Kabul are of unknown provenance (probably Kantiwa
field) as well as the crystals of deep blue color. The crystals of green,
and especially the most valued shades of blue, green and emerald green,

come from Korgal. Multicolored crystals grade smoothly from one

color to the next. The terminations of the little crystals are in sharp
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Figure 11. Elbaite tourmaline crystal 6 cm long
from Korgal, Laghman, Afghanistan (collec-
tion of the Sorbonne). Photo by Nelly Bariand.

pyramids due to the predominance of the faces {0221} which are
progressively supplanted in the course of mineral growth, by the faces
{1011} by elimination of the forms which have a greater rate of growth
The large crystals, which can reach 2 by 15 cm and perfectly trans-
parent, are terminated by the low-angle pyramid {1011}

Beryl is especially abundant in the Kunar area, but the gem varieties.,
aquamarine and morganite, are found mainly in the Laghman district,
where they occur with the basal pinacoid charactenstically well-
developed. Loose crystals and crystals on matrix have been recovered.
The tint vanies from pink to brownish pink. Gem aquamarine crystals of
a beautiful, intense blue have shown up, but it is possible that this
discovery was made at Gur-Salak in Kunar

Spodumene from Laghman has also acquired a just fame. This
region has produced some gem crystals of astonishing size (up to a
meter long). The diversity of colors, purples, pinks and greens, is
almost indescribable. One even finds bicolored crystals, though a true
hiddenite has not yet been reported. The shape is, in general, classic
elongated clinoprisms flattened parallel to the striated {100 | face. How-
ever, certain of these prisms are limited laterally by {010 }on one side,
and by the face {110} (parallel to cleavage) on the other side, in such a
way that it appears to be a crystal broken along the plane of cleavage
This is an error and it is easy to check by observing the corrosion figures
on the {110} face which can also be a crystal face. Several individuals
reveal a roughly square section, in consequence of the equal develop-
ment of the {010} and { 100} forms. We have also brought back a crystal,
remarkable by the abundance of lateral faces, which clearly shows the
twin on {100}, having a characteristic re-entrant angle between the two
individuals that we have never before seen

Unlike the large spodumene crystals from pegmatites in California
and in Minas Gerais, Brazil, Laghman spodumene crystals have re-
markably flat and well-developed faces and relatively sharp. rather than
rounded, edges.

The other interesting peculiarity of Laghman spodumene is its occur-
rence in cavities or pockets of crystals, for example one superb spec
imen that we could only admire: a large crystal of microcline (20 kg) on
which a 15-cm crystal of transparent pink spodumene was attached. We
also found parallel groups of crystals composed of two or three indi-
viduals. Crystals of spodumene with attached crystals of tourmaline are
also known.

Just as for tourmaline, the spodumene is used in jewelry and sold at a
price per carat. However, gem spodumene is less valued than tour
maline because it sometimes fades in the light and has a tendency to
cleave easily while being cut

EDITOR‘'S NOTE
The government of Afghanistan was overthrown in April, 1978, by a

leftist revolutionary group, casting some doubt on the future acces
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sibility of Afghan minerals to foreigners. Although the new government
1S clearly more radical than its predecessor, Amencan State Department
officials familiar with the area say it is far from certain that Afghanistan
will become a Soviet satellite. The new government party was repor

tedly not accepted as a communist party by Moscow. Accounts of the
April 27 upheaval obtained by U. S. officials indicate the Soviet Union
had no part in prepanng or executing the coup. The assessment in
Washington is that the new government will lean more toward the
Soviets than the previous regime; however, Afghanistan has historically
had close relations with its Russian neighbor while nevertheless placing
a high value on its own independence . Officials of the coup have spoken
of a “‘positive neutrality ' in foreign affairs, with relations to other
countnies determined by the extent of their political and economic

Figure 12. Elbaite tourmaline crystal 6 cm wide
from Mawi, Laghman, Afghanistan (collection
of the Sorbonne). Photo by Nelly Bariand.




support. The officials said that Afghanistan will not accept aid with
strings from any nation. Moscow immediately recognized the new
government and has offered about $16 million in civil aid. The United
States has also recognized the new regime and offered to continue
economic aid which has been about $20 million annually in the past
Most of the 60 advisors from the United States in Afghanistan at the
time of the coup are expected to remain, and West Germans have been
asked to stay on as police advisors (Oberdorfer, 1978). There 1s,
therefore, reason for cautious optimism that exports of mineral spec-
imens and gems might be able to continue

Figure 13. Elbaite tourmaline, 21 by 15 cm,
from Laghman, Afghanistan (Herb Obodda
collection). Photo by WEW.,

Figure 14. Top view of crystal shown in Figure
13. Photo by WEW,

Figure 15. Morganite beryl crystal 6 cm across
on matrix with tourmaline, quartz and albite,
from near Nuristan, Afghanistan (Herb
Obodda collection). Photo by WEW.
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Information:
W. W. Besse
X E. Avenue 3V
Los Angeles, CA DINA

with the country's besi

Headquarters: The Holiday Inn
W3 Cordova. Pasadena. Calil
Y1101 (213 449-4000

PASADENA,
CALIFORNIA

* Greater Detroit ;

- Gemand :
Mlmral

HosT- Mickipan Mineradogical Sociery
OCTOBER 13,194,15,1978

Friday, October 13th * Saturday, October 14th 7& Sunday, October 15th
6 to 10 P.M. DAM. toc 10P.M. 7 10 AM. to 6 P.M.

Show Chairman Mr. Melvin Berry 44 Ellwood, Mt. Clemens 48043 1-(313)468-3373

Detroit Light Guard Armory - 4400 East Eight Mile Road

The Mineralogical Record. September—October, 1978 N0



WHEN YOU'RE PASSING

THROUGH COLUMBUS

BE SURE TO STOP IN TO

SEE s IN THI

CONTINENT® SHOPPING,

CENTER, ROUTE 161 & 171
MON - SAT: 11-9
SUN: 12 -5

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

Trgv{nnock
Limited

i, Uphill Grove, Mill Hill,
London NW7, England.

Fine Quality Mineral
Specimens From FKurope
\nd South Aflrica.

Minmiature To Museuam Size.

Detarled lasts Sent Free
On Request.

Mail Order Only.

RARE SPECIES?
BASIC MINERALY?
COMMON ROCKS?

IF YOU ARE SIMPLY FASCI-
NATED WITH MINERALS,
YOU SHOULD HAVE OUR
LISTS

OUR CUSTOMERS SAY
QUALITY MATERIAL
ACCURATE LABELS, EX-
CELLENT WRAPPING . FIND
OUT WHY

26¢ STAMPS BRINGS 20
PAGES OF LISTINGS. $1.00
PUTS YOU ON OUR MAILING
LIST FOR A YEAR

Minerals Unlimited, Dept. MR
P.O. Box 877 (127 No. Downs)
Ridgecrest, California 93555

PETROLOGICAL THIN
SECTIONS

Send us the rocks and we |l prepare
the sections mounted on 30x40mm
slides. Individual sections $4.25; 5
from one sample, $3.50 each; 10
fromm one sample, %2.75 each, in-
cluding airmail postage (we do
not return the surplus rock). Indi-
vidual quotations given for soft or
friable rocks which require impreg-
nation.

We hold in stock thin sections of
over 40 British rock types «@$2.50
each, inc. airmail postage. Write
for list or send $3.00 for our full geo-
logical catalogue (refundable on
first purchase).

LYTHE MINERALS

Geological Supphers

2 Wellsic Lane
Rothley. Lewestershire
LE7 7QB England

A/

alfredo
ferr]

Fine mineral specimens
from Burope and worldwide
locales

Dr Alfredo Ferri

Show room
C.so Vercellh, 7
20144 Milano. Italy

tel 435000

il collezionista

(the collector)
of minerals,gems,fossils

Minerals for begnning and
advanced collectors
':'__-E:;__|--- al request invited

Retaii and Wholesale:

Italian and Spanish minerals

r price st

bentley’s minerals

Distinclive specimens—
for museums and collectors
Wrte:- PO. Box 366
Windsor. Connecticut 06095
Telephone—(203) 247-1384

MINERAL

IMPORTS
12SHORT ROAD
LONDON W4 2QU
ENGLAND

01-994-3273

IMPORT-EXPORT

| \ WHOLESALE /

Wholesale
Mineral
Specimens

TSUMEB SECONDARIES
Dioptase — Cerussite
Smithsonite — Others

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

INDIAN ZEOLITES
Okenite puff balls
Apophy:lite — Stilbite — Gyrolite
Prehnite — Elc
és

MANY OTHER GOODIES

N

JEWEL TUNNEL IMPORTS

PO Box 267, or 1212 S. Mayflowe

Arcadia, CA 91106
Tel: (213) 357-6338

11

See me in wholesale at Detroit, Ml (Oct 12-
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THIRD INTERNATIONAL MINERALOGICAL SYMPOS
Committee Proudly Presents
ZEOLITES:

October 5,6,7.8, 1978 Pre-registration: 57 .00 (2 days) or $4 (1 day)
At the RAMADA INN of Clark. New Jersey: Exat 135,

Garden State Parkway Registration at the door: 58 .00 (2 days)or $4.50 (1 day)

SYMPOSIUM PROGRAM (In the Camelot Room) For Pre-registration Information contact Ruth o

Saturday (October 7) George Horak, 80 I‘rm;‘-ut Street, Nutley., New Jersey
h . LoD .

- . 07110
1O-11 am: “Zeolites—an  introduction and I'he

. * ) . » - "1. | }L g . : as .
f’l.l‘:lllL'\l I-'.'.\L w Jersey by Te 111 I -..h.z.[ llumr@l.\hluum Dealers contact Vincent Vozza, Chairman, 1221 15th
' 3 . e W H.‘ ¥ ] L] * . . ¥ \.k " g : - 02
1-2 pm: I'he zeolites of the Pacific Northwest™ by Rudy St Fort Lee. New Jersey 07024 (201-224-0155)
I'schernich ;

5. 2 & A . David Bvers., Co-chairman., 29 Minnchaha Blvd
2:30-3:30 pm Sedimentary  zeolites by Fred Oakland New Jersev (201-337-4280)
5 i i L. L L L . ! .

Mumpton. State Umiversity College. Brockport. New
York

Sunday (October ¥)

F1-12 am: “Orngin of zeolites in the Southwestern U.S
and Hawan ™ by Wilham Wise, Unmiversity of California Dealers’ General hours: Sth, 10-10; 6th, 10-10; 7th
1-2 pm: “The zeolites of Northern Ireland and Scotland™ 10-9: 8th. 10-6
by Rudy Tschernich

General Admission (1o dealers arca only ) Adults $2.00),
| IILtL'I |8 _‘ik'. SCNIor cinzens ."-"“u.‘

+ PARTICIPATING RETAIL & WHOLESALE DEALERS*

DOREL GEMS. Califorma
CRYSTAL HABIT. Maine
MINERALOGICAL RESEARCH CO. . Califorma
CRYSTAL CABINET, New Jersey
ROBERTS MINERALS. California
JIM'S GEMS. New .IL‘I"\L'}

RED METAL ROCK SHOP, Michigan
WARDS NATURAL SCIENCE EST.. New York
CAROUSEL GEMS & MINERALS., Pennsylvania
MINERAL DESIGN. Massachusetts
GEMBLADE, Pennsylvania
JULE-ART. Flonda
WESSEX IMPORTS. England
G.W. L., New Jersey
DICK JONES MINERAL CO.. Arnizona
C.S. MINERALS. New Jersey
GEORGE ROBINSON. New York
JOHN WHITMIRE. Arizona
(II\J I\{“ IRY . Connecticut
WELDON SPRINGS ROCK SHOP. Missouri
GOLDEN MINERALS. Colorado
JOHN WISHART MINERALS. Canada
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The Crystal Pocket of Alaska

Doug & Fran Toland
PO.Drawer N

FRIENDS OF MINERALOGY
PACIFIC NORTHWEST CHAPTER
FOURTH ANNUAL SYMPOSIUM

Haines, Alaska 99827

907-766-2876 QUARTZ & RELATED MINERALS

%

\\\\““'S TREASUA’B‘ e S0 Oor 1 1678 0"
P.0. Box 982 e Speakers: Paul Seel (Penn ) R1 Gait (Roya

Hawthorne, CA. 90250

Fine mineral specimens in
all sizes and prices from
world-wide localities
* Rare minerals
* Museum pieces
* Single crystals
Always something new
Send 25¢ for list P.O. BOX 1311

Dealer inquiries invited W QUARTZITE. ARIZONA
No cutting materials. | T 85346

We also buy closed Wed. & Thur
fine collections. (formerly Prineville, Ore.)

Tyson Dr

Ham[nerslev's
Minerals

—since 1948 —

Colorado Gem ¢ X
and Mineral
Company

State 95

Specializing in
Pegmatite Specimens

Jack Lowell (602) 966-6626 R Ess—
Post Office Box 424, Tempe, Arizona 85281 us. 10

LIDSTROMS

P.O Box518
Prineville, Ore. 97754

=I

D. Weber, Owner
Hours by appointment
(213) 373-3601

See us at

MINERALS BY MAIL San Francisco Aug. 19 & 20
Send 15¢ Stamp for Free List Houston Sept. 8-10
ULTIMA PETRA, LTD. Pasadena Nov. 11 & 12
4601 West Greenway Road
Glendale, AZ 85306
(602) 938-1169

BRUCE & JO RUNNER

13526 First Ave. South
Delhi, Ca. 95315
Ph. (209)634-6470

4 Iﬂrﬁtrru\

Minerals

2319 E. Kleindale Road
Tucson. Arizona 85719
602-325-4534

Call for an appointment at home
(503-447-7104). or visit our
shop in Carmel, California

V3 OFF
EPIDOTE
GREEN MONSTER

Mountain, Alaska.

