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\Ed. note: The Cincinnati Mineral Society s one of the coun-
trv’s most enthusiastic and active groups devoted primarily 1o
mineralogy rather than lapidary. Marie Huizing edits and writes
in their newsletter, the Quarry. Some club newsletiers are, frank
lv, boring but the Quarry is alive and interesting, much to the
credit of its editor. The following essay appeared in the Novem-
ber, 1976, issue of the Quarry. and I asked to reprint it for Record
readers. Hopefully it will be an inspiration to get involved!' Some
may lament that their local area does not offer all of the oppor-
tunities generated by the Cincinnati Mineral Society. In thar
case this editorial may serve as a guide to the kind of activities
vou or vour local organization could work to create. Plenty act-
ive vourself now” I'hen pass this editorial on to a vounger ol
newer collector. Perhaps a fledeling Dana is in vour nudst, in

need only of a little inspiration and guidance!

I AM CURIOUS (and) GREEN

Every mineral club has uits giants, those seasoned indi

viduals who appear all-knowing about all aspects of

mineralogy, those persons who, were it told, probably
came into this world clutching a hammer in one hand and a
chisel in the other. To the neophyte just peeking in at the door,
such a thorough acquamtance with a subject can seem awesome,
even intimidating.

More often than not the newcomer has no formal training in
mineralogy or geology, and probably no background in physics
or chemistry either. Of one thing he is sure, though.. here is a
subject he wants to know more about. But where to begin, where
to get that first toe-hold? Working within the framework of the

Cincimnatit Mineral Society vou. as a novice. could:

B Read one hobby-related book a vyear, beginning with 7The
Golden Book of Rocks and Mmerals i that's where f'.H'Ll'I'L‘ at.
B Subscribe to one periodical that suits vour needs and read 1t
faithfully.

B Take an adult evening course in geology.

B Visit one suow per vear in addition to the local show: while
vou re there, attend one talk, study two cases in depth. learn the
names ol three new minerals, browse through the swapping area,
and study dealer matenal for mineral names. locales and prices.
B Volunteer to clerk at a show and eavesdrop on judges’ evalu-
ations of specimens

B Make a point to see the University of Cincinnati collection
and the collection at the Cincinnati Natural History Museum.
Learn the names of a couple of new minerals while you're there.
B Goon one field trip per year and when you get home look up
information on the minerals you found.

B Display at our show. Go non-competitive if you'd just as soon
not hear what the judges have to say about your material.

B Give a talk to a scout group or elementary school class on
collecting. It gives vou a reason to gather information, and a
deadline for having 1t together. (How technical would vou have
to be for children?)

UEST EDITORIA

by Marie Huizing*

*5431 Thrasher Drive, Cincinnati, Ohio 45239

B Auend as many CMS meetings as you can and really listen to
what the speakers have to say. lake notes, jot down words to
look up. Preferably, do some background reading before coming
in. If you don’t have mineral reference books. visit a library or
turn to your encyclopedia.
B Listen as old-timers reminisce about the old collecuing days.
as active collectors discuss current sites, as judges rehash why
cases were scored like they were, and as collectors talk “shop™
about which collections are really worth seeing, which books are
worth reading, etc.
B Write a Mineral of the Month article for the Quarry and really
get to know a mineral.
B Put together a display for your suburban hibrary to help pub-
licize our annual show.
B Help the Specimens for Children Chairman sort, bag and label
donated minerals to be given out free at the show.
B Visit local shops and study their wares.
® KL‘UP a mental (or written) list of collections vou d like to see.
minerals you'd like to buy. shops you'd like to visit, places you'd
like to collect — all "someday™ things you'd eventually like to do.
Never cross off something on the list without replacing it with
a new goal. (If you've been to the Detroit Show, replace it with
a Regional Federation or National Show; after seeing those,
shoot for the Tucson Show, After that, go all the way and set
vour sights on the Ziirich Show,)
B Read dealer ads in magazines and where it says “write for free
list,” write. Then study the list with an eye to what specimens
are currently available, their sizes, colors, associations, locales
and prices.
B Take the Lapiday Journal Buyer's Guide or the Midwest Fed-
eration Directory on vacations with you. Look up meetings,
swaps. shows, shops and collectors to visit as you travel.
B Pick up exchange bulletins from the literature table and skim
them for items of interest...field trip notices, good articles, book
reviews, synopses of speakers’ talks, etc.
B Note each month's Mineral of the Month in the Quarry, read
up on that mineral, then carefully examine the specimens set
out at the monthly meeting.
B Go to one swap. (If you're choosing just one, recommended
1S the Bedlord. Indiana, swap.) Take a few specimens to barter
as an ice breaker.
B Spend evenings at the library thumbing through books on
minerals, just getting a feel for vour new field of interest.
B Go to club business meetings if only to see the host’s collec-
Lion.
B Write to State Geological Surveys for their lists of free and
imexpensive hiterature. Send for what appeals 1o you most and
read 1t.
B Go to the Saturday movies at the Natural History Museum
when the subject has to do with some aspect of geology.
B Volunteer to help someone catalog their collection. (Who
could refuse such an offer?) There is nothing like a couple of
hours of concentrated work with minerals on a regular basis,
handling, cleaning, labeling and grouping them. You learn al
most in spite of vourself.
B Get up early some Sunday and go on one of the City or Coun-
ty Park Board's geology hikes led by a park ranger.
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B Choose a weekend workshop, seminar or symposium; hill
your car with like-minded friends: you can split the expenses
while doubling your fun and also probably doubling what you
know. (These sessions take place all across the nation from
Rochester, New York's Spring symposium to the Los Angeles
Micromounter's Conference held the weekend before the Tuc-
son Show.)

B Call up a CMS member who's been around awhile and ask to
see his/her collection,

B Take the Mineral Identification Course offered by the Natural
History Museum.

B Examine the classified ads in hobby magazines and follow up
on the swap-by-mail offers that sound interesting.
B Come to our annual auction early enough to study the speci

mens at leisure: ask yoursellf why certain specimens command
the bids lht.“_k gcl.

B Try Dr. Grovers* Crystallography Sernies given just prior to
our meetings starting in January. Afraid you won't understand
everything?” You can always go home and fill in the gaps with
reading.

B Allow yoursell plenty of time at our show’s “See 'n” Touch
Booth.” Follow the instructional signs and learn about the physr
cal properties of minerals — how they feel, heft, smell, taste and
streak. Test them for hardness: peel some mica: cleave some
calcite; test the magnetism of the lodestone and the double re-
fraction of calcite.

B Bring your unknowns to the show’s Mineral ldentification
Booth and have them identified by experts. Ask the expert what
clues told him the mineral's identity. Watch and listen as the
experts identify specimens for other collectors.

B If vour ego can take it, try one of Dr. Grover's mineral identi
fication quizzes after our meetings. Then use your corrected
paper as an individualized study sheet showing where you need
the most work.

B Offer to help a dealer at a show. You're not making a gracious
!]'.‘.‘HIUTL'...hL'.“ be doing vou the favor! The booth prmidc\ d
unique opportunity to meet new collectors and see what new
mineral material has come out on the market.

And so it builds, bits of information gathered here and there.

gamed almost effortlessly, enjoyably, steadily, until after a period
of time you're no longer on the outside looking in. You begin
joining the conversations, you mention collections seen, books
read. collecting sites visited. You go out of your way to juggle
time and schedule for a special speaker or event. In short you
[ind that a little learning has created an appetite for more, the
kind of learning that isn't just rote memorization, but rather an
enjoyable assimilation of facts and experiences.

Did you notice the first word of each suggestion? Go, attend,

help, write, offer. choose. volunteer, visit, display, speak. work,
sign up. What those words suggest is learning through involve-
ment. You can be a “closet mineralogist™ and learn a great deal
by yoursell, but you multiply your opportunities for

learning by becoming an involved. participating, con-

tributing mineralogist.

*John E. Grover, Prolessor of Mineralogy at the University of
Cincinnati.
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Here it 1s: our first Pegmatite Issue!
Actually this accumulation is a happy
accident: while going through our file
of articles |1 realized we had enough
pegmatite-related papers to hill an issue. One advantage of such a
grouping is that after reading through the issue one obtains a
more wellrounded understanding of pegmatites in general
the whole is more educational than the sum of its parts, in a way
In addition, such topical issues are an aid when attempting to re
call which past issue contained a certain article. The article on
the Harding pegmatite. for instance, may not cause “Vol. 8, no.
2! to leap immediately into your mind in future vears, but vou
will certainly recall that it was in the pegmatite issue
Someone 1s sure to notice that the tourmaline mineral uvite,
described here in detail for the first time, does not actually occu
in pegmatites! This is true, but the tourmaline family, at least
1Is commonly represented in pegmatites and, i addition, the
article 1s an important contribution: these facts were sufficient
incentive for us to shp the paper, as well as the accompanying
dravite paper. into the pegmatite issue anyway
lhis issue also provided an appropriate place for the person
ality sketch of Gunnar Bjareby. Bjareby was one of the East
Coast's premicr collectors for several decades and “one of the
most outstanding of 20th century amateur mineralogists.” Much
of his collecting centered on the New England pegmatites, sey
eral of which are mentioned in this issue
Some readers may notice that this issue contains several arti
cles of a higher technical level than seen in other recent issues
I'his is to be expected from time to time, and pegmatites seem
to generate more than their share of finely detailed studies. Al
though we endeavor to keep the level of articles understandable
to most collectors. we do feel that the publication of new mineral
descriptions (e.g. perloffite in this issue) is of sufficient impor
tance to justify the technical level. In particular we are soliciting
descriptions of new minerals from Minas Gerais, Brazil, for a
future double-issue on that incredible state. Articles on locali
ties within Minas Gerais are also needed: although publication 1s
more than a year away, authors should contact us regarding then

imntentions so that we may make dppropriate preparations

Who can forget the superb photography in the recent Colo
rado 1ssue of M. R.7 No one, certainly, but we forgot to indicate
that, except where noted, the photos were all taken by Richard
A. Kosnar, one of the authors. Our simultaneous congratulations
and apologies. Rich.

I o make certain that no one shides back from the edge ol then
chair, let me remind readers that the next issue is on Tsumeb!
It may be a little late getting mailed, for reasons that will be
obvious when vou finally see it.

W.EW

|




FAMOUS MINERAL LOCALITIES:

THE PULSIFER QUARRY

by Wendell €. Wilson
P.O. Box 783
Bowie, Maryland 20715

INTRODUCTION

I'he photos on the cover and in this article are enough to
demonstrate why purple apatite* from the Pulsifer quarry near
Auburn, Maine, is the standard against which all other apatite
specimens from anywhere in the world have been compared...
and found wanting. Such stature is the mark of a true “classic”
locality. The “Royal Purple” color (due to Mn™?* according to
Moore, 1973), the clarity and richness in forms have dazzled
collectors for decades. The locality has only recently become
extinct, after having produced for nearly 70 years. Other quarries
on Mt. Apatite, where the Pulsifer quarry is located, have pro-
duced similar apatite but usually in lesser quantity and quality.
This gives hope to collectors for the future: sull, the past of the
Pulsifer quarry, presented here, will always be remembered in
connection with the world’s most beautiful apatite.

LOCATION

The Pulsifer quarry is located about 1 mile from Route 121,
between Minot and Auburn, Maine, in Androscoggin County.
I'he Pulsifer quarry, along with the Keith and Wade quarries,
is on the west side of Hatch Road, which branches northward
from Route 121 about 2.2 miles east of Minot.

HISTORY

Gem tourmaline was first reported from Mt. Apatite in 1839

when the Maine State Geologist added three specimens to the
state collection of minerals. In 1883 a pocket containing 1500
tourmaline crystals was discovered on the Hatch farm and, from
that time on, Mt. Apatite was prospected and mined with en-
thusiasm.

In 1901 Pitt P. Pulsifer discovered a gem pocket in a pegmatite
on his farm. Wolll and Palache (1902) commented that the find
was “noteworthy for the unusually rich purple color of the |apa-
tite] crystals™; Palache acquired most of the specimens for
Harvard University. About 2000 crystals of purple apatite were
recovered from this one pocket. The Pulsifer quarry leaped into
the public eye in grand style.

During Pulsifer’s early work, he discovered several pockets
contaming gem tourmaline valued at about $10,000 in terms of
today’s dollars. His method of mining was slow and deliberate:
after each haying season he spent exactly $100 developing his
quarry as a hobby and, although his first pocket turned out to
be his biggest, he apparently made regular discoveries of new
gem tourmaline and purple apatite (Stevens, 1972).

Around 1945, Stanley Perham and Hillard Nevin leased the
area including the Pulsifer quarry and opened a large pocket
containing tourmaline as well as apatite. A second pocket was
discovered in an unfortunate way: the contents were blown out
into the woods by a charge of dynamite and never found!

During the summer of 1963, the quarry was leased by Kenneth

Grover of Danville Junction, Maine. although he worked only
the dump.

During 1964 and 1965, the quarry was leased by Mr. and Mrs.

*Fluorapatite, specifically (See Dunn, p. 81, this issue).

i

Irving Groves, who also discovered a pocket of fine gem tour-
maline and purple apatite.

In 1966 and 1967, the Pulsifer quarry was leased by Terny
Szenics. He held the lease from May of 1966 to December ol
1967. With the help of Frank Perham several extremely fine
pockets were opened and over 100 specimens ol fine purple
apatite were recovered, as well as a large amount of tourmaline.
During this time the productive zone of the pegmatite that re-
mained was completely removed, and the locality may now be
considered extinct.

Since 1972 the quarry, stripped of all its treasures, has again
come into the hands of the Groves. Florian Couture, the owner,
died in 1967; his wife and sons inherited the property. She later
traded the property to the Groves, who own it today.

THE ROEDBLING APATITE

T'he finest apatite ever recovered from the Pulsifer quarry
has fortunately been preserved. It measures 3 by 3.8 by 4.3 cm,

| OXFORD
| COUNTY

Greenlaw
Maine
Feldspar
Keith
Pulsiter
Wade
Berry-Haven

ANDROSCOGGIN
COUNTY

Figure I. Oxford and Androscoggin Counties produce the
bulk of the pegmatite minerals found in Maine. The six quarries
shown comprise the Auburn-Poland Area: the Berry-Haven

property is at Poland and the other five are considered part
of Mt. Apatite.
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Figure 2. Photo by 1.G. Manchester, taken in June of 1916 (from Manchester
and Bather, 1918). Pitt Pulsifer is at center, showing visitors around the Pul-

siler quarry,

and is shown on the cover of this issue: many people (the author
included) feel this specimen is without question the world’s finest
apatite. It was first mentioned by Manchester and Bather (1918)
as being in the possession of Pitt Pulsifer in June of 1916. The
crystal was described in detail by W.E. Ford in 1917 (see insel
and Fig. 4.), at which time it was in the possession of A.H. Pete-
reit (a dealer) of New York City. By 1918 it had been acquired
by Washington A. Roebling, a famous collector of the time and
also the architect of the Brooklyn Bridge in New York City.
Mrs. Roebling purchased it for $250 and presented it to Colonel
Roebling for his birthday (Manchester, 1940). After Roebling's
death, his collection passed to the Smithsonian Institution
through his son, and today the “Roebling apatite™ can be seen
(in unflattering fluorescent light) on public display in the Gem
Hall. Although no one cares in the slightest, the specimen is
actually repaired: the small lower crystal and matrix are glued
to the large crystal.

GEOLOGY

Around the turn of the century the pegmatite “sheet™ of south-
western Maine produced fine gem minerals at many separate
quarries, and thereby became world-famous. The sheet extends
roughly from Boothbay Harbor to the Rangeley Lakes, and
covers portions of Sagadahoc, Androscoggin and Oxford
Counties ( Perham, 1972).

Szenics (1967,1968) described Pulsifer quarry geology in de
tail; most of this section is abstracted from his work.

The gem-producing zone at the Pulsifer quarry was a layer
of pegmatite, a pegmatite “ledge,” oriented nearly horizontally
(dipping at about 10°) for the most part. Practically the whole
top of Mt. Apatite 1s composed of pegmatite, but only small
areas are gem producers. Diabase dikes cross through the peg-
matite and are considered a good general indicator for gem
zones. Rock types intruded by the pegmatites include various

schists and gneisses, at least some of which are of sedimentary
origin. The contacts between pegmatite and the intruded rocks
are generally sharp, and the regional metamorphism which pro-
duced the schists and gneisses is not thought to be related to
pegmatite emplacement (Bastin, 1911). The pegmatite zones
are usually oriented parallel to bedding planes in the host rocks.
The pegmatite in the area of the Pulsifer quarry is generally

I'he Mineralogical Record, March— April, 1977

Figure 3. Crystal drawings of Pulsifer quarry apatite
from Wolll and Palache (1902).

flat-lying and lenticular in shape (Szenics, 1967). Bastin beheved
the pegmatites were emplaced roughly 400 milhion years ago.

The pegmatite area at the Pulsifer quarry consisted largely
of quartz and feldspar in a graphic intergrowth; the texture be
came coarser lower in the layer near the core zone, and 1t is the
more coarsely textured areas that contained gem material. The
pegmatite zones below the gem pocket zone were, first, a zone
rich in schorl and, below that, a layer rich in garnet which ter-
minated the zone ol complex mineralization. Below this was
graphic textured simple pegmatite again and then schistose
country rock. Guide minerals to the location of gem pockets at
the Pulsifer quarry were blue albite first, then lepidolite, blue
cleavelandite, smoky quartz and imbedded green tourmaline..
an assemblage known to miners as “lithium blossom.”™ Indicators.,
however, were often of little help at the Pulsifer quarry because
they only occurred in very close proximity to the gem pockets;
rock even 3 cm away from a pocket often showed no indica-
tions at all.

The thickness of the gem layer varied from over a metre to
about 45 cm; the pegmatite overburden was often 3 to 5 metres
thick, and was thicker stll over the downward-plunging end ol
the pegmatite layer.

Pockets within the gem-producing layer were commonly
around 5 cm in diameter but occasionally were over a metre
in size, and several centimetres in thickness. They were most
commonly filled with a sticky black mud but rare pockets were
filled with kaolinite,

POCKET MINERALOGY

Rather than present a histing of species with each entry ac-
companied by descriptions of the many variations found for
that species. it may be more instructive to present a histing ol
the recorded pockets found, with a description of their contents
Pocket contents at the Pulsifer gquarry were consistently un
predictable with regard to the species that might be expected.
the habits, colors and sizes of those species, and even the amount,
If any, of gem species present in the pockets. Most pockets con-
tained a suite of minerals unique from the suites in other pockets
in one way or another, and even pocket size bore no discernable
relationship to contents. So, in order to include information on

the various pocket assemblages as well as the varying character




istics of the pocket species, the minerals are described below
by pocket rather than by species.

Pitt Pulsifers first | Lol ket (191 )
( Described by Wollf and Palache. 1902)

The pocket contained: about 2000 crystals of purple apatite
with a total weight of about 1 kilogram (2 pounds). Included
were about a dozen large groups on matrix, and about 300 loose
crystals having ar least one perfect termimmaton: S0 crystals
were slightly less perfect and the remaining 1200 crystals were
imperfect or fragmentary. The pocket consisted of a single cavity
lined with crystals of quartz, orthoclase and lepidolite, accom-
panied by small amounts of albite, muscovite and cookeite. The
quartz crystals ranged up to 15 ¢m (6 inches). and consisted ol
a smoky quartz core covered by a 1-3 mm skin of milky quartz.
['he apatite crystals penetrated the milky quartz but never the
smoky quartz. Some of the lepidolite was in the form ol distinct
hexagonal prismatic crystals with shghtly rounded terminations.
The crystals are purple lepidolite throughout the interior but
have an epitaxial coating of greenish muscovite 1 mm thick,
separated by a sharp boundary. Orthoclase. albite and cookeite
form in typically unspectacular habits. The apatite and milky
quartz appeared to have formed nearly simultaneously late n
the sequence after the smoky quartz. lepidolite, orthoclase and
albite {the common constituents of the granite pegmatite), Minor
cookeite and quartz formed aflter the apatite. The bulk of the
apatite from this pocket was sold to Harvard University.

.'\.IQI \\I I !..r.--,.,r,.,n':,,rj‘r,..", f.lr'.n'l,r\-'.fl"l ,.Jif ‘I;..If,-‘ .ulr..f'-J.-'--' I.flf
_ifh.’.’-.‘i-,‘ _IJ-'I"IJr-',- 'R ,lf'a-’vuf s -il_'\ ‘l‘i I_ I-":I.'“.

IRECENTLY the wrniter, throneh the conrtesy of Mr. A, L

I'rh'l'q'ii of New Y ork ( -.[_1-., has been pri 1 red] Lo examine an

"\Tl‘;lul'liin.il_\ i'r_‘\'-:iil il 1!4.t-'ih' rom the well-known ;'u.-;|.|il_1.
near Auburn, Me, It was such an unusual erystal in respect
to its size, eolor and ervstal development that it seemed worthy
Ol T]u IanuiH; Iltil'i- -111 =1‘I'i|rri'.-- note. -
The ervstal measares 98 by 43 in the horizontal diree
Ii“ll.‘- :1.T111.-': i!l f].n' \l'I'Tél‘:tl l“l't‘;'linrl :1!|-i Ul.l'i"__'h"' h].i:il.”_\ uver
100 ¢.  Its eolor is the wonderful deep amethyst characteristice
of apatite from this loeality. The erystal eontains cracks ;mfi
ﬂ.nxa .'l!ui 1= clondy 1 E--rr'ri--!n—, bt also in nany sinall areas it
18 perfectly elear and of a gem quality. The “r) stal forms
observed inelude the followimme @ e (O01), me (1O10), @ 1120),
f,.h':,i‘;“ll._ (100165 2. ,-.]lijll_ .all,r.'_’ll:*].‘ _-;;ll__'.ln_ ~.|]]_’| "
w(2131) and u (3121). The u:'t~:|11||r.|r1xil|_-_' figure represents
the cry stal as nearly as 1r||=ni||!1' In its troe |rl‘1-|r-rT'1iHT1- anil
about 13 times its natural size., On one side of the erysta
there are several |r~-'il]:lTin1rl- between the faces ".'I.il|| Civlise
(quent parallel growth between different portions of the ervsta
Three of the edres between the base and the A ramid ar
I' ]rr..'llr‘l"I l!_"- narrow ftaces of a \1'I‘_'l. low |1_"l.1.lllliil.. ‘].l'l"-l' faces
wre enrved and do not vield a definite reflection on the rin|
(neiel Tiu only |~.1:-|ﬂr| form that T:u'_\. |||i::!|'[ i:r-, Llowewvs I, 1=
the pyvramid (1016 The faces of the pyramid =, as 1s usua
on ervstals from this l=rl‘.l|i1l'l., show marked horizontal str
tions and the prisms a and A, commonly show faint vertien
strintions,  All of the other faces are plane with no distinetive
markings. Doth the right and left forms of the third orde:
pyramid, p and u, are present, with no apparent distinetion
to be made Letween them in I--'_‘:ql'ni to thewr lnster, ete. Wil
the figure shows the majority of the faces ocenrring upon the
1'!'_\-'-.1]_ -1-\t-|'.11. Vi -Hr1” :l.’lll narrow faces ol T|||.' -t'rnhtl ||'--;
Iili.!l'li orde r ||_\|.11n':|l'- had to be omitts r] from the |i|.|‘|.'|.i||;;r

A small ervstal showing the same forms is attached at one

side to the lower part of the large ervstal bhut is not represented
in the fivure. '
crvstal,

A small amount of covkeite is artached to the

Mineralogical Laboratory of the
Sheflield Scientific School of Yals
Mew Haven, Conn.. Ji

Inset: Ford's 1917 description of the Roebling Apatite in the
i merican Journal of Science.
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Later Pitt Pulsifer pockets
( Described by Manchester and Turner, 1918, and
Perham, 1972)

Pulsifer reportedly encountered a number of tourmaline and
apatite pockets after his initial discovery. Most of the apatite he
found was of a deep “roval™ purple, although some were shades
of pink or blue. It is uncertain whether the Roebling apatite
came from the first find in 1901 or from a second find later, but
It was first reported as being in Pulsifer’s possession in 1916. The
tourmaline pockets found by Pulsifer in the early days contained
both pink and green tourmaline in relatively small crystals (6-8
carat cut stones were the maximum), valued, in those days, at
about $2000.

Stanlev Perham and Nevin pocket (around 1945)
( Described in Perham, 1972)

The area surrounding the pocket consisted primarily of bluish
cleavelandite with masses of zoned lepidolite and large crystals
of garnet. About S0 carats of tourmaline of a peculiar salmon
brown color were removed from the pocket. A pink crystal from
the pocket weighed 40 carats. Also found were some fine crys-
tals ol blue apatue.

Groves pocket (1964-1965)
( Described in Perham, 1972)

Most of the tourmaline from this pocket was a rich, deep
green; other tourmaline crystals were colored light pink, salmon-
pink, light blue or gray. A number of fine specimens of purple
apatite were also produced. including a gemmy crystal 2 x 22
cm. One specimen consisted of a coating of quartz and purple
apatite crystals attached to a green tourmaline crystal 5 cm long.

Szenics and Frank Perham pocket #1 (1966)
( Described in Szenics, 1967)

I'he pocket was about 20 cm in diameter and was packed with
black mud. Also contained were many poorly formed quartz
crystals 1 to 2 ecm long, a 13 mm green tourmaline crystal, and

a | cm purple apatite crystal.
Szenics and Perham pocket #2 (1966)

( Described in Szenics, 1967)

['his was actually a series of interconnected pockets, all filled
with black mud, and about 10 to 15 ¢m each in size. The first
small pocket contained a total of 35 purple apatite crystals gen-
erally ranging in size from a 7 mm single crystal to a crystal
cluster 4 cm across with an average crystal size of 13 to 17 mm.
['he finest single crystal was 2.5 cm wide and 1.3 ¢cm thick; it
has an unusual yellow core. Matrix pieces of fine purple apatite
on white amblygonite were also found: they averaged about 8 x
8 ¢cm with purple apatite crystals to 1.7 ecm. This particular pock-
et zone, when fully excavated, was seen to be 15 x 30 x 60 ¢m
('2 x 1 x 2 feet). The zone vielded a total of 136 superb purple
apatite crystals and crystal groups, and 12 matrix specimens of
the finest museum quality. Hundreds of tiny crystals and frag-
ments to 1.3 cm were also recovered. The pocket contained
much green, pink and blue tourmaline, but all crystals were
securely attached to large sections of matrix and shattered as the
pocket was opened: two lunch pails were filled with tourmaline,
but none proved to be gem grade. Other minerals found included
hthiophilite, triphyhite, beryl, columbite, and montmorillonite.