Just purchased 26 flats collected
in 1973, and you know how speci-
men prices have inflated in the past
four years

1973 Price 1/3 Off Price
$ 500 $ 333
§ 7.50 $ 500
$1000 $ 667
$1250 $ 833
$15.00 $10.00
$17.50 $1167
$20.00 $13.33
$25.00 $16.67
$30.00 $20 .00

For the
‘Discriminating
Collector:..

A periodic publication listing
new one-of-a-kind mineral,
rock, and fossil specimens. ..
"COLLECTOR'’'S CORNER~

Just send us your name and
address. You'll be sure to
receive each issue—

Finer, more expensive specimens
also available at 1/3 off; Please
include $1.00 postage. Dealers
inquiries invited.

JEWELTRAIN

1960 Gomes Road

Fremont, Cal. 94538

another serviee from Ward's.
( ollector's ( orner

Ward's Natural Science Fstablishment, Ing
Greological Saience Division

PO Box 1712

Rochester, New York 14603
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Dave Eidahl Cal Graeber
Minerals Fine Gemstones Minerols
California Tourmaline Califomia Tourmaline

Bill Larson
Minerals
Fine Gemstones
California Tourmaline

Pala Properhes X %, ; Collecforshops at:

7484 Brighton Way, Beverly Hills

lniernailona| Inc P 1274 Prospect, LaJolla, Calif

12 South Live Oak Park Road
Fallbrook, California 92028

Brilliant purplish-red crystals
Kammererite from Turkey,

with wvarious crystal forms of the
original find as described in the lead

specimens have lustrous, freev:-,tandmg
crystals to one cm in size. All sizes from sinole
cabinet to micromount are available. : v

6451 West 84th Place ® los Angeles, Cal. 90045 ® Telephone: 213-645-1175
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[Wlicrominerals

Editor's note: Vi Anderson, who usually writes this column, will occa-
sionally turn it over to a guest columnist as she has for this issue

Micromounters who would like their turn as guest columnist should
contact the editor. Al Falster, this issue's guest columnist, is originally
from Germany and now living in Wisconsin. Readers mav recall his note
on phenakite from Marathon, Wisconsin, in the September-October
1977 issue of the Record. Al has been a mineral and fossil collector for
over 20 vears, and a micromounter for 13. His collection currently
numbers 13,000 mounts of 750 different species. Like manv Europeans,
he is an avid trader and has obtained much of his collection in this way

Perhaps | should begin with practical matters and describe some of
the techniques | have developed for my own micromounting., and some
of my sources for supplies. | use standard plastic boxes for mounting
specimens, 1in both clear and black plastic, which | obtain from a
friendly dealer in Switzerland (H.P. Mueller-Tieche, Goldermattenst
36, CH-6312 Steinhausen, Switzerland). Sharon Cisneros of Mineral-
ogical Research Company. an advertiser in the Record. is now carrying
plastic boxes of high quality, so you may wish to check with her
100. . .see her ad. The Swiss dealer | mentioned carnies various sizes of
boxes, mounting putty and other supplies for micromounters. I'm
particularly fond of his non-hardening mounting putty which | use for
about 95% of my mounts. This putty has several advantages over
ordinary mounting glue: (1) the specimen can be easily removed. (2) the
specimen can be repositioned easily and quickly (this i1s especially
convenient for photographers), (3) the putty acts as a shock-absorber if
the mount 1s accidentally dropped., and (4) mounting is simple and fast
The putty should not be used on specimens having a porous matrix
because the putty will not adhere well, and may discolor the matrix (for
example, 1t will discolor the sugary dolomite from the Lengenbach
quarry).
| keep a double record of my specimens, one as a continuous listing in
a catalog book where the catalog numbers may be looked up in running
order, and one as a file card system arranged alphabetically. Each
specimen gets a number according to Hey's index, for example, 14.3.1
for phenakite, and my running numbers for both locality and specimen
Typical enties look like this:
14.3.1-6.1 Phenakite, Beilke's quarry, Marathon Co., Wisc., found
August 1977

14.3.1-6.2 Phenakite, Beilke's quarry, Marathon Co., Wisc., found
September 1977

I4.3.1-7.1 Phenakite, Lord Hill, near Stoneham, Maine, traded from
R. DeMark. November 1977 .

I14.3.1-8.1 Phenakite. Rientallucke, Switzerland, traded from C
Vogel, November 1977,

To house my specimens | use a color-coded system of plastic drawers
(e.g. red for elements, blue for sulfides. etc.) manufactured by Akro-
Mills, Dept. 10-2, P.O.Box 989, Akron, Ohio 44309. The model
number for these drawers is 50-150. Office supply stores sometimes
carry them or can order them. | like the system quite well, and can tell at
a glance where my collection is strongest and where it needs work

Another dealer specializing in micromounting equipment is Dieter
Haas, Westring 22, D-6740 Landau/Pf., West Germany. He carries a

314

large number of very handy tools, and has been a trading partner of mine
for years. Through him I've acquired some very fine Eifel minerals,
such as hematite, titanite, nepheline and several others. If you would
like to do some exchanging for Eifel minerals you might also contact my
friend Karl O. Pakleppa. Melanchthonst. 25. 4000 Duesseldorf 13,
West Germany

For applying a specimen number to the plastic box | use a marker
designed for writing on freezer bags: it writes directly on the plastic
Don’t forget to mark both the top and the bottom of the box!

Last summer | paid several visits to the “Copper Country™ of upper
Michigan, and have only recently had some time to look over the
matenal brought back. The Osceola shaft #10 yielded quite a few
different minerals. Most of the matenal | collected there consists of
calcite-filled vesicles in basalt, but | watched for a light and dark green
rnm indicative of prehnite and epidote. To remove the calcite | use a
25% solution of acetic acid (with good ventilation!). Hydrochloric acid
will gelatinize the prehnite: acetic acid has always worked best for me

From matenal collected at the Osceola shaft #10 | have so far
identified the following minerals: Adwlaria, in small, pink to white
crystals lining small vesicles, sometimes associated with quartz and
pumpellyite. Chalcocite, in small but beautiful, complex crystals on
prehnite and more often as a dark, irregular crust on prehnite. Copper,
in crystals of vanous habits, as irregular masses, in and on prehnite.
Datolite, in clear crystals with brnght inclusions of copper and associ-
ated chalcocite, epidote, pumpellyite and quanz
found only one of these magnificent specimens

Epidote s plentiful up there, on basalt or light green prehnite, and
forms some of the finest epidote micromounts you are liable to see from
any locality. Many crystals are perfectly clear and flawless. The color is
not always the typical deep olive-green but may be a more pleasing
medium olive-green. The prehnite from this locality occurs in hight
green aggregates like those found in New Jersey and elsewhere.
Pumpellvite 1s very common in basalts, forming felty aggregates of dark
green acicular crystals. Quartz is very abundant as well, and often
contains inclusions of pumpellyite and other minerals. 1 have even
found native silver, in a few crude crystals and wires, always on
prehnite

While in upper Michigan | also collected at the kinoite locality
described by Marc Wilson in the November-December 1977 issue of the
Record, p.519-520. | found a number of nice specimens; one is out-
standing: a chunk of basalt. about fist-size. with a 3-cm vesicle lined
with kinoite-loaded quartz crystals! This vesicle was originally calcite-
filled

In general | have found the following to be good advice for collecting
in the copper country of Michigan. Look for calcite-filled vesicles with
a light or dark green rim of prehnite and epidote. and don’t bother with
the open. calcite-free vesicular basalt. The open vesicles rarely contain
good micromount material: rather you will probably find only dull,
corroded and fractured crystals. Most collectors will only go after those
open vesicles, and will discard the best samples just because they are
“gift-wrapped™ by nature!

but so far | have

Before visiting Michigan be sure to order a copy of The Mineralogy of
Michigan by Heinrich (available for $3 from Publications Room, Geol-
ogical Survey Division, Department of Natural Resources, P.O.Box
30028, Lansing, Michigan 48909; reviewed in the Record, September-
October 1977, p. 415). It contains much information on Michigan
minerals and localities although it is lacking maps

If you own a camera you should consider photographing vour best
specimens or favonte locality for an evening slide show at your local
mineral club. I've done several of them already. co-produced with
Record associate editor Eric Offermann. Programs with shides of mi
cromounts have been, in my expenence, the best method of showing
micromounts to a large audience . . .in fact it’s the only way to do it short
of lining them all up at microscopes. Thus far we have produced
programs on the following subjects: “The technique of micromounting,”
“The beauty of micromounts,™ ** Alpine minerals™ (a particular favorite
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“The Wausau pluton.”

with audiences). “The mineral system.”
“Minerals of the oxide zone of lead-zinc-copper deposits ™ and several
others. Why not consider picking up your camera and giving it a try

Several articles on the technique of mineral photography have been
{"!Uhll'\hl:li h} Wendell Wilson in earlier issues of the Record and, i yYou
will be at this year’s Detroit Show, vou can see one of Enic Offermann’s

slide shows (with background music and Dr. Offermann’s own voice on

tape) which Dr. Wilson will be showing in conjunction with his own

lecture. If you prefer not to produce your own show you can obtamn
completed shide programs with accompanying tape and impulse unit for
completely automatic programs from Enc Offermann (Lettenweg 16

CH-<4144 Arlesheim., Switzerland)

Al Falster
510 Bernard Street

Wausau, Wisconsin 54401

Tom & Gale Palmer
1800 Arnold Palmer Dr.
El Paso, Texas 79935
015-593-1800

INDIAN MINERAL SPECIMENS: Apuphyhite
Stilbite. Heulendite, Natrolite, Gyrolite, Preh-
nite, Okenite 100 gms 1o 5 kilos pieces US S8
per kilo FOB RUBY SPECIMENS US %25 per
kilo FOB Rupalee Gems 25/26 Kartar Bhuvan
Colaba. Bombay 400005, India

F. CURETONII

& SONS

6211 E. Hwy. 26
Stockton, Ca. 95205

TN S ——

ANOTHER NEW
MINERAL FROM
CALIFORNIA

DESAUTELSITE- bright
orange microxhized on
Serpentine with Artinite
and possible Dypingite.
Very attractive pieces
from south of the Gem M.
in San Benito Co.

e A -
NO CUTTING

MATERIAL HANDLED
CATALOG TO DEALERS ONLY

CATALOG PRICE S1.00
WHOLESALE ONLY

CRYSTAL CAVERN MINERALS
WHOLESALE MINERALS,

MICRAOMINERALS ypecializing in minegra

from Mt St Hilaire and other Canadian locali

thies Ancylite. cryolite dawsonile iresseritg

gadonnayite. nilainte, weloganite, &1 i &

L HORVATH. 47 Bois Fran Cte Julie Qui
ANADA Tal %

1y

Vanadinite
(Mibladen, Morocco

€rythrite

Bou-Azzer, Morocco
Any size and quality. Thumnails
to cabinets. Free price list
retoil and wholesale
Wirite or call

Christian Gobin

AResidence Mon Moulin, Chemin de Bellevue
Les Aygalades
13015 Marseille - FRANCE

Telephone: (91) 60-60-64

| The Lesnicks

1454 ODELL ST.
WANTAGH, N.Y. 11793

visit our booth at these fine shows:

DANBURY, CONN.—Sept. 9-10
Western Conn. State College

TIMONIUM, MD—Sept 16-17

Timonmuum State Farrerounds

MEDIA, PA—Sept 23-24

Holhidav Inn Convention Center

FRANKLIN,NJ) —0O¢t 14-158

“atwonal Guard Armon

NEW CARROLTON. MDD —=Nov 17419
Sheraton Motor Inn

LIDO BEACH., L.L.NY —Nov_25.26
Mahibu Beach Club
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SPECIMEN PRODUCING PROPERTIES

In Western Colorado

Alﬁ)i%ion

e Box 227 A Crested Butte, CO 81224

llpprr C anada
* Minerals *

Specializing in O anadian Minerals
Patrick and Rarbara C ollins
Suite 102K, 150 Metcalle NI

(Mtawa, (ntacio, Canada K2P 1)

fopen Tuesday-Saturday 9:30 1o 5:10)

r
Rare Cornish & British
WICROMOUNITS
Free list available
L' ‘.'I‘l r‘"-;" i ir-"-."l il .Ii||l i~
Draks «, GUNNISLAKI
| o .:.Jhir.l"‘"l'fa }
Tel Gunnislake 832351
4

i ~r'1":f1,|"|'_].'l-: -Inmfl-f'l
|ﬂ]:| |I II L | | “ | :[_ ‘| 4
A 'r'-'h
aull‘-.‘;'u. | LS| J't“k
Mineral specimens & gemstones

Mike and Carol Ridding

215 Banff Avenue

P.O. Box 1407

Banff, Alberta, Canada
(403) 762-3918

STANDARD MINERALOGICAL CATALOGUE

Evaluates mineral specimens, Oser 10,000
I

prices. A must for collectors, dealers, traders.

$4.75 ppd.

Mineralogical Studies, 7808 Division Drive,
Battle Creek, Michigan, 49017

o 4

¥ II ] .
SiZed Minerals

ire Species, Including :
ZEKTZERITE, MAUCHERITE xIs
GAGARINITE xis. MACKINAWITE..

206-522-9233
1041 NE 100 S
Seatle. WA 98125

tre
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sensational

Europe’s  early
with
did not produce any

spring  bourses

(shows), one exception,

“stunners’ this year,
at least from the American point of view,
and most of the offerings were either left-
overs from last year or specimens the Eu-
ropean dealers acquired dunng their now
annual
Show

OVErscas

great pilgnmage to the Tucson

in February. A record-breaking 123
checked whole
sale area at Tucson, many accompanied by
their I'he
included a lot of good munerals not previ-

ously

dealers into  the

dssistants

Or WIVes “*leftovers™

mentioned i my column but | will

eventually get to some of these

Switzerland, however, a
number of fine semi-gemmy matrix speci-

At Lausanne.

mens of alexandnte, a vanety of chryso-
beryl, were to be seen. The stubby, well-
formed, orthorhombic crystals ranged to
an inch (2.5 ¢cm) in diameter and the speci-
mens were labeled “*Rhodesia.”™
They have appeared sporadically for over a
year now and, though expensive, are a fine
addition to any advanced collection. The
specimens were sent to a Swiss dealer by a
relative hiving in Rhodesia; this 1s the way a
good many small
unusual (or
ropc
under-valued packages as “‘petite paquet’
(under 2.2 pounds) and usually clear cus-
toms without any problems
are mostly shipped
currencies or export
and once the specimens are
sold the hard currency is then deposited in
a European bank or held for the sendee’s
eventual return

simply

collections of the more
valuable) reach Eu-
The munerals are air-mailed in small,

minerals

The packages

from countnes with

“soft” sStrict - money

regulations,

One of the finest specimens to be shown
at Lausanne was a huge, gemmy, dark
green vivianite crystal 11 by 5 by 4 cm, this
by a Brazil-roaming The
sharply terminated, had a
number of semi-
gemmy, |

Swiss  dealer

blocky
attached pale

L'I':!.H[ill
vellow,
to 2-cm amblygonite crystals
plus a small group of nch brown eosphor-
ite crystals—truly attractive. The specimen
from a amblygonite
mine near the village of Galileia, some 50
km ecast of Governador
Gerais

came commercial

in Minas
The dealer also reported some very

Valdares

fine | o 2-cm blue-green crystals of lud-
lamite, with
been found in the same district
nite was priced at 4500 Sf—about 2400 dol-
lars. but, although a super specimen, it

remained unsold

some  associated had

The vivia-

mica.

European collectors were generally de-

this
table wide selection of
matenal, mostly acquired by the

European

lighted

dr.,‘iilt*]"\

spring, however, as many a
offered a
“new’’
100-plus dealers doing the
and then the
main show from early moming to late at

night In

rounds at

Tucson's hotels

February. Displayed were fine

116

BOB SULLIVAN'S

ETTER
from
E.uroPE

Peruvian pynite, fabu-
Washington pyrnite scepter quartz
groups (Ed. note: article coming in the next
issue!), Wah Wah Mountain red beryl (now
coming into reasonable price range iIn
Europe) (Ed. note: article coming soon on
this locality too.), fine Mexican legrandite,
Thomas Mountain topaz (the best ever
now, | think), South Afncan rhodocrosite
(who ever dreamed so much of it would
appear), Black Hills purple apatite (really
sleepers in my opinion), and a good but
expensive assortment of Brazilian matenal
Incidentally, | mention of
those fawrly recent Santa Eulaha, Mexico,
rhodocrosites in any of the penodicals, but
some of the thumbnail and mimatures |
have seen are superb and are much more
moderately prniced than their big brothers
from South Afnca

examples of
lous

those

have seen no

Switzerland's Lausanne and St. Gallen
bourses as well as Germany's Heidelberg
bourse were well attended and business
was generally bnsk, indicating, we all hope,
the end of Europe’s long recession and the
start of a new There

area
Mane
Aux Mines bourse for one, but for the most
part, things will not get hectic until the big
fall ones get underway, starting with Alt-
dort, Switzerland (Sept. 3-4). Then
Brussels. (Sept. 16-17), Stuttgar
and Cologne, Germany (Sept. 23-24), Gene-
va, Switzerland (Oct. 7-8), Numberg. Ger
many (Oct.  14-15), London, England (Oct
21-22), Munich, Germany (Oct. 27-29),
Hannover, Germany (Nov. 24-26), Dussel-
dort, Germany (Dec. 2-3), and Bremen, Ger-
(Dec. 9-10). There are
shows vel 1o he

mineral era over here

are a number of summer resor

bourses coming up, France's big St

follow
Belgium

many

several other

major

announced, also a

host of other minor shows taking place in
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Europe, at least one or two nearly every
week of the fall and carly winter. I'll try to
update this list in the next column

Once again the snows remamned late n
the Alps and the Swiss strahlers will have
a short summer season to search out their
high altitude minerals, hematite
ewsenrosen.  pink octahedral fluornite, nch
smoky quartz and Cavradischlucht run
lated hematite. However, other
less publicized but highly desirable
erals, titanite, adularia, anatase,
purple apatite, axinite, milarite and pen-
cline, are found at lower altitudes and each
year small quantities of these minerals
continue to appear at the spring and sum-
mer bourses on a somewhat regular basis.
Actually over 200 different minerals have
been found n Switzerland yet, strangely
enough, this does not include any signifi-
cant quantities for two of the world’s most
common minerals, pynte and
amethyst. Visiting collectors tend to tum
up their noses at both the price and quality
of these two Swiss minerals, but, because
the minerals are very rare in Switzerland,
they are highly prized by Swiss collectors
Amethyst has been found recently in the
Grimsel region, the upper part of the can-
ton Tessin in Val Canana and Valle Del
Lucomagno, and in the Tavetsch area,
including the famous bladed hematite
locality of Cavradischlucht. The crystals
are usually small and, for the most pan,
only upped with a violet color but do occur
in interesting forms, commonly being
sceptered or skeletal in habit.

such as

a host of
min-
such as

collector

Strangely enough, with all its minerals,
Switzerland has never been a commercial
mining country and the few attempts in
the past have been. for the part,
unprofitable. Some of the sedimentary
oolitic ron-manganese ore deposits in the
Jura Mountain and Gonzen areas were
temporarily mined during World War I,
but have generally been abandoned. To the
visiting collectors this means there are vir-
tually no mine dumps to scrounge in, but if
one wants to ‘‘take to the ropes,”” the alpine
clefts do offer better opportunities—and
thnlls. This sort of thing 1s for the expen-
enced mountain climbers only! Try France,
ltaly, Spain, Germany, or even England for
some simpler digging. Check with local
Clubs., mineral shops or dealers for locality
information, and advice. But
communication can be a problem if you do
not speak the local language. Also bear in
mind that in many countries you are re-
quired to have a ““patent’

maost

restrictions

o dig munerals
(much like a fishing license) and in Switzer
land the cost in some
hundred dollars or Many areas
of most countries do not have such regula

cantons c¢can be sev-

eral more

tons. however. but check it out as fines can
be very stifl
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| think what | am saying is that the best
bet for short term visitors 1s to hit the local
Clubs
Some

bourses, mineral shops and muneral

for trading
few

the latter particularly
LI'.'I
the

maost

minerals
but these
to the \nphlhllk‘;llfd

trade, a sell
private

interest

museums
(mostly Mmuscums).
are ol

collector. Incidentally, a few clubs run field

trips in conjunction with their bourses,
Heidelberg for one—as with some of the
summer French and ltahan bourses. Use
the phone book “‘yellow pages  (they are
green in some countries) to locate mineral
shops and you will find wvirtually every

major city has several—Pans has over 20,
for example. The word for minerals in Ger-
man 1S French it s
but don't look
(except in England) for
(with Stockholm, Sweden)
the term 1s never used over here. One of the
best bets 1s to pick up a copy of the local
mineral magazine
advertisement In

mineralien, n
ltahan
“‘rockshop™

one

min-
erdux. In minerale.
for

excepuon,

it 1s simple to read an
any and with
it you can seck out the smaller dealers in
other towns, or traders who advertuise, and
do much better costwise. Panis shops, for
example. can be horrendously expensive

language

For those of you carrying over munerals
for trading purposes (Europeans
trade) it 1s best to have a hist of them and
their approximate value. The best trnick is 1o
state the value on a per-pound basis, n-
cluding specimens, and S$5.00/pound s
enough to satisfy most customs inspectors
(with such things as gold, silver, the pre-
clous munerals such  as and
topaz being excluded. naturally). Customs
no. 9905.0/ s the mternational duty-free
reference for minerals for collection only,
but do not try to bring in minerals o sell
under this number. Such matenal s auto-
matically subject to a sales tax. usually very
high, in each country you enter, and the
situation very complicated. Also
cut and polished or faceted material 1s not
allowed under above number and 1S
similarly complicated to import into most

love to

tourmaline

can gel

the

countnes

You will find the badly depreciated dol-
lar will not go far in Europe. this coupled
with very high
rates
than

inflation
a better choice
particularly those with the
weaker currencies such as laly, England,
and Spain. France particu
larly outside of Paris, but Switzerland, Ger-
many and the Scandinavian countries
hit your pocketbook very hard
mind it 1s possible to pick up a mineral
bargain anywhere,
U.S.A

For those of you heading for Europe this
IS a parmal
that could be worth seeking out. France: St
Mane-Aux-Mines (July 1-2); Realmont (July

SUOIMC
Some
nth‘ra :

European

countnes are

Is not o bad,

will
Bear n

including even n

SUmmer. hL‘rL‘ list of bourses

Hn' ”f”c'r'm’f'g‘h uif Hn unf "u'f!.l’r'n.'he'r

onix (Aug. 5-6), Alpe-D'Huez (Aug. 11

the

() hhhr'i'

Cham
13).

). Germany: Freu

13-14) (usually); Millau (July 22-23)
Aix-Les Bains (Aug. 26-27
denstadt (Aug. 20)
summer bourses in Germany

There are virtually no
Switzerland:
Zuoz (July 22-23). Martigny (Aug. 26-27
England: Portsmouth (July 7-10); N. York
shire (Aug. 26-28). Italy: Riccione (July 1-2);
Lanzo (July 8-9) (usually): Aosta (July 15-16)

(usually). There are a few others yet to be
announced, and be sure to check out those
marked “‘usually  above belore going., since
luck 1o

those of you fortunate enough to go,

dates are subject to change. Good
and

watch out for those glued specimens!

Back to this past spring in Europe and

that “*sensational mentioned

Brazl

exXc L‘['ll on

has done and this
ume with an unbelievable
elbaite which has been baptized “‘cran

berry tourmaline.”” The crystals and groups

carhier again

discovery ol

of this new find are simply gorgeous, with
the best being those groups on which the
richly colored, deep
crystals are perched on large,

violet-red tourmaline

pure white
albite crystals or are surrounded by intn
cate clusters of small, pink, ven

lepridolite

in iselt

gemmy
The gemmy lepidolite is a rarity
Some specimens have been found
with the cranberry
perched on beautiful
sharply  terminated,

tourmaline  crystals

groups of lustrous,
rather clear

-.‘r}wtulm these up 0 S or more ¢cm (2 inches)

Juartz

in diameter by 10 to 15 cm (4-6 inches) in
length. The tourmaline crystals range in
size from shm needles to one giant repon
edly 25 ¢cm (10 inches) in diameter and 75
cm (30 anches) tall which s nearly com
pletely gemmy!

Thas crystal intact
along with a number of smaller, attached,

huge was removed

gemmy crystals on a matnx of crystalhized

albite and weighs a total of 320 kg—over
700 pounds! A second albite and quartz

matrnx specimen weighing over 80 kg (175
pounds) with a
cranberry-red

\II'I}I|C.

12.5

all-gemmy,

tourmaline em (S
inches) i diameter by 50 ¢cm (20 inches) in
length was also removed from the same

pocket. Both

mine' s owner and

specimens remain with the

are “‘not for sale.”” al

though the larger one has been valued at

over a milhon dollars and the smaller one
nearly half that amount. They cenainly
must be ranked among the world's bes

specimens and, with luck, 1 hope to have

color photographs of them for a future

issue of the Record
The behind
triguing “mine,

story the find 1s indeed n

The
Kilometers

a garimpo only a few
Minas

Conselheiro Pena area. has for

from Oerars famous

a number of

years sporadically produced only green
tourmaline, usually associated with albite
In mid-April, however, the garimpieros
hit a large pocket comtaining only cran
1978

berry red rubeliite tourmalme and the est
mates on the amount of it scem 1o vary
from “"quite a bit 1o ""a great deal. It seems

to depend somewhat on the point ol view

1.¢. the gem matenal content or the minera

specimen  content Factually, however
over 53 million (wholgsale) worth of gem
rubellite was extracted, most of which has
already been disposed of in a hungry rubel
market

rubelhite

hite gem In Europe, faceted top

quality stones  brning  exception

ally migh prnices and the problem has al
ways been supply. not demand. According

o the experts, the color and nchness of the

cranberry tourmaline exceeds even that ol
the famous Alta Ligoma, Mozambigue.
rubellite of 20-some years ago. It is these
facts that make cranberry tourmaline a

tough nut pricewise tor the collector

sevVeral dealers

this

According to
hit

European
the

prices were just oo high and most passed

who Brazil spring, specimen

it up. Roger Tieux of France and a couple
of German dealers ““took the chance’ ™ and
brought back a few pieces which were

guickly swallowed up by t1op European col
| ; p 0} | |

lectors. One Swiss dealer passed them up

around and

{ne

saying ““there s plenty prices

should fall in the future Amencan

reportedly brought a few

S.A. Mimature to large cabinet size

dealer
the |

specimens are retaithng from 500-5000 dol

g roups o

lars or more and semi-gemmy specimen

crystals from around 5-15 dollars per gram

This would put the retail price of a well

lerminated, quite gemmy crystal perhaps |
by 4 cm (0.4 x 1.6 inches), weighing about 7
grams, at about $75. That s somewhat ex

pensive by “‘old standards,  but then agamn

standard  and. what with the

the

this 1s 2 ""new

current  weakness ol dollar and rubel

cabochon or

the

lite s current value as gem

slabbing matenal, | doubt if price of

cranberry  tourmaline  collector  specimens

would fall much in the future. Rather |
believe the problem for the avid tourmaline
collector (hke me) will not be price. bul
simply 1o lay his hands of one of these real
beauties. Time will twell. (Ed. note: See
Andre Lallemant’s descrniption of this find
m the What's New in Minerals’ column