Szenics and Perham pocket 85 (June, 19%7)
( Described in Szenics, 1968)

As with pocket #2 above. this was actually a series of inter-
connected pockets in a very localized zone of the pegmatite,
I'he largest pocket in this small pocket zone was about 30 ¢m
square and contained black mud. as usual. Suspended in the
mud and chinging to the pocket walls were several dozen purple
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Figure 4. (left) Crystal drawings ol the Roebling Apatite from Ford (1917) (see
inset ).

Figure 5. (top right) Recent sketches ol the Roebling Apatite.

Figure 6. (middle left) Tilt-bucket bulldozer clearing away overburden during the
mining by Szenics and Perham in 1967. (Photo by T, Szenics)

Figure 7. (bottom left) A pale blue apatite crystial only 3 mm long, showing perfect
development of a hexagonal dipyramid. Smithsonian specimen B13199,

Figure 8. (middle right) Lepidolite crystal rimmed by epitaxial muscovite, with
apatite. The specimen is 5 cm tall. Smithsonian specimen B13195,

Figure 9. (bottom right) Rich purple apatite in 1.5 cm crystals on white quartz,
Smithsonian specimen R17256.
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apatite crystals: the best single crystal was a tabular prism J3 x
4.5 cm. and of the finest color. with minor cookeite attached at
the base. Some specimens consisted of 1.3 cm milky quartz crys-
tals with 1.3 cm purple apatite crystals attached. There was no
trace of tourmaline in the pocket, and Szenics notes that at the
Pulsifer quarry the best apatite is found associated with gem-
green tourmaline: apatite unassociated with tourmaline 1s some-
what poorer in quality; apatite associated with “cinnamon-pink™
tourmaline is the poorest. Lower quality apatite 1s characterized
by opacity and poor luster.

Szenics and Perham pocket 24 (June, 19%7)
( Described in Szenics, 1968)

['his pocket, over a metre in circumference and associated
with nearly a ton of purple lepidolite. was hilled with kaolin and
contained only two choice thumbnail apatite crystals.

Szenics and Perham pocket 25 (June, 197}
( Described in Szenics, 1968)

' he pocket contamed masses of unusual vellow-green cookeite
and rare wine-red lepidolite. White apatite crystals, showing
only the pinacoid and prism forms, were found accompanied

by later purple apatite crystals of complex morphology.

Szenics and Perham pocket #6 (October, 197
( Described by Szenics, 1968)

['he pocket contained pink tourmaline and purple apatite of
very good quality.

Szenies and Perham pocket #7 (October 1967}
( Described by Szenics, 1968)

'he pocket was spherical in shape and lined with quartz,
tourmaline and lepidolite. The pocket contents were segregated:
purple apatite crystals were found in one corner and pink tour-
maline crystals were found in the opposite corner. The best of
the pink tourmaline crystals was a 1.3 x 6.4 cm transparent prism.

Szenics and Perham pocket 88 (October, 197 )
( Described in Szenics, 1968)

I'he pocket was about 30 cm in size and was lined with fine
lepidolite crystals: it contained about 90% green tourmaline
and 10% purple apatite. Some specimens consisted of purple
apatite within empty molds that had been left after the dissolu-
tion of tourmaline crystals; in some cases a small amount of
corroded green tourmaline remained. and in one instance a
pseudomorph of purple apatite after tourmaline was found. At
least 85% of the green tourmaline from this pocket was of gem
quality: the usual percentage is around 10%. About 1700 carats
of choice gem rough were eventually separated. The best tour-
maline crystal was about 15 ¢cm long (in three sections) and 2 cm
wide. with perfect emerald-green color and fine transparency.
I'he purple apatite was ol excellent color, platy habit, and im-
planted on “spongy™ feldspar. Nearly all the tourmaline crystals
were broken and lving like jack-straws on the bottom of the
pocket. .nbedded in white cookeite. Szenics observed that, in
general, tourmaline-apatite pockets are characterized by tour-
maline lying in a pile at the bottom of the pocket. and the apatite
crystals himing the upper surfaces of the pocket although this
was not the case with a few of the pockets.

Szenics described finding Pulsifer tourmaline of a deep blue
color, tourmaline “bicolored™ pink and green, tourmaline with
more than two distinct color zones, and tourmaline of the “water-
melon” type. having a pink center and a green rim. None of
these were assigned to specific pockets anywhere in his writings.

CONCLUSIONS

Pulsifer purple apatite is extremely rare on the market today:
collectors possessing specimens tend to retain them above all

else. Fine purple apatite has appeared from Panasqueira, Por-

]

tugal, (see Dunn, p. 78, this issue) and from South Dakota, among
other places, but the quality has never matched the finest of
Pulsifer. With the locality extinct and specimens hoarded so
jealously, it would be nearly impossible 1o even see specimens
were it not for those in the Smithsonian, American Museum
and Harvard University collections. All readers are urged to view
these specimens and to be alert for the occasional privately-
owned pieces put up for sale.

Figure 10. (top) Doubly terminated 3.2 cm crystal of deepest
purple. on cookite matrix. Specimen and photo: R. A, Kosnar,
Figure I1. Elbaite crystal (pink) with cookite and purple apa-
tite. The elbaite crystal is 1.5 em wide. Specimen and photo:
R. A. Kosnar,
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PATITE

A\ GUIDE TO SPECIES NOMENCLATURE

BY PETE 1. DUNN

DEPARTMENT OF MINERAL SCIENCES
SMITHSONIAN INSTITUTION
WASHINGTON, D.C. 20560

PATITE is a generic name for a group ol mineral species
whose composition can be expressed by the general for-
mula Cagd XO,)4F.C1,OH). The (XO,) position s pre-
dominantly filled by the phosphate radical (POy) with minor
substitution of the carbonate radical (COy) in small amounts n
the minerals carbonate-fluorapatite, Cay PO, CO,), F, and car-
bonate-hvdroxlapatite. Cagl PO, COy)4OH). Arsenic, vanadium,
and silicon can also substitute for phosphorus, in minor amounts.
I'he main species designations for the apatite group are made
on the basis of the predominant anion among C1. F, and (OH).
I'he three most common apatites are:

fluorapatite Cay( PO, ) F
hydroxlapatite Cag(PO,)4(OH)
Ca.(PO,).,C]

chlorapatite

Inasmuch as few collectors are aware of the proper species
designations for the well-crystallized apatites favored by col-
lectors, the following chart ( Table 1) was constructed as an aid to
labelling species of the apatite group. Analyses from the litera-
ture are given on table 1, with references. The few specimen
apatites not yet described were analyzed with an electron micro-
probe using an operating voltage of 15 kV and a beam current
of 0.15 uA. The data obtained were computer-corrected using
Bence-Albee correction factors. The results of these analyses
are presented as Table 11.

One occurrence of fluorapatite deserves special mention, inas-
much as it has attained special status in the collectors’ prestige
pecking order.

FILUORAPATITE., Panasqueira. Portugal

{Jri}.fili;l||'_'h described briefly I"'_". Bloot and DeWoll (1953). these
beautiful specimens have become the dominant apatite on the
specimen market in recent years. They are recovered in suffi-

Figure I. Fluorapatite (blue) from Pisek, Czechoslovakia. The specimen

is 3 cm wide (Smithsonian £#123374).

cient gquantity to satiate the demand (except in the case of ex-
tremely high quality specimens) and to permit their proliferation
far and wide. The crystals occur in two basic colors: green, and a
violet to colorless combination. They are frequently associated
with ferberite and arsenopyrite. A notable attribute of Panas-
queira fluorapatite is the moderate-to-high degree of transpar-
ency when compared with apatites from many other localities.
(See Gaines and Thadeu, 1971, for a description of the Panas-
queira deposit.)

['he green crystals, figure 8, usually have simple morpholpgy
and are composed of the hexagonal prisms {1010} and {1120},
capped with the pmacoid {0001}, Pyramidal modifications are
occasionally seen, but not abundant. The crystal faces are usu-

ally quite flat and highly lustrous. affording exquisite specimens.
Concentric zoning, parallel to {1010} is obvious in many crystals,

which have dark green centers overlain by light green material.
Green Panasqueira fluorapatite exhibits a moderate response to
ultraviolet radiation of both long and short wave lengths. The
fluorescence is of a mustard-yellow color with no phosphores-
cence. Bloot er al. (1953) examined fluorescent and non-fluores-
cent sectors of one crystal and attribute the fluorescence to a
manganese’/antimony activation,

Also known from Panasqueira are violet-to-colorless crystals
(Figure 7). but they are far less abundant than the green ma-
terial. The two museum specimens available for study had only
quartz present as an associated mineral: the other associations,
if any, of the violet fluorapatite specimens are unknown. Aside
from their color, the violet crystals also exhibit several other
noteworthy characteristics: they do not respond to altraviolet
radiation, and they have a notable morphology. Unlike the green
crystals, these violet-colored specimens have multr-striated
prisms, and are quite similar to elbaite upon casual examination.

Figure 2. Fluorapatite (colorless) from Llallagua,
Bolivia. The crystal is 1.7 em wide (Smithsonian
£114176).
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Figure 3. (above) Fluorapatite
(pale purple) from Llallagua,
Bolivia. The crystal is 2 em tall
(Smithsonian #114340).

Figure 4. (above right) Fluora-
patite (blue) from the Pulsifer
quarry, Auburn, Maine. The crys-
tal is 7 mm wide (Smithsonian
#B13172).

Figure 5. (bottom left) Fluorapa-
tite (colorless) from Knappen-
wand, Untersulzbachtal, Tyrol,
Austria. The crystal is 3.9 cm tall
(Smithsonian #123532).

Figure 6. (bottom right) Fluora-
patite (green with purple edges)
from Panasqueira, Portugal. The
crystal is 2 cm (Smithsonian

#128055).

'he morphology is still simple, as with the green crystals, and
the above-mentioned prisms and pinacoid are the dominant
forms. The purple crystals tend to be more prismatic in habit
whereas the green crystals tend to be flattened on {001} equant
crystals occur in both colors.

It is hoped that the above correct species designations for well-
crystallized apatite from specific localities will be of assistance
to collectors and curators alike. It is neither possible nor desir
able however, to examine specimens of apatite for collectors to
ascertain species designations. Most well-crystallized apatite is
fluorapatite.
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TABLE 1.
APATITE SPECIES FROM THE LITERATURE

Locality Color Species Reference
Knappenwand, Untersulzbachtal, Tyrol, Austria colorless fluorapatite Carnot (1896)*
Zillertal, Tyrol, Austria colorless to white [luorapatite Hoskins-Abrahall (1889)*
Grant mine, Buckingham, Quebec, Canada greenish gray fluorapatite Holfmann (1879)*
Ritchie mine, Portland, Ontano, Canada light green fluorapatite Holfmann (1879)*
Wilberforce. Ontario. Canada green fluorapatite Bhatnagar (1968)
Faraday Township, Ontario, Canada green fluorapatite Dadson (1935)
Fempleton, Quebec, Canada light greenish white fluorapatite Hoffmann (1879)*
Burgess, Ontario, Canada red fluorapatite Holfmann (1879)*
Renfrew County, Ontario, Canada green fluorapatite Jannasch (1910)*
Branchville, Connecticul white fluorapatite Penfield (1880)*
Pisek. Bohemia, Czechoslovakia green fluorapatite Kovar (1889)*

Wheal Franco. Devonshire. England gray Lo green carbonate-fluorapatite Sandell er al (1935)
Luxullian, Cornwall, England yellow fluorapatite Walter (1907)*
Ehrenfriedersdorf. Saxony. Germany violel fluorapatite Hoskins-Abrahall (1889)*
Minot., Maine dark violet fluorapatite Wolfe (1902)*

Cerro de Mercado, Durango. Mexico vellow fluorapatite Young et al (1969)

Franklin, New Jersey green 1o bluish-green fluorapatite Penfield (1880)*
Adegirden, Bamle, Norway white chlorapatite Carnot (1896)*

Snarum, Norway white chlorapatite Weber (1851)*

Jumilla, Spain green fluorapatite Hosk ins-Abrahall (1889)*
St. Gotthard, Switzerland colorless fluorapatite Rose (1827)*

* Analyses and original references are found in Hintze (1933) Handbuch der Mineralogie, 1, 4, 487-582.

WIEW

Figure 7. (above) Fluorapatite (pale yellow-green
core in lower half, rimmed by blue and purple zones:
upper hallf of crystal is completely colorless) from
Panasqueira, Portugal. The crystal is 2.5 by 2.5 em
(Smithsonian #128086 ).

Figure 8. (top right) Fluorapatite (deep vellowish
green) from Panasqueira, Portugal. The crystal is
3 cm wide (Smithsonian £127321).

Figure 9. (bottom right) Fluorapatite (pale blue-
green) from Ehreniriedersdorf, Saxony, East Ger-
many. The crystal is 1.4 cm wide and is accompanied
by fluorite cubes (Smithsonian #B12998).
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Figure 10. (top left) Chlorapatite (white) from Snarum, Norway,
The crystal is 2.2 cm wide (Smithsonian 2R5226).

Figure 12, (bottom left) Fluorapatite (pale purple) from the
Harvard quarry, south of Greenwood, Oxford County, Maine.
The specimen is 6.9 cm long (Smithsonian #R12760).

Figure 11. (top right) Fluorapatite (colorless) from Branchville,
Connecticut. The crystal is 2.4 em wide (Smithsonian #C4064),
Figure 13. (bottom right) Fluorapatite (greenish sulfur-vellow)
from Cerro Mercado, Durango, Mexico. The crystal is 7.5 cm
(3 inches) long (Smithsonian #R 16466 ).

WEW

WEW
Table 2. New Analyses of Fluorapatites
Locality Color Ca0O P.O. F Cl Total NMNH #
Llallagua, Bolivia colorless 55.10 41.97 .82 0.00 100).89 114175
Llallagua. Bolivia violet 35.96 42,43 L 0.00 101,77 114464
Pala, Califorma* violet 55.14 4208 2 82 0.00 100.05 126617
Pontiac Co., Quebec., Canada** green 53.25 41.74 3.65 0.00 N 64 121303
Haddam. Connecticut colorless 55.31 42.00 .49 0.00 100.82 B13201
Schwarzenstein, Austria white 55.58 42.13 304 0.00 100.75 82049
Harvard quarry. Greenwood, Maine violet 52.46 11.14 1.06 0.40 9K.06 R12760
Pulsifer quarry, Auburn, Maine violet 55.29 42.22 .55 0.00 101.06 123471
Santa Cruz, Sonora, Mexico greenish white 55.50 42.19 2.54 (.55 100,78 R12256
Hammond, New York green 54.48 1.4 2.97 0.26 99.05 1 16695
Rossie, New York bluish green 55.59 40.93 1.6 0.00 10015 R5224
Macomb, New York light green 35.42 108K 3.75 0.00 100,05 18275
Panasqueira, Portugal green 35.30 42.28 3.52 0.00 101.10 121136
Panasqueira. Portugal violet 5.65 41.68 1.00 0.00 100,33 | 28086
Accuracy of data *2% relative.
*Richard Robert claim. Stewart Hill
**Yates uranium mine
note: low summations may be due to undetermined manganese
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Figure 4. (left) Fluorapatite (white) from Santa Cruz, Sonora, Mexico. The
crystal is 8 cm tall (Smithsonian #R15503).

Figure 15, (above) Fluorapatite (greenish yvellow with reddish brown stains

in the cracks) from Renfrew, Ontario. The crystal is 10.5 cm long (Smith-
sonian #C4060). R
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P. 321 of the Colorado Issue (v. 7, n. 6) column 3, middle of lower para-
graph: the sentence in Paul Patchick's letter should read:

“I myself felt somehow that it was /ess valuable and

desirable with that old horse glue underneath:”
I'he word “less™ was erroneously omitted. W.EW.

P.56 of v. 8, n. 1, under “CONCULSION" it should have said:
“Although inadequate detailed genetic data
for most Bolivian tin occurrences are available...” RB.C.
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Rt 4 Box 462
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Arkansas 71901

S01-767-4800 i .
s F gt g f:.f #v 4
Free Catalog ”"”e"ﬂl Mt ’"9 Om
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trom Bolivia: Orpiment, Huebnerite, and tetrahedrite OF WOODMERE
trom Peru: azurite, vanadinite, and red bervl from Arizona. eriam & J u”US ZWQ'beI

New find of ssmthsonite-brown, grev. vellow,

and “Turkev Fat” from Arkansas

Collections or single specimens of minerals SPEC'ALIZ' NG IN
or tossils |‘L|.IL’[1{I‘\|.‘|LI
Master Charge and BankAmericard M lN ERA Ls OF
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Write if vou need specitic minerals S w AFR ICA
- -
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Hickory, NC March 18-20
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THE SNOWBIRD MINE

Montana’s Parisite Locality

R. LASMANIS
3129 Mariner Way
Port Coquitlam, British Columbia, Canada

INTRODUCTION

Through the years, parisite crystals from Montana have been
occasionally seen in collections. Frequently, the precise loca-
tion did not appear with the specimen as the distributors at-
tempted to keep the localities confidential. The excellence of
the crystals coupled with their unusual pegmatite environment
make Montana's parisite unique. It is fairly certain that prior
to 1955, parisite crystals found their way into collections from
the White Cloud mine (Pyrites) area of Ravalli County, Mon-
tana. Aflter 1955, parisite generally originated from the Snow-
bird mine, Mineral County. This report concerns only the more
recent Snowbird mine location; it is the source of all recently
collected parisite specimens from Montana.

The Snowbird mine i1s located in unsurveyed Section 19,
T.I2N., R25W., southwest Mineral County, Montana. The
property 1s at an elevation of 2018 metres (6560 feet) in the
Bitterroot Mountain Range. It can be reached from Interstate
90 by taking the Fish Creek Exit between the towns of Alberton
to the east and Tarkio to the west. From the highway one
should drive 20.0 miles up Fish Creek (S. Fork) and then turn
right up the Schiley Saddle Road to reach the map area shown
(Fig. 1.2). A second, somewhat easier way to reach the property
1S to turn right earlier on Surveyor Creek Road #7734, One
must bear left 1.7 miles after leaving the South Fork of Fish
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Creek on Road #77 .M

stricts access, and only from June through September can a

It should be remembered that snow re

field vehicle be driven to the property

HISTORY

Al the property, mining was begun during 1956 by F & S (Fin
I he

Lord
and Mort Bacon, and collectively were known as the Snowbird

len and Sheridan) Mining Company of Butte, Montana

claims, Snowbird 1 through 19, were owned by Everett
mine. During that period, the late Robert Applegate®* recog
mized pansite at the mine and was probably responsible for
making specimens from this locality available to collectors
During the two year of operation (1956-1957), the F & S Mining
Company shipped 6,500 tons of metallurgical-grade fluorite
nearly exhausting the deposit. During 1967 the

property wis

restaked as the Snowshoe claims— thev are presently bemng ex
Bunker. 155 N. Center. Delta. Utah. The prop

erty 1s posted against trespassers.

GEOLOGY

The Snowbird deposit 1s a rare-earth-rich, carbonate-fluorite

plored by Glen |

quartz pegmatite, intruding carbonaceous argillite of the Wallace
formation (Belt Supergroup), Precambrian in age. The pegmatite
body has an exposed length of 275 metres. is cone-shaped in cross
section, and extends to a depth of 125 metres. There has been
some debate regarding whether or not the Snowbird deposit is a

carbonatite body. Considering that quartz is a major constituent

*R. Applegate met death during a mountain-climbing accident in
South America




of the deposit, the term “rare earth pegmatite 1S more appro-
priate and will be used throughout this paper.

The pegmatite exhibits features that clearly demonstrate the
process of mineralization stoping. The process is characterized
by the removal of rock by rising solutions during early-stage
activity, collapse and brecciation of the rock thus left unsup-
ported, and deposition of minerals in the brecciated mass. Within
the lower portion of the deposit. large collapse breccia fragments
of the Wallace formation are in evidence. The roof of the deposit
exhibits “crackle breccia” — smaller fragments showing some
rotation, but not transported any distance from their original
position,

The Snowbird deposit has been dated at 74 = 1 million years
old using thorium and lead isotopes in parisite. This date cor-
responds to that of the large Idaho batholith situated to the west
and suggests a common origin. Regionally, the Wallace forma-
tion along the east margin of the batholith has been altered
with the development of scapolite (marialite) metacrysts. Super-
imposed upon this regional alteration are other changes; the
rocks surrounding the pegmatite have been bleached, locally
sericitized, with some addition of feldspar and ankerite. Small
veinlets of biotite, muscovite, and ankerite with magnetite and
allanite surround the deposit.

Cutting through the pegmatite, and into the country rock,
are late-stage breccia dikes. The interstitial filling in these late

dikes has the same composition as the older pegmatite body.

MINERALOGY

Michael C. Metz (1971) has thoroughly presented the details
of the Snowbird deposit in a Master’s thesis. He demonstrated

that the pegmatite has concentric mineral zoning with quartz
on the periphery and carbonates +fluorite in the core. In detail,
along the outer contacts there i1s a thin layer of ankerite repre-
senting a reaction rind between the mineralizing solutions and
the country rock. Next follows a quartz-rich zone with some
calcite, fluorite, and ankerite. The quartz 1s generally in the
form of giant crystals, up to 6 metres long, projecting toward
the center of the pegmatite. Parisite crystals are found partially
included in the quartz crystals and extending into adjoining cal-
cite, ankerite, and, locally, into fluorite. Isolated crystals of
parisite and masses of gersdorifite occur suspended in a car
bonate matrix between the quartz crystals. The core of the peg-
matite consists of very coarsely crystalline., massive calcite and
ankerite.

Fifteen different minerals have been identified by Metz at the
Snowbird mine. Additional work might uncover other unusual
oxidation minerals not yet described. A detailed description, n
alphabetical order, follows.

ALLANITE [(Ce.Ca.)s Fe,Al)4S10,) 4 OH)|

I'he mineral was identified by Metz using X-ray diffraction. It
is found as slender black prismatic crystals 2 mm to 3 cm in
length, projecting toward the centers ol quartz-biotite veins that
surround the pegmatite.

ANKERITE (Ca(Fe Mg Mn)(COy),)

Ankerite is one of the abundant minerals at the Snowbird
mine. It occurs along outer contacts and as disseminated grains
and coarse masses throughout the calcite matrix. X-ray dif-
fraction and atomic absorption analysis show that 20 percent of
the magnesium positions are taken by iron, thus defining the

Figure 2. — Geologic map of Snowbird fluorspar deposit, Mineral County, Montana,
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Figure 3. The Snowbird mine.

mineral as ankerite. Free-growing crystals of ankerite have nol
been observed.
ANNABERGITE [Niy AsO,),8H,0]

This green supergene mineral is found as stains along calcite
cleavages in the immediate vicinity of partially-to-completely
oxidized sulfide grains. Nodules of annabergite up to 2 cm long
have been observed.

CALCITE |CaCOy)

Calcite i1s the most abundant mineral at the property; it occurs
as cleavages | cm to 1.1 metres long. The calcite is generally
white and forms the matrix on which all other minerals at the
property are found. Due to the rarity of primary cavities, no [ree-
growing crystals have been seen.

FLUORITE |CaF,)

Fluorite is found as lenses up to 65 cm in diameter in contact
with quartz crystals. The quartz has been generally corroded n
these areas and shows casts after fluorite cubes. Fluorite formed
contemporaneously with calcite. Colors range from clear to pale
green, blue-green, purple and nearly black. Fluorite is coarsely
crystalline but, due to subsequent tectonic activity, is shaticred
throughout the deposit. The Snowbird pegmatite was expleited
solely for its fluorite content. At oné time a 30-metre-long mas-
sive lens was present at the west end of the pit.

FLUOCERITE ((Ce.La)F,)

This uncommon mineral was identified (Metz, 1971) by X-ray
diffraction of residual material remaining after parisite was dis-
solved in hydrochloric acid. Fluocerite occurs as very tiny grains
disseminated in parisite.

GERSDORFFITE [NiAsS)

Gersdorffite is found intimately associated with parisite in
large, crude single crystals (from 1 to 10 cm) totally enclosed by
calcite and ankerite. It occurs partially or completely oxidized to
annabergite.

GOETHITE (FeO(OH)]

Goethite 1s found throughout the deposit in pseudomorphs
after pyrite crystals and ankerite. Locally ground waters have dis-
solved the ankerite, filling the resulting void with limonite and
clays.

MAGNETITE |Fe,0,)

Magnetite is found in trace amounts throughout the deposit.
Veins above the deposit contain magnetite octohedrons up to
> mm In size.

MILLERITE (NiS)
Millerite is rare, found only as small, anhedral 2 mm to 5 mm
inclusions in pyrite and gersdorffite.
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PARISITE ((Ce.La),CalCOy),l

Parisite 1s the most abundant cerium group rare-carth mineral
at the Snmowbird mine. It occurs as euhedral, elongated. some
times distorted crystals from 0.5 to 24 ecm n length. The colo
ranges from a medium brown to a medium yellow-brown. Pai
isite i1s soluble in dilute hyrochloric acid

A spectrochemical analysis by Metz (1971) revealed the pres
ence ol cernnum, lanthanum., neodymium. praseodymium and
vitrium in Snowbird mine parisite; spectrographic analysis also
indicated 17,000 ppm thorium and 57.4 ppm uranium

From a collector's viewpoint, pansite 1s moderately abundant
at the property, but 1s nearly always imbedded in compact cal
cite. Dissolving the calcite in acid would destroy the parnisite as
well. The best crystal groups were found free in a clay matrix
filling old water courses along the contacts of giant quartz crys
tals. Upon removal of the clay, pansite crystals could also be
seen projecting irom the carbonate walls, but they were difficult
foremove
PYRITE (FeS

Pyrite is the most abundant sulfide at the deposit. It is found
as cube-pyritohedron crystals coating breccia fragments and as
disseminations in the wall rock adjacent to the pegmatite. Single
pyrite crystals were also observed coating corroded quartz crys
tals. The pyrite is partially to totally oxidized to goethite. A tiny
fresh pyrite crystal totally enclosed in clear quartz was collected
RUTILE TiO,)

Very tiny acicular crystals (less than 1 mm) were collected by
Metz from the cross-cutting breccia dikes. The rutile is generally
found along the breccia fragment boundaries or as inclusion n
quartz. The X-ray powder pattern suggests that the rutile is nio
bium-rich.

XENOTIME YPO,

This 1s the sole phosphate and yttrium group rare-carth min
eral identified from the deposit. It is found as disseminated euhe
dral to anhedral crystals in calcite. The crystals are generally
less than | mm in size and are estimated to constitute 0.15 per
cent of the calcite samples by weight. The samples were concen
trated by leaching the calcite in 10 percent acetic acid; wdentil
cation by X-ray powder diffraction was then performed on the
residue.

OTHER PARISITE LOCALITIES

In the Snowbird mine vicinity there are two other deposits

having the characteristics of breccia dikes. One mile west of the
Snowbird mine is located the Cedar Log prospect, containing
parisite, quartz, ankerite and fluorite. The Irish Basin property

Figure 4. The Snowbird mine.
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Figure 5. Parisite crystals on matrix (Smithsonian
specimen),

1s located three quarters of a mile east of the Snowbird mine.
It also contains gquartz, ankerite and fluorite.

'he Snowbird deposit actually is at the north end of a 175
mile-long regional belt of rare-earth occurrences. The belt cor-
relates with the eastern edge of the Idaho batholith and roughly
follows the ldaho-Montana boundary. From north to south the
other localities are: Pyrites, east of Florence (see below):
Stevensville: Victor: north and south of Conner: Blue Nose
Mountain west of Gibbonsville, ldaho: west of Wisdom: Lemhi
Pass west of Grant; southwest of Red Rock.

Previous references refer to parisite crystals found at Pyrites,
Montana. The occurrence was described by Penfield and War
ren in 1899, Pyrites is a small settlement associated with the
White Cloud gold mine along Eightmile Creek, 8 miles east of
Florence. Ravalli County, Montana. The following descrip-
tion has been condensed from Penfield and Warren:

“The matrix is a fine-grained loosely coherent white material

which can be readily crushed with the fingernail. It consists

essentially of silica, alumina, calcium, and a httle alkah and
has the appearance of a decomposed rhyolite or trachyte.
but its exact nature has not been more delimtely determined.
hroughout this white material, crystals of pyrite and pari-
site are scattered, generally i1solated, but at times the parr
site has grown over and partly or completely surrounded the
pyrite crystals. The pyrite is crystallized in pyritohedrons
modified by small faces ol the cube and octohedron. and
ranges in size from microscopic to 3 mm in diameter. The
average size of the pansite crystals, which are quite numerous,
1Is about 1| mm m diameter and 10 mm in length. The habit 1s
horizontally striated hexagonal shafts made up ol steep pyra-

mids mm oscillatory combmation, terminated at the end by

enlarged pyramids. The color is nearly uniform yellowish-
brown.”

>

el

IEA
Figure 6. Parisite crystals on matrix (Smithsonian Specimen).

EDITOR'S NOTI

R. Lasmanis has duplicate specimens of parisite which, upon
request. will be donated to geology departments of universities.
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| THE
CLEAR CREEK PEGMATITE:
A RARE EARTH

PEGMATITE
IN BURNET COUNTY, TEXAS

by
Wilson W. Crook, 111
Department of Geology and Mineralogy
University of Michigan
Ann Arbor, Michigan 48104

ABSTRAC]

I'he author inspected in detail a 3-square-mile area east of
Lake Buchanan, Burnet County, Texas, to study the geologic
aspects of a concentrically zoned rare-earth-bearing pegmatite.
I'he deposit has been mentioned only briefly in previous litera-
ture and never before named: the body is here referred to as the
Clear Creek pegmatite, named for the small creek which runs
immediately south of the area. The pegmatite occurs within the
Valley Springs gneiss near the eastern margin of the Lone Grove
granite pluton. The pegmatite body is pod-shaped with a quartz
core surrounded by concentric but often discontinuous zones.
These zones are: (1) wall zone ol graphic granite, varying to
gneissic in texture, (2) outer intermediate zone of biotite, zircon
(cyrtolite), and perthitic microcline, (3) middle mmtermediate
zone ol larger perthite crystals, and (4) inner intermediate zone
of quartz and microcline with uraninite, gadohinite, fergusonite,
allanite, and other rare earth mmerals. Crystallization 15 be-
lieved to have occurred inward from the pegmatite walls fol-
lowing the system of Bowen's reaction series.

Replacement is not evident at the Clear Creek pegmatite.
However, extreme stages of alteration, especially of the rare
earth minerals, are apparent. Allanite has weathered to bastnae-

site, gadolinite to rowlandite, vttnialite, and behoite, and fer-

gusonite to another form of bastnaesite. Several specimens ol

the mineral yttrocrasite were found, making the Clear Creek
pegmatite the third known locality in the world for this rare
mineral.

Pegmatite emplacement is believed to have taken place during

the late pulses of the magmatic body which produced the Lone

Grove pluton and the famous Baringer Hill rare earth deposit.

The simultaneous emplacement theory is based on the compara

tive mineralogy ol the two bodies. The rare earth deposits ol

this pegmatite are too small and vanied to warrant any economi
cal investigation other than that of the amateur weekend min-
eral collector,
GEOLOGIC SETTING

Iwo rock types predominate in the area of the Clear Creek
pegmatite: a Precambrian gneiss and schist and a vounger Pre-
cambrian granite. A third Precambrian unit. the Packsaddle
schist, occurs throughout the region but not locally at the peg

Ny

CENTRAL MINERAL REGION
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Crleek

.1 mile
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Figure I. Location ol the Clear Creek pegmatite, Burnet
County, Texas.

matite. Quartz-biotite-feldspar gneiss, granite gneiss, biotite
schist, and impure metamorphosed limestone constitute the

Valley Springs formation. The granite is part of the Lone Grove

pluton complex and is known as the Town Mountain formation.
I he granite 1s conformable to the regional foliation of the meta-
morphic rocks and displays flow structures along the contacts.
['his consists of partial alignment of microcline crystals parallel
to the contact. The most common set of joints 1s perpendicular
to the contact. A contact zone of highly enriched alkali feldspar
exists for approximately 460 metres from the western contact of
the granite. The gneiss is partially granitized and constitutes
a zone of major structural weakness. This zone has been sub-
jected to minor east-west stresses and has been repeatedly folded
and faulted, although almost entirely on a local scale. Quartz
dikes are common, often filling fault-controlled fissures.

PEGMATITE STRUCTURI

I'he Clear Creek pegmatite s an irregularly shaped, inter-
nally zoned body approximately 250 m in length and 100 m in
width. It is a relatively large complex and is closely similar to
those described by Heinrich (1958). Quartz cores commonly
represent the highest topographic feature though weathering
of the entire body is evenly distributed. Areal plan diagrams
are roughly elhiptical and the body 1s thought to be ovoid in three
dimensions. Miarolytic cavities are common in places in the
pegmatite and contain euhedral crystals of smoky quartz and
amethyst. Pegmatite feldspar is reddened, especially near the
presence of radioactive minerals, and often is covered with a
hematite or limonitic surface stain. No flow structure alignment
1s evident within the pegmatite. 1he pegmatite transects local
quartz veins.

'he zoning of the Clear Creek pegmatite is very rregular,
though a concentric arrangment s still discernible. On the
north and west sides of the body the pegmatite is essentially
a mixture of large quartz and perthitic microcline crystals. Zones
are best exposed on the eastern side. around the guartz core.
Contact of the pegmatite with the country rock is sharp, though
outer margins have often been enriched in quartz to form a
margin 15 to 50 ¢m in width,
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The wall zone is composed of graphic granite with some bio-
tite laths, though these are small and not uniformly present.
The graphic granite becomes coarser in texture toward the in-
terior, with the quartz cuneiform figures being over 1.3 cm in
length near the outer intermediate zone. Rare earth mineraliza
tion in this zone 1s confined to a few small crystals ol zircon
(cyrtolite).

The termination of the graphic granite marks the beginning
of the outer intermediate zone. This is composed of small biotite
flakes, perthitic microcline, and zircon (cyrtolite). Cyrtolite is
the most common radioactive mineral present and is easily
identified by three charactenstics of the adjacent host rock alter-

ation: (1) intense smokiness of quartz, (2) intense reddening of

perthite, and (3) stepped compromise growth lines against the
quartz crystals. Biotite i1s confined to small plates, unlike the
large aggregate books described by Haynes (1965) in the South
Platte. Colorado, region. Additional rare earth mineralization
1s confined to small euhedral crystals of fergusonite. These are
found as small, slender prisms next to the biotite flakes.

The middle intermediate zone consists entirely of large per
thite crystals. Quartz is less smoky in this zone than in any other
part of the pegmatite. Small miarolytic cavities occur, hned
with minute smoky quartz crystals. One piece ol deep purple
fluorite was found in one such cavity. The middle intermediate
zone does not continue on the western side of the core and
grades into the outer intermediate and graphic granite zones
on this side.

The inner intermediate zone, unlike the complex zoned coun-
terparts found in Colorado (Haynes, "1965), i1s composed basically
of two minerals. These are perthitic microcline and quartz with
the latter increasing in abundance near the core zone. Inter-
spersed with the quartz and microcline are numerous rare earth
minerals which often form inside cavities. The most abundant
is the mineral allanite, which 1s always surrounded by heavily
fractured smoky quartz. Without exception, the fractures tend
to radiate outward from a central body of allanite. Both fresh
and heavily weathered specimens were collected. Those exposed
to weathering displayed a surrounding zone of bastnaesite.
Fergusonite, gadolinite, yttrocrasite, zircon (cyrtolite), sam-
arskite, and uraninite were also found. Many of the specimens
represent 1solated pockets often with euhedrally formed crys-
tals. Along with the alteration of the rare earth minerals, heavy
stains of both limonite and hematite were common inside the
cavities. Fluorite and yttrian fluorite occur within this zone, but
only as minor constituents and always near the outer margins
toward the middle intermediate zone. limenite and magnetite,
minor constituents of the other zones, occur in increasing abun-
dance near the rare earth minerals. Radiating fan-like structures
of ilmenite over 2 cm in length were observed. As is the case in
other rare earth localities of the region, the sudden abundance
of one or both of these oxides is an excellent indicator for the
presence of some type of radioactive or rare earth mineral. The
mner imtermediate zone is continuously concentric about the
INnnermost core.

The core zome is without exception monomineralic, being
composed solely of quartz. The quartz is mostly milky in color
though both some smoky quartz and amethyst are present near
the margins of the inner intermediate zone.

Replacement was not evident at the Clear Creek pegmatite,
however, in situ alteration was quite common especially among
the rare earth minerals. Wherever these minerals had been ex-
posed to surface weathering conditions, zones of alteration had
formed. Uraninite found on the surface always had a bright
yellow-orange coating of “gummite” on it; much of the gadolinite
had thin coatings of yttrialite, rowlandite, tengerite, and or
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behoite: fergusonite had nms ol bastnaesite; allanite also had
coatings of well-formed bastnaesite. Often very little of the ong
mal allanmite was lelt alter alteration. The specimens of vttro
crasite found also had thin alteration nms ol a metamict mineral
but the altered state has vet to be identified. Among the rare
earth species, only the minerals samarskite and zircon (cyrio
lite) remained unaltered. The cyrtolite however, was observed
to have altered nternally by gradually losing its structural sta-
bility.

In addition to the rare earth alteration, hematite and imonite
were found to impregnate cavities throughout the pegmatite
and to replace biotite. Chlorite was also found near some of the
hematite staining on the extreme margins of the pegmatite

Once emplaced, the pegmatitic “magma 1s believed to have
crystallized mward following the reaction trend of Bowen due
to the gradual removal of heat from the system. Zonal distinc-
tions are based both upon textural and compositional differences
Compositional changes are probably due to fractional crys
tallization whereas the textural differences may be due 1o several
factors, among which are temperature, water content, viscosity,
and nucleation rates. The Clear Creek pegmatite is believed to
be ol late development in the magmatic history ol the Lone
Grove complex. Structure and mineralogy are identical to those
of the famous Baringer Hill pegmatite, which lies some 3 miles
to the east. Though more concrete evidence 1s required, it seems
probable that the Clear Creek pegmatite was emplaced at ap-
proximately the same time as the Baringer Hill pegmatite. The
development of zones and giant perthitic microcline crystals are
a direct response to the post-emplacement fall in temperature.

PEGMATITE MINERALIZATION

I'wenty-eight minerals have been identified at the Clear Creek
pegmatite. Fifteen of these have been classified as rare earth
or radioactive species, and are thus of primary interest. A brief
L]L‘ht_'l'i[‘llh n of each follows:

Quartz s the most abundant mineral in the pegmatite and
occurs in all zones, though it 1s most prominent in the core and
inner intermediate zones. It s generally milky in color but is
intensely smoky when near rare earth minerals. Small crystals
ol amethyst are also present.

Microcline is the dominant feldspar in the pegmatite. It is
most evident in the intermediate zones as perthite — the result ol
an unmixing of albite with potassium feldspar due 10 decreasing
solubility between the two as the temperature within the peg
matite was lowered. It 1s generally pink in color except when
in contact with radioactive minerals which turn the microcline
brilliant red.

Albite is not abundant by itself but is present wherever the
perthite has formed.

Biotite occurs as small flakes and 1s most common in the ex
terior zones of the pegmatite. A small quantity has been replaced
by hematite.

Magnetite is present throughout the pegmatite but becomes
locally abundant as the percentage of rare earth minerals in
creases. It is widespread in the inner intermediate zone as black
anhedral masses often reaching 1.5 cm in length

limenite: the occurrence is identical to that of magnetite
limenite forms fan-like structures, many over 2 ¢cm in length
Both magnetite and ilmenite weather easily and have formed
considerable unconsolidated deposits on the surface of the inner
intermediate zone.

Hematite occurs throughout the pegmatite, most commonly
as a surface alteration stain. It replaces biotite in graphic granite
zones, and stains cavities filled with rare earth minerals

Limonite: the occurrence of limonite is similar to that of hema
tite: a surface gossan stain




Chlorite occurs on the extreme margins of the pegmatite,
presumably as an alteration of biotite.

Fluorite: small crystals of deep purple fluorite were found
near the outer margin of the middle intermediate zone. No rela-
tionship to the rare earth occurrence could be detected. The
lack of large masses of fluorite is the primary difference between
the Clear Creek site and the large rare earth pegmatites of the
South Platte region, Colorado.

Several very small pieces of purple yttrian fluorite were found
within the pegmatite. These are usually not in any particular
association and are a very minor constituent of the rare earth
assemblage.

Pyrolusite: this mineral occurs as small dendritic stains on the
surface of the outer margins of the pegmatite.

Pyrite can be found as small crystals of '2 mm size in the
graphic granite zone of the pegmatite.

Spessartine: (wo small. euhedral trapezohedrons were found
in the exterior margin of the graphic granite. The garnet com-
position was confirmed by optical analysis.

Allanite occurs in quartz inside the inner intermediate zone;
it causes radiating fractures in the surrounding quartz. Both
crystals and large black masses up to 200 grams in weight were
found. Allanite is common near the surface of the pegmatite,
where it has been severely altered by surface exposure.

Bastnaesite occurs as alteration coatings on both allanite
and fergusonite. Many of these coatings have completely re-
placed the original crystals.

Zircom (cyrtolite): both structurally undeformed zircon and
cyrtolite were found in the pegmatite, the former in the graphic
eranite zone and the latter in all three intermediate zones, often
in large red-brown crystal masses. These crystals all had the
characteristic curved faces of radioactively damaged zircon.

Gadolinite: next to allanite, gadolinite s the most abundant
rare earth mineral in the pegmatite. It 1s associated with large
feldspar masses and occurs as both large, black shiny masses
and as crude crystals. One of these was over 15 ¢cm in length and
displayed the complete crystal form of gadolinite.

Tengerite occurs as a thin white alteration rim on some of
the preces of gadolinite exposed on the surface of the pegmatite.

Yttrialite, Rowlandite: both of these minerals have formed
as alterations of gadolinite, occurring as thin fillings within n-
ternal fractures ol large anhedral masses.

Behoite occurs as the most common alteration rim mineral
on the masses of gadolinite.

Uraninite found in the Clear Creek pegmatite is extremely
rich in rare earths and lead, and somewhat depleted in uranium
(this variety was called nivenite by Hidden, 1889). It is a minor
constituent of the pegmatite but occurs in euhedral cubes up to
I cm on a side.

Gummite 1s the collective term given to the yellow-orange
alteration stains that form around the small crystals ol uranin-
ite. Several undetermined species are present.

Samarskite occurs as very small masses, often associated
directly with gadolinite and fergusonite. These are always very
minor but amazingly free of alteration.

Fergusonite occurs in combination with cyrtolite, gadolinite,
and uraninite. Large masses are uncommon, but small, slender.
prismatic crystals do occur near biotite plates. External altera-
tion 1s common, forming a buff colored material which has been
identified as a variety of bastnaesite.

Yttrocrasite, associated with allanite, gadolinite, and fergus-
onite, occurs as a minor rare earth constituent of the inner inter-
mediate zone. Two small crystals were found which have been
the subject of a previous paper (Crook, 1976). Both specimens
found had an alteration coating similar to that on fergusonite,
but whether or not this is a new species i1s not certain at this time.

)

ECONOMIC ASPECTS

The Clear Creek pegmatite, though probably the largest re-
maining source of rare earths in the region, is still too small and
varied in content to warrant any economic interest. Though
high radiation counts may be obtained, they are local in nature
and do not represent a sizable quantity of ore (for example,
gadolinite masses weighing over 90 kg and allanite masses of
130 kg were found at Baringer Hill whereas no piece over 0.2 kg
was recovered from the Clear Creek pegmatite). Therefore
interest in the Clear Creek pegmatite must be confined to geo-
logic study and the enjoyment of the amateur mineral collector.

CONCLUSION

The rare-earth-bearing pegmatites of the Llano-Burnet region
developed in the late magmatic history of the eastern margins
of the Lone Grove pluton. Though further investigational evi
dence 1s required, it 1s believed that the Clear Creek pegmatite
was emplaced at a time similar to that of the Baringer Hill lo-
cality. Primary zonation and the development of large crystals
are believed to be the product of fractional crystallization in
response to the drop in temperature and continual enrichment
of residual magmatic fluids.

Other rare earth locations in the region consist only of minor
deposits, with the one exception of the Rode Ranch pegmatite,
a similar Baringer Hill-type deposit (Ehlmann, 1964). Present
field relations at the Rode Ranch, when compared to early re-
ports on the Baringer Hill locality, suggest that there is a higher
content of mineralization of rare earth elements near the margin
of the Lone Grove pluton. However, personal confirmation is
now impossible since Baringer Hill has been flooded by the con-
struction of Lake Buchanan. Rare earth mineralogy of the Clear
Creek pegmatite is identical with that of Baringer Hill, with the
notable exception of the presence of the mineral yttrocrasite.
Considering that yttrocrasite is known to occur at only two other
localities in the world, its presence at the Clear Creek pegmatite
i1s significant.

The interpretation of the magmatic history of the region sug-
gested here is at best speculative. Detailed work on the Lone
Grove pluton and its relationship to the pegmatites i1s needed.
Perhaps then the age of pegmatite emplacements can be con-
clusively determined, and will allow a more complete under-
standing of this singularly important pegmatite province.
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THE
HELVITE
GROUP*

Pete ). Dunn
Department of Mineral Sciences

Smithsonian Institution
Washington, D.C. 20560

INTRODUCTION

The helvite group consists of three isomorphous spe-
cies: helvite MnBe4(S10,),S, danalite Fe BeSi10,).S, and
genthelvite Zn,Bey(Si04),S. Manganese, iron, and zinc
substitute mutually in the structure, and most samples
are mixtures of the three end-members in varying propor-
tions.

They are an uncommon group of minerals, usually
occurring in tactites and scarns (helvite and danalite) and
coarse-grained granites and syenites (danalite and gen-
thelvite).

MORPHOLOGY AND DISTINGUISHING
CHARACTERISTICS

Crystals ol the species in the helvite group are usually
euhedral and frequently occur in rather sharp, well-defined
isometric habits. The predominant habit is tetrahedral
(Figure 1). The crystals are usually in random intergrowth,
but the tetrahedral habit is easily observed. The positive
tetrahedron (111} is usually modified by the negative
tetrahedron {111}; the combination giving the appearance
of an octahedron (Figures 2 & 3). Any confusion is easily
cleared up as the luster on the two tetrahedra are distinctly
different, whereas on an octahedron they would be 1den-
tical. Other common modifying forms are the dodecahe-
dron and cube, also exhibiting different lusters.

*A synopsis of a paper entitled “Genthelvite and the
Helvine Group™ published in Mineralogical Magazine 41
(in press) (1976)

Figure I. Helvite, Saxony, Germany (photo by Ben
Chromy).

Less well-crystallized members of the helvite group
resemble garnets. Although the above morphological
observations suffice to determine the nature of well
crystallized specimens, it is, at first glance, very difficult
to characterize anhedral grains. Refractive index deter-
minations are of limited use since the refractive indices
of iron-bearing members overlap those of garnets in the
pyrope-almandine series and both the garnet and helvite
groups are isotropic. Color is of little use; danalite is always
brownish-red and helvite and genthelvite with more than
a third of the danalite component are also reddish in
color. The purest known natural genthelvite is light green
to yellowish-green, and pure helvite is yellow. The most
obvious characteristic of the helvite-group minerals one
can test for is the moderately strong sulfur odor which is
released when they are powdered. X-ray data for pure
helvite and genthelvite have been published (Dunn, 1976)
and x-ray powder patterns can sometimes be used to char-
acterize an unknown member of the group. Samples with
a cell-edge less than 8.14A are usually zinc-rich (genthel-
vite), and samples with a cell-edge greater than 8.23A are
usually manganese rich (helvite). Samples with cell-edge
between 8.14A and 8.23A are usually iron rich but need
other supporting data for responsible characterization.
CHEMISTRY

The miscibility between danalite and helvite was well-
established by Glass er al (1944), but the miscibility be-
tween these two members and the zinc member, genthel-
vite, was not established. This study (Dunn, 1976) was
initiated to determine the miscibility between the three
end-members. Seventy-five samples in the U.S. National
Museum of Natural History and the Harvard Geological
Museum were partially analyzed with an ARL SEMOQ
electron microprobe. A plot of these analyses and those
from the literature is presented in Figure 4 and demon-
strates complete miscibility between helvite and danalite
and between danalite and genthelvite. The absence of
manganese-zinc mixtures is still unexplained, zad may
be due to a structure incompatibility.

END-MEMBERS

During the course of this study, two heretofore un-
known “pure” end-members of the group were discovered.

Figure 2. Genthelvite from Cookstove Mountain. El
Paso County, Colorado (NMNH #113108) (26 x 9 mm).
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A brief description of their occurrence is warranted.
Two new occurrences for genthelvite, the rarest member
of the group are described.

GENTHELVITE

Pure crystals of this mineral, the zinc-rich end-member
of the group, were found in 1970 in the De-Mix quarry,
Mt. St. Hilaire, Quebec, Canada, by Quintin Wight, a noted
Canadian micromounter. The crystals occurred as color-
less, rounded, tristetrahedra (1.0 mm) implanted on
microcrystals of wurtzite. This association, although
unique, is quite appropriate in the “comfortable chem-
istry” point-of-view inasmuch as both minerals contain
zinc and sulfur. Several years later, additional samples
of abundant genthelvite were collected by John Stew-
art of Boston University in the De-Mix quarry. They oc-
curred as light green and buff-colored sharp, euhedral,
crystals (up to 3 mm) associated with acmite, serandite,
natrolite in the “usual™ Mt. St. Hilaire assemblage. Both
the initial and subsequent occurrences are very pure,
with less than 1.00% MnO and FeO combined. It is both
notable and interesting that Mt. St. Hilaire, unlike other
localities where helvite group minerals have occurred,
has, to date, generated only relatively pure end-members
of the group, and not the isomorphous mixture found at
other localities. A helvite from Mt. St. Hilaire, bright
yellow in color, contained only 1.51% FeO and ZnO com-
bined.

HELVITE

A relatively pure helvite occurs in rhodonite from the
East Moulton mine, Butte, Montana, and also at the Lex-
ington mine at the same locality. The crystals are very
small (less than 1.0 mm) and occur as anhedral blebs in
massive rhodonite in both mines. The material is the
purest to date, having only 0.73% FeO and ZnO combined.
This helvite has no visual appeal and is quite rare at the
locality.

DANALITE

No pure end-members were found, but a crystal from
the Iron mine in Barlett, New Hampshire, did contain
86% of the iron component.

Figure 3. Line drawing of the crystal in figure 2 from Scott, 1957).
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NOTES ON OTHER OCCURRENCES
Rhode Island

During the mid-1960’s large rough crystals of “danalite”
were recovered from the granites in Cumberland, Rhode
Island. Some of this material was collected by Gilbert
George, an expert on Rhode Island mineralogy. Analysis
of many Cumberland specimens indicates that they are
almost all zinc-rich and thus genthelvite! Several large
crystals (56 cm) have been found here, but the quality of
the material is lower than the superb Colorado crystals.

Colorado

The finest genthelvites found to date are the splendid
crystals (Figure 2) originally described by Scott (1957)
and the crystal which was described by Glass and Adams
(1953). Neither of these excellent display-quality crystals
had been analyzed before this study. Both have now been
analyzed; they were found to be zinc-rich and thus gen-
thelvite. It is indeed ironic that the crystal described by
Glass and Adams (which was the largest genthelvite crystal
known until the Rhode Island occurrence) has zinc just
barely predominant over iron and so just barely missed
being termed a danalite!