¢lsewhere in this 1ssue. )

As usual the snows were deep and the

days short and cold up in Norway this past

winter—actually well into late spring—but
the spirt of the Norwegian mineral col
Il.‘\,ll.llN continues o amaze me no matier
what the scason. As an example, | quote
from a letter received from Inend Torgen
Garmo at the end of Apnl: “"Spring has
slowly  moved mmto Norway, meltuing  the
snow  away and uncovenng the thnlhing
rock surface once again. | have heard about
few finds this winter. Only yellow phantom
calcites on zeolite matnx from new tunnels

in the west. Vestlandet consists entirely ol

¥ -



Precambnan gneisses and has, up to quite
recently. only been known for peridot and
eclogites. In cracks and faults in the gmess,
however, been formed,
stilbite,  but
mesolite etc., often covered with calcite. Up
these
and

zeohites have

heulandite and

nice
mainly also
to now, no one cared to take out
minerals but the tunnel workers now
then bring out excellent samples
“*Myself, | have only been out mineral
hunting once this winter. The pegmatites
of the high Jotunheimen area are easiest
accessible on skis and often they are pro-
tected behind cracked glaciers. Froydis and
| visited one 2100 meter high (about 6,800
feet altitude), a complex pegmatite unfor-
tunately mostly covered by snow this year.
Near the core zone | got out a few termi-
nated thulite crystals, pale rose and with
light shining through, like
small crystals however. | also picked spes-
sartines with strange in druses, to-
gether with albite crystals. This pegmatite
IS in the muddle of the next national park
and has never been explored. Most of the
arca pegmatites are quite simple and only
cany

kunzite. Very

forms

chinozowsite/schorl  in - any  abun-
dance, but a few are complex and certainly
hide minerals have ever been

blasted.”” Torgeir, by the way, has one of the

nice None

finest collections in Norway, many speci-
like
year-round

mens self-collected and. most Norwe-

gians, he 1s a outdoor and
camera enthusiast.
Another letter recently received from

Knut Eldjarn of Norway indicates that the

Norweglans  are
and

in  Honefoss.,
about mid-August
several

jumping on the band-
have their mineral

just outside of Oslo,
Check with one of the

mineral/tounst

wagon will first

show
shops in Oslo for
the exact dates should you be up that way
Knut, by the way, is a medical doctor—the
kind you would love to have, as he much
like unul 3
the last time | visited with him! Knut 1s also
president ol
regional

prefers to talk minerals a.m

Norway s federaton of 10
mineral clubs and s presently
deeply embroiled in trying to combat what
they believe 1s a backward philosophy (e.g.
the guest editorial in vol. 8, no. 4) with
respect to minerals in their country.

Apparently the English had similar prob-
lems many years back and | just love the
quote on the subject given by Roger Harker
in the preface of his Lythe Minerals (Leices-
ter, England) catalog. With his permission |
quote. ""No one has created minerals: they
do not belong to any person in particular,
but to the people as a whole: only that
which has been created by labour can be
claimed by individuals, and that which has
been created by nature belongs o all
equally. J. Keir Hardie (England) 14 Novem-
ber 1890."" Amen!

Knut Eldjarn is an avid prospector and is
the person prnimarly responsible for
vaging a small quantity of very fine, rare
Ktenasite that a road building crew hit into
late last The micro-sized monoclinic
crystals were a typically bluish green color
and were associated with very small, clear

sal-

ycar

gypsum crystals. One of the matrix speci
mens yeilded a 2':-cm crystal of the very
rare yttrium silicate, thalenite. Many of the
specimens had showings of a copper-
aluminum sulfate yet to be identified or
baptized by the Oslo museum’s research
staff. So much for Norway, one of my favor-
ite fmendly countries

Want something to think about over the
next couple of months? How about blood-
red gemmy anatase crystals up to 20 mm
(Y2 inch) from you-guess-where! I'll tell you
about it in my next letter. Until then have a
good summer and think
young.

dont florget to

e, T <

~
=

Kubler Weiherhof 21
8604 Volketswil (Zurich)
Switzerland

3202 Saquaro West Trail
Tucson, Arizona 85705
US.A

Quality Eastern Specimens
FRANKLIN-OGDENSBURG
OUR SPECIALTY
Your Want Lists Given Priority
PARKER MINERALS
11 Evergreen Ave., Livingston, N.J 07039

WILSON HOUSE

6622 Duffield
Dallas Texas 75248
(214-239-8740)
by appointment

W D). Chestianso n,

200 NAPIER ST., BARRIE, ONTARIO, CANADA, L4M 1W8

MICROMOUNTS *

TELEPHONE 1-705-726-8713

THUMBNAILS *

RECENT ACQUISITIONS

MICROMOUNT MINERALS
FROM MICHIGAN COPPER MINES
5 Ibs., 81200 plus postage. Breaking rock will ex-

prosse crvstals such as t‘pirlnlr. quarz, copper, silver,
prchnite, calelte and more

STONEY CREEK RIMK SHOP
Hi. #2 Wansan. Wil 53301

HAND SPECIMENS

Minerals from Russia, Tsumeb, and Switzerland

Glendonite from Australia
Getchellite from the Getchell Mine
TRY OUR MAIL ORDER SERVICE

A MONLEY BACK GUARANTEE

CHARGEX and BANKAMERICARD/VISA ACCEPTED
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oberts Minerls

Erom one mineral lover to another...

Showroom by Appointment.
Whrite or phone for list,
P}H?fl‘.‘v, or Specimens on A;?.!HHI‘H[.

Ken, Betty & Eric

PO. Box 1267 =

Twain Harte, California 95383
(209-586-2110/

RUSTAM KOTHAVALA'S

CRYSTALS OF INDIA

featuring exquisite mineral specimens personally selected at the source on the Indian subcontinent.

SHOW SCHEDULE

the finest selection of green Apophvllite
« exceptional Mesolite sunbursts
 extremely rare crystals of Powellite with zeolites
* shiny crustals of Babingtonite

N|r.!f'{“- i }f ]r}.llr‘; u'ﬁrh NC .'1!”1’”1['.\!' [)E’tr”it H_M}” ( ;‘ “”.(f ﬂ”.” ¢ ”1,1

October 13-15

Heulandite. Calcite, Scolecite. Corundum. Zircon. Tour
maline. Stilbite. Mordenite. Gurolite. Prehnite. Laumon

tite, [ P lote

From Russia rare specimens of Datolite, llvaite, Topaz
and Emerald

Mail: 1034 Carleton Sit., Berkeley, Calif. 94710
Telephone: 415-236-9264 or 415-841-4492
By appointment. Please write or call any day
10 am to 8 pm. but remember we re sometimes out
on the road for weeks or months at a time
Sorry, no mail-order business
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HANSEN
SMIINERALS

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

Mineralogical specimens
for museums, private collectors
Reference sets

Investment Gemstones

We just received
a collection of
Fluorite from Cumberland, England
and an excellent lot of

Huebneriie on Quartz from
Pasto Bueno, Peru.

Office — 314-569-0842
Residence — 314-432-2882

/RICHARD A. KOSNAR\

“ Mineral Ulassirs”

Announces the
RELOCATION of operations:

Route 6, Box 263

Golden, Colorado

80401

(1n scenic Golden
Gate Canyon)

Tel.: (303) 642-7556

Offering
the finest quality
worldwide mineral
Crystallized HPL‘L'iI'I'IL‘ﬂH

(=0Ild

Specializing in Colorado minerals
and investment opportunities

\ (By Appointment Only) /

1)

BUY IN
N NEW YORK CITY

A\

The Dawson Collection

for the discniminating collector
.

Direct Purchase from Brazil
Minas Gerais, Goias. R.G. do Sul

We offer choice mineral specimens from PALA
VALLEY, CALIFORNIA - MINAS GERAIS,
BRAZIL - CLASSIC EUROPEAN and OTHER
WORLD-WIDE LOCALITIES

The Galatea stock includes many clear gem
crystals in Tourmalnes, Aquamarine, other
Beryls, precious Impenal Topaz, Kunzite, etc
Deep purple large Amethyst geodes, perfect
top qualty, suitable for decorative use also
availlable

CALL FOR APPOINTMENT (212) 682-2700

galateq s « wmesus e

312 MADISON AVE « 21st FLOOR = NEW YORK CITY 10017

IF YOU ARE MINERAL
COLLECTORS..

don't forget to see us when you come to
visit Rome or Italy.

We select personally all year round the
best Italian mineral specimens as PYRITE
SULPHUR, BLUE BARITE, PHOSGENITE, etc.

FINE SPECIMENS FROM EUROPA
DIOPTASE GEODES FROM RENEVILLE
Special request invited

Swops with fine mineral specimens from
classic localities might be welcome

SORRY NO MAIL-ORDER BUSINESS
PLEASE SEE OR ASK FOR:

6.CARLO FIORAVANTI

mineralogist

19-20 VIA PIE' DI MARMO

(between P.za Venezia and Pantheon)

Hours Th.-Prl 111 58
ROMA -

pm 5-8
ITALY  PHONE 06-6786067
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famous mineral localifies:

CHUQU

ICAMAIA

hile

by Robert B. Cook

Department of Geology

Auburn Umiversity
Aubum. Alabama 36830

wesome is perhaps the best general description of

Chuquicamata. This single word in many ways
describes the wide distribution of Chuquicamata
mineral specimens in private and museum collec-
tions; the locality’s climate and terrain; the size of the
mine, supporting mill and smelter complex; and,
most importantly, the current specimen producing

potential.

INTRODUCTION

The following article 1s intended to generally acquaint the reader with
Chuquicamata and to revicw pertinent facts about those Chuguicamata
mineral species which he is most likely to encounter in his collecting
endeavors. Much of the information contained herein is compiled from
generally available professional articles updated and augmented by the
author's observations and experience at Chuquicamata in De
cember, 1976

LOCATION AND SETTING
I'he Chuquicamata copper deposit is in the northern Chilean pros
ince ol -'\Il[uldythm. within the northeastern part ol the Atacama

Desert approximately 250 km northeast of the port city of Antofagasta

and 19 km north of Calama (Figs. | and 2). Paved highways connect

BE
— m— ¥+
[
h M
A A -4 1
| = i | 4
. m v

Figure 1. Location map.
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Chuquicamata with major cities and a spur of the Antofagasta and
Bolivia Ratlroad services the mine. Commercial airline service is
maintained between various cities and Calama

he deposit is situated in rugged terrain at an altitude of approxi
mately 2830 m (approximately 9300 feet) within the foothills of the
main Andes Mountains (Fig. 2). Although Chuguicamata is located
within the tropics, rain 1s extremely rare. Calama has been listed in the
Guiness Book of World Records as the dryest spot on Earth. Vast
portions of the Atacama Desert in the general vicinity of Chuguicamata
are without visible plant hife. Were it not for this extreme andity , many
ol the soluble mineral species for which Chuguicamata is famous would

be much less abundant or absent in the deposit

HISTORY

Copper at Chuquicamata was known prior to Spanish colonization in
the early sixteenth century. In 1443 the Incas invaded Chile, bringing
primative copper smelting techmgues. Copper ormmaments have been
found in graves of local Indians pre-dating the Spamish conguest, and
worked turquoise has been found along outcrops. The Spanish con
queror Don Diego de Almagro (an associate of Francisco Pizarro) used
Indian-smelted Chuguicamata copper 1o shoe the horses of his expedi
ton for ther return across the Atacama Desert to Cuzco in 1536, The
name Chuguicamata means “territory of the Chuco Indians,” whom the
conquistadors observed wearning copper jewelry (anonymous, 1922)
Sporadic and minor explotation of the associuated high-grade veins by
Spanish and Bolivian groups occurred between 1560 and 1879, The
carhiest appreciable mining was by English and Chilean companies
between 879 and 1912, Open pit miming began in 1915, Durning the
first 39 vears of open pit mining (through May 1974) 857 million tons ol

ore and SI8 mulhion tons of waste were removed Exploration data

indicate that an addmonal 1.4 bilhon tons of ore will be produced
through the year 2010 with a gradual decrease in grade from approxi
mately 2% copper o approximately 1% copper. The current pit dimen

29




FORTUNA GRANODIORITE

WEST FISSURE

Sy

SERICITIC ROCK

meters

300
J

- 'F.-z
Figure 2. (above) Aerial view of Chuquicamata looking southwest
across the pit to the mill and smelter complex, and beyond to the
town of Chuquicamata (December, 1976). The outskirts of Calama
are in the extreme left-center portion of the photograph. Areas of
current specimen production are at K (krohnkite and chal-
canthite), C (chenevixite) and A (antlerite). Dump areas containing
specimen-grade material are in the lower right corner and at wing

tip.