In summary, genthelvite and danalite are completely
miscible, as are danalite and helvite. Relatively pure gen-
thelvite is known from Mt. St. Hilaire and relatively pure
helvite from Butte, Montana. Although not common in
collections, specimens ol these minerals are occasionally
available when old collections are broken up and redis-
tributed via the marketplace.
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Figure 4. Plot of analyses of helvite group minerals.
Square dots represent analyses from the literature and
round dots represent analyses of the present study.
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R.W. Thomssen
Mineral Exploration Consultants
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INTRODUCTION

Lithiophilite, formerly known only as primary crystals inter-
grown with feldspars and quartz in pegmatites, occurs as free
standing, euhedral crystals in fissures cutting pegmatites at the
Foote Spodumene mine, near Kings Mountain, Cleveland Coun-
ty, North Carolina. These clear crystals, which are of a striking
sherry color, were found in 1966 by the late Kent C. Brannock
and identified by John S. White, Jr., in 1967. The mineral was
characterized at that ume as being a relatively ron-free end
member of the lithiophilite-triphylite isomorphous series, on the
basis of refractive indices determined by Peter B. Leavens. Sub-
sequently, additional material was collected by one of us (RWT)
and Jack Eaker of Kings Mountain. Eaker found several V-
shaped crystal pairs which proved upon measurement to be
twins. This is the first twin law reported for the species.

An electron microprobe study of a number of minerals from
Kings Mountain, made in 1969, showed the lithiophilite to be
essentially iron-free LiMnPO,. This paper presents the results
of further examination of this unigque find.

PREVIOUS WORK .

Lithiophilite was first described from Branchville, Connecti-
cut, by George J. Brush and Edward S. Dana (1878). The orig-
inal material occurred as irregular rounded masses of a light
salmon color, 1 to 3 inches across, enclosed in albite, and coat-
ed by a black oxidized crust. Some of these masses resembled
single crystals, although the authors did not identify crystallo-
graphic forms.

Numerous additional occurrences of lithiophilite, all as a
primary mineral in granite pegmatites, have been described
since the initial work by Brush and Dana. In all cases lithiophi-
lite (Mn >>Fe) and the isostructural mineral triphylite (Fe ~>Mn),
which form a complete substitutional series. have been found
so intergrown with feldspar and quartz that recognizable crys
tal forms are seldom observed. The species is commonly al-
tered surficially, as was the Branchville material, so that only
crude evidence of crystal forms is preserved.

OCCURRENCE

An open pit mine in a pegmatite swarm near Kings Mountain
1s operated by the Foote Mineral Company, primarily for spo-

dumene. The mining operation and the local geology have been
described by Kesler (1961). The pegmatites, as much as 2000
feet long and 200 feet thick, trending slightly east of north and
dipping steeply and irregularly both east and west, were in-
truded mto thin-layered amphibolite and fine-grained mica
schist. Core drilling results indicate that although the dikes are
roughly tabular many are complexly connected at depth.

I'he pegmatites show almost no zoning and are remarkably
uniform in mineralogy and texture. Spodumene was the earliest
mineral to form with muscovite, microcline. and albite plus
quartz, following in that order. The earlier-formed minerals are
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LITHIOPHILITE CRYSTALS FROM THE FOOTE MINE
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Department of Geosciences
University of Arizona
Tucson, Arizona 85721

broken and vemed by a fline-grained equigranular intergrowth
of albite and quartz. Spodumene crystals approach euhedral
form only where they are included in randomly distributed
small bodies of massive quartz. These relationships suggest that
the pegmatites were intruded and completed crystallization
during a period of active regional deformation which prevented
the retention of concentrically zoned internal structure typical
of hithia-rich pegmatites.

Alter the spodumene pegmatites had crystallized, the pegma
tites and the adjacent wall rocks were both cut by subparallel
fractures. These fractures, which are mostly extensional or dila-
tional in character, are essentially perpendicular to the NI5°W
strike of the pegmatites and dip steeply to the southwest.

A common derivation appears probable for these transverse
fractures and the fractures containing northwesterly-trending
dikes within the southwestern segment of the Appalachian re
gion, as described by Philip B. King of the U.S. Geological
Survey (1961). King concludes thai these dikes “probably reflect
the deep-seated tensile stresses that existed during Late Tri
assic time.” This event fixes a maximum age on the minerals
which have crystallized within the fractures and suggests a
lapse of 200 million years between the formation of the pegma
tites in the Devonian and the transverse fractures in the Late
[riassic.

Lithiophilite and a number of alkali-bearing phosphates and
sthicates, including the new species, switzerite, brannockite, and
cakerite, line cavities within the transverse f[ractures. Several
carbonates and sulfates, as well as the new hydroxide species
tetrawickmanite, formed late and are perched on the earlier
species. Albite and quartz, which formed first on the walls of
the fractures, together make up more than 9% percent ol the
vein matenial. A vividly dichroic, pinkish brown apatite is the
maost commaon [ﬂ'lll‘srih;llt' present and 1s a constant associate
of hithiophilite.
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Figure I. Plot illustrating the variation of indices of refraction
with iron and manganese content of some minerals in the lithio-
philite triphylite series.




Crystals of lithiophilite appear to have formed in only a small
number of pockets in one, or possibly two, closely associated,
sub-parallel veins exposed on bench 11. A little was also found
on bench 10 and, possibly. on bench 12, suggesting a known
vertical range of about 40 feet. The coordinates of the find,
taken from the mine map, are 10,000N and 10315E. The occur-
rence falls on section 10N in the center of the pit (Kesler, 1961).

It s of interest to speculate on the origin of the chemical
components comprising the minerals, such as lithiophilite,
which are now found within the transverse fractures. The orig-
inal pegmatite minerals, including spodumene, apatite, and the
alkali feldspars albite and microcline, contain all the compo-
nents required to produce the later fracture minerals except for
water, carbonate, and sulfur. If it is assumed that after consolr
dation these pegmatites and their wallrocks were saturated with
an interstitial aqueous solution containing some dissolved car-
bonate and sulfur, this fluid might also have been the agent to

dissolve and transport components of the primary pegmatite

TABLE 1,
Physical Properties of Kings Mountain Lithiophilite

Optics: Refractive indices (white light)

Opt. sign ( a =1.665 +0.002
2V =10 8 =1.667 =0.002
Dispersion r << v strong y =1.674 +0.002
Orientation X =c¢

Y =a
L =b

Specihic Gravity
(Meas.) 3445 20006 at 22°C
(Calc.y 3433 g¢/cm?

Unit Cell Dimensions

aa = 6.094 =0.005 A
b, =10.427 0.005 A
™ 4743 H0.001 A

a:b:c 5844 : | : 4549

minerals. This solution could migrate interstitially into and
through the open [ractures in the pegmatites. Dissolution of the
primary pegmatite minerals might occur under the influence
of the modified physical conditions. Crystallization of new
species would be mmitiated in the transverse fracture cavities
as a result of the complex interplay of continually varying pres-
sure. temperature, and solution concentration as the entire
system approached equilibrium. This process may have been
analogous to the formation of Alpine veins within the crys-
talline massifs of the Swiss Alps, as described by Robert L.
Parker (1960).

I'hat conditions within the transverse fracture cavities did
not readily attain a general stability i1s reflected in the dissol
ution and redeposition of some lithiophilite to wvield delicate
crystal clusters. This secondary lithiophilite partly hills cavities
under and within apatite from which the early or primary lithio-
philite has been leached. It differs from the early generation of
crystals only in being more slender and having a simpler habat.

OPTICAL PROPERTIES, SPECIFIC GRAVITY,
AND UNIT CELL DIMENSIONS

The optical properties of Kings Mountain lithiophilite were
measured using the spindle stage. The results, which confirm
the mitial findings of Peter Leavens, are reported in Table 1.
In Figure 1 these refractive indices and the indices of some
other members of the lithiophilite-triphylite series (Palache et

al.. 1951) are plotted against their iron and manganese contents.

The essentially linear dependency of refractive indices on ca-
Lion content is apparent.

96

The specific gravity (3.445 = 0.006) was measured by the
sink-float method in diluted Clerici solution monitored by a
Westphal balance. This result is 0.1 higher than the value found
by Zambonini and Malozzi (1931) on artificial material. How
ever, these authors noted black inclusions in crystals obtained
by both fusion and pneumatolytic methods ol synthesis, and
their value is probably inferior to that obtained in the present
study. The unit cell parameters, derived from least-squares
refinement of measurements from Weissenberg X-ray photo-
graphs, lead to the calculated density of 3.433 g/cm?, in good
agreement with the measured specific gravity.

CRYSTALLOGRAPHY

The largest of the Kings Mountain lithiophilite crystals are
euhedral, about 0.08 inch (2 mm) in length, and elongated along
the a crystallographic axis. The principal faces in the stnated
0kl] zone are {021}, {011}, and {010}. Characteristically, the
best developed and most perfect of the forms at the extremities
of the elongated crystals is {111} which, interestingly enough,
had not been reported previously. Terminal forms also noted
are {100}, (110}, {130}, and ({140}. Many crystal fragments show
the excellent front pinacoidal cleavage (100). The secondary
lithiophilite crystals mentioned previously differ from these
earlier formed crystals in being less bulky and in character
istically showing a greater ratio ol length to breadth. These
secondary crystals are also elongated on the a axis but typically
display only the forms {021}, {111}, and {100}.

Handsome, well-formed simple contact-twinned crystals are
joined on {130}, as illustrated in Figure 2. This is the first twin
law reported for either lithiophilite or triphylite. An unusual
aspect of the twinned crystals is that no measurable goniometri-
cal signals were observed which correspond to the slope of the
large, habit-controlling terminal forms of the kind (hk(} seen on
all the twinned crystals (Figure 2). Close examination of these
surfaces reveals that they are of inferior quality and are striated
by alternating tiny faces of the forms {100} and, probably, {140}.
l'ogether, these forms make up a “pseudo-form™ whose slope

corresponds to {110}.

COMPOSITION

The results of corrected electron microprobe analyses of the
two types of lithiophilite from Kings Mountain are shown in
Table 2. Initial uncorrected microprobe analyses on this mate-
rial indicated that the FeO content was less than 0.2 percent
and, together with the early optical work of Peter Leavens,

P

(CONCTATINGE .

-

Figure 2. Modified axonometric projection of a portion of a

twinned lithiophilite crystal. (The projection makes the angle
between the twinned individuals seem larger than the 60 degree
value,)
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established the Foote mine lithiophilite as being essentially the
manganese end member of the lithiophilite-triphylite senes. I'ABLE 2

A search for non-stoichiometric impurities disclosed the Microprobe Analysis of Lithiophilite. Kings Mountain
remarkable. notably low, iron content of the Foote mine lithio- North Carolina
philite. Associated dark burgundy apatite on specimen USNM CONDITIONS ISKV: 0.15 UA; SMALL BEAM
126995 was found to contain FeO - 0.06, MnO - 0.81, SrO - 1.26, STANDARDS Maneanite Mn-value 62 4
P - 0.14, with alkalis other than CaO all well under 0.1 percent. Durango Apatite P-value 18.6
As noted by J. S. White, Jr. (personal communication, 1975), APPLIED CORRECTIONS Backeround and Bence Albee
this MnO content is low for much of the Foote mine apatite. (Anal. Chem. 42, pp. 1408-1414)
A distinct partition of manganese and strontium 1s evident be- SAMPLES (1) Lithiophilite NMNH 126995
tween apatite and lithiophilite within the transverse veins. prismatic. early crystals

2y Lithnophilite-needle-like

ANALYSI J. Nelen, National Museum., of

Natural History, Washington
of the lithiophilite crystals. Joseph Nelen (Smithsonian Insti D .

Peter B. Leavens carried out the initial optical investigation

(1)

tution) performed the microprobe analyses. Mrs. Peter Galli TG
| : -

translated the pertinent section on specific gravity determin- MnO)
ation in the Zambonnini and Malozzi article. Jack W. Eaker, FeO

Kings Mountain, North Carolina, lent us the twin crystals for PO

study and supplied detailed data concerning the occurrence ol SiO

lithiophilite within the Foote mine open pit. Their assistance AlLL,O

1s gratefully acknowledged. Discussion and editorial assistance TOTAI 4

from John S. White, Jr. contributed significantly to the comple- Average of analyses on ten spots. Li, O not detectable by microprobe
tion of this study Other compoaents sought and found to be generally below detection
1 limits: MgQO, Ca0), SrO, K,0, and Na,0O. 510, and Al,04 should be

considered 0.1%
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column on museums, Neal Yedlin's micromounter’s column, the mineral photography column
Richard Bideaux's collector column, editorials, book reviews, letters, and more. )

We strongly advise that you act now while we still have back issues to sell; if you have all of
the issues already, check for badly worn copies that might need replacing. Or for only $1 we
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Uvite,

a New (Old) Common Member of
the Tourmaline Group and
Its Implications for Collectors

by
Pete ). Dunn, Daniel Appleman,
Joseph A. Nelen and Julie Norberg
Department of Mineral Sciences

Smithsonian Institution
Washington, D.C. 20560

INTRODUCTION

Fourmaline is a name applied to a group of mineral species
consisting of elbaite, dravite, schorl, buergerite and uvite. Al
though these species all have very similar crystal structures and
appearance, they comprise a broad range ol chemical composr
tions. Tourmalines are found in many different environments.
'hey repose in most mineral collections and are popular with
collectors because they occur in a variety of colors and because
they frequently form euhedral crystals.

I'he chemistry of the tourmaline group was a cause ol much
bewilderment to early chemists and mineralogists. This early
confusion led Ruskin (1891) to mention in discussing tourmaline,
that “on the whole, the chemistry of it is more like a medieval
doctor's prescription, than the making ol a respectable mineral.”

['he tourmaline group, until recently, has usually been said to
consist ol only four species: elbaite, schorl, buergerite and dra-
vite. T hese conform to the general formula for the tourmaline
group: Na/R);AlgB3S1,05(OH.F),. The above species designa
tions have been made on the basis ol the dominant element in the
R position of the formula, which may be either hthium/alumi-
um (elbaite), ferrous iron (schorl), ferric iron (buergerite), or
magnesium (dravite).

Inasmuch as there i1s broad and extensive substitution of ele-
ments in the tourmaline group, few tourmaline specimens have
been found to be pure end-members. Most tourmaline crystals
are, in fact, mixtures of two or more species. lron can exist in
either the ferrous or ferric state and is frequently found in both
oxidation states within the same crystal. Both simple and coupled
substitution mechanisms can also be present simultaneously.

['hose tourmalines in which calcium occupies the site usually
illed with sodium have been largely ignored.

Dravite crystals with a significant calcium content were re-
ported as early as 1888 (Riggs) but chemists and mineralogists
had not yet agreed on a satisfactory formula for tourmaline.
High-calcium dravites were ignored in the quest for an ideal for-
mula to encompass the majority of tourmaline analyses. The ex-
cellent analyses of Riggs (1888) and his insights into the chemistry
of this complex group, coupled with the definitive work of Kunitz
(1929), shed much light on tourmaline chemistry and gave us
many ol the species designations in use today.

In preliminary work, microprobe chemical analyses of many
gem quality brown tourmalines showed that they were almost all
calcium-rich, and many had little or no sodium. Considering

that much dravite is formed in metamorphosed limestones where

i)

calcium is abundant. it seemed likely that other dravites might
also be calcium-rich. A detailed exammmation of dravite ap
peared necessary so the present study was imtiated.

Kunitz (1929) proposed a theoretical end-member, H.Ca,Mg;
AL,051,:Bg0ge. which may be rewritten as CaMg,(MgAl;)B
Sig0.;(OH ), to conform to the general formula cited previously.
Kunitz proposed this molecule to explain the existence ol anal-
yses of three calcium-rich magnesium tourmalines from Cevylon,
Gouverneur, New York, and DeKalb, New York. He named this
proposed theoretical end-member “uvite”™ for the province of
Uva of Ceylon (Sri Lanka).

We have demonstrated that uvite does exist in nature and
that i1s is a vahd end-member in the tourmaline group. We have
shown that there 1s complete miscibility between dravite and
uvite and that uvite is the exact calcium analog of dravite.

Uvite was submitted to the IMA Commission on New Minerals
and New Mineral Names for approval. It was the judgment of the
Chairman of the Commission that the term “uvite” was already
well-established in the hiterature, and thus was out of the juns-
diction of the Commisson.

PREVIOUS WORK

Various investigators have reported calcium-rich magnesium
tourmalines. A tabulation of these is presented as Table 1. The
analyses are arranged in order of decreasing calcium content.
['he analysis of Sargent (1901} is anomalous in view of its re-
ported high sodium and calcium content.

MORPHOLOGY

Crystals of uvite do not exhibit any peculiar or diagnostic
morphology which might aid in their identification. Forms pre-
sent, and their relative dominance, are not diagnostic for the
species. Uvite crystals of both prismatic and pyramidal habit are
found. Cevylon uvite crystals which are quite gemmy are, for the
most part, tabular on {0001}, but uvite from Gouverneur, New
York, is frequently elongate and pyramidal in habit. Franklin
uvite 1s usually somewhat equant. The Ceylon uvites examined in
this study were mostly stream pebbles of gem quality. Fine crys-
tals of brown tourmaline from Ceylon were described by Woro-
bieff (1900) as bemng very rich in forms, with one crystal having
59 different forms. Additional morphologic observations on
magnesium tourmaline were made by Pfaffl and Niggemann
(1967) who noted the predominance ol the prism 1120} over
the prism, {1010} in 70 magnesium tourmalines from Bayrischer
Wald. Bavaria, and a reverse relationship in iron-rich tourma-
lines from Drachselsrieder mine near Arnbruck.

PHYSICAL AND OPTICAL PROPERTIES

Uvite has a Mohs' hardness comparable to that of dravite
(- 712). The density of the purest (most calcium-rich) uvite
ranges unsystematically from 2.96 to 3.06. The range is the same
for pure (most sodium-rich) dravite. Although calcium is nearly
twice as heavy as sodium and one might expect an increase in the
density with increasing calcium content (inasmuch as the cell
volumes of end-member uvite and end-member dravite are very

I he Mineralogical Record., March .-1..-‘11'."1’. 1977




Figure 1. (top left) Graph of calcium/sodium in atom percent
from microprobe analyses.

Figure 2 (top right) Light green uvite from Franklin, New Jersey.

The crystal is 20 mm in its maximum dimension (NMNH
#C3283).

Figure 3. (middle left) Line drawings of Franklin uvites [from

Palache, (1935) The minerals of Franklin and Sterling Hill,
Sussex County, New Jersey. |

I'he Mineralogical Record, March— April, 1977

Figure 4. (middle right) Dravite from Franklin, New Jersey. This
crystal has an uncommon habit for Franklin tourmaline, and

is the only known dravite from Franklin, The largest crystal is
25 mm (NMNH £R18133).

Figure 5. (bottom left) Dravite from Yinniethara, Western Aus-
tralia (NMNH 2R17274).

Figure 6. (bottom right) Uvite in calcite from Gouverneur, New
York. The crystal is 14 mm in maximum dimension.




(RUG61) qoaef

(GJ6]) ZHunyy

(T8 1) rur(]

(C161) Jv 12 Surynps
ICI61) 12 12 youn

(RNR1) STy

(GOR]) P 12 Plaljuad

(L L6]) Aouipje[Rweyz(]

656 1) Yivy

(C161) 0 12 SULJINAA
(CL6]1) AouIplajueyz(]
(1L61) Y98l

(CLA]) P 12 BEXYSNOYH
(KRKR]) STy

(C161) P 12 Suijinas
_ml_:_+ _I_::n.:b../_
(6961) O¥peQ
(L16]) 20nug

L1061 ) ___.__.:.._:.r__

AU Y

1001 10 €001
O 001
00001
68001
LL %86
L6 66
11101
LR 00|
9866
SO0
(0001
6% 66
% OhH

Ot 66 6% 66
H)i(N) . aal ]
00001

00001

L0

wt 101

91001

1210 ] (%10

wad1ad ydam se 219y paenofesas “quadsad ajow Ul UdAIN-/

090

OF1I11 JO aden) pue *OF A 100 surnuo)-p
OF 17 JO 2dr1) SURIUO)-2

OFI1 J0 20N pue “OF A 01°0 sSURIUO)-¢
“OfFd 1£0°0 Sumuo)-»

auan se papoday-n

sasA[eur om) JO afriaAay -2

910 A 10°9¢
600 / [ . 06 St
= C . . P9 O
S0 Lt
O 11
S1TOI
IR0I
RSOl
Ol
b6 01

s _“_“

K.

OL'6

Q<01

(Nl 00°01

024 <4 (rd

ALIAN 40 SASATVNY SNOIATAd RECHEAR

g n

RIpuj
IO L Man “InauJaanos
z L N )
Y10 A mayN “yuodassarg

IO L M u_...{ YUWOIE N

Y ._._w NN Tl :._.4__.:.4__.1

NIO L MAN “jue dassany

YOA MaN qlEN(]
YIOA MaN "qleMa(]
A'S'SN urisiyeqz[)
Y0 4 MAN INAUIIANON)
(BYURT] US) UOJA)
A'S'S[1 Uesiyaqz[)
PUR[RDZ MAN
RIYRAO[SOYIIZ) ‘RISNUY
Adsiar may ‘dunquivy
(BYURT LS) UOJAD)
A'S'S
WSS ‘uiseg Jadatug]

OuRIUQ) ‘MAJUIY

AdSd u— 1] .J_...r. .......u._ .... 4.—....._

April, 1977

Fhe Mineralogical Record. March




. — . :_-.—-u
-
- Sy = -
N -
| SR - P
e

]
]
[

]

i
{
WA

Figure 7. Line drawings of uvites from Gouverneur, New York [from Figure 8. White tremolite with brown uvite, Gouverneur,

Dana, (1892) The System of Mineralogy ., p. 552).

similar), the concomitant substitution of magnesium for alum-
inum balances this. The net result is that specific gravity is of no
use in the determinative process. The calculated value for uvite,
NMNH C5212, is 3.01 compared with the observed value of 2.97.
The color of uvite is variable. Most uvite, like dravite, is
brown. Notable exceptions to this are the colorless DeKalb, New
York, material and the light green crystals from Franklin, New
Jersey, both of which have very low iron content. In general,
brown uvites demonstrate a correlation between color and iron
content, the color darkening with increasing iron to near opacity
when the iron content exceeds 0.8%. The same relationship ex-
Ists in dravite, supporting the observations of Shikvo (1957), who
suggested that the chromophore causing brown color in tourma-
line was Fe'3,
€. The streak is vari
able: light green, light brown, or white. The refractive indices of
uvite do not differ from those of dravite and are thus of no use in
determining the species. Although Kunitz (1929) did present a
graph of variation of refractive indices with increasing calcium

Uvite is uniaxial negative, absorption o

sodium ratio, his observations have not been supported by the
present study and his observed range in values may have been
influenced by iron substituting for magnesium or aluminum in
his samples. Since the refractive indices of tourmalines increase
with increasing iron and manganese content (Deer er al., 1962).
samples were chosen for optical examination which had a very
low iron content (<0.41%Fe0) and which varied from 95% 1o
51% of the uvite end-member. Dravites with comparable low-
iron contents were not found. The refractive indices of these
uvites are PH"NL’IIIL‘Li in Table 2.

Both uvite and dravite, when low in iron content, fluoresce a
weak mustard vellow color under short-wave ultraviolet radia
tion. There is no response in long-wave ultraviolet, and no phos
phorescence in either wavelength.

Uvite and dravite, therefore. are indistinguishable on the
basis of their physical and optical properties.

CHEMISTRY

General

I'he Mineralogical Record, March— April, 1977

Uvite, CaMg4 Al;Mg)B,SisO-AOH.F),. is the calcium analog

New York. The tremolite crystal is 8.5 ecm long. The uvite
is 4 cm in its maximum dimension (NMNH #C3287),

of dravite, NaMg;AlgB 51,0, OH,F),, and is thus an end-member
in the tourmaline group.

['he substitution of divalent calcium (Ca*?) for monovalent
sodium (Na™ ') in magnesium tourmaline requires a coupled sub
stitution. There is a concomitant increase in divalent magnesium
(Mg + 2 ) substituting for trivalent aluminum (Al+ * ) to provide
electrostatic charge balance. Magnesium tourmalines with Ca
Na are thus uvite and those with Na = Ca are dravite.

Eighty magnesium tourmalines in the mineral collection of
the National Museum of Natural History (Smithsonian Institu
tion) were partially analyzed with an ARL-SEMQ electron micro
probe utilizing an operating voltage of 15 kV and a sample cur
rent of 0.15 pA and NMNH microprobe standards of high
reliability. Of the 80 samples analyzed, 43 were uvite and 37 were
dravite. This ratio is not necessarily indicative of the natural
abundance of these species as the samples were chosen in a
search for the calcium-rich member. These are partial analyses
I'he boron, water and fluorine contents were not determined. All
iron 1s calculated as FeO since it was determined as total iron
'he analyses are presented as Table 3, in order of decreasing cal
cium content. [hree samples were subjected to complete wel
chemical analysis and the results of these analyses are presented
as Table 4. These compare closely with the theoretical values
given in Table 5 for end-member uvite. Following the suggestion
of Barton (1969) the “excess” boron over 1.0 atoms per formula
unit s assumed to be substituting for Si in the tetrahedral six
membered rings: the total of silicon plus excess boron should be
6.0 atoms per formula unit in the ideal structure. The numbers
of atoms per formula unit { Table 4) have been computed directly
from the analyses, including OH and F, on the basis of 31 (O, OH
F) per formula unit. However, the errors in the H,O and F deter
minations are probably sufficient to allow for enough adjustment
of the O:(OH. F) ratios to achieve complete charge balance
Wer Analvucal Procedures

Reduction of sample size was done first in an iron percussion
mortar to 40 mesh, followed by further grinding in a tungsten
carbide mill to -160 mesh

Moisture, Si0,, Al,O,, FeO, CaO and MgO were determined

on (1.5 g portions by classical chemical methods. (Peck, 1964)
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Prior to filtration of silica, boron was volatilized by repeated de-
hydration with a HCl-methanol mixture (Hillebrand er al, 1953).
Iron in the R,04 portion was determined using O-phenanthroline,
titanium as the tiron complex: aluminum was precipitated with
8-hydroxyquinoline (Jarosewich, 1966).

For total water the Penflield method (Peck. 1964) was used.
the H,O" being the difference between total water and moisture.

For fluorine 0.2 g samples were fused with Zn(O-Na,CO, flux
and filtered (Grimaldi er al, 1955). The fluorine in the hltrate
was distilled using a constant temperature distilling apparatus
(Huckabay er al. 1947) and titrated with thorium nitrate.

Alkali content was determined [lame photometrically after
sample decomposition with HF-H,50,.

Boron was titrated with NaOH and mannitol after removal ol
interfering substances and neutralization. Precision of the meth-
od was *+ 0.2% B,O, on NBS 93 (a 12.76% borosilicate glass).
Miscibiliny

Within the tourmaline group there is miscibility between
schorl and elbaite and between schorl and dravite (Epprecht,
1953). Little evidence exists for I11i\L‘I|1i1iI‘_'L betwzen dravite and

TABLE 2
OPTICAL DATA FOR SELECTED LOW-IRON UVITES
NMNH = Locality ’ I % Uvite
C5212 Ceylon (Sri Lanka) 1619 1.638 98
B14707 DeKalb, New York 1.620 1.638 90
C3290 DeKalb, New York 1620 1.6M 72
B 14698 DeKalb, New York 1620 1.6M 5
R3Y58 DeKalb, New York 1.620 1.636 53
All observations in sodium light ( H.003). Samples arranged
in order of decreasing calcium content. All samples have
less than 0.41 % FeO.

elbaite. The dravite analyses of this study support earlier evi-
dence of miscibility between schorl and dravite. 1he analyses
of Tables 3 and 4 clearly demonstrate that there i1s complete
miscibility between uvite and dravite. The CaO content varies
smoothly from 5.86% to 0.03% (1.00 to 0.05 calcium in atom per-
cent) while the Na,O content sympathetically varies from 0.08%
to 2.92% (0,02 1o 0.94 sodium mn atom percent). The concom-
itant adjustment i aluminum and magnesium, although not as
gradual, is also clearly demonstrated. The less-smcoth vanation
in the aluminum-magnesium ratios is likely due to the fact that
available iron can substitute in either the divalent or trivalent
site. Figure 1 is a graph of calcium vs, sodium (in atom percent)
[or the uvite and dravite analyses of this study. This graph dem-
onstrates complete miscibility between the end-members, with

no gaps in the solid solution series.

CRYSTALLOGRAPHY

Uvite fragments from sample C5212 were studied by single-

crystal x-ray diffraction techniques. Long-exposure zero-level,

upper-level and cone-axis precession photographs showed no
deviation from space group Rm. the usual tourmaline sym-
metry. Cell dimensions were determined Irom single-crystal
1588 A, e =717 A,
ters were adjusted by least-squares imdexing and relinement
Using the program of Apple-
15,981

measurements to be: a I'hese parame-
of powder-diffraction data.
man et al, (1973). The relined parameters are a
0002 A, « 1.207 £ 0.001 A (S standard). These values lall
precisely on the schorl-dravite series cell-dimension plots (Ep-

precht, 1953). Uvite cannot, therefore, be distinguished readily

from dravite by x-ray diffraction methods. short of a complete

structure determination. Indexed X-ray powder diffraction data

1

for uvite (#C5212) has been deposited with the Joint Committee
on Powder Diffraction Standards (JCPDS).

NEOTYPE UVITE

['he uvite examined by Kunitz, if he did indeed examine a
specific specimen, has long been lost. Therefore, one of the sam-
ples in this study has been designated as neotype uvite. The neo
type material is a gem fragment from Ceylon (C5212) and is half
of a gemstone originally weighing 20.05 carats. This specimen is
one of the three which have been wet-chemically analyzed. It
was chosen because it is from Ceylon, whence uvite was named.
because its composition is similar to the analysis (Wulfing, 1913)
cited by Kunitz, and because it is a single crystal, ideally suited
to further mineralogical and crystallographic studies. Fragments
of neotype uvite will be distributed to the British Museum (Nat-
ural History) and the major part will be deposited in the National

Museum of Natural History, Smithsonian Institution, Washing-
ton, D.C., under catalog number C5212.

NOTES FOR COLLECTORS AND CURATORS ON

SPECIFIC LOCALITIES
FRANKLIN, NEWJERSEY

Fine specimens of both brown and light green magnesium tour-
maline have been found at this locality for many years, and are
in most major mineral collections today. Although the tourma-
lines are not found in the zinc orebody, they are common in the
white calcite marble of the Franklin area, and especially at the
Fowler quarry (Palache, 1935). They are notable for their size,
development of forms (Figures 2 and 3), and the lovely specimens
resulting from the contrast with the white marble in which they
reposc.

Fifteen specimens from Franklin were examined in this study,
and were chosen to represent the various colors and habits of the
Franklin material. Fourteen of the fifteen specimens are uvite
and contain 75 to 100% of the uvite end-member. The light
brown, dark brown, light green, and rich green crystals are all
calcium-rich, but no one color more so than the others. The
light green Franklin uvites have a much lower iron content than
the brown crystals. but the cause of the green color is unex-
plained.

i he only sodium-rich crystal (dravite) from Franklin i1s a rath-
er unique specimen on exhibit in the Hall of Minerals at the
Smithsonian (R18133). This crystal (Figure 4) has a very dark
brownish-green color and notable morphology: the crystal is
comprised of a trigonal prism (1010} and pedion {0001} with
only slight pyramidal modifications. This crystal is quite unlike
the common Franklin uvites which are highly modified and
frequently equant in habit.

Inasmuch as zinc is found in most Franklin minerals, it was
sought for in the analyses of this study. Zinc impurities were neg-
ligible and did not exceed 0.05% in any of the specimens. This is
not too surprising as the uvites are not found in the zinc orebody
but in the marbles of the area.

HAMBURG, NEW JERSEY

[his uvite locality was known as Rudeville in the older liter-
ature and crystals from here are referred to by Palache (1935).
Here, as at Gouverneur, New York. the uvites are associated
with tremolite crystals, in calcute. Crystals from Hamburg were
described by Eakle (1894). Six specimens from this locality were
analyzed and all have calcium greater than sodium and are thus
uvite.

YINNIETHARA, WESTERN AUSTRALIA

Sizable brown crystals, up to 15 ecm, of equant to prismatic
habit from this locality, have been on the specimen market for
many years now. (Figure 5). The 3 analyses of this study demon-

strate that these brown crystals have Na >Ca and are thus dra-
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FTABLE 3 PARTIAL MICROFPROBE ANALYSES OF UVITE AND DEANVITH
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Black Santa Cruz.. S
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Black Pierrepont, New ¥
Brown Gouverneur, New York
Brown Canton. New York
Briown {youverncur, New York
__m____rru_ Lyouverneur ./;._rr dr_..qr
Brown CGouverneur, New York
Brown Macomb., New York
Black Pierrepont, New York
Brown De Kalb, New York
Black Pierrepont, New Y
Brown lexas, Marviand
Brown Kingshri . New York
Black Snarum. Norway
Black Snarum. Norway
Bluck Yinmiethara, Australia
Black Samta Cruz. Sonora, Mexico
Black Kienlhid, Arundel, Norway
Black Yinniethara, Australia
Gireg Franklin, New Jersey
Black Fredriksvarn. Norway
Green Lambertville. New Jersey
Brown Sri Lanka iCevion)
Briown Colfax, California
Black Cyrilov, Moravia, Crechoslovakia
Brown Orford, New Hampshire
Black Simplon Tunnel, Switzerland
Black Biordam. Bamble, Norwas
Csray Alubamua
Brown Dobrawa, Carinthia. Austria
Black Wiarren, New Hampshire
Briwn Baltimore County, Marvland
Brown Prevali, Carinthia, Ausiria
Brown Dobrawa, Carinthia. Austria
hY Brown Prevali, Carimthia, Austria
Oy Brown Yinniethara, Australia
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metres. The crystal is 7.5 cm long (NMNH #48283),

vite, and that the composition varies only slightly from crystal
to crystal.
GOUVERNEUR, NEW YORK

Next to Franklin, the locality that has produced the most pro-
digious amount of excellent uvite specimens is Gouverneur, New
York. The locality is an old one and was noted by Beck (1842).
I'he uvite crystals, (Figures 6.7 and 8) are found associated with
tremolite, apatite, and scapolite in calcite and attain sizes in
excess of 10 em. The tremolite i1s noteworthy as the crystals are
ol Hilll[ﬂﬂ Illt’r!'[‘llhﬂt"._"}. and range lrom I‘I'Ilk‘l'nm'np'ln..‘ 1O ]L'T‘I_L'Th\
exceeding 8 em (Figure 8). Nine specimens of brown tourmaline
from this locality were examined. Six ol the mine examined are
uvite, as are the two previously reported analyses in the hitera
th they have sodium

ture (Table 1). The remaining three. althoug
greater than calcium, are near the midpoint in the series, contain-

mg between 48% and 49% of the uvite end-member.

DEKALB, NEW YORK

Long noted for the colorless to light brown tourmaline that is
found here, DeKalb has also the added distinction of producing
the most iron-free uvites known. Nine specimens of the colorless

Na. The

samples contain from 53% 10 90% of the uvite end-member. The

to white tourmaline were analyzed and all have Ca

two previous analyses from the literature (Table 1) are also of
calcium-rich members.

One sample, 248283, reported to be from DeKalb, is quite un-
like the common DeKalb colorless uvites. This specimen consists
of radiating sunbursts of 10-15 ¢cm brown crystals in limestone

(Figure 9). This material is dravite.

HORICON, NEW YORK

Located at the northwest end of Branch Lake, this locality has
produced some exquisite specimens of uvite in calcite. The rich
dark brown crystals are stout, prismatic and average about | x
10 em. Two samples from the U.S. National Collection were anal-

vzed and have 86% of the uvite end-member.

NOTES ON BLACK TOURMALINE FROM

SPECIFIC LOCALITIES

Black tourmaline from several classic localities. known for

calcium minerals. was examined in search of a possible calcium-

rich iron tourmaline. None was found. but purported schorl from

16

Figure 9. Radiating dravite from near DeKalh, New York. The scale is in centi-

{

Figure 10. Uvite from Pierrepont, New York. The
crystal is 28 mm in its maximum dimension,

(NMNH #C6733).

some localities i1s magnesium-rich and thus dravite or uvite.
Comments on some of these localities follow. “Schorls™ from al-
bitic pegmatites were not analyzed in the study as they should
be sodium-rich.

PIERREPONT, NEW YORK

Exquisite, sharp, and well-formed crystals of black tourmaline
(Figures 10 and 11) have been found here since the original des-
cription of 3 inch black crystals by Finch (1830). The crystals
are quite lustrous, frequently tabular on {0001}, and have a mor-
phology complex enough to have warranted a description by
Solly (1884). Five crystals from the Smithsonian collection were
analyzed. The magnesium content i1s greater than the iron con-
tent and thus Pierrepont black tourmalines are not schorl. The
three analyses from the hiterature, and three of the five analyses
of this study have Ca_>Na. The preponderance of analyzed
Pierrepont black tourmalines are uvites and, for consistency.
it is recommended that all Pierrepont black tourmaline be la-
belled uvite.

The oxidation state of the iron in Pierrepont uvite is not def-
initively resolved as the microprobe cannot distinguish between
Fe*? and Fe'’. However, the analyses of Dittrich er al. (see
[able 1) and Kalb (see Doelter 2, 2, page 751, Anal. 11) of Pier-
repont uvite contain 2.56% and 3.90% Fe O, respectively, plus
appreciable ferrous iron. An assumption that the iron con-
tent of Pierrepont uvite is partially ferric 1s also supported by
the relatively low aluminum content of the analyses of this study.
['his low aluminum content strongly suggests that part of the iron
i1s held in the trivalent position in substitution for aluminum.

SNARUM, NORWAY

Four crystals from two specimens of black tourmaline associ-
ated with calcite were analyzed. The specimens have Na™> Ca
and are magnesium-rich. They are dravite. As in the Pierrepont
uvite, the aluminum content is very low, suggesting that part of

the 1ron 1s ferrnic.

YINNIETHARA, WESTERN AUSTRALIA, AUSTRIALIA
Fine black euhedrons imbedded in mica have come from this
classic Austrahian locality in recent years. Although less abun-
dant on the specimen market than the more common brown dra-
vites, they are available in adequate supply. Two crystals from

the Smmthsoman collections were analyzed and both are mag-
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nesium-rich and thus are ferroan dravites. The iron content of
these <rystals varies considerably but the calcium:sodium ratio
is about the same. These black dravites have a higher calcium
content than the brown dravites from the same locality. A repre-
sentative crystal is shown in Figure 12.

SUMMARY

In summation, uvite is a rather common mineral. It s abun-
dant at various localities and fine specimens already grace mosi
major. and many minor, mineral collections. In general, brown
tourmalines from metamorphosed limestones are usually uvite.

Although the above statements might sit somewhat uncomiort
ably with collectors long since used to the convention wherein
all black tourmalines are schorl, and all brown tourmaline is
dravite, mineral names represent chemical compositions, and
the correct nomenclature is as follows:

Dravite - magnesium tourmaline with sodium greater
than calcium,
Uvite - magnesium tourmaline with calcium greater
than sodium.

In terms of attractive mineral specimens, dravite is consider:
ably less abundant than uvite. Most of the famous American lo-
cahities for magnesium tourmaline contain uvite and not dravite
as was formerly understood.

Table 4. Wet Chemical Analyses of Uvite

Franklin, NJ. Ceylon Franklin, N.J.

B14687 C5212 C3285

S10, 35.45 35.96 36.52
Al.O, X7.3) 26.80 26.76
FeO 0.07 041 0.38
MgO 15.16 15.20 15.29
CaO 5.86 5.50 >. 18
Na,O 0.08 0.13 0.17
K.,O 0.00 0.00 0.00
H,O" 2.3 2.70 2.68
H,0 0.02 0.04 0.02
TiO, 0.30 0.62 0.32
Li,O 0.00 0.00 0.00
B.O, 11.39 11.49 11.34
F 2.10 1.49 1.79
Total 100.26 100.34 100.45
Less O = F, (.88 0.63 0.75
99.38 99.71 99.70

Number of Atoms on the Basis of 31 (0, OH. F)

Si 5.688 5.784 5.847
B 3.155 3190 .14
Al 5.163 5.081 5.050
Fe 0.0089 0.055 . 0.051 ~

8.5, N85 — 8.789
Mg 3.626 M 3645 ' 3649
Ti 0.036 0.075 0.039
Ca 1.(0)7 } H,'-Hh} ().889 }
: 1 1032 0.989 0.942
Na 0.025 0.041 0.053

Y YT ) I R

- - } 3773 “”‘,’“} 3654 = } 3768
I 1 .066 ().758 0.906
Si+HB-3.00) 5.84 597 5.98

Analysts: J. Nelen
J. Norberg
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TABLE 5.
THEORETICAL COMPOSITIONS OF UVITE
AND DRAVITE

Uvite Dravite
50 y7.07 17 62
Al.O 26.19 11 .9
B.O 10.72 1().88
MgO 16.56 12 62
CaO) 5 76
Na.O k!
H.O .70 175
TOTAI 100,00 10000

It is hoped that the above correct species designations for mag
nesium tourmalines from specific localities will be of assistance
to collectors and curators alike. It is neither possible nor desir
able, however, to examine specimens of magnesium tourmalines
for collectors to ascertain correct species designations for ob
scure localities. In general, most brown tourmaline associated
with calcium minerals 1s uvite, and most brown tourmaline as
sociated with schist and non-pegmatite micas, is dravite

I'he authors are indebted to great mineral collectors. Without
the Canfield. Roebling, and Bosch mineral collections of the
Smithsonian Institution, this study might have taken many vears
ol specimen gathering, instead of one week. Of the 89 specimens
analyzed n this study, 59 came from the above mentioned col
lections. Their contributions were invaluable. The authors are
also indebted to Akira Kato for calling their attention to the
work ol Bouska er al, Dadko, and Dzhamaletdinov, and to John
S. White, Jr., for a cntical reading of the manuscript. Thanks
are also due Michael Fleischer for a translation of Kornetova's
work, and Clifford Frondel for helpful suggestions
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THE DRAVITE CRYSTAL BONANZA
OF YINNIETHARRA,
WESTERN AUSTRALIA

P.J. Bridge*, 1.L. Daniels*™, M.W, Pryce*
*W.A. Government Chemical Laboratories
30 Plain Street, Perth, Western Australia, 6000
**21 Troy Street, Applecross, W A,

he spectacular dravites from Western Australia which burst upon the mineral specimen market
several years ago are among the finest dravite specimens ever found. The deposit, which had
been known for many years, was exploited solely for the dravite by Soklich Trading Company and

yielded approximately 12 tons of crystals. The open cut mine, picturesquely described by Soklich
(1970), is on Mineral Claim 82, 8 km north of Yinnietharra Station Homestead. (24° 39 S.. 116° 9 E.).

800 km north of Perth.

EARLY DISCOVERY

Yinnietharra dravite crystals were first collected by H. G.
Stokes in 1918, from the road between Morrissey Hill and Bange-
mall, (Simpson, 1951). In 1952, W. Poland submitted to the
Government Chemical Laboratories a 1 kg crystal showing
parallel growth which probably came from the outcrop of the
mined deposit. Since that time, dravite crystals have been re-
ported from several other localities in the vicinity of Yinnie-
tharra. but none appear to approach the quality of the Soklich
deposit. In 1964, W. H. Cleverley of the Kalgoorhe School ol
Mines collected from the outcrop which was well known to the
station people and local prospectors.

A. Sokhich claimed the area in 1968 and mining took place
between January, 1969, and January, 1971: since then it has not
been worked. The total production of dravite crystals was around
12 tons, about *3 of which were first grade, doubly-terminated
crystals with a value of $16,000 Aust. (from $3.30 to $1.65/kg).
The majority of these were bought by H. Sering of Indiana,
U.S.A_ for retail sale. Excellent and comprehensive photographs
of the crystals and deposit have been published by Soklich (1970),

The Yinnietharra district has long been renowned among
Australian collectors for the large pegmatites that produced
beryl during and after World War Il. Many minerals are re-
corded from the area, including uraninite, gummite., weeksite,
tanteuxenite and other rare Ta/Nb minerals, fluorite, quartz
(amethyst), bismuth minerals, chrysoberyl. corundum, rare
phosphates, apatite, staurolite, variscite, gem beryl (aguama-
rine), gem garnet and gem diopside. One of the authors (PJB)
visited the mine in August, 1971, while examining the pegmatites
of the district. Specimens of cordierite and clinobisvanite col
lected on this trip have been the subjects of papers by Pryce
(1973) and Bridge and Pryce (1974).

REGIONAL SETTING

Yinnietharra is near the center of a major structural unit. the
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Gascoyne Province (Daniels and Horwitz, 1969) of the extensive
Precambnrian shield of Western Australia. In direct contrast to
its present stable condition, the Gascoyne Province was a highly
unstable area of the earth's crust in Proterozoic times (Daniels,
1975). The province now consists of migmatites representing
reworked Archean rocks, unconformably overlain by argilla
ceous Lower Proterozoic Wyloo Group rocks which were
strongly metamorphosed and intruded by copious amounts ol
granitic rock. Middle Proterozoic sedimentary rocks were sub
sequently deposited unconformably on the older sequence. The
metamorphic grade decreases gradually from the Iringes ol the
belt: the most intense activity included vigorous hydrothermal
alteration which took place in the Yinmetharra area. The final
phase solutions were emplaced as the pegmatites of the region,

ASSOCIATION

The dravite is enclosed in a phlogopite-plagioclase schist
which ranges from massive knotted phlogopite to plagioclase

veins, all enclosing dravite crystals. The plagioclase is a calcic
oligoclase, approximately Ang. some of which occurs in the
dravites as poikilitically aligned. flattened laths, sub-parallel to
the dravite "¢ axis: the feldspar comprises as much as half the
volume of some dravite crystals (though absent in the smallest
crystals of dravite).

Minor phlogopite, subhedral rutile, apatite, zircon and fluorite
are also included in the crystals, with the rutile ubiquitous in the
dravite and phlogopite. Green apatite in lumps up to 10 ¢m in
diameter, rarely as small crystals, and minor monazite are also
found in the phlogopite. Minor chlorite occurs in the plagioclase
vemns. Secondary opal and carbonates resulting from weathering
have cemented the upper part of the deposit, encrusting some
crystals. The phlogopite is similar in optical properties to that
from the nearby cordiente occurrence described by Pryce (1973)
but has a different composition.
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TABLE L DRAVITE CRYSTALS

CHEMICAL PHYSICAL. OPTICAL & CRYSTAL DATA OI The surfaces ol many -..ml‘ the Lir;nnr; crystals are idented and
BROWN DRAVITE AND PHLOGOPITE MATRIX FROM pockmarked by phlng_-upnc and plagioclase. The almost equr-
YINNIETHARRA. W A dimensional dray ite. L_'rjul;liu are so similar to dodecahedral
garnets that they mtially confused collectors. An example is
shown in figure 1. The narrow prism face reflecting light in the

photograph indicates that the crystal is not isometric.
The maximum weight ol a single crystal was around 11.5 kg
and numerous crystals around 15 cm long were found: the

/ () L 0. 14N . -
I - IH g : smallest were less than | cm long. Crystal forms present are the
0 0. 9) /D I ) s . " " s .
}]]“' ' ' hexagonal prism (@) with a trigonal prism (m) and terminated

| 2 3 1
SI0, 36.61 42.24 Si 3. T4
B.O, 10.35 B

AlLLO; 32.62 14.54 A\l 2,226

;_hﬁw
X (X) 2 858

GUNN)

) 4 .03 > 0.003 (LML)
0.44 e I_ . by the rhombohedron (r). Numerous parallel groups of crystals
: } . | ] Y ()SH) i = : : y T . ek
Fogsdy O ol Bt . - were found. The dravite color is close to Ridgway Bister 15" m,
() 008 ()28 0.03: 0.012 . : _ _
Fe ; . e ; . with ;:lllll\ ol u:guldr.:n brown, a subvitreous lustre and a RHJL’H ay

Me() ) 26,05 5.3UM ) (9?2 = : _
1¢ i11.2 2b. ’ Mg - --1 =0y Pale Ochraceous - Buff 15 f streak (Ridewav, 1912, standardized
' ) | - i . ’

Cat) 1.1 0.13 : 0.01 coloss).

Na. ) 234 0.31 N: 0082

0. 188

0.727

K0 0.01 K18 1.427 (0.00)2 BLACK DRAVITE

Li,O 0.35 0.192 A black schist composed of phlogopite (which expands up to

1.72

H,0 0.01 0.27 four times its original volume on heating) from between granite
H, 0! 3.90 3.27 4 “"*h} sy & 28 and a rose-quartz vein one mile north of the main dravite deposit
I 0.17 0.72 - 0.310 ' | on M.C. 36 contains black dravite mstakenly called schorl
' 100.24  100.22 (White, 1970). The crystals are well-formed. many doubly ter-
0.07 (.30 minated with internal zoning visible in thin section and with
100.17 99,92 : an MgO content of 9.85%. Production of these black dravites
100 ppm 90 ppm 15.939(1) was around 1.3 tons with a maximum size of about 60 by 23 cm

25 ppm 25 ppm 7.199(1) for a specimen showing parallel growth.

100 ppm 150 ppm = ety ANALYSES
90 ppm 1584 - . . . .
12 ppm . I'he physical, cl1h:nm-u| and optical properties (Table 1) are
| ppm 1 617 those of a typical rown -Jr_;n'llf: and phlngqpnu and are of n-
20 ppm o =1638 3 terest due to the wide distribution of material among museums

| | and collections.
n. n.d. wicapucine )

n.d n.d. yellow 15b) X-RAY STUDY

The X-ray unit cell of a dravite crystal from Yinnietharra
was determined by the method of Pryce (1970) as @ = 15939
Phlogopite analysis (P.W. Hewson) (1*), ¢ = 7.199 (1) A. A crystal from the nearby black dravite
deposit had @ = 15938 (2), ¢ =7.191 (1) A. Both the determined
unit cells are close to the cell of the dravite end-member of
Epprecht (1953).

. Dravite analysis (P.E. Hewson)

Phlogopite atomic ratios based on 24 (O, OH, F)
Dravite atomic ratios based on 31 (O, OH, F)
. Crystal and Optical Date (Na D line) of dravite
| [:1_[-.:_\“[ ;:::Iu::tin.hril-ldl}d“ e ACKNOWLEDGEMENTS
Analvsis indicates minor apatite and rutile impurity I'he authors ;Ipprcuiillt‘ the t,‘t‘-"t'tpl.‘l'illil‘iﬂ of Soklich TI'LILliI‘I!.‘
Company in supplying statistical data.

REFERENCES
BRIDGE. P. J. and PRYCE. M. W. (1974) Clinobisvanite, mono-

Figure 1. “Dodecahedral” dravite crystal from Yinnietharra. clinic BiVo,, a new mineral from Yinnietharra. Western Aus-
. tralia. Min. Mag., 39; 847-849.

Analvses by well-known gravimetric,

volumetric & spectrophotometric methods.

DANIELS, J. L. (1975) Gascoyne Province, in The Geology of
Western Australia; West. Australia Geol. Survey, Mem. 2

-

107-114,

DANIELS. J. L. and HORWITZ. R. C. (1969) Precambrian
tectonic units of Western Austrahia. Wesr. Australia Geol,
Surv. Ann. Rept. 1968, 37-38.

EPPRECHT. W. (1953) Die Gitterkonstanten der Turmalin.
Schweiz. Min. Petr. Mitr. 33. 481.

PRYCE. M. W. (1937) Low-iron cordierite in phlogopite schist
from White Well, Western Austraha, Min, Mae. 39, 241-243.

PRYCE, M. W_ (1970) A Weissenberg goniometer for Strau-
manis position films with 8:1 ratio. Jour. Physics E., 3, 1026.

RIDGWAY. R. (1912) Color Standards and Color Nomencla-
ture. Baltimore (A. Hoen & Co.).

SIMPSON. E. S. (1951) Minerals of Western Australia 2. 184-
188, 202-203. Govt. Printer. Perth.

SOKI HH P. {1970 Recent tl]Nk‘U\L‘l'} ol dravite :n W, \us-
traha, Lapidary Journal, 23, 1354-1359,

WHITE. ). S. 11970) What's new in Minerals. Min. Record. 1. 101

*Numbers in parentheses give estimated standard deviations of

the digit in last place.