Figure 3. (left) General geology of the Chuquicamata mine. The
open pit is a violin-shaped area, narrow on the south, covering most
of the area between the West fissure and the transition rock. (After
Bateman, 1951, and Perry, 1952.)

sions are 3.5 km by 1.6 km by 0.4 km deep (Figs. 2 and 3). Approxi-
mately 70,000 tons of ore per day are processed, including a substantial
amount of ore stockpiled in previous years. Production of fimshed
copper including blister and wirebar i1s 1 100 tons per day

GEOLOGY

Aspects of Chuquicamata’s geology have been dealt with by a
number of authorities (Hendricks, 1922; Taylor, 1935; Lopez, 1939;
and Perry. 1952). The deposit is discussed in the textbook Ore Deposits
(Park and MacDharmud, 1964) as an example of mesothermal porphyry
copper deposits. A concise annoted bibliography of Chuguicamata
appears in Geological Society of America Memoir 131 (Ridge, 1972)
Voluminous additional information 1s contained in private reports and
other generally unavailable forms generated during the many years that
the deposit was controlled by The Anaconda Company and later by the
current operator, CODELCO, the Chilean national copper company

Chuquicamata is classified as a porphyry copper by economic geolo-
gists. It 1s characterized by enormous volumes of ore composed pre-
dominantly of altered and fractured plutonic rock containing more or

less evenly disseminated sulfide mineral grains and innumerable miner-
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alized veins and veinlets. As with many porphyry copper deposits, the
ore body is enhanced by vanous zones of ennchment formed by leach
ing and redeposition of copper. generally by the action of downward-
migrating surface water

The intrusive igneous complex hosting, and apparently responsible
for, the Chuquicamata deposit is a portion of one of many similar
batholithic masses charactenstic of the Andes. The deposit occupies a
quartz monzonite pluton known as the Chuquicamata porphyry. A
major fault of regional extent, the West fissure (Fig. 3), bounds the
deposit on the west. Detailed published studies of the Chuguicamata
porphyry indicate that extensive alteration and fractuning took place
prior to the emplacement of much of the mineralization. It appears that
the West fissure 1s a boundary and a zone of weakness along which the
Chuquicamata porphyry was intruded, as suggested by Perry (1952)
Subsequently (considering the intense fracturing and vemning to the east
of the fissure), it would appear that the mineralizing channels tapping
hydrothermal solutions at depth in the cooling porphyry magma were
largely independent of the West fissure and well inside the boundarnies
of the porphyry body

A unmique feature of the deposit is the thick blanket of oxidized waste
which overlayed the zone of strongest sulfide minerahization. Thas
blanket resulted from oxidation of the very pyritic primary sulfide
assemblage causing strong acid conditions and preventing precipitation
of secondary copper minerals. Thus, in miming, it was found that
oxidized waste of about 0.02% copper was in almost knife-edge contact
with the top of the zone of high grade secordary enrichment sulfide ores
(1510 20% Cu)

After formation of the secondary enrichment zone a drastic and
apparently sudden increase in andity abruptly lowered the water table.,
leaving the blanket-like enrichment zone stranded at an abnormally high
clevation in the deposit. Continued, though much slower, leaching of
near-surface enriched ore and redeposition of copper as a second super-
gene ennichment zone at the new, deeper water table resulted in the
anomalous presence of two such zones. The formation of the unusual
suite of sulfate minerals for which Chuguicamata is famous 1s the result
of this slow leaching and recombination of sulfate. generated by the
decomposition of pyrite, with vanous cations supphed from pre
existing sulfides, sulfates and perhaps silicates. Although much of the
higher-grade oxidized ore has been depleted. the grade of the underly
ing, pnmary sulfide zone 1s sufficient to sustain the operation for many
decades

MINERALOGY

The unusually complex mineralogy of the Chuquicamata oxide zone
was suspected early in the development of the present open pit. How-
ever, it was not until the landmark paper by Mark C. Bandy ( 1938) that
an overall picture of this extraordinary occurrence became available
Bandy's work was augmented somewhat by later investigations by
Jarrell (1939 and 1944) which included the recognition of marshite in
the ores. In addition to those described by Bandy. new mineral species
such as hindgrenite (Palache, 1935), leightonite (Palache, 1938), bel-
lingenite (Berman and Wolfe, 1940) salesite (Palache and Jarrell, 1939)
and sampleite (Hurlbut, 1942) were first identified in Chuguicamata
ores. Natrochalcite, leightonite, bellingerite, salesite, ungemachite and
clinoungemachite have been found nowhere else in the world

Recent publications concerning the mineralogy of Chuquicamata
have dealt most with the refinement of data concerning minerals of
particular economic significance in the deposit. not in the search for and
identification of additional species. A thorough, though unpublished,
study of the sulfide mineralization in a portion of the deposit was
conducted by Denison (1969). The works of Denison ( 1969) and Bandy
(1938) collectively give the most comprehensive overview of Chuqui-
camata mineralogy

The accompanying tabulation of 114 mineral species and groups
occurring at Chuquicamata (Table 1) is presented in the format of
Dana’s System of Mineralogy, volumes | and 11 (Palache, Berman and
Frondel; 1944, 1951) in deference to Dana collectors and as an aid in
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classification. Although the tabulation i1s incomplete, it includes those
species which have been adequately descnibed in the English literature
Approximately 40 addinonal species have been identified by personnel
of The Anaconda Company and CODELCO.” Sulfate minerals are
discussed individually or in closely related groups due to their relative
importance in the mineralogy of the deposit. Crystal drawings are
presented as an aid to wdentification and distinction between morpho
logically similar species

Elements

The native elements gold. copper and sulfur have been reported from
Chuquicamata but are uncommon and, in the case of gold, of guestion
able occurrence. Ancient workings immediately north of the Chugui
camata pit are thought 1o have been for gold. Repeated attempts to
substantiate the presence of gold in this area by pannming local gravel and
assaying crushed quartz were unsuccessful (Bandy, 193K)

Native copper is uncommon at Chuquicamata. It occurs within cu
prite and as small irregular masses with abundant hematite (specula
rite). Copper is thought to occur in a transition zone where ores dom
inated by sulfates give way to those charactenzed by silicates, oxides,
and chlondes

Minute though unusually complex crystals of sulfur are described by
Bandy (1938). One crystal, less than a millimeter in diameter, was
found to have 120 faces. Two crystals on the same specimen exhibited
26 individual crystal forms. Associated species are pisanite, chalcan
thite.. natrojarosite and krohnkite

Sulfides

Although sulfide minerals are abundant at Chuguicamata, it appears
that specimen-quality matenal is rare. Covellite and chalcocite occur as
supergene sulfides but rarely, if ever, in well crystallized masses
Supergene chalcocite has been mined to depths of over 200 m. Bomite
in small cubic crystals associated with chalcocite was reported by Bandy
(1938). Covellite, bormite and chalcopynite also occur as pnmary ore
minerals within the unoxidized portion of the deposit. Pyrite is quite
abundant and has apparently formed dunng several mineralizing epi
"\l.'KjL"H

euhedral quartz are occasionally found near the ends of enargite-bearing

Brilliant pyrite cubes up to 1.3 cm on edge associated with

veins. Very minor sphalente and galena have been reported. In his years
at Chuguicamata, Bandy was never able to definutely identify sphalerite
in any of the matenal he studied. Molybdenite occurs in quartz veinlets
and constitutes an economically important by-product

A comprehensive study ol sulfide mineralization along a central
section of the Chuquicamata ore body (Denison, 1969) resulted in a
detailed description of the occurrence of digenite. djurleite. idaite and
marcasite. These sulfides (several of which were unknown at the time of
Bandy s research) are of paragenetic and mineralogical significance but
have not yet afforded matenal of interest to collectors

Sulfosalts

Enargite 1s probably the most important pnimary copper mineral in
Chuquicamata ore currently being mined. Locally it occurs in coarse,
bladed masses in veins exceeding a meter in width, although it is
generally in disseminated grains and in narrow veinlets throughout the
central portions of the porphyry. Crystals are infrequently encountered
and show only the common forms. Significant enargite specimens
appear to be quite rare and Chuguicamata will not, in all hikelihood,
produce matenal of the quality and abundance of some of the other well
known Andean occcurrences. Tennantite, colusite and possibly fama
tinite (or luzonite?) (Denison, 1969) are present in only minor quantities
and generally as very hine-grained constituents complexly intergrown
with the more common sulfides

|
Exclusive of silicates

“Attempts to secure a complete histing have been unsuccessful as of this
wrnting
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Oxides

Chuquicamata does not boast an extensive array of oxide minerals
Of the copper oxides, only cuprite and tenonte are important. Cuprite is
occasionally encountered in specimen-grade material. Fibrous cuprite
was once relatively common (Wittke, 1960). Crystalline cuprite after
native copper in simple cubes with minor octahedral and dodecahedral
faces was described by Bandy (1938). Exceptional specimens of cuprite
were once obtained from veins around the northeast margin of the
porphyry

Pitch-like masses composed essentially of tenorite and vanous
manganese oxides were once abundant in the upper portions of the
deposit. Cracks and vugs through these masses were commonly coated
with antlerite crystals. In veins containing cuprite, tenorite-rich mate-
ral typically formed shells about individual cuprite masses

Hematite, magnetite and presumably goethite occur locally. both
within the Chuquicamata porphyry and in associated veimn-hike masses
near its margin. Specular hematite 1s abundant in parts of the deposit and
has locally been replaced by magnetite. Bandy (1938) described excep-
tionally striking specimens of hydrated wron oxides after “stningy
stalactitic masses™ of gypsum. Other oxides such as rutile and ilmenite
are munor constituents of the host [‘Hll’ph} ry

Halides

A small but significant suite of halide minerals occurs at Chuqui
camata. Halite was reported by Bandy (1938) as widespread in the
surface matenal about the deposit where it occurs in grains, crystals and
aggregates. It s also reported from local occurrences within the pit
Halite 1s thought to be the source of chlorine that has combined with
copper to form atacamite and paratacamite

Figure 4. Marshite: a {100}, o
11, m (113} and B (223
(Redrawn from Jarrell, 1939.)

Marshite was described from Chuquicamata by Jarrell in 1939, A
detatled study ol Chuguicamata marshite was presented in 1969 by
Trash. Orniginally ., specimens were recovered only from the south end of
the open pit within 24 m of the onginal surface. Marshite occurred there
intimately associated with atacamite lining fractures in altered por
phyry. Marshite crystals penetrate atacamite and perch upon it. Most
crystals are small, ranging up to several millimeters across. and are
typically composed of the cube and tetrahedral forms (Fig. 4). When
first found, the crystals are colorless to light honey-yellow although
exposure to humid conditions reportedly causes a gradual color change
to salmon or red. The physical resemblance of Chuguicamata marshite
to won-deficient sphalenite is striking. Malachite pseudomorphs after
marshite are also known. Marshite fluoresces deep red under ultraviolet
hght. . .the only fluorescent Chuquicamata mineral

Atacamite was once locally abundant in the upper 35 m of the
deposit. Thousands of Chilean atacamite specimens. many of them from
Chuquicamata, have been disseminated over the vears into mineral
collections worldwide. Although atacamite is erratic in its distribution
at Chuquicamata. it was most commonly found in the upper oxidized
portions of the more massive sulfide veins. Typically it occurs in
maroon-colored ron oxide matrix as chisel-shaped crystals. masses of
long acicular crystals. or as matted masses of minute prismatic crystals
(Fig. 5). Its occurrence is generally restricted to areas characterized by a

relative deficiency in sulfate and may, in fact, replace antlerite in the
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\ Figure 5. Atacamite: m {110}, e
/ 001, r (111} and n (121).

(Redrawn from Palache. erf al.,
1951.)

paragenetic sequence. Atacamite typically occurs in intimate associa-
tion with krohnkite and natrochalcite. Veinlets of atacamite cut tur
quoise and occur on crystals of leightonite (Bandy. 1938). It 1s com
monly associated with chrysocolla and generally appears to be the
carhier-tormed mineral. Exceptional specimens of atacamite are currently
encountered duning the reworking of older dump matenal and in aban
doned areas of the uppermost portion of the deposit, particularly in the
northeast end of the pit

The similar mineral paratacamite i1s reported by Jarrell (1944) as
occurring at Chuguicamata although details are not given. The mineral
has not been positively identified in matenal collected by the author

Carbonates

Carbonate minerals are uncommon and generally unimportant at
Chuguicamata. Calcite. dolomite, and magnesite have been identified
as gangue constituents of sulfide veins in the northwestern portion of the
deposit. Cerussite was described by Bandy (1938) as occurring in rare
pockets in the central-northwest portion of the mine in crystals ranging
up to 3 mm associated with fibrous masses of antlerite

Malachite and azunte are quite uncommon and are found only In
areas that are sulfate-deficient. Bandy ( 1938) mentioned the occurrence
of azunte in an outlying. though genetically related. copper occurrence,
the Flor de Bosque mine. Specimens of the copper carbonates thus far
discovered at Chuquicamata are less than inspiring and at best are
composed of fibrous malachite with brochantite and azurite. A 5-¢cm
veinlet of quartz with a 1-¢cm center of rhodochrosite was encountered in
one of the east crosscuts off the drainage tnnel (Lester Zeihen, pers
communication)

Nitrates

The nmitrate minerals darapskite. niter. and soda niter have been
reported from the extreme upper portions of the deposit and from
alluvium surrounding the deposit. Of these, soda niter is perhaps the
most abundant. occurring locally in massive aggregates associated with
atacamite. bloedite and altered murabilite (Bandy. 1938). Soda niter
was considered by Bandy to be of volcanic ongin

Figure 6. Bellingerite: ¢ (001}, b
010}, a [ 100}, k {120}, n (210}, N
1210}, w {011}, V(012), Z (T12),
7 (111} and ® {211). (Redrawn
from Berman and Wolfe, 1940.)

lodates

Chuguicamata 1s the type locality for the rare copper iodates belling
ente and salesite. The species were first described by Berman and
Wolte (1940) and Palache and Jarrell ( 1939), respectively. Bellingerite
s found sparingly as a secondary mineral in tiny, prismatic to somewhat
tabular, hight green crystals usually associated with leightonite and
gypsum (Fig. 6). The best specimens of bellingerite came from benches

D-1. D-2 and E-1 on the northwest end of the pit. Narrow veinlets of

The Mineralogical Record, September—OQOctober, 1978




bellingente in altered porphyry are also known. The crystal chemistry
of bellingerite has recently been determined by Ghose and Wand
(1974)

C
e
d
p
-l-__-‘__-__
r /
- s Figure 7. Salesite: ¢ (001}, b

010}, n (130}, m (110), € (023), d
011}, p (111} and r {5527]. (Re-
drawn from Palache and Jarrell,

S i 1939.)

Bluish-green salesite. similar in color to caledonite, occurred infre-

quently in the oxide zone as small stout prisms with pyramidal
terminations (Fig. 7). The crystal structure of salesite was determined
by Ghose in 1962. Neither mineral is found in appreciable quantities
today . although samples of bellingente with associated leightonite may
still be collected. Salesite is found in portions of the old oxide dump and
in areas where dump matenal is being recovered for mill feed

In the past, 1odine mineral(s) in appreciable concentrations were
occasionally encountered. Dramatic evidence was provided when ex-
plosive charges produced clouds of smoke colored purple by liberated
lodine (pers. communications from R.V.Gaines and Lester Zeihen)
Much limonite, especially the irmidescent specimens, gives an iodine
odor, although no iodine mineral has ever been identified in this
matenal

Borates

Bandy ( 1938) described ulexite in alluvium at Chuguicamata where it
occurs associated with gypsum and halite in loose masses of silky
fibers. The borate-chloride bandylite occurs at its type location, the
Quentena mine, a short distance from Chuguicamata

Sulfates

The publication of Bandy's now classic treatise on Chuquicamata
mineralogy in 1938 resulted in worldwide recognition of this locale as a
source of exotic and unique sulfate minerals. Today, no less than 45
individual sulfate species have been recorded from the pit and immedi-
ately adjacent areas. Various species such as leightonite and ungema-
chite were first described in Chuquicamata ores. It is the only major
copper deposit in which such minerals as antlerite, krohnkite and
chalcanthite constituted important ore minerals. Perhaps not surprising-
ly. and certainly in testimony to Bandy's thorough work, only a hand-
full of sulfates have been added 1o his original list. Several of these are
species intially identified by Bandy at the nearby Quetena and Alcapar-
rosa deposits and later identified at Chuquicamata. Although some of
the sulfate minerals charactenstic of Chuquicamata are unstable in
clhimates more humid than the Atacama desent, the sulfates collectively
are a source of great interest and enthusiasm among both species
collectors and micromounters

T'henardite: Thenardite occurs as a fine-grained white powder
formed by the alteration of mirabilite. It is always found near the
onginal surface of the deposit. Complete pseudomorphs after mirabilite
have been reported

Anhvdrite: Anhydrite i1s an uncommon constituent of alluvium sur-
rounding the deposit. Thick beds of anhydnite are reported from the Rio
Loa valley several kilometers away. Significant specimen material is
unknown

Mirabilite: Mirabilite was relatively common though sporadic in
occurrence within the upper 20 m of the deposit. It was found associated
with bloedite and occurs almost exclusively along the western side of
the deposit in rocks characterized by sericitic alteration. Even in the

extremely and chimate of the deposit. freshly broken surfaces of mira
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bilite require less than a minute tor the dehydration product thenardite 1o
form (Bandy. 1938)

Krohnkite: Krohnkite constitutes an ore mineral in portions of the
Chuquicamata deposit. Crystals are common although the most well
known form is in cross-fiber veins commonly exceeding several centi-
meters in width. Particularly attractive specimens consist of dark blue
cross-fiber veins in hight grey porphyry . A single krohnkite crystal in the
Bandy collection, measuring 7 cm in greatest dimension, was described
by Jones (1973).

Krohnkite was once common in the northern end of the deposit where
it was locally replaced by antlerite. Krohnkite associated with atacamite
and natrochalcite is still encountered today along the western side of the
deposit near the West fissure. In the southern part of the deposit, early
bloedite replaced by krohnkite was once common. Masses and aggre-
gates of krohnkite crystals exceeding 10 cm in diameter were observed
by the author in freshly blasted ore in the west-central portion of the pit
This krohnkite was locally associated with chalcanthite and extremely
finegrained atacamite.

Figure 8. Krohnkite: al{l0),
glOLl), m{132), i(123), m{110]},
h{120), k(130), blO10), fl131)
and e{lll}. (Redrawn from
Palache, et al., 1951.)

Bloedite: Bloedite was once a common mineral at Chuguicamata,
particularly in the southwest end of the deposit within approximately
25m of the surface. Its typical occurrence was in fibrous or granular
veins and crust. Good crystals had not been reported as of Bandy's
writing nor were any observed by the author in 1976. Typical associated
minerals are mirabilite, thenardite, soda niter and atacamite. Locally,
bloedite 1s replaced by krohnkite and leightonite

Picromerite: Picromenite occurs in crusts of white glistening crystals
giving the appearance of a late secondary mineral that has formed by
dehydration. Commonly associated minerals are hohmannite, meta-
voltine and metasideronatrite

Ferrinatrite: Aggregates of pale amethystine ferrinatrite associated
with metasideronatrite and metavoltine are described in detail by Bandy
(1938). The mineral typically forms fibrous crusts of prismatic, deeply
striated crystals. Pseudomorphs of metasideronatrite after ferrinatrite
have been reported

b Figure 9. Leightonite;
L0, allD), mil10],
e 101}, pil1l} and g{l131).
(Redrawn from Palache,
1938.)

Leightonite: Leightonite was first identified in ores of Chuguicamata
by Palache (1938). It was once relatively abundant near the south end of
the pit as networks of crystals cementing rock fragments, light blue to
bluish green individual crystals up to 1 cm in length (Fig. 9), and in
cross-fiber veins similar in occurrence to krohnkite. It was limited in
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Figure 11. Malachite pseudomorph after marshite from
Chuquicamata. Photo by Julius Weber; specimen, collection of
Lou Perloff.

Figure 10. Salesite from Chuquicamata. Photo by
Julius Weber; specimen, collection of Lou Perloff.

L 2 . e

Figure 13. Krohnkite from Chuquicamata. Speci- Figure 12. Leightonite from Chuquicamata. Specimen and
men and Photo: Julius Weber. photo: Julius Weber.
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Figure I4. Natrochalcite on krohnkite from
Figure 15. Atacamite from Chuquicamata. Photo by Julius

, _ Chuquicamata. Photo by Julius Weber; specimen,
Weber; Specimen, collection of Lou Perlof. collection of L.ou PerlofT.

Figure I7. Lindgrenite from Chuquicamata. Photo

by Julius Weber; specimen, collection of Lou
PerlofY.
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Figure 16. Antlerite from Chuquicamata. Photo by Julius
Weber; specimen, collection of Lou Perloff.
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vertical extent to within approximately 40 m of the original surface.
Chief associated minerals were atacamite and krohnkite; never ata-
camite. More recently, small crystalline aggregates of leightonite inti-
mately associated with bellingerite have been collected by the geolog-
ical staff of CODELCO.

Voltaite: Voltaite is uncommon at Chuquicamata and is confined to
areas of more massive pyrite veins. It is commonly associated with
coquimbite and it has been shown by Bandy (1938) to be paragenet-
ically later than this mineral. Well formed crystals are particuiarly rare
and the mineral is best distinguished by its lack of cleavage, conchoidal
fracture, resinous luster, and greenish black to dark olive-green color.

Tamarugite: Tamarugite is restricted in occurrence to the upper
portions of the deposit and appears to be paragenetically later than
ubiquitous associated alums (Bandy, 1938). The mineral occurs as
fine-granular masses or as fibrous crusts. Rarely, colorless tabular
crystals have been collected.

Mendozite, kalinite and potash alum: Mendozite, kalinite and potash
alum have been found intermittently in the near-surface portions of the
deposit. Mendozite is perhaps most common and in all instances the
minerals are paragenetically late. Significant crystalized specimens are
not known.

Gypsum: Gypsum beds up to 30 cm are relatively common in allu-
vium in the immediate vicinity of the pit. Generally, the mineral is
fibrous although small, uninteresting crystals have been reported.
Gypsum occurs locally within the ore deposit and 1s typically stained
deep blue by chalcanthite and krohnkite.

Chalcanthite : Chalcanthite once constituted an important ore mineral
in the upper portions of the deposit, particularly within a blanket zone
characterized by the occurrence of both supergene sulfide minerals and
sulfates. Fibrous veins up to 5 cm wide, crystal-lined pockets and small
individual crystals were not uncommon. Two new crystal forms for
chalcanthite were identified on Chuquicamata matenal by Bandy
(1938). At the time of the author’s visit, chalcanthite in moderately
good specimens could still be collected near the West fissure in the
central portion of the pit.

Pisanite: Pisanite is reported but its occurrence and distribution have
not been described in detail, probably due to the difficulty in dis-
tinguishing it visually from poorly crystallized chalcanthite.

Epsomite: Epsomite is a relatively common mineral both within the
upper portions of the deposit and with other salts in nearby alluvium.
Epsomite beds 10 to 20 cm thick were described by Bandy (1938) west
of the deposit. Epsomite associated with the deposit proper typically
forms white pulverulent masses and fibrous aggregates.

Roemerite: Roemerite is a relatively rare mineral at Chuquicamata.
In almost every instance, it is closely associated with coquimbite and is
restricted in vertical extent to the near-surface portions of the deposit.

Halotrichite: Colorless to light green fibrous aggregates of halo-
trichite were described from near-surface ores by Bandy (1938). Indi-
vidual, though unterminated, crystals up to approximately 2 mm thick
In a granular mass of pyrite, senicite and aluminum sulfate were men-
tioned. The mineral is typically associated with partially oxidized pyrite
and a vanety of other iron sulfates. Larger crystals are commonly
hollow .

Pickeringite: The first precise crystallographic measurements for
pickeringite were presented by Bandy (1938) for material collected near
Chuquicamata at Quetena. A similar occurrence is mentioned at
Chuquicamata by Jarrell (1944). The mineral occurred in long acicular
tufts, felted masses, closely packed cross-fiber veinlets, and as massive
aggregates. The most typical color is white to very light yellow although
at times brown pickeringite has been observed. Associated minerals are
matrix jarosite, chalcanthite and fibroferrite

Coquimbite : Coquimbite is surprisingly uncommon at Chuquicamata
with respect to its general abundance in other Chilean sulfate deposits. It
is typically pale violet and occurs in relatively small crystals. Its
occurrence Is restricted to the near-surface portions of the deposit
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Alunogen: Granular alunogen associated with blue, partially dehy-
drated chalcanthite, yellow sideronatrite, and yellow-green copiapite
has been described at Chuguicamata by Gordon (1940).

Brochantite: Brochantite i1s a comparatively rare mineral at
Chuquicamata, although for many years it was thought to be the main
ore mineral of the oxide zone (rather than antlerite). Brochantite occurs
near the margins of the deposit and is associated typically with gypsum
and chrysocolla. It also occurs in carbonate veins along the north-
western portion of the deposit. Brochantite was not identified in sam-
ples collected by the author and matenal so labeled from Chuquicamata
should be examined for confusion with antlerite or acicular atacamite .

S

Figure 18. Antlerite: ¢ (001}, b
(010}, a {100}, {130}, € {120}, m
{110}, 0 (011}, k{201}, r (111} and
C1211}. (Redrawn from Palache,
1939.)

|~

Antlerite: Antlerite was the main ore mineral of the oxide zone at
Chuquicamata. Bandy (1938) considered antlerite to represent the last
stage in copper mineralization and determined the vertical range to be as
great as approximately 330 m. A detailed study of antlerite was pre-
sented by Palache (1939) which included excellent crystallographic
drawings of Chuquicamata crystals (Fig. 18).

The most common occurrence of antlerite is in fibrous veinlets up to
several centimeters thick cutting silicified, chalcocite-rich porphyry.
Exceptional single crystals and aggregates are relatively common in
open spaces within fractured and altered porphyry. Crystals as large as
Smm in greatest dimension were relatively abundant in dump material
being used as mill feed in 1976. Fibrous veinlets of chantoyant, deep
green antlerite up to 3 cm thick can still be found in abandoned portions
of the pit along its northeast margin. Older Chuguicamata specimens
labeled “'stelznerite’” and *‘heterobrochantite’ are probably actually
antlente

Alunite and Natroalunite: Alunite and natroalunite have been des-
cribed from Chuquicamata as supergene minerals occurring in the
oxidized portions of pyrite-rich veins. Occasionally, the minerals are
found in veins associated with antlerite and are locally associated with
jarosite. The minerals are typically quite fine-grained and mechanically
combined with other constituents so that precise distinction between the
potassium and sodium species is difficult.

Jarosite: Fibrous and massive aggregates, and minute tabular crys-
tals of jarosite were relatively common in the upper portions of the ore
body, typically in the central, more massive portion. Jarosite pseudo
morphs after alunite or natroalunite preserving the “*hopper crystals™
were descnbed by Bandy (1938).