F'he Mineralogical Record. March April, 1977




D e

SALAS WINERAS E . / WILSON HOUSE
e Western

SPECIAL | !ﬂillrralﬁ Crystals & Minerals

on Calitornia, Nevada minerals , WY 2 From Tsumeb
1260 E. Edison

Specializing in

Retail Wholesale =2 2 15719
. J . =
Foreign inquiries invited ['ucson, Arizona 8571 6622 Duffield

Show room hours by appointment ¢ " ¢ B S &
602-792-4854 Dallas Texas 75248

8377 S. Pal Delhi, CA 95315
1200 6351387 g _A\ (214-239-8740)
| | A by appointment
;-f ;1‘1".

GALAS MINERALS

Tel. (209) 632-1341
-

PHILADELPHIA AREA

CAROUSEL

Gems and Minerals

{ rvsial Callery

MEL AND JOAN REID
FINE SIZES
MINERAL TN'S
SPECIMENS TO

CABINET

FINE MINERAL SPECIMENS
FOR COLLECTORS
FROM WORLDWIDE LOCALITIES

Open Tuesday thru Saturday
9am.t05p.m.

or call for appointment
L ]

2579 HUNTINGDON PIKE
HUNTINGDON VALLEY, PA. 19006

Special requests invited
W.D. CHRISTIANSON MINERALS No mineral lists available

200 Napier St. -
Barrie, Ontario, Canada

TUES - SAT
215-947-56323  10:30 - 4:30
FRI EVE 7-9

SEND SASE FOR LIST

HAND SPECIMENS & MICROMOUNTS (303) 985-2212

Why not give us a try. Write for free lists of com- 3110 South Wadsworth Blvd. — Suite 308

mon and unusual minerals .
Denver. Colorado B022

MINERAL SPECIMENS FROM INDIA, RUSSIA, EUROPEAN COUNTRIES. APOPHYLLITE, BABINGTON-
ITE, CORUNDUM, EPIDOTE, MESOLITE, DATOLITE, ZIRCON, STILBITE, GYROLITE, BERYL, CALCITE,
TOPAZ, MORDENITE, HEULANDITE, LAZULITE, SCOLECITE, PREHNITE, ILVAITE, LAUMONTITE.

RUSTAM KOTHAVALA'S
CRYSTALS OF INDIA

In 1977: Washington D.C. May 19-22

conTacTt ADDress: BY aPPOINTMENT ONLY.
1034 CarLTon STreeT SOrry, N0 maiL-orper BuUsIness

BerkeLey, CaLIF. 94710 SPECIAL: POWELLITE WITH ZEOLITES
TeL: 415-841-4492 Extremely rare

I'he .\f”h'rwfﬂyn'u! Record, March

April, 1977



A NEW MINERAL:

—

| PERLOFFITE,

THE Fe3* ANALOGUE OF BJAREBYITE

by Anthony Robert Kampf,

Department of the Geophysical Sciences, The University of Chicago, Chicago, lllinois 60637

Introduction

The similarity in the roles played by AP* and Fe’* in crystals
formed at moderate and low temperature is well established.
This realization moved Moore er al. (1973), when describing the
new mineral bjarebyite, BaiMn, Fel Al,{OH)4PO,),. to suggest
the possible existence of the (Fe'? AT ) analogue ol this spe-
cies. In 1974, Vandall King of Bristol, Maine, collected a specr
men of vuggy ludlamite at the Big Chiel pegmatite, Glendale,
South Dakota. In one vug, he observed lustrous, black, spear-
shaped crystals which he was unable to identify. Subsequently,
he provided this specimen for identification. Detailed study has
shown these crystals to represent a new mineral species, which
is, in fact, the Fe?* analogue of bjarebyite.

Occurrence and Paragenesis

The new species, here named perloliite, 1s as yet known only
from the Big Chiefl pegmatite. Careful examination of the type
specimen, provided by King, and of several specimens provided
by W_.L. Roberts of the South Dakota School of Mines and Tech-
nology, revealed the complex mineralogy of the perloffite as-
semblage. Single crystals and sprays of perloffite crystals occur
perched on earlier-formed crystals of ludlamite, hureaulite and
siderite in vugs in ludlamite derived from the hydration of parent
triphylite. Later-formed phosphate species include vivianite,
messelite, beraunite, rockbridgeite, whitmoreite, jahnsite, mr
tridatite and carbonate apatite. Conspicuously absent are the
aluminum-bearing phosphates which typily the bjarebyite as
sociation at the Palermo No. 1 pegmatite, North Groton, New
Hamphire.

Physical Properties

Perloffite is dark brown to greenish-brown in small crystals
(0.1 mm); however, larger crystals have a black appearance.
The streak and powder are greenish-yellow. The luster is vitreous
to subadamantine. It has a hardness of approximately 5 on Mohs’
scale and a perfect {100} cleavage. Crystals are slowly soluble in
cold 1:1 HCL The amount of material available was insufficient
for a reliable measurement of the specific gravity using the Ber-
man microbalance or similar methods. Crystals sink rapidly in
pure methylene iodide (s.g. 3.32), thus precluding the use of this
sink-float method for density determination.

Morphology

Although small crystals of perloffite often possess rounded and
indistinct faces, larger crystals, which range up to 1 mm in great-
est dimension, generally possess sharp, easily descernible faces
(Fig. 1). The crystal class is monoclinic holosymmetric (2/m) and
crystals commonly exhibit a simple development consisting of
only 4 forms: {001}, g{101}, #{021) and x{131). This contrasts
with the complex development of bjarebyite crystals on the type
specimen. Only the forms ¢{001} and #{021} are common to both
species. No twinning was observed in perloffite, but semi-paral-
lel growth appears common. A plan and clinographic projection
ol a typical perloffite crystal are shown in figure 2.

X-ray Crystallography

Single-crystal precession photographs provided the unit cell
geometry and extinction criteria. The cell constants were refined
by a least-squares fit of 22 indexed powder reflections. The simi-
larity in the cell parameters of perloffite and bjarebyite (Table 1)

suggests that these minerals are isostructural. The larger cell con-
stants of perloffite are consistent with the replacement of APF* in
the bjarebyite structure by the larger Fe?* cation.

Calculated and observed powder data for perloffite appear in
Table 2. The calculated intensities were obtained from a struc-
ture factor computation utilizing the atomic coordinates deter-
mined by Moore and Araki (1974) for bjarebyite and substituting
Fe'* for AP*. The close agreement between the observed and
calculated powder intensities is further evidence that perloffite
possesses the bjarebyite structure.

Chemical Composition :

Electron microprobe analyses were performed by Anthony J.
Irving, utilizing barite and arrojadite standards. Averaging eleven
sample points over three crystals yielded Ba 17.6, Ca 1.1, Mg
0.39. Mn 11.1, Fe 18.7, Al 0.15 and P 13.3. Owing to the small
amount of material available, water content could not be deter-
mined. The (OH)— anion and the valence states and structural
sites of the cations were assigned by analogy to bjarebyite.

The proposed formula based upon P =3 is (Ba,.4Cag. 00l Mn,.
i Feo.sMgo.11Cag.  PHFe.gAlp 0 P TOH) PO,)s. The density
of perloffite calculated using this formula and the aforemen-

TABLE 1. PERLOFFITE AND BJAREBYITE. CELL PARAMETERS

Perloffite Bjarebyite*
alA) 0 22%5) B.93MN14)
biA) 12.422(8) 12.073(24)
clA) 4.995(2) 4.917(9)
B 100.39(4) 100.15(13)
VIiAS 562.9(5) 521.8(1.5)
space group P2,/m 2,/m
formula BaiMn.Fe): " Fel "(OH) 4 PO,), BaiMn.Fe): "ALIOH) 4 PO,),
r4 2 2
*Moore er al. (1973).
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Figure I (right). Perloffite crystals on the type specimen.
The large crystal is about 1 mm long (photomicrograph
by Julius Weber).

Figure 2 (far right). Crystal drawing of perloffite showing
the forms ¢ |001), g(101), r{021) and x{131). A. Plan. B,
Clinographic projection.

tioned cell parameters is 3.99 gm/cm®. The formula may be

idealized as Ba(Mn,Fe ) "Fe_ " (OH)(PO,)..

Optical Properties

The optical properties of perloffite are summarized in table 3.
Perloffite exhibits much more pronounced absorption and pleo-
chroism effects than does bjarebyite. The strong absorption in
the X optical direction is attributable to electron transfer along
the Fe’* octahedral chains which parallel the b-axis: the strong
absorption in the Z direction is attributed to Fe?* — Fe'* charge
transfer between the M(1) and M(2) cation sitcs (see Moore and
Araki, 1974).
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TABLE 2. PERLOFFITE. CALCULATED AND OBSERVED POWDER DATA
Calculated Observed® Calculated Observed®
l [H 11 hkf | ]H ti l ]1" ti hk-‘r | ]H ki
13 9.072 10X 2 9 .06 7 2 167 W0
32 5.125 1 20 3 5.12 11 2.132 122 l 213
9 4.193 001 Y 2088 121
I8 1 689 101 3 4 69 25 2 070 060 | 2070
39 4.569 011 3 4.56 9 2.040 232
) 31.663 220 | 1.651 11 1.991 132 1 1.99%0
10 3.528 211 1 1.954 151
1 3.379 121 6 1.915 222
3 ) ()3 6 ). y |
64 3. 164 wl} 10 3,166 l _‘i 11'
36 1.166 221 H 1 871 242
53 3. 104 131 4 3.105 6 1.833 142 | | 83/
15 3.058 230 X | 820 H."} I | 81
60 2979 211 5 2982 7 | 814 SO0) '
‘; §
31 2 938 .Ilu} 4 2939 6 | '-:m 1_11
v 2 938 140) 6 1.722 351
40 2 887 131 R 2. 8K87 10 1.640 41 < | 1 637
24 2.751 221 Y 1.610 S01 <1 1.610
43 2.742 31 a! 2.73 (broad) 7 1.391 162
3 2.719 320 6 1.565 541 | 1.565
10 2.589 |41 10 1.536 271
25 2 487 102 2 2.490) ! 1.530 370 1.53
1Y 2.457 (02 2 2.457 11 1.523 (33 {broad)
7 2 373 ) ~ 50) 17
¥ A 241 1.501 I} . | 40K
Y 2.231 410 | 2.229 10 | .496 53
22 2. 195 151 2 2.195
*114.6 mm camera diameter, Mn filtered Fe radiation.
A
! 1

It is a pleasure to name this new mineral after Louis Perloff

of Tryon, North Carolina. His keen eye, unceasing curiosity, and
years ol experience with minerals rank him as one of the most
outstanding amateur mineralogists in our country. His remark
able ability as a mineral photographer and his penchant for de
hghtfully dry witticisms have captivated many an audience

I'he species and name were approved by the International
Commussion on New Minerals and New Mineral Names (IMA)
I'he type specimen is preserved in the collection of the U.S. Na

tonal Museum of Natural Historv ( Smithsonian Institution)
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TABLE 3. PERLOFFITE. OPTICAL DATA
a 1.793(5) ANNOUNCING: NEW LOCATION

B :::L:: DR. DAviD H. GARSKE, MINERALOGIST
Y ; D

" . , S 195 N. York St., ELmaurst, ILinors, 60126
e ) (JusT souTH OF O°HARE AIRPORT)
altL‘lsurpliun W -, TEL.- (3]2)"833‘%

pleochroism \? dark gr::f_-nixh-hrum'l NOW ON CONSIGNMENT:

Y light greenish-brown
dispersion P < v EXCEPTIONAL: THOUSANDS OF GOOD TO SUPERB SPEC-
orientation xIIb. Y A ¢ -42° IMENS, MANY FROM CLASSIC LOCALITIES, FROM
GLENN D, COMMONS, AURORA, ILLINOIS

EXTRAORDINARY: By THE TIME THIS AD IS PRINTED,
RPN e o e SETIER AN A0

Vandall King brought the original specimen to my attention REFEREhIEE CMCTSE’%?PEF@P%PRDFES*S(IM fg%
and sacrificed it for study. Willard L. Roberts provided addr- S0 AM E)G:"ENCTJIIBE T0 PICK UP AS{]LARMGE COLLE OF
DAYBREAK MINE AUTUNITE CRYSTAL GROUPS

tional specimens. The photomicrograph of perloffite was pre-
pared by Julius Weber. Paul B. Moore offered many helpful

comments. SOON: EXPECTING AN EXCELLENT SELECTION OF
This study was supported by the NSF Grant GA-40543 awarded MINERALS FROM BOLIVIA, PERU, & CHILE
to Paul B. Moore and an NSF Materials Research Grant awarded
to The University of Chicago. ELLB... My OWN STOCK OF RARE, REFERENCE, & DIS-
- . PLAY SPECIMENS, SOME FROM THE COLLECTIONS OF
e, BIVEDY, o FORGRT Co0k
MOORE, P.B. and ARAKI, T. (1974) Bjarebyite, Ba(Mn.Fe)* RUSSELL P. MACFALL, DR. PAUL B. MOORE, ROBERT
_ : P , THOMPSON, & MANY OTHERS
Al (OH) PO,l 5 its atomic arrangement. Amer. Mineral., 59;

567-572. FREE LIST INFORMATION: Mi1cROMOUNTS THROUGH
JLUND, D.H. and KEESTER, K.L. (1973) Bjare- LARGE CABINET SPECIMENS

byite (Ba,Sr)iMn, Fe Mgl Al{OH) 4 PO,);, a new species. Min-

eral. Rec. 4, 282-285.
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Taos Gounty, New Mexico

By
Richard H. Jahns
Department ol Geology

and
Rodney C. Ewing
Department of Geology
The University of New Mexico
Albuquerque, New Mexico 87131

Stanford University
Stanford., California Y4305

INTRODUCTION

The Harding mine, in the western part of the Picuris Range
about 20 miles southwest of Taos (Fig. 1), has yielded substantial
amounts of commercial beryl, lepidolite, spodumene, and
tantalum-niobium minerals over a period of half a century. It
also has become widely known as a source of handsome mineral
specimens, as a provocative locality for scientific studies, and
as an attraction for those who appreciate spectacular exposures
of pegmatite. It lies 4 miles southeast of the Rio Grande Canyon
at an altitude of 7400 feet, and it is readily accessible from a
nearby point on State Highway 75 about 6 miles east of Dixon
and 9 miles east of Embudo.

The mine property has been leased by the owner. Arthur
Montgomery, to the University of New Mexico for preservation
as one ol the state's unusual natural assets. The university is
planning not only to provide for such preservation, but also to
make this locality continuingly available for public inspection,
study, and mineral collecting on a modest scale. Anyone with
an interest in visiting the property should contact the Chairman,
Department of Geology, University of New Mexico, Albuquer-
que, New Mexico 87131, A splendid collection of representative
Harding mine minerals, donated by Montgomery, can be viewed
in the university's Geology Museum.

The published record of the Harding mine consists of early
general descriptions (Roos, 1926; Just, 1937) and mineralogical
notes (e.g.. Schaller and Henderson, 1926; Hirschi, 1928, 1931;
Hess, 1933), summaries of extensive exploratory work by the
U.S. Bureau of Mines in 1943 and 1948 (Soulé, 1946; Berliner,
1949), descriptions of milling operations for tantalum minerals
(Wood, 1946) and mining operations for beryl (Montgomery,
1951), and various discussions of mineralogical and structural
relationships in the pegmatite bodies (e.g., Cameron and others,
1949; Montgomery, 1950: Page, 1950: Jahns, 1951, 1953a.b;
Mrose, 1952; Rimal, 1962). The purpose of the present paper is
to describe the geology, mineralogy., and mining history of the
Harding locality. in part as an aid to those who visit the property
or who view some of its characteristic minerals in Albuquerque
at the Geology Museum. The treatment is based on detailed field
studies that began in 1942 under the aegis of the U.S. Geological
Survey and continued intermittently for more than two decades,
and on mineralogical investigations in several laboratories.

HISTORY

Mining at the Harding property has been varied in purpose
and style, unique in part, and successful in general. The most
successful operations were those of J. L. Danziger during the
1920's and Arthur Montgomery during the 1940's and 50's. The
colorful mming history of the Harding mine can be divided into
three periods based primarily on the minerals mined.

.fhl_' ‘a’”h'f'd!“{_‘h J.Hr Ht't'f”'tf. \L.H"L h
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THE HARDING MINE

IF'he Lepidolite Period ( 1919-1930)

Scattered large blocks and low outcrops of pegmatite quartz
attracted prospectors to the Harding locality before the turn ol
the century, but it was not until 1918 that Joseph J. Pever ol
laos recognized signilicant hthium mineralization in the form
of large masses of lilac-colored lepidolite. Beginning in 1919
Peyer and two partners, Frank Gallup of Taos and Arthur H
Gossett of Embudo, mined the lepidolite by blasting loose
boulders and working the open cut on the north-facing hillside.
They hand-sorted the broken ore and hauled it by wagon over
an improvised road to Dixon, from whence it was shipped by
rail to Wheeling, West Virginia, for grinding and sale to the
ceramic industry. At that tume lepidolite was used mainly in the
manufacture of opagque white glass for jar tops and highting fix
tures because of its properties as a flux, opacifier and toughener

Late in 1920 the operation was taken over by Mineral Mining
and Milling Corporation of New York. An adit was driven south-
ward into the hillside to permit expansion of the open cut by
glory-hole methods, and a second cut adjacent on the east was

Tulos o

2| mi NEW
ME XICO

Espanola ¥

23

LA

Figure I. Location of the Harding mine.

(Maps from J.E. Taggart, New Mexico Bureau of Mines 1976 Annual
Report)




opened (northeast entry, Fig. 2). By 1923 production had risen
to 800 tons per year, but the venture proved unprofitable and
mining ceased in 1924, During that year, two shipments of ap-
parently excellent lepidolite caused grave difficulties when used
for making glass; this material may well have contained a sig-
nificant amount of the tantalum mineral microlite.

In 1924 the Embudo Milling Company, under the direction
of J. L. Danziger of Los Angeles, began construction of a mll
near the railroad depot at Embudo and in 1927, upon completion
of the facility, the company reopened the Harding mine. The

'
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Figure 2. Southwestward view of Harding quarry from North Knob, showing the sharp, irregular hanging wall of the main pegmatite
body as exposed by open-cut mining prior to 1943, The body dips gently away from the observer, and its footwall is exposed near portal

of main entry in right foreground. Active workings for microlite ore are at left in quarry, beyond the northeast entry. Temporary struc-
ture of U.S. Bureau of Mines camp appears on the wooded slope in center distance.

main pit was much enlarged and merged with the east cut. A
second adit was driven in from the west and, along with the first
adit, was subsequently dayhighted: they are now the main and
west entries to the quarry (Fig. 2, 4). The hand-sorted ore was
trucked to the Embudo miil for crushing, purifying and sacking
for shipment to glass factories.

['he demand for lepidolite was high and production soon [ar
exceeded levels of previous vears. Quality was mamntained at
a high level but the operation was barely profitable; in 1928
production of $58.858 in ore yielded only $619.42 in profit. By
1929 the large, pod-like body of rich lepidolite had been mined
out and efforts turned to the more expensive extraction of ir-
regular projections and shoots. Several undercuts were made
in the south face of the quarry (Fig. 9) and finally a large. room-
like opening, still accessible for inspection, was developed oppo-
site the main quarry entry (Fig. 7). The mine shut down in 1930
and was transferred back to the original owners in 1931,

Although this first period of mining was, in general. unprofit-
able, workings were developed which provide some of the world’s
finest exposures of complex pegmatite.
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IF'he Microlite Period (1942-1947)

The Harding mine was reborn in 1942; the United States
wartime need for tantalum was acute, and microlite, a relatively
rare calcium tantalate, had been reported from the main quarry
(e.g. Hirschi, 1931). Small amounts of tantalite-columbite had
been recovered from placer deposits in the area, but it was
Arthur Montgomery (incidentally, the principal early benefactor
of the 11.’."J'h'.!'.'.‘fr1_:‘:f'1'df Record) who first identified the Hurdin:._-
property as a potentially economic source of tantalum. Acting
on Montgomery's appraisal, the U.S. Geological Survey sampled

the dump and mapped the mine area in detail: favorable results
led Montgomery to enter into a lease-purchase agreement for
the property in 1942.

The microlite ore, incredibly rich, was hand-mmned without
explosives so that none would be lost through blasting. The
resulting yield (6137 pounds of concentrate containing 71%
Ta,O5 and 6% NbsOj) in 1943 was by far the largest single unit
of domestic tantalum production ever recorded. In that same
vear a carload of high-grade spodumene was also produced.

Smaller shipments of microlite were made in 1944 and 1945,
and in 1946 more lepidolite was mined and shipped along with
microlite. By the time tantalum production ceased in 1947 the
eastern parts of the main quarry face had been considerably
reshaped, and a labyrinthine network of tunnels and small rooms
had been developed south of this face (Fig. 7). Most of these
underground workings have since become inaccessible or unsafe
for entry.

During 1943 and 1948 the U.S. Bureau of Mines explored the
area adjoining the quarry on the south: 46 diamond-drill holes
aggregating to 5770 feet were sunk and the cores analyzed. A
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considerable tonnage of spodumene and Ta-Nb ore was dis
covered; thus the Harding became the first domestic pegmatite
mine with blocked out reserves, reserves that remain in place
today.

The Microlite Period at the Harding mine saw production
of 41 tons of spodumene, 558 tons of lepidolite ore, nearly 500
pounds of tantalite-columbite and over 22,000 pounds of micro
lite concentrate averaging 68% Ta,O; and 7% Nb,O; Profu
from the operation was sufficient to permit purchase of the
property by Montgomery.

B 5
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Figure 3. Tantalum ore of exceptionally high grade, obtained
from eastern part of main quarry in 1943, Large but thin blades
of spodumene, some of them with highly corroded edges, enclose
a finer-grained aggregate of microlite, tantalite-columbite (dark ),
muscovite, lepidolite, albite, and spodumene. The abundant

microlite appears mainly as light gray sports, 0.03 to 0.05 inch in
diameter, that are crowded within a darker matrix of scaly micas.

The Beryl Period (1950-1958)

Beryl was identified at the Harding locality during the early
years of mining there (e.g. Just, 1937, p. 26) but was regarded
as no more than a rare accessory mineral in the pegmatite until
the U.S.G.S. survey late in 1942 showed it to be widespread and
locally abundant.

In 1944 Monigomery found many loose chunks of beryl, one
weighing nearly 100 pounds, on an old dump. Subsequent work
high in the quarry near the west entry revealed a thick, elongate
lens of nearly pure beryl lying at the upper surface of the peg-
matite “much like a thick dab of frosting on the top of a cake.”
The 23-ton shipment from this occurrence contained nearly
11% BeO (pure beryl would yield = 13%). More beryl was sub-
sequently located by the U.S. Bureau of Mines in 1943; several
drill holes penetrated beryl in various parts of the pegmatite
body and one of them (No. 22, Fig. 7) penetrated 5 feet of nearly
pure beryl at the top of the pegmatite. Mapping and trenching
further documented the presence of beryl in many parts of the
hanging wall zone.
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Montgomery and Flaudio Griego of Dixon mined beryl from
1949 until Griego's death in 1958. By ecarly 1950 the working
face was solid beryl for days at a time (Fig. 6). Production ranged
from 500 to 2000 pounds per day, all by four men or less and a
mule named Bervl. During this time the distribution of minerals
in the pegmatite was seen to be irregular but clearly systematic
(e.g. Cameron and others, 1949)
l'he Dormant Period ( 1959-present)

Alter 1958 the Harding property was leased to several com-
panies. Actual production was limited to clean-up work on
already broken rock and to the driving ol a few short tunnels

Now the mine and its remaining ores are to be preserved for
the emovment and educational beneint of the public: Mont
gomery has elected to conserve the property “both as a historical
landmark in New Mexico mining and as a treasure-house ol
rare and exotic minerals.”

GEOLOGIC SETTING

The Harding pegmatites lie within a complex terrane of Pre
cambrian rocks that have been mapped, described, and variously
interpreted by Just (1937), Montgomery (1953), and Long (1974)
This terrane features a thick section of arenaceous and pelitic
metasedimentary rocks with interlayered metavolcanic rocks
of basaluic to rhyolitic composition, and also large intrusive
bodies of younger igneous rocks that have been collectively
referred to as the Dixon granite or Embudo granite. Both Just
and Montgomery recognized important textural and composi
tional differences among the exposed granitic rocks, and more
recently Long has shown that they probably represent at least
four distinct episodes of magmatism occurring at progressively
increasing depth over a considerable span of Precambrian time

The east-west outcrop belt of pegmatite bodies at the Harding
locality corresponds in general position with a complicated
boundary between quartz-muscovite schists on the north and
amphibolitic rocks on the south. 1The welldefined planar
structure in these rocks trends northeast to east-northeast and
dips steeply southeastward (Fig. 2), and the boundary between
them has a similar general attitude n both directions beyond
the pegmatite area. No granitic rocks are exposed in the im-
mediate vicinity of the mine, but less than a mile to the east the
prominent Cerro Alto consists of intrusive metadacite, and in
the area west of the mine porphyritic quartz monzonite under-
lies Cerro de los Arboles and Cerro Puntiagudo. To the south,
in the canyon area traversed by the Rio de Penasco (Rio Pueblo),
are many exposures of biotite quartz monzonite and granodiorite
that represent a large pluton of considerable complexity (Long,
1974).

Bodies of pegmatite, youngest among the Precambrian rock
units, are widespread in the region and are especially abundant
in the belt of metamorphic rocks traversed by State Highway
75. Many are long thin dikes, with northeasterly trend and steep
dip, that consist of quartz, alkah feldspars, muscovite, garnet,
and sparse yellowish green to green beryl in well-formed prisms
Most of these dikes are internally zoned, with prominent core
segments of massive quartz. Other zoned bodies, in general
smaller and more pod-like, consist almost wholly of quartz,
albite, and muscovite. Bodies of a third kind, characterized by
greater thickness, prevaillingly gentle dip, and unusual abun-
dances of Be, Li. and Ta-Nb minerals. are known only in the
mine area and at an unnamed locality about hall a mile to the
northwest.

Marked differences in composition, structure, and host-rock
relationships suggest that the several kinds of pegmatite in the
region may well be of different ages. but a sequence cannot be
firmly established and dated from radiometric information now
available. Aldrich and others (1958) reported K-Ar and Rb-Sr
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Figure 4. A 1943 southwestward view
of west entry, some of the dumps
from main quarry, and old platiorm
for lepidolite ore. The parallel
trenches on the hillslope were ex-
cavated by U.S. Bureau of Mines to
expose the beryl-bearing upper part
of the pegmatite body. The gently
dipping contact between pegmatite
(light) and overlying amphilbolite
(dark) appears high on the entry wall
at upper left. The old dump in im-
mediat: foreground at left yielded
the first microlite ore to be commer-
cially recovered from the property
(see Fig. 9).

ages of 1260 million years for four Harding muscovites and 1350
m.y. for a Harding lepidolite; Gresens (1975) reported a K-Ar
age of 1335 m.y. for muscovite from an unnamed pegmatite in
the Picuris Range. Neither these ages nor that suggested by
Fullagar and Shiver (1973) for granitic rocks in the region can
be unequivocally translated into a dated episode or sequence
of plutonism, but Long (1974) has pointed out that the Harding
pegmatites may be as much as 100 million years younger than
the youngest of the granitic plutonites. An age difference of such
magnitude is consistent with field and petrographic evidence
suggesting that these pegmatites may not be genetically related
to any of the granitic intrusives now exposed in the Picuris
Range.

THE PEGMATITE BODIES

General Features

The Harding pegmatites, in the south half of Section 29,
T23N, RI1E, crop out in a well-defined belt about 2500 feet
long and 150 to 500 feet wide. Most of the bodies are pinching-
and-swelling dikes that in general are 5 to 20 feet or more in
thickness, trend west to west-northwest, and dip southward
at low to moderate angles. Several thinner. steeply dipping
branches and connections trend north to northwest. The main
body, at the western end of the belt, is well exposed in outcrop
and mine workings along the southwestern side of a shallow
canyon (Fig. 2), and an extensive up-dip erosional remnant lies
opposite on the flank of North Knob. The ridge extending
east-southeastward from this knob is marked by the outcrops of
several thinner dikes, most of which have been opened by
means of pits, cuts, and short tunnels. The easternmost of these
bodies can be traced across a steep-walled canyon that drains
southward into the Rio de Penasco.

All the dikes are granitic in bulk composition and consis
chiefly of quartz, potash feldspar, and albite. Muscovite is wide-
spread, along with lesser amounts of accessory apatite, beryl,
garnet. magnetite, microlite, and tantalite-columbite. Some of
the bodies are grossly homogeneous or contain no more than
pods of quartz and other local expressions of internal zoning,
but those in the central and western parts of the belt contain

[N

extensive and well-defined internal units of markedly contrast-
ing lithology. It 1s in these distinctly zoned bodies that nearly
all major concentrations of beryl, lepidolite, spodumene, micro-
lite, and tantalite-columbite are found.

Some of the Harding dikes are enclosed by amphibolitic
rocks, chiefly hornblende-plagioclase schist with layers and
pods of epidosite (a rock consisting mainly of epidote and
quartz) and dark. impure quartzite, and others extend north-
ward into the terrane of quartz-muscovite schists. The main
dike is overlain at the present outcrop level by the amphibo-
litic sequence (Fig. 2) and underlain by schists with numerous
thick layers and septa of amphibolite. Alkali metasomatism of
the wall rocks adjacent to pegmatite is indicated by extensive
conversion of hornblende to biotite and by abundant metacrysts
of potash feldspar, muscovite, and albite. Some quartzite and
quartz-rich schist on North Knob are heavily impregnated with
lithium-bearing micas.

The Main Dike
General Relatonships

'he main Harding dike is highly irregular in surface plan,
with an exposed length of about 1100 feet and breadth ranging
from a few feet to as much as 250 feet in the quarry area (Fig.
1): maximum breadth is considerably greater if the pegmatite on
North Knob is included. The principal quarry face (Fig. 2),
trending west-northwest approximately parallel to the original
outcrop, provides more of a cross section than a longitudinal
section, because in three dimensions the body has the general
shape of a wide and nearly flat, southwestward-extending
tongue with tapering, sharply downturned lateral margins and
a central region 50 to 80 feet thick. The gently undulatory ma-
jor axis of the tongue has an average plunge of about 10 degrees
and an explored length of nearly 1600 feet. The original length
1S not known, as up-plunge parts of the body have been re-
moved h‘} erosion hl;.‘}nlh.l North Knob,

Upper and lower surfaces of the tongue are broadly wavy
(Fig. 2), and in places they also are marked by sharp. somewhat
irregular corrugations with amplitudes of a few inches to ai

least 15 feet. Nearly all these rolls plunge at low angles. and in
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Figure 5. Portal of main beryl tunnel in hanging-wall pegmatite
at west end of main quarry, June 1950. The stockpile in fore-
ground represents four months of mining and hand sorting by
three men.

general their trend is parallel to the strike of foliation in the
adjacent country rocks. Parallel to this foliation in both strike
and dip is a well-defined set of numerous fractures that transect
the pegmatite. A fault with like attitude and vertical separation
of 5 to 8 feet also cuts the pegmatite exposed near the inner
end of the west entry and the outer end of the main entry (Fig.

-

Internal Zoning

The tongue-like main dike contains a remarkable segregation
of constituent minerals into contrasting zones whose general
shape and distribution reflect the upper and lower surfaces of
the body (Fig. 8). Most of the zones thus appear as wide sub-
horizontal stripes on the main quarry face (Figs. 2. 9) and in
areas of extensive outcrop, although their surface distribution
on North Knob is complicated by the geometry of dip-slope
exposure. For present purposes, a brief description of zones in
the thickest portion of the main dike, well-known in three
dimensions from surface exposures and exploratory drilling,
will suffice to illustrate the major aspects of segregation.

The upper contact with country rocks is marked by a white
border rind, '2 inch to 1 inch thick. of fine-grained quartz-
albite-muscovite pegmatite (Fig. 9). Beneath this rind is a con-
tinuous layer, typically 1 to 5 feet and locally as much as 10
to 14 feet thick. that also is rich in quartz, albite. and muscovite
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but 1s in large part very coarse grammed. Potash leldspar s
locally abundant, and apatite, beryl, and tantalite-columbite
are widespread accessory constituents, Spectacular concen
trations ol coarse to very coarse beryl have also been found
especially beneath the crests of major rolls that are most abun
dant in lateral parts of the tongue (Fig. 6). An analogous layer,
characterized by the same accessory minerals but in general
with less beryl, 1s present along the lower surface ol the tongue,
It 1s rich in coarse quartz, but in many places its prevailing
texture 15 more aphitic than pegmatitic and s distinctively
sugary in appearance because of abundant fine-grained albite

Beneath the upper beryl-bearing zone i1s a continuous layer ol
massive quartz, 2 to 8 feet thick, that is well exposed in the
main quarry (Figs. 2, 9) and on the low knob immediately to the
east. In some down-plunge parts of the dike it reaches subsur
face thicknesses of 20 to 35 feet. Muscovite, microcline, and
albite of the cleavelandite vanety are present locally, and both
cleavelandite and muscovite are widespread and abundant
constituents of an analogous massive-quartz unit in the footwall
half of the dike (Fig. 8)

I 'he upper massive-quartz zone 1s underlain by a spectacular
quartz-lath spodumene zone (Fig. 9). This widespread unit is
6 to 20 feet thick in surface exposures and reaches subsurface
thicknesses of 20 to 40 feet at places where it fills the entire
interior of the dike. The spodumene charactenstically occurs
as long, thin, blade-hike crystals ol moderate to great size with
a tendency toward arrangement in jackstraw fashion. As dis
played in the eastern hall of the main quarry, the crystals are
oriented somewhat more regularly to form a crudely comb-hike
pattern (Figs. 2, 9). Beryl, apatite, white to green microcline,
and Ta-Nb minerals are present locally in the lower part of this
zone. Some portions of the quartz-lath spodumene rock have
been pseudomorphously replaced, the spodumene selectively
by rose muscovite and the quartz by cleavelandite. Similar
replacement rock 1s present in footwall parts of the dike (Fig
1]

I'he core of the dike i1s distinguished by varieties of lithium
and tantalum-bearing pegmatite that in general are less coarse
erained than rocks ol the overlying zones. The dominant varr
ety, known as “spotted rock,” is a relatively even-grained aggre
gate of spodumene, microchne, and quartz, with various com
binations of accompanying finer-grained albite, hthium-bearing
muscovite, lepidolite, microlite, and tantalite-columbite. Much
of the spodumene and potash feldspar occurs as rounded masses
about an inch in average diameter, and with surfaces that are
ragged in detail (Fig. 10). Both minerals have been extensively
corroded and replaced by micas in aggregates of tiny flakes

I'he "H["I'l'lllL*d rock” contains an average ol 12 1o 15% Spor
umene and about 0.15% Ta-Nb minerals, and hence might be
viewed as low-grade ore. The principal body of this rock has
the general form of a loaf of French bread, with one prominent
constriction and an equally prominent vertical bulge (Figs. 7
8). It is 20 to 55 feet in maximum thickness and 50 to 175 feet
wide (Fig. 7). with a long, or downplunge extent of nearly 700
feet southwestward beyond the main quarry face. lts position
1s reflected in some places by a broad bulge in the hanging wall
of the pegmatite body, and in others by a sag in the footwall
(Fig. 8).

['vpical “spotted rock™ grades into lepidolite ore containing
rounded masses of spodumene but relatively little potash
feldspar: with decreasing spodumene content the “spotted rock™
grades into bodies ol nearly pure lepidohite. Several ol these
bodies were encountered long ago in the main quarry, but little
ol the matenal remains in place today. Another core vanant,
common in the eastern part of the quarry and also found locally
In the western part. 1s distinguished by platy or lath-hke ndi
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viduals of spodumene 2 to 30 inches long. These occur either
as isolated units (Fig. 10) or as jackstraw ageregates (Fig. 11)
with finer-grained matrices of spodumene, lepidolite, Li
muscovite, albite, quartz, and Ta-Nb minerals. Veinlets and
small. irregular masses of dark smoky quartz are present locally
This rock has been the host for most of the high-grade tantalum
ore thus far encountered. and it has been relerred to as the
largest known body of microlite in the world ( Baker, 1945).
Bulk Composition

'he main pegmatite body, as exposed in the quarry and pene
trated by drill holes. has been extensively sampled. Analysis ol
a weighted composite obtained from these samples imdicates
that the pegmaltite 1s I\I'!]L'.,IH\ granitic in terms ol major consti
tuents, with a high Na,O/K.O ratio that in part is reflected by
an abundance ol albite in footwall parts ol the body that are
not well exposed. It 1s low in ron and strikingly delicient in
calcium and magnesium. Remarkable for any large mass ol
granitic rock are its high contents of lithium (mainly in spo
dumene and micas), cesium and rubidium (mainly in micas,
potash feldspar., and beryl). and fluorine (mainly n micas,
apatite, and Ta-Nb minerals). It also contains about 0.03% Be
and 0.08% Ta +Nb.

[he composition of the border rind along the hanging wall
1s distinctly different from that of the pegmatite body as a
whole, hence the rind cannot be readily viewed as a conven
tional chilled margin. It i1s relatively rich in Na,O and poor in
K,O and $10,. and it may well be compositionally complemen-
tary to added constituents in the zone of potash and silica
metasomatism in adjoining country rocks.

'he S10), content of “spotted rock™ corresponds to a relative-
Iy low percentage of quartz, the high K;O/Na,O ratio to an
abundance ol potash feldspar and micas, and the high Li,O
content to an abundance of spodumene and lithium-bearing
micas.

MINERALOGY

['he following brief summary of Harding minerals and then
occurrence is based chiefly on our own studies of the pegma
tites and materials collected from them. lts purpose is to pro
vide notes on the most abundant or important species at this
locality and to list the remainder as additional search targets
for the L|i|i;t‘t11 collector. Rt'[‘!nl'i’\ |\‘\ other i!l\t'\li:_‘.l[tlrh dare
relerenced for special features or for species we have not person-
ally seen and conlirmed. For many useful details not included
here the reader should refer to Minerals of New Mexico (North-

rop., 195Y).

Major Minerals

Quartz 1Si0,) is by far the most widespread pegmatite min-
eral. It occurs prominently as thick lavers and pod-like masses
of milky white to smoky gray anhedral crystals 0.5 inch to 3
feet in diameter, some with rude rhombohedral cleavage, and
as very coarse aggregates interstitial to large crystals of spo-
dumene (Fig. 11). Quartz also forms extensive [ine-grained,
sugary-appearing aggregates with albite and microcline. It s
common e¢lsewhere as a fine- to medium-grained nterstitial
or groundmass mineral. Light to very dark smoky quartz forms
scattered irrcgular veinlets and small pods, in places containing
well-faced crystals of beryl. spodumene, uranian microlite-
pyrochlore. and tantalite-columbite, as well as rare allanite,
thorite, and zircon.

Albite [NaA1Si;04) occurs as fine-grained aggregates, especial
ly with quartz and muscovite in outer parts of dikes, and also
as the variety cleavelandite in lustrous curving plates and blades
0.2 to 2.5 inches long. It is common as coarse fracture-filling

and replacement aggregates in quartz. and is generally white,
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but aiso commonly hght gray and very pale green. Comp
sition ranges from Abg, t0 Abg. with the remainder mainly o
entirely Or: most coarse material is nearly pure Ab

Microcline [KA1Si;04) is widespread as extensive aggregates
ol coarsely perthitic subhedral crystals 1 inch to 4 feet in diam-
eter, and as large, roughly euhedral individuals in massive
quartz. Typically it is cream-colored. gray, and pale pinkish tan.
It 1s also abundant with quartz and muscovite in fine-grained
aggregates. Locally interstitial to large laths of spodumene, the
crystals are white to hght green (amazonstone), reaching 1 1o 3
inches in diameter. Microcline is a major constituent of “spot-
ted rock™ as to 4-inch individuals with rounded and cor-
roded margins: non-perthitic and in general almost soda-free,
the microchne ranges from white to hlac according to the degree
of impregnation by extremely line-grammed lepidolite and Lr
muscovite. Some pale pink masses may have been mistaken
for amblvgonite by early observers (e.g.. Hirschi, 1931).

Muscovite |[KAL(A1S1,)0,0H);] s abundant in smaller
dikes and in outer parts of the main dike as pale yellow-green to
green llakes and thick plates 0.1 to 1.5 inches in diameter,
typically containing 0.3 to 0.8% Li;O. It occurs in the inner
parts of several dikes as aggregates of tiny lilac, lavender, violet,
pink, or gray llakes and plates forming large irregular pods or
smaller masses nterstital to crystals of spodumene, cleave-
landite, and other minerals. §uch aggregates, somewhat trans-
lucent and waxy in appearance, generally contain 1.0 to 3.4%
Li,O. Muscovite also occurs as columnar crystals 0.2 to 2.5
inches long (parallel 1o c-axis), typically in radiating aggregates
with cleavelandite and quartz. A widespread rose variety, in
bright, pink flakes 0.1 to 0.8 inches in diameter and generally
with less than 0.3% Li,O. occurs variously as fracture fillings
and replacement masses in “spotted rock™ and adjacent pegma-
tite. as overgrowths on crystals and crystalline aggregates of
lepidolite. as pseudomorphs after spodumene, microcline, and
topaz. and as complex intergrowths with cleavelandite. Gray
to faintly lavender-gray Li-muscovite also impregnates quartzose
wall rocks in several places along the main dike.

For more data on composition see Roos (1926), Schaller and
Henderson (1926), Heinrich and Levinson (1953), and Rimal
(1962).

Lepidolite [K(Li,A1)4Si.A1),0,4F.OH);] is most abundant
in “spotted rock™ and other interior zones of the main dike as
finely crystalline to extremely fine-grained translucent, waxy-
appearing masses 0.2 inch to tens of feet in maximum dimen-
sion. The color i1s bluish gray, wine-red, lilac, lavender, and
pale to deep purple, with a general range of 3.5 to 4.6% con
tained Li,O. Lepidolite also forms fracture fillings, embayments,
and replacement masses in microchne, and less commonly in
spodumene. It occurs with quartz and albite in several dikes
and in the outer parts of the main dike as individual thick crys-
tals and as aggregates ol hlac to pale purple flakes and plates
0.1 to 0.3 inch in diameter. Some larger plates, 0.2 to 0.7 inch
across, consist of several smaller crystals, each elongated parallel
to its c-axis and rotated about this axis relative to its neighbor,
giving the three-dimensional appearance of single tapering crys-
tals or narrow sprays of slender prisms.

Distinguishing lepidolite from the muscovites is often difficult
as many ol the properties and associations are similar. but in
general the lepidolites are shghtly more bluish and are readily
[usible on thin edges exposed to a hot flame. Firm identification
ordinarily requires chemical analysis, optical studies under
the microscope, or X-ray determination of crystal structure.
See also Levinson (1953) and Rimal (1962).

Spodumene [LiA1Si,0y) is typically white to very light gray,
but faintly greenish or yellowish on many freshly broken sur-

faces. It is abundant in massive quartz as thin, slightly tapering,
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lath-shaped crystals and crystal fragments a few inches to

several feet long, arranged in various parallel, radiating, and

criss-crossing patterns (Figs. 2, 9). The largest observed indivr
dual is 14 feet long. 4 to 11 inches wide, and 0.5 to 0.9 nch
thick. Most crystals are broken along cross-fractures with lis
sure fillings of quartz (Fig. 9) and rarely microcline. It is also
abundant in “spotted rock™ as discoidal crystal fragments, 0.5
to 3 inches in diameter, with irregular but grossly rounded
margins, and in adjacent lithium-rich parts ol the main dike as
11). Spor

dumene also occurs in a few pods and veins of dark smoky

jackstraw aggregates of laths 2 to 30 inches long (Fig.

quartz as small, pale gray-green euhedral crystals. Most crystals
in the interior parts of dikes are corroded. veimned. and partly
replaced by various aggregates of lepidolite. Lirmuscovite. rose
muscovite, albite, and quartz. Some are also partly altered to
very fine-grained eucryptite, micas, and albute. The Li,O con-

tent of relatively fresh crystals ranges from 6.0% to nearly 7.2%,

with an average of about 6.8%.
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Figure 6. (above) Flaudio
Griego at rich working face
of a beryl tunnel, June 23,
1950. Small rolls in the peg-
matite hanging wall are
shown here in cross-section,
with a thin, downward
projecting septum ol coun-
try rock at left. At right
the pegmatite body drops
off abruptly on the flank ol
a large, asymmetric roll

Figure flefr) Map of a
part ol the Harding area
showing general distribu-
tion of mine workings,
exploratory trenches and
drill holes, and principal
concentrations of Be, Li
and Ta-Nb minerals.
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Principal Accessory Minerals

Apatite [Cag(PO (] JOH.C1)] occurs as irregular anhedral
masses and stubby, rough-faced crystals 0.2 to 5 inches in maxi-
mum dimension. The color is dark greenish blue to very deep
blue and is strongly fluorescent yellow-gray under ultraviolet
light. Some crystals are markedly color zoned. having blue
interiors and gray. non-fluorescent rinds. Apatite occurs mainly
near walls of dikes, and locally in a quartz-lath/spodumene
pegmatite,

Beryl [BeyAlLSiz0,4) is widespread in nearly all dikes. but is
by far most abundant along and near walls ol the main dike as
equant anhedral to subhedral crystals 0.5 inch to 5 feet across,
in places forming coarse lens- and layer-like aggregates of
considerable tonnage. Rude basal cleavage is locally prominent.
Some large crystals displayved rough basal, prism, and pyramidal
faces, and a few noted by Arthur Montgomery enclosed pris-
matic phantoms 3 to 4 inches long and 0.2 to 0.5 inch in diam-
eter. The crystals are milky white, gray, and faintly pinkish,
greenish, or yellow-greenish, typically with a resinous or greasy
luster. Interior parts of some crystals are pale rose and trans-
parent, with vitreous luster and conchoidal fracture. Beryl also
occurs in interior parts of the quartz-lath/spodumene zone as
white to pink equant crystals (.3 to 4 inches in diameter: crys-
tals are anhedral to subhedral and in part transparent. Locally
beryl is abundant as small, white to pale pink and vellowish
gray tablets with hexagonal outline in light to dark smoky
quartz of the pegmatite core, especially in eastern parts of the
main dike. It 1s present sparingly in at least three other dikes
as pale yellowish green stubby prismatic crystals 0.5 to 2 inches
long. It 1s found locally in adjacent country rocks as blue to
ereenish blue prisms and anhedral crystals within small cleft-
like cavities. where 1t 1s associated with crystals of quartz,
schorl. epidote. garnet, and magnetite.

Corresponding to occurrence from the walls mward to the
core of the main dike are shifts in crystal habit from prismatic

to equant to tabular, a general increase in o index of refraction
(from 1.582 to 1.594), a general decrease in BeO content (from
12.77 1o 11.2), and general increases in contents of Li,O, Na,O,
and Cs,0. Common low-alkali beryl apparently occurs only in
thin dikes with no conspicuous lithium mineralization. The blue
beryl from small cavities in the country rocks i1s unusual in its
high content of both BeO (13.11 - 13.23) and alkalies, and it may
be Li-poor and Fe-rich like the variety reported from Arizona
by Schaller and others (1962).

Garnets [(Mn.Fe);AlAS10,)5). Wine-red almandine occurs
as small, widely scattered crystals. It 1s locally abundant in fine-
grained footwall rocks of the main dike. Pale salmon-pink to
orange-red spessartine 1S sparse to abundant in nterior parts
of lithium-bearing dikes and common in albite-rich pegmatite
of the main dike as rough dodecahedral crystals 0.05 to 1.2
inches in diameter. Larger crystals are much fractured, and
some are heavily stained by manganese oxides.

Microlite [(Na,Ca,U),(TaNb),O40O,0H.F)] occurs as small
grains and crystals with octahedral or dodecahedral form and
many modifying faces, larger subhedral and roughly euhedral
crystals 0.2 to 0.8 inch across, and rare crystals reportedly as
large as 3 inches. It occurs chiefly as dispersed individuals in
“spotted rock,” in aggregates of lepidolite and Li-muscovite,
and along margins of spodumene crystals; it is also found
as local dense concentrations (Fig. 4). The color ranges from
white to pale yellow, honey-yellow, yellowish to bronzy brown,
dark maroon, and dark reddish brown to nearly black, with dull
to vitreous luster. Many crystals are color-zoned, generally
with lighter cores and darker rims. The darkest material is
metamict or nearly so.

With reference to the general formula A;B,0.X, A in these
materials is chiefly Ca, Na, and U with very minor K, Mn, Fe,
and Th. B is Ta and Nb with a little Ti, and X includes both
OH and F. The range from light to dark colors can be corre-
lated with progressive decreases in Ta-+Nb oxides content

Figure 8. Fence diagram showing two vertical sections through the pegmatite body and its constituent
lithologic zones in ground southwest of main quarry. Locations of numbered diamond-drill holes are
indicated in Figure 9.
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and Ta/Nb ratio (from 75.58% Ta,0; and 5.8% Nb,O; to 39.05°
la, 0Oy and 9.32% Nb,O;), and with progressive increases in the
OH/F ratio and U, Ti, and Mn content. The weight ratio of Ta
O, to Ta,O;" Nb,O; is typically 0.86 to 089 for the darkest
material, averages about 092 for the brownish yellow, and 1s
0.93 to 0.95 for the palest vellow to off-white matenal. Of the
45 Harding specimens and bulk concentrates that have been
analyzed, all have proven to be tantalum-rich, and hence to be
microlite rather than pyrochlore. Harding uramian microlite.
with a known maximum content of about 10% UO,+UO,,
commonly has been referred to the variety hatchetiolite, even
though it 1s not in the pyrochlore range.

Tantalite-columbite [(FeMn)TaNb),O;] occurs in outer
parts of dikes as blade-like to thickly tabular black crystals with
dull to very bright luster. Most crystals are 0.2 to 1.3 inches in
maximum dimension, but a few 3 to 4-inch waterworn chunks
have been found in nearby placer deposits. It also occurs scat-
tered through “spotted rock™ and other internal units as thick
blades, plates, and equant crystals 0.05 to 0.8 inch in maximum
dimension, generally in association with microlite. It is some
times roughly cleavable. Rare mahogany-brown manganotant-
alite, associated with albite in interior parts of the main dike,
forms 0.3- to 1.5-inch tablets with distinct cleavage and bright,

shightly resinous luster. Some crystals are zoned. having thick
rims of black tantalite. Very rare bismutotantalite occurs as
small, irregular residua in masses ol earthy yellow bismutite
found locally in coarse-grained quartz

['he I8 samples of Harding tantalite-columbite thus far anal
vzed have ranged from Ta-rich columbite to nearly pure tanta
+Nb.(); ranging
from 0.45 10 094, The ratios for most crvstals in the hanging

lite having weight ratios of Ta,O; 1o Ta,O

wall zone of the main dike probably are near 0.6, and those o
crystals in the “spotted rock ™ near 0.8
Other Minerals
Silicates

Allanite [(Ca.Ce.Y)dALFe)SisO00H). Very dark brown
slender prisms in massive quartz. Rare.

Amphibole [(Na.Ca K), (Mg Fe. Ti.ALLi.Mn)ySi.AlNOOH
F);l. Abundant coarse, greenish black hornblende in amphi
bolitic country rocks. Tiny needles ol holmguistite (L, K-
F-bearing) locally along pegmatite contacts

Andalusite [A1,510;). Small gray masses as residua in coun
try-rock metacrysts (Montgomery, 1953}

Bertrandite (Be Si1,0,(0H). Thin. finely scaly to earthy
white alteration crusts on beryl.

Biotite |[K(Mg.Fe)d Al Fe)Si;O,OH.F),). Dark scales from
alteration of hornblende, and small euhedral plates in country
rock cavities near pegmatite contacts

Chloritoid [(Fe Mn), Al S1LO,JOH),
country-rock schist (Montgomery, 1953).

Chrysocolla [(Cu,Al);H,S51,0,40H),.nH,0]. Pale green coat
ings on fractures, chiefly in massive quartz

Cordierite [Mg;A1,5i;0,5]. Gray metacrysts in country-rock
schist (Montgomery. 1953).

Epidote [Cay Al Fe)ySi1;0,.0H))

country rocks. Also small green euhedral crystals in cavities

I hin, broad plates in

Abundant in amphibolitic

near pegmatite contacts

Eucryptite |LiA1SIO,). With spodumene as earthy white
fracture fillings and alteration crusts. Fluoresces red in ultra
violet hight. See also Mrose (1952).

Hlite (K. H,ONAI Mg Feld ALS1H O, OH)..H,O). Extremely
[ine-grammed micaceous aggregates in main dike. Light gray to
white. Noted as hydromuscovite by Soulé (1946)

Kaolinite [Al,Si;04OH),]. Widespread clay, mainly from
alteration of feldspars. White, but commonly iron-stained.