Natrojarosite: Small brilliant crystals of cinnamon-brown natrojar-
osite associated with chalcanthite, krohnkite and sulfur have been
described in detail by Bandy (1938). Chuguicamata natrojarosite af
forded the first matenal suitable for detailed crystallographic study
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Trillings with the twin plane (110) were common and explain pre-
viously reported anomalous optical behavior. Natrojarosite was not
observed during the author’s visit in 1976 although good specimens are
still encountered.

Plumbojarosite: Plumbojarosite is mentioned by Jarrell (1944) as
occurring at Chuquicamata although details are not given. The mineral
was not observed by the author

Figure 19. Ungemachite: ¢

0001}, g (1017), h (1014), i
(2025}, r (1011}, H (0115}, K
0227 and M (0112]. (Redrawn
from Peacock and Bandy, 1938.)

Figure 20. Clinoungemachite: ¢
001, all0ol, (110}, 4 (012, f
01, g (102}, R {101}, pil111] and
o{111}. (Redrawn from Peacock
and Bandy, 1938.)

Ungemachite and Clinoungemachite: Ungemachite and clinounge
machite were described as new minerals by Peacock and Bandy (1938)
from matenal collected at Chuquicamata. Ungemachite occurs as gran-
ular vein filling and rarely as individual, colorless to yellow crystals less
than | mm in diameter hining small vugs in massive jarosite and
metasideronatrite. The description of clinoungemachite was based on
the discovery of six minute crystals onginally thought to be unge-
machite  but  determined goniometnically to  be
(pseudo-rhombohedral). The crystals were found intimately associated

monochimic

with ungemachite in massive jarosite
Aluminite: Aluminite was mentioned by Bandy ( 1938) as occurring at
Chuguicamata although details of occurrence and associations were nol

given. The mineral was not observed by the author

c
c
P p
U
m 1 Figure 21. Natrochalcite: ¢
m 001, p 111, m (10} and U (2211,
(Redrawn from Palache and
__—~— Warren, 1%8.)

Natrochalcite: Natrochalcite 1s today an exceptionally uncommon
mineral originally described from Chuquicamata. It was limited to the
uppermost portions of the deposit and was considered rare at the time of
Bandy's work, although in 1936-1937 it was a moderately important ore
mineral. Excellent specimens consist of bright emerald-green crystals
lining fractures in altered porphyry or crystalline natrochalcite crusts on
krohnkite and atacamite. Natrochalcite-filled vugs in fibrous krohnkite
reportedly were the ongin of the finest specimen material. In 1940 there
was abundant specimen matenal available, consisting of cross-fiber
vemnlets o | em thick in Krohnkite. Natrochalcite was not encountered
duning the author’s visit and specimens of this mineral should be
considered a ranty today

Metasideronatrite: Metasideronatrite was described as a new mineral
trom Chuquicamata ores by Bandy (1938). It is generally thought to be a
dehydration product of sideronatrite. The typical occurrence of meta

sideronatrite is in coarse to fine-grained, yellow to straw-yellow crys
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talline aggregates exhibiting perfect cleavage and silky luster. Common

associated minerals are metavolune, fernnatnite, ungemachite, alums
and natrojarosite. The mineral is limited to the uppermost portions of

the LlLTH‘FNII

Sideronatrite: Although sideronatrite was not identified by Bandy.

several sideronatrite samples from Chugquicamata are in the U. §

National Museum collections. One of these specimens contains sider

onatrite associated with metavoltine

Metahohmannite: Orange powdery metahohmannite was described
by Bandy (1938) as a dehydration product of hohmannite. Although
identical matenal had been descnbed previously by vanous authors,
Bandy (1938) was the first to apply the name metahohmannite to the
mineral

Butlerite: Butlerite was not described from Chuquicamata ores by
Bandy. although he identified for the first time the analogous com
pound, parabutlente. The presence of butlenite 1s mentioned in Dana's
Svstem of Mineralogy, Volume 1l (Palache, Berman and Frondell,
1951). apparently in reference to work by Samual Gordon

v . Y
- Figure - B Parabutlerite:
milio;, 011, 5012 and
pillll. Redrawn from Bandy,
1938.)
_'_H___,..-""‘
‘\L’.’_‘j__.f

Parabutlerite: Parabutlenite was descnibed as a new mineral species
by Bandy (1938) from matenal collected at Chuguicamata. Parabut
lenite occurs closely associated with copiapite (from which it alters) and
jarosite. Crystals are typically small and pnsmatic (Figure 7)., and vary
m color trom heht oranee 1o a heht oranee-brown. The muneral has
been observed only in the upper portions of the deposit

Amarantite: Superb though small crystals of amarantite have been
found from time to tme at Chuquicamata. The first detatled crys
tallographic and optical description for this mineral was presented for
Chuquicamata material by Bandy (1938). Amarantite typically occurs
in small, amaranth-red, transparent crystals associated with hohmannite
and fibrofernite along the walls of small sulfate veins in the oxidized
portions of massive quartz-pynte vemns. In addinon, small acicular
amarantite crystals have been described in chalcanthite or pisanite

Hohmannite: Hohmannite occurs as small, brilliant, light amaranth
red 1o chestnut-brown crystals associated with chalcanthite and picro
mernite. The mineral 1s best distinguished from amarantite by optical
properties and 1s extremely unstable, particularly in and chimates,
readily dehydrating to metahohmannite. As with many of the preceding
sulfate species, hohmannite was almost entirely limited in occurrence to
the upper. depleted portions of the ore deposit

Fibroferrite: Fibrofernite occurred in the upper portions of the
Chuquicamata porphyry as greyish white efflorescent crusts or silky

greenish grey matenal associated with chalcanthite, amarantite and

hohmannite. The mineral dehydrates rapidly upon exposure to ai
Botrvogen: Botryogen was once gquite common at Chuguicamata as

light orange to dark orange-red prismatic crystals and masses associated

with hohmanmite and amarantite. Bandy (193%) showed that matenal

“rubnic are wen

labeled **quetenite.,”™ “idnzite’” and ““palachite
tical with botryogen and should be so relabeled
Metavoltine: Metavoltine was tentatively described for Chuquica
mata ores by Bandy (1938) and positively identified by Gordon ( 1940)
Bandy described the mineral as occurring in six-sided plates and scales
ol I‘ML‘LUILH vitreous w u||_\ luster and olive green o :_*TL'L‘IH\h brown

color. It i1s always associated with metasideronatrite and locally with

'y "J




kalinite, pickeringite. tamarugite, ungemachite and jarosite. In
Gordon's samples, metavoltine occurred as granular masses with
alunogen, blue dehydrated chalcanthite, yellow sideronatnite and yel-
lowish green copiapite.

Copiapite: Copiapite was relatively common in the upper portions of
the deposit where it occurred as aggregates of well developed though
small tabular crystals with pearly luster and a yellow to greenish yellow
color. Copiapite may still be found on portions of the oider dumps.

Cuprocopiapite: Cuprocopiapite was relatively common at
Chuquicamata where it was always associated with copiapite and com
monly with parabutlerite, chalcanthite and jarosite. Cuprocopiapite 1s
charactenstically less well crystallized than copiapite, commonly
occurring in rounded masses and aggregates of greenish grains

Phosphates and Arsenate

Members of the phosphate family are poorly represented at
Chuquicamata, the only species previously described being libethenite,
sampleite and turquoise. Metatorbernite was identified around 1950 but
the identification was not published (Lester Zeihen, pers. communi-
cation). Jarrell (1939) reports that a few specimens of dark olive-green
libethenite crystals perched on white, extremely kaolinized granodiorite

Figure 23. Oliventie: m {110}, v
1101} and e {011). (Redrawn
from Jarrell, 1939.)

\\__/_,,_I—J

have been found. The crystals are distinctive in that they are composed
only of prismatic and pyramidal faces, domes so characteristic of
crystals from other localities being entirely absent (Fig. 23). Sampleite
was identified from Chuquicamata as a new mineral species by Hurlbut
(1942). Sampleite occurs as small, flattened, micaceous aggregates of

Figure 24. Libethenite: m {110
and s (111. (Redrawn from
Jarrell, 1939,)

light blue tabular crystals (Fig. 24) on altered porphyry. It is distin-
guished by a well defined pearly luster on cleavage faces. Associated
minerals are gypsum, atacamite, libethenite, jarosite, and goethite
Sampleite is still to be found on older portions of the oxide dumps
Turquoise was first identified at Chuquicamata in 1931 by Bandy. It is
not an uncommon mineral and deep blue gem-grade matenial is known,
although most is light blue, chalky and occurs in narrow veinlets
Common associated minerals are atacamite and antlerite. Turquoise
may still be found in the upper portions of the deposit in the northeast
end of the pit

The arsenate suite of minerals is represented by chenevixite, oliv-
inite, scorodite and pharmacosiderite. Only chenevixite is locally
abundant, occurring in light green to lime-green microcrystalline

i)

Figure 25. Sampleite: ¢ (001}, b
0104, m {110), {150}, r|021; and
p \111i. (Redrawn from Hurl-
burt, 1942.)

—

masses formed by the oxidation of enargite. Chenevixite masses
measuring several tens of centimeters in diameter are still encountered
in the central portion of the pit near the West fissure. The mineral is of
interest to collectors due to its generally pleasing color and ranty.
Olivinite 1s infrequently encountered in small though well formed
crystals (Fig. 25) embedded in porous aggregates of chenevixite (Jar-
rell, 1939). Scorodite and pharmacosiderite are reported from chene-
vixite-rich zones although exceptional specimens are apparently un-
known.

Figure 26. Lindgrenite: a (100},
b 1010}, ¢ (001}, r{021), ¢ (130}, 0
(110}, h {111}, ¢{211} and p{011).
Lo# (Redrawn from Palache, 1935.)

 —

Molybdates

The oxidation of pnnmary molybdenite has resulted in the formation
of only three secondary molybdates: wulfenite, lindgrenite and fer-
rnmolybdite. Lindgrenite was originally identified by Palache (1935) in
type matenal collected at Chuquicamata by Bandy. It occurs in trans-
parent tabular crystals (Fig. 26) of deep green to yellow-green color.
Most crystals are less than 4 mm in maximum dimension and exhibit
brilliant, well-formed faces. Associated minerals are antlerite and iron
oxides. Lindgrenite specimens are uncommon at Chuquicamata today.
Dark grey, massive wulfenite associated with fine-grained antlerite was
reported from an isolated location in the mine (Jarrell, 1939). The
specimens were found in the immediate vicinity of molybdenum min-
eralization in which most of the molybdenum had been fixed in lind-
grenite duning oxidation. Minor galena occurs as a fine-grained con-
stituent of ores in this section of the pit. Ocherous ferrimolybdite has
been reported at intervals from Chuquicamata although specimens
worthy of note are unknown.

Silicates

Although silicate family minerals are of utmost importance at
Chuquicamata in as much as they are the primary minerals comprising
the Chuquicamata porphyry and related alteration assemblages, they
are, for the most part, of little interest to the connoisseur of mineral
specimens. Quanz, plagioclase and potassium feldspars., and micas are
the dominant silicate minerals in unaltered portions of the porphyry
Kaolinmite, chlonte and muscovite (sericite) constitute various phases of
the altered portions of the pluton. Tourmaline occurs locally as small
radiating needles filling cracks in the porphyry as well as in veins near
the central portion of the pluton. Small, cinnamon-brown titanite crys-
tals were described by Bandy (1938) in tourmaline-albite-titanite peg-
matites immediately north of the deposit
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Chrysocolla has been descrnibed by various authors in both the

Chuquicamata porphyry proper and associated alluvium and gravels
(Newberg, 1962). At least three individual minerals are mentioned but
not specified as being generally grouped with chrysocolla (Bandy.
1938). Chrysocolla typically occurs in botryoidal cryptocrystalline
masses in the southeast portion of the deposit. The most commonly

TABLE |

deficient in copper, chrysocolla grades into opal

associated copper mineral 1s atacamite. In local areas that appear 1o be

'he Exotica mine, actually a southward extension of the oxidized

copper deposit of the Chuguicamata pit, contains a vanety ol copper

stlicates, oxides and halides deposited downhill from the main sulfide

ore body by weathering solutions

Minerals of Chuguicamata

A = Country rock minerals

Hydrothermal alteration minerals

C = Oxide zone minerals and supergene sullides D = Prnmary ore minerals
CHARA( CHARA(
NAMI FORMULA TERISTI NAMIE FORMULA TERISTH
(MCURRENCH (M CURRENCH
ELEMENTS HALIDES
Gold Au (7) AX Type
Copper Cu b Halite NaCl AL
Sulfur S = Marshite Cul (
Am(O.OH)pXq Type
SULFIDES Atacamite Cu,CHHOH), (
A,X Type Paratacamite Cu,(OH),CI (
[)igenite Cu,S; D
Djurleite Cu, oS D CARBONATES
Chalcocite Cu,S C.D A(XO,) Type
AX, Type Calcite CaCO, B.C.D
Bornite CuFeS, C.D Magnesite MgCO, (
AX Type Cerussite PhCO, (
Galena PbS D AB(XO,) Type
Sphalerite /nS D Dolomite CaMg(C0O,), C.D
Chalcopyrite CuFeS, D Am(XO,)pZp Type
Covellite CuS C.D Malachite Cu,(CO,) (OH), (
Idaite CuFeS, D Azurite Cu (CO,),(OH), (
AX, Type
Pyrite FeS, D NITRATES
Marcasite FeS, C.D A(XO,) Type
Molybdenite MoS, D Soda Niter NaNO, A
Niter KNO, A
SULFOSALTS Misc :
A,BX, Type Darapskite Na,(SO,) (NO,)H,0 (
Tennantite (Cu.Fe),As,S,, D
ABX, Type [ODATES
Colusite Cu,(As, Sn, V., Fe)S, D A(XO;); xH,0. etc
Famatinite Cu,ShS, D Ht’“il’lﬂt‘rilt‘ CuJglO,), 2H.0 C
Enargite CuAsS, D Salesite CullOH(OH) {
OXIDES BORATES
A,X Type Ulexite NaCaB .0, 8H.,0 \
Cuprite Cu,O C
AX Type SULFATES
Tenorite CuO i A,XO, Type
A,X, Type Thenardite Na,S0, (
Hematite Fe,0, A.B.C.D. AXO, Type
[imenite FeTiO, Anhydrite CaS0O, A
AX, Type \,(XO,) xH,0 Type
Rutile Mo, \ Mirabilite Na,SO, 10H,0 (
Pyrolusite MnO, C \,B(XO,), xH,O Type
AB,X, Type Krohnkite Na,Cu(S0O,), 2H,0 (
Magnetite Fe,0, \.C.D Bloedite Na,Mg(S0,), 4H,0 (
Hydroxides. etc Picromerite K.Mgi(S0,), 6H,0 (
Manganite MnO(OH) C AmBn(XO,)p xH,O Type
Goethite FeO(OH) C Ferrinatrite Na,Fe(SO,), 3H,0 (
Birnessite (Na.Ca)Mn,O . H,O(7) C(?) L.eightonite K,Ca,Cu(SO,), (
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CHARAC
FERISTIC
OCCURRENCH

FORMULA

AB(XO,), xH,O Type
Voltaite
Tamarugite
Mendozite
Kalinite
Potash Alum
A(XO,) xH,0O Type
Gypsum
Chalcanthite
Pisanite
E.psomite

K,Feq” Fe,’ I.l""ﬂilil_. I8H,0
NaAl(50,),-6H,0
NaAlSO,), 11H,0
KAKSO,), 11H,0
KAISO,), 12H,0

CaSO, 2H,0
CuSO, 5H,0
(Fe.Cu)SO, TH,0
MgSO, 7TH,0

\LB(XO,), xH,O Type
Roemerite
Halotrichite
Pickeringite

Fe ' “Fe, " '(S0,), 14H,0
Fe* "AlLL(SO,),22H,0

g ==

MgALL(SO,),-22H,0

414 ==
ALIXO,)xH,O Type
Coquimbite
Alunogen

Fe,(SO,),9H,0
ALL(SO,) 18H,0

Ami(XO,)pZg Type
Brochantite
Antlerite
Alunite
Natroalunite

Cu SO H(OH),,

Cu (SO NMOH),
KAL(SO,),(OH),
NaAL(S50,),(0H),
Jarosite KFe (SO,),(0OH),
Natrojarosite Nakbe,’ (S ),),(0OH),,
Plumbojarosite PbFe, * (SO,)(OH),,

(AB),(X0O,)Zq xH,0O Type
L ngemachite
Clinoungemachite
Aluminite

Na K Fe * '(SO,)(OH), 10H,0
Na K Fe(SO,), OH 9H,0(?)
ALLISOOH) ) TH,O

A(XO,),.Zq xH,0 Type
Natrochalcite NaCu,(SO,),(OH) H,0
Metasideronatrite Na,Fe,™ ;lH{},rJ{l}Hn_, H,O
Sideronatrite Nu,Fe* (SO,),(0OH) 3H,0

AXOOZg xH,0 Type
Metahohmannite
Butlerite

Fe (S0,),(0H), 3H,0

Fe* (SO, (0OH) 2H,0
Parabutlerite Fet (SOL(0H) 2H,0
Amarantite Fe(SO,)(OH) 3H,0

Hohmannite Fe, (S ),),(0H), 7TH,0
Fibroferrite Fet (SO,)(0H) SH O

Botryogen MeFe + ' (S( ),),(OH) TH,0
Metavoltine (K.Na.Fe)Fe,* (50,),(0OH), 9H,0
Copiapite e .LI'L'* =S ),),(OH), 20H,0

C uprocopiapite Cuke (S0,)(OH), 20H,0

CHARAC
FERISTIC
OCCURRENCH

FORMULA

PHOSPHATES AND
ARSENATES

A(XO, xH,0 Type
Scorodite
AB(XO,)Zqg Type
Chenevixite
ALIXO,)Zqg Type
Olivenite
Libethenite
(ABm(X0O,)pZq ' xH,0
['ype
Sampleite
Turquoise
Pharmacosiderite
A(UO,),(X0,), xH,0
lype
Metatorbernite

FelAsO,) 2H,0
Cu,Fe (AsO,),(OH), H,O

('Ll_d AsO(OH)
{‘11I.1|"l}11:[}|||

NaCaCu(PO,),Cl-5H,0

CuAl (PO, (OH), 5H,O
Y .

Fe,™ (AsO,),(OH),"5H,0

Cu(U0O,),(PO,), 8H,0

MOLYBDATES
A(XO,) Type
Wulfenite
A (XO,),Zq Type
Lindgrenite
AL(XO,)Zq Type
Ferrimolybdite

PbMoO
Cu;(Mo0O,),(OH),

Fe,iMoO,), 8H,((7)

SILICATES
Quartz S10,
Plagioclase (Na.Ca)Al(ALSHSI,0,
(undifferentiated)
Orthoclase
Muscovite
Biotite

AB.C.D
A.B.D

KAISiI, O, A.B.D

KAL(AIS1H)O,(OH), AB.D

K(Mg.Fe) (Al Fe) A.B.D
$i,0,,(OH.F),

Kaolinite Al,S1,0,(0H), B

Chlorite
(unditferentiated)

Zoisite

Epidote

Tourmaline
(unditferentiated)

Titanite CaTiSi0O.

Chrysocolla (Cu.Al,H,S1,0,0H), nH,0O

Opal 510, nH,0

Ca,Al(S1,0,,MOH)
Ca,(AlLFe),51,0,,(0H)

CONCLUSIONS

Indications are that Chuquicamata will continue to be a source of
good 1o excellent specimens of peculiar and exotic mineral species for
some time to come. This specimen-producing potential is the result of
the exposure of oxide zone material in older dumps now being reworked
to supplement mine production and the good accessibility of currently
Inactive, upper portions of the open pit. It does not appear that any
significant effort is being made to consistently collect specimen mate-
rnal by employees of the current operator, CODELCO, probably due to
a general lack of incentive

Species presently available in moderate quantity, either within the pit
or in dump material, are antlerite as both cross-fiber vein filling and

) I |
332

excellent individual crystals, atacamite, krohnkite, chenevixite, sam-
pleite, bellingenite and leightonite. A good selection of the less spec-
tacular ron sulfates i1s no doubt available to those interested in such
SPeECIcs

Chuquicamata is of atypically easy access to the visiting mineralogist
or collector. Accommodations in Chuguicamata are available at a single
clean hotel. Other accommodations exist in the nearby city of Calama
CODELCO maintains an excellent public relations service complete
with guided tours of the surface facility. Unfortunately, such tours do
not include the opportunity to collect minerals. In recemt years,
Chuquicamata has become an unusually frequented tourist stop and, as
such, company policy has become increasingly strict with respect to
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access of pit and dump areas. Those wishing to collect at Chuguicamata

should in all instances make tght. previous arrangements with
CODELCO to insure that a long tnp does not end in disappointment
Significant muneralogical research remains to be conducted at

Chuquicamata. Data contained in the classic papers dealing with
Chuguicamata mineralogy could be expanded by restudying the vanous
unique and rare species with such modem equipment as the electron
microprobe. In addition, careful study will probably bring to hght
additional species not reported at Chuguicamata but found in simular
environments at other locations in Chile. Undoubtedly many of these
species have already been found at Chuquicamata but have not been
described in the available literature. Others such as specific sulfate and
halogen-bearing munerals have perhaps been overlooked or mus
identified as other species. Let us hope that the publication of this article
and its admittedly incomplete histing of Chugquicamata minerals will
prompt those persons with access to unpublished data to respond in such

a manner that a complete list can be furmished at a future date
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MORGANITE
ON TOURMALINE
PALA CALIFORNIA

KEITH PROCIOR

fine minerals

Some specimens from this unique private collection are currently available.
Make arrangements to see it. Call 303-471-2544

KEITH PROCTOR - 1422 N, HANCOCK, Suites 1, 2, 3, COLORADO SPRINGS, CO. 80903



A UNIQUE GALLERY FOR THE
DISCRIMINATING COLLECTOR OF
MINERALS, FOSSILS, CARVINGS,

JEWELRY, SEASHELLS,
BUTTERFLIES AND OTHER
WONDERS OF NATURE.

120 GEARY STREET

(between Grant Avenue & Stockton Street)
SAN FRANCISCO, CALIFORNIA 94108
(415) 391-2900

OPEN TUESDAY THRU SATURDAY
9:30-5:30,
CLOSED SUNDAY & MONDAY

Mineral World

Amethyst — Las
of Vera Cruz, Mexico, 2 x 3 x 2
four large xlIs. and several smaller

Vigas, state

ones radiating from a base ol
drusy quartz and chlorite. Very
fine display specimen $75.00

Wavellite — near Pencil Bluff,
Montgomery County, Arkansas.
Ix3Ix 12
diating xIs. on exposed seam in
novaculite $32.00

Dioptase — Tsumeb, near Otavi,
Namibia (South West Alrica).
Great display material, 1'2 x

" t.,‘_nnd shuu'iny of ra-

brecciated

1'2 x 44 pearly dolomite base
covered with small bright green

xls. S47.00

Dioptase — Tsumeb, near Otavi,
Namibia (South West Africa). 2 x
1'2 x 1 matrix of white calcite
xls. coated with bright green
xls. S47.00

Dioptase — 1sumeb, near Otawvi,
Namibia (South West Alrnica).
2 x I'2 x 14 cluster of large
showy xls. $125.00

Adamite — Ojuela mine. Mapimi,
state of Durango., Mexico. 2% x
149 x 24 hght green xls. on a base
of white adamite and lLhmonite
$34.00

Adamite

state of Durango, Mexico. 33 x
)15

Ojuela mine, Mapimi,

x | matrix of limonite cov-
ered with golden brown xls. ol
various sizes S65.00

Adamite

state of Durango, Mexico. 2'2 x

—_

Oquela mine. Mapimu,

143 x 1449; blue xls. covering brown
adamite xls. on limonite matrix

S100.00

Gold — Pilgrim’s Rest mine, Prov-
ince of Transvaal. Republic of
South Africa. "2 x "2 x '3 twisted
mass with no matrix $120.00

Gold — Farncomb  Hill, near
Breckenridge. Summit County,
Colorado. 1¥8x 28 x s thin plate
with equilateral triangle markings
$67.00

Galena — Naica, state of Chi
huahua, Mexico. Extremely showy
with pale blue fluorite and minor
amounts of pyrite, 3 x 3 x 1'2;
$92.00

Galena — Tulsa Quapaw mine,
Treece. Cherokee County, Kan-
sas. 214 x i%ax 1'2: two steel grey
interlocking xlIs. $12.00

Rock crystal quartz — ldarado-
mine, near Ouray, Ouray County,
Colorado. 4'2 x 4 x 1'2
coated grey and dusted with
pyrite $32.00

cluster

Rock crystal quartz — near Char-
cas. state of San Luis Potosi,
Mexico. 5 x 4'2 x 3 matrix of
large cream colored danburite
xls. coated with small brilhant

quartz xls. $400.00

Smoky quartz — Hot Springs.
Garland County, Arkansas. 2'4 x
1'2 x 1, showing fine phantom
zoning and no matrix on (wo
sharp single attached xls. $67.00
Calcite — Egremont, Cumberland
County, England. 4 x 2'2 x 14
group of clear xIs. on a grey and
white matrix $180.00

Calcite — Tsumeb, Namibia (South
West Africa). 5 x 412 x 3 2 mass
of xls. containing red colored
inclusions of hematite $125.00

Calcite — San Carlos, state of
Chihuahua, Mexico. 2'2 x 212 x
2 bright red xl. cluster containing
inclusions of hematite $67.00

Aragonite — Krupp Iron mine,
Erzberg. near Eisenerz, state of
Carinthia, Austria. 5 x 32 x 294
flos-ferri type with no matrix

$40.00

Copper & silver — Painesdale,
Keweenaw Peninsula, Houghton
County, Michigan. Half— breed
type with no matrix 2 x 1'2 |
$37.00

Copper — Emke mine. near On-
ganja, Namibia (South West
Africa). 14 x 1 x | superb little
dendritic specimen with attached
calcite xls. $18.00

Copper — New Cornelia pit, Ajo,
Pima County, Arizona. 34 x
24 x 1'4 bright, clean specimen
with no matrix, fine xl. definition
$32.00

Amethyst — Denny Mountain,
King County, Washington, 178
x '2 x 12 single scepter xl. resting
on a single milky quartz xl. $45.00

Rose quartz— Island of Lavra da
Ilha, Jequitinhonha River, near
Taquaral, state of Minas Gerais,
Brazil. 193 x 1'2 x 1'% excellent
display specimen with no matrix,
brilliant xlIs. $175.00

Enargite & pyrite — Quiruvilca
mine. near Trujillo. La Libertad
Department, Peru. 2'4 x 1'2 x

112 with minor amounts of quartz
$52.00

Pyrite — region of Tuscany, ltaly.
212 x 2V4 x 1%4; very well xld.
show winning type of specimen
with no matrix, truly a superb

piece ST0.00

PLEASE INCLUDE AMONEY ORDER OR CHECK WITH YOUR ORDER. CALIFORNIA RESIDENTS PLEASE ADD
6% 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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