Montmorillonite [(Na.Ca), ;. AlLMg),Si 0, OH),nH,0). Wide
spread clay, mainly from alteration of spodumene and feldspars
Creamy white to very pale pink.

Pyrophyllite |AlS1,0,/0H),)
tered to kaolin™ (Just, 1937, p. 28).

Thorite | ThSi0,). Dark reddish brown to black masses and
thick prismatic crystals with dull to vitreous luster. Mainly in
smoky quartz. Probably identical with the “thorium mineral”
described by Hirschi (1928)

In country rocks, “partly al

Figure 9. An easterly part of main quarry face as well exposed
in December 1942, Beneath the sharply convoluted comtact
between pegmatite and overlying amphibolitic country rock
near top of view are five distinctive pegmatite units: (1) 1/2-inch
border rind (white) of fine-grained quartz-albite-muscovite
pegmatite, (2) 2- to 3-foot layer (gray) of coarse-grained quartz-
albite-microcline-muscovite pegmatite with locally abundant
apatite and beryl, (3) 2- to 5-foot layer (darker gray) ol coarse-
grained massive quartz, (4) 10- to 15-foot laver of coarse-grained
quartz (dark) with large, lath-like crystals of spodumene (light)
and local coarse microcline, apatite, and beryl, and (5)epidolite-
spodumene-microcline pegmatite with some albite and scat-
tered small crystals of microlite (removed from undercut as
lepidolite ore).

|23




Topaz |Al,SiOF,OH),). Thick prismatic crystals (0.3 to about
5 inches long, in core of main dike. Sparse, and largely or
wholly altered to rose muscovite and clay minerals. Small,
fresh, white to golden yellow grains moderately abundant in
“spotted rock.”

Schorl [Na(Fe Mg);AlglBO3)3SigO&(OH),). Deep blue-black
aggregates ol radiating or criss-crossing fibers and prisms in
amphibolitic country rocks near pegmatite contacts. Also as
sharply striated thin prisms in country-rock cavities.

Zircon (ZrSi04). Small, dark yellowish to greenish brown
prisms in quartz-albite-muscovite pegmatite of dike interiors.
Not abundant.

Oxides

Bismite [Bi,O;). Grayish green, powdery to earthy. With
bismutite in massive quartz.

Cassiterite [SnO,]. Tentatively identified by Hirschi {1931)
from the Harding mine, but not reported in other references.

Gahnite [ZnAl;0,). Very small, dark greenish gray grains and
0.02- to 0.1-inch octahedral crystals in massive quartz.

limenite [FeTiOg). Thin plates and roughly faced thick tablets
(.2 to 1.5 inches in diameter. Black and slightly magnetic. Main-
ly in pods and stringers of quartz in country rocks. sparingly
in quartz-rich apophyses from pegmatite dikes.

Limonite [Hydrous iron oxides]. Widespread as light to dark
brown stains and films, chiefly on outcrop and fracture surfaces.

Magnetite |Fe O,). Minor constituent of “spotted rock.” and
very sparsely scattered through other pegmatite zones. Typical-
ly forms grains and equant, roughly faced crystals less than 0.2
inch in diameter.

Pyrolusite IMnO,]. Widespread as thin black films and den-
dritic stains.

Rutile [TiO;). Tiny needles, very dark reddish brown to
black, in some quartz of dike borders. Also forms small grains
and prismatic crystals in adjacent country rocks.,

Titanite [CaTiSiOg). Small, thin, tabular and wedge-like
yellowish brown crystals in country rocks near pegmatite con-
tacts. Partly altered to very light gray leucoxene.

Tenorite [CuO). Rare black non-dendritic stains and earthy
coatings, mainly on quartz. Also reported by Kelley (1940) from
Iceberg pit (see section on calcite, farther on).

Carbonates

Azurite [CuyCOy)e(OHg))l. Rare bright blue stains on quartz
and feldspars near small masses of chalcocite.

Beyerite [(Ca,Pb)BijCOy);0,]. Rare tiny plates, yellow to
greenish yellow, associated with bismutite and bismutotanta-
lite.

Bismutite [Bij(CO;)0O4). Bright vellow to pale green earthy,
scaly, and fibrous masses in quartz, generally 0.3 to 2.5 inches in

124

Figure 10. Specimens ol lithium-tantalum ore from main quarry.

At left is a variety of “spotted rock™ in which patches ol coarse
microcline are outlined by small, dark-colored crystals of lepi-
dolite, tantalite-columbite, and uranian microlite-pyrochlore.
The microcline is partly replaced by minute scales of lepidolite,
which also are abundant in remainder of the rock. At right is
an aggregate of spodumene laths and plates, most of them much
corroded, in a matrix of purple lepidolite (dark), albite, and
quartz with scattered small crystals of tantalum-niobium
minerals.

maximum dimension. In part pseudomorphous after native bis-
muth or, rarely, bismuthinite and bismutotantalite. See also
Heinrich (1947).

Malachite [Cuy(CO3)(OH);). Green stains on quartz and feld-
spars, and thin alteration crusts on small masses of chalcocite.

Phosphates

Amblygonite [Li,Na)AWPO,F,OH)]. Reported by Hirschi
(1931) and others, but never confirmed. Observed material may
have been microcline, with or without finely disseminated pink
micas.

Lithiophilite [LiMnPO,]. Rare cleavable pale cinnamon-
brown masses, 2 inches in maximum dimension, with micro-
cline near base of quartz-lath/spodumene zone in main quarry.
Much stained by manganese oxides.

Monazite [(Ce,La,Nd, Th)PO,). Sparse, small, sharply faced
tablets in smoky quartz, interior of main dike.

Wavellite [Aly(PO) ) OH)s-5H,0). Informally reported but
never confirmed.

Sulfides and Arsenides

Bismuthinite |Bi,S;]. Fibrous gray residual masses in bismu-
tite. Rare.

Chalcocite [Cu,S|. Rounded pod-like masses (0.5 inch in maxi
mum diameter, generally in coarse-grained quartz. Dull gray and
distinctly sectile. Rare.

Chalcopyrite [CuFeS,;). Very rare tiny grains in quartz of
“spotted rock.” Also reported by Kelley (1940) from Iceberg
pit (see section on calcite further on).

Loellingite [FeAs,]. Silvery grains and masses 0.1 to 0.8 inch
in diameter, chiefly in quartz of “spotted rock™ and quartz lath
spodumene pegmatite.

Pyrite [FeS;|. Rare tiny grains in massive quartz and in quartz
of "H]‘}u!lt‘d rock.”

Miscellanae

Bismuth [Bi]. Small, dull-white residual masses in bismutite.
See also Heinrich (1947).

Fluorite [CaF;]. A minor constituent of “spotted rock™ as
small yellowish to purplish grains, generally with etched surfaces.
Fluoresces faintly bluish under ultraviolet light.

Calcite |CaCQy) is present in the Harding pegmatites only as
crusts and veinlets of rather nondescript supergene caliche, but
it 1s worthy ol special note here because a small but extraor-
dinary deposit of “lceland spar™ (Johnson, 1940; Kelly, 1940)
was found as an i1solated occurrence in country rocks only 300
ieet south-southwest of the main quarry (Fig. 7). This deposit,
known as the lceberg, was recognized in 1931, opened up for
production in 1939, and completely mined out within about a
year. The calcite formed a pipe-like mass, about 30 feet long and
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912 feet in maximum thickness, that was approximately con-
formable with the planar structure of the enclosing highly altered
amphibole schist. The outer parts of the mass consisted of calcite
crystals as much as 1'2 feet across, some of them extending
outward as projections into the country rock. Most were trans-
parent or nearly so, and they yielded substantial quantities of
optical-grade material. The core of the mass consisted of two
gigantic anhedral crystals, one about 7 x 8 x 11 feet and the other
about 8 x 9 x 10 feet in size (Kelley, 1940). Large parts of these
crystals also were clear and relatively unflawed.

Approximately 850 pounds ol cleaved, optical-grade calcite
were shipped in 1939, and the largest single piece of this flawless
material weighed 5 pounds, 8 ounces. According to Kelley, three
types of calcite were present: (1) white, somewhat milky mat-
erial, the most abundant type (2) clear, colorless optical spar,
and (3) banded pinkish material. Most of the calcite was readily
cleavable, but some exhibited almost perfect conchoidal frac-
ture.

I'he Iceberg deposit appears to have been formed along an
intersection between country-rock foliation and a fault that
trends west-northwest and offsets the underlying main pegma-
tite body (Fig. 7). Concentration of the calcite less than a hun-
dred feet above the pegmatite may well have been fortuitous
rather than an expression of genetic relationship, and the dif-
ference in age between pegmatite and calcite could be very
great. Moreover, veins and pods of very coarse calcite are known
from other parts of the Picuris Range in areas where there is little
or no pegmatite. The largest of these, the Calspar deposit about
2 miles north of the Harding property, was a nearly vertical bean-
shaped mass in quartzose metamorphic rocks. It consisted of an-
hedral crystals of mijky to almost clear calcite 2 inches to 5 feet
across, along with one enormous crystal about 18 feet in max-
imum dimension.

PEGMATITE GENESIS

The Harding pegmatite bodies are most readily explained as
products of highly differentiated rest-liquid derived from granitic
magma and injected into already deformed and regionally meta-
morphosed host rocks at considerable depth. An igneous origin,
rather than metasomatic or metamorphic derivation from the
host terrane, is indicated by several features of the occurrence.
The bodies are distinctly discordant in most places, for example,
and they are sharply bounded from the country rocks. Local
severe deformation of these rocks adjacent to margins of the
bodies, clearly superimposed upon the results of earlier regional
deformation, bespeaks forceful injection of pegmatite “magma.”
Internal zoning of the dikes reveals a consistent paragenetic
sequence of major minerals, and the gross geometry of these
zones reflects the shapes of the containing bodies rather than
features of the enclosing metamorphic rocks. The dikes them-
selves show no significant compositional variations that could
be correlated with lithologically contrasting parts of the adjacent
metamorphic terrane. Furthermore, the pegmatites contain
suites of Be, Li, Nb, Ta, U, and other trace elements at high
concentration levels that are more compatible with an igneous
than with a directly metamorphic derivation.

The pegmatites are not obviously related, in either spatial or
compositional senses, to any of the exposed granitic plutons in
the region. They are not systematically distributed with respect
to the plutons, nor do they reflect the regional metamorphism
that left its stamp on most of the other rocks. And if the remark-
able abundances of rare elements in the Harding pegmatites are
attributed to extreme magmatic differentiation. the compositions
of known granitic plutons of the region do not identify them as
attractive candidates for a cogenetic relationship. The quartz
monzonites in areas south and east of the Harding occurrences,
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for example, are very low-Ta, high-Ti rocks whereas the peg
matites are very rich in Ta and poor in Ti. The dissimilarities
among these and other minor constituents are difficult to recon
cile with any simple model of genetic association. Perhaps more
important, the pegmatites may well be much younger than the
youngest of the exposed granitic rocks (Long, 1974), and they
may also represent a deeper level ol emplacement

Like the pegmatites of the Petaca District west of the Rio
Grande (Jahns, 1974), those in the Harding area probably were
emplaced at depths of 7 miles or more and were slowly cooled
under high confining pressure in the presence of a halide-rich
aqueous fluid. Emplacement was accomplished in a terrane of
pervasively deformed rocks with relatively high metamorphic
rank. and it occurred long after dacite and other igneous rocks
were formed at relatively shallow depths. Many of the pegmatite
bodies are fringed by zones of metasomatic reaction with the wall
rocks. None of the bodies contains crystal-lined pockets or pri-
mary cavities, and they are not associated with aphtic rocks ol
the kind formed by sudden rehief of confining pressure. The po-
tent fluxing effect of volatile constituents held in magmatic
solution under high pressure i1s attested to by subsolvus crystal
lizatnon ol alkal feldspars in the pegmatite bodies and especially
by primary formation of nearly pure K and Na phases in then
central parts.

Further discussion of the nature, gross segregation, and ob
served paragenetic relatonships of the pegmatite minerals
cannot be offered here. but in sum these features are compatible
with the genetic model for pegmatite crystallization outlined by
lahns and Burnham (1969) on the basis of field, petrographic,
and experimental investigations. Most of the crystallization
probably occurred in the presence of both silicate melt and dense
aqueous vapor rich in F and Cl, and nearly all the remainder in
the presence of the v apor. Existence of this v apor can be inferred
on several grounds and 1s more directly attested to by numerous
fluid inclusions in the pegmatite quartz and beryl. Its influences
as a catalyst and as a medium for material transfer are implicit
in the metasomatic interactions between dikes and country
rocks, in the nearly complete unmixing of early-formed alkal
feldspars to yield coarse perthite, in the leaching of calcium from
the feldspars for fixing in microlite and late-stage apatite, and
in widespread mineral recrystallization and replacement under
both hypersolidus and subsolidus conditions. The most extensive
of the replacement reactions led to formation of albite at the

expense of quartz and microcline, and micas at the expense of
microcline and spodumene.
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mene, irregular pods of muscovite, and scattered small crys-
tals of tantalum-niobium minerals. Parts of the specimen are
traversed by veinlets of gray smoky quartz.
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A similar version of this article has appeared in the New
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Constantly expanding
to bring you the finest
in minerals, gem
crystals, cut stones

both rare and commercial.

Virgem da Lapa

Brazil
Tourmaline

Himalaya mine
Mesa Grande, Calif,
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|
§12S LIVE DAK PARK RD , FALLBROOX, CAL 92028
-LTH 7147289121

Natural History Gallery
in Beverly Hills, Calif. 9484 Brighton Way
213-274-5161

New Acquisitions:
SCAPOLITE — Tanzama

BOLEITE & CUMENGITE —
Baja, California



ADAMAS

“MINERALS FOR MINERAL COLLECTORS”

ADAMAS IS LOCATED 2 MILES NORTH OF THE OHIO TURNPIKE (EXIT 16) AND
20 MINUTES SOUTH FROM 1-76 & 80. IF YOU PASS THROUGH YOUNGSTOWN
GOING EAST OR WEST AND YOU ARE A MINERAL COLLECTOR, WE THINK YOU
WILL FIND THE VISITTO ADAMAS WORTHWHILE.

WE WOULD LIKE TO TAKE THIS OPPORTUNITY TO INTRODUCE OURSELVES
AND EXTEND TO YOU A MINERAL COLLECTOR'S INVITATION, FOR WE ENJOY
NOTHING MORE THAN TALKING TO MINERAL COLLECTORS. THE ADAMAS MU-
SEUM IS A MUST FOR ALL THAT SEE BEAUTY IN THE MINERAL KINGDOM AND
HOUSES THE FINE COLLECTION OF THE LATE CLARENCE SMITH SR., AS WELL
AS OUR RECENT ADDITIONS. WE THINK YOU WILL AGREE THAT THE MUSEUM
ALONE IS WORTH THE VISIT, HOWEVER WE DO HAVE THE LARGEST VARIETY OF
CRYSTALLINE ARCHITECTURES AVAILABLE TO THE COLLECTOR, THAT WE CAN
MUSTER. AMONG THE RECENT ADDITIONS TO OUR STOCK ARE A FINE SELEC-
TION OF HUBNERITE CRYSTALS FROM SILVERTON COLORADO AND SOME
EXCELLENT TREMOLITE/ACTINOLITE AFTER PYROXENE FROM SALIDA, COL-
ORADO. WE ARE PERHAPS MOST PLEASED TO OFFER YOU OUR ASSEMBLAGE
OF CALCITE PENDLETON TWINS FROM ANDERSON, INDIANA. WE BELIEVE THE
ABUNDANCE OF PERFECT TWINS TO BE NATURE'S ACCOMPLISHMENT OF AN
INCOMPREHENSIBLE IMPROBABILITY. WE ARE NOT A SHOW DEALER AND
HAVE NO LIST, BUT WE ARE EASILY ACCESSIBLE FROM MAJOR HIGHWAYS AND
EXTEND A WARM INVITATION. WE WOULD BE PROUD TO SHOW YOU ADAMAS.

PLAN TO VISIT US AND WHEN YOU COME TO YOUNGSTOWN; ASK FOR ‘ANDY".

Cleveland

Andrew J. Love
GEOLOGIC CONSULTANT

Hours: M-F 1-8
Sat 10-8
Phone: 216-758-3185 Pittsburgh

YOUNGS TOWN
OHIO

8391 Market St. Youngstown, Ohio 44512
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GUNNAR BJAREBY 1899-1967

by Stephen and Janet Cares
Sudbury, Mass. 01776

I8 Singletary Lane

Alfred Gunnar Bjareby was born in a small town in southern
Sweden. He first started collecting minerals at the age of ten,
after viewing the collection of a boy two years his senior. “In
those early years,” Gunnar wrote, “l collected birds’ eggs, in-
sects, plants, coins, stamps, and Swedish Stone and Bronze Age
implements.” Minerals became most important, however, and in
his early youth his bicycle provided transportation to the few
accessible quarnies as well as brooks, where he and his frniend
patiently panned for non-existent gold. When the time came to
learn his trade and to study art, time became more limited and
collecting could be done only sporadically.

In 1923 Gunnar came to the United States. Alter setthing in
Boston he spent much of his spare time at the Harvard University
Mineralogical Museum and at the now defunct New England
Museum of Natural History studying their mineral collections
and noting nearby localities which could be reached by bus or
streetcar. By also covering many miles on foot he was able to col-
lect at many localities which are now closed to collecting.

In 1937 he joined the newly-formed Boston Mineral Club,
which at that time made organized trips to localities such as Gil-
lette. Strickland, Newry, Mt. Mica, Palermo, and the Lane
quarry while they were producing magnificent specimens. This
also gave him the opportunity to associate with the great mineral-
ogists of Harvard such as Palache, Berman, LaForge, Hurlbut,
and Frondel while they were actively collecting. He was at one
time president and later was made an honorary member in recog-
nition of his contributions. For many years as Chairman of the
Locations Committee he spent many hours working on the club’'s
collection of Geological Survey maps of New England. marking
mines and prospects and noting their mineral assemblages. His
thatch of white hair and intense blue eyes were a famihiar sight
on club field trips and when he was not busy digging or working
out a prize specimen he was in demand to identify the finds of
other collectors. He was active to the end. having made a col

I'he Mineralogical Record. March— April. 1977

lecting trip to Nova Scoua, one of his favorite areas, less than a
month before his death

Over the years Gunnar accumulated perhaps the linest private
collecion in New England. He acquired many specimens

through trading with collectors all over the world. and his ability

to read and write in several languages undoubtedly served him
well in thas enterprise. A sizable part of his collection he obtained
himsell through vigorous use of sledge hammer, chisel, and
shovel. He looked for quality, not quantity, and often returned
from a held trip with only a small pack of material to be broken

down for micromounts

As he olten pomnted out to other collectors, about halt ol the
known mineral species occur only in crystals too small 1o be
readily discernible to the unaided evye. For this reason he became
an avid micromounter and was a charter member of the Micro
mounters of New England, formed in 1966. His micros were
mounted in small cardboard boxes ol his own construction, Dup-
licates were cemented to handwritten labels and stored in cigar
boxes. These boxes were circulated among local micromounters
who were thus able to add new species, habits, or localities to
their collections. Many collectors tried to return the favor, but
this was difficult, as his collection contained over a thousand
species.

In a series of eight articles published in Rocks and Minerals,
Gunnar recounted “Fifty Years of Mineral Collecting.” Here he
related expenences of his travels in the United States and Eu
rope. and described some of the famous mineral localities and
collectors he had known. His experience and acute observations
enabled him to identify minerals with amazing accuracy even in
the field. In a number of instances he was the first to report the
occurrence of a mineral at a new locality. He was always ready
to help the novice, and gave encouragement to students hoping
to make a career of mineralogy. There is no doubt that he would
have been an enthusiastic supporter of The Mineralogical Re-
cord

He was also an accomplished artist and received a number of
awards at vanous exhibits. Many of his paintings are displayed
on the walls of the Ipswich, Massachusetts, home of his widow,
Kaarina, and son, Thiman. In his profession he painted murals,
both in private homes and commercial establishments.

The bulk of his mineral collection was purchased by a private
collector in Chicago, but his micromount collection went to the
University of Chicago. At U.C. researchers discovered a speci-
men collected by Gunnar in 1947, but which he indicated to be
of questionable identity. Analysis showed this material to be a
new species and, in 1973, Gunnar received long-overdue recog-
nition with the publication of a paper by Moore, Lund, and
Keester in The Mineralogical Record describing “Bjarebyite..
a New Species.” The new species was appropriately in micro
crystals from the Palermo mine, North Groton, New Hampshire,
one of Gunnar's favorite localities. (The mineral name is prop-
erly pronounced beeyar-ah-bee-ite.) Good specimens are rate
today and much sought after.

No finer tribute could have been paid than that by the authors
of the bjarebyite description who said, “The beauty of the crys-
tals, the location and the source ol the specimen provide us with
the honor of naming the new species Bjarebyite after the late
Gunnar Bjareby of Boston, a talented artist and naturalist, who
had assembled a magnificent collection of hand specimens and
micromounts, particularly of New England pegmatites. He a
massed a micromount collection of over 1000 exquisite Palermo
specimens and was a phosphate mineral student with extraor-
dinary insight and knowledge. The care and detail of his investi
gations, unfortunately never published, place Mr. Bjareby among

the most outstanding of 20th century amateur mineralogists.”
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CLIMAX MEMO
IJI'”]- Rt'h‘lff'f"b.
We have received a copy of the following
mermr o,
f' ll':.
November 24, 1976

TO: All AMAX Suppliers (Clunax and
Henderson Properties)
SUBJECT: Appointments - Sales
Personnel Calling at our
Climax Mine and Henderson
Mine and Mill
Gentlemen:

In continuation of our efforts to control
visitations to our Climax mine and Hender-
son mine and mill properties. eliminating
unwarranted waste of time, our existing
appointment procedures are revised and
updated as lfollows. This revised procedure
shall become effective December 1, 1976,

Except in cases of emergency or at the
specific request of AMAX personnel, re-
gquests for appointments at the various
mine and mill sites must be made live days
in advance of the appointment date de-
sired.

All requests for appointments are to be
made through the Golden Purchasing
Department, (303) 234-9020, ext. 277. You
are to advise your name and those ac-
companying you, company you represent,
your phone number, person or persons
vou wish to make an appointment with,
and date and hour appointment 1s desired.
If you do not hear to the contrary, you
can assume your appointment is confirmed.

All visitors must secure gate passes at
the main gate prior to entering the prop-
erty.

Very truly yours,

H. G. Durkop

Assistant Director of Matenals
Climax Molybdenum Company
A Division of AMAX Inc.
13949 West Collax Avenue
Golden, Colorado 80401

COMPEIITION LOSES
I}..ur SIT,

| was very interested in the opinions on
competition at shows (in Vol. 7, no. 5).
Thirteen New Jersey clubs have joined
together to form the New Jersey Earth
Science shows
are strictly non-competitive. Many people

Association: Association

130

had become dissatisfied with n.‘umpﬂilix c)
shows. This
the fourth annual and
the best ever. Clubs and individual club

Federation
1976)

year (August,

was show
members exhibit: the quality of minerals
is high, the same as though people were
trying for First Prizes. There was an ab-
sence of dissatisfaction.

Naomi McGregor

Oceanpoint, New Jersey
N.J.ES.A.

on their successful show, and I am glad

My ..'tNM_‘!UH.‘:’;.‘HHH'v. to the
that no one was dissatisfied. However the
main thrust of the “"Forum on Competition”
was to find ways to make competition
more agreeable to people so that it would
not have to be totally eliminated, as vour
show has done. Whereas I am ;H"[’{H(’lf a"‘-'_l‘
the success of yvour show, [ hn‘f't‘ thar other
shows attempt to adjust and refine their
competition procedures so that competi-
tion will survive. Rules set down by the
Tucson Show seem to be the most pro-
gressive in this respect; other shows should
consider obtaining a copy of Tucson Show

rules as a possible guide.

Ed.
FAN MAIL

Dear sir.

As you will have observed, an increasing
number of professional and amateur min-
eralogists in Australia are now subscribing
to your excellent journal. This, in part,
1S due to the interest generated by the
recently formed Mineralogical Societies
of New South Wales and Victoria. As Vice
President of the Victorian Society, | have
been pleased to do what | can to commend
your publication to our members.

Howard K. Worner
North Balwyn, Victoria, Australia
QOur birthday congratulations to the two

new Mineralogical Societies
Ed.

Dear sir,

Congratulations on the Mibladen issue
(Vol. 7. it was superb. 1 showed

it to some Iniends of mine and they are

no. S

going to subscribe, even though they speak
little English!

I'm here now looking for oil, working on
a basis of 28 days on and 28 days off. As
yvou can suppose, | have plenty of free time
on the dnllship: reading old issues of the

Record makes good relaxation. Keep on
the line you've adopted. You're the best.
Tomas Piera

Phillips Petroleum Company
Abidjan, Ivory Coast
EXCHANGES
Dear sir:

I'm a young man from Sweden who
would like to establish contacts in the USA
and worldwide for exchanging minerals.
As a reader of your excellent magazine,
I know that if this is published. there will
be no problem establishing contacts both
in the USA and abroad.

| can offer many species, rare things like
trolleite, attacolite, berlinite, svanbergite,
pollucite, vayrynenite, Mn-tantalite, thort-
veitite, zeophylhite,
and several others,

t:cri €.

pyrophyllite

I look forward to hearing from anyone.

AKE TRUEDSSON
S-380 65 DEGERHAMN
SWEDEN
SELLING AT SHOWS
Dear sir,
| have a comment regarding vour edr
torial in Vol. 7 no. 6 of the Record relating
to sales of mineral specimens by collectors.
| have for several years sold personally
collected specimens to dealers at the
Seattle Regional Gem and Mineral Show
without renting space. It turns out that
the show sponsors have at some time in
the past adopted a rule prohibiting any
person who is not a space renting dealer
from “attempting to solicit business.” The
rule is sufficiently vague as to seemingly
even prevent persons who meet at the
show from trading. What actually happens
is that many dealers ignore the rule and
risk expulsion from the show by purchasing
material from private parties.
| have been led to believe that many
shows have similar rules: if so, then col-
lectors and dealers are being cut off from
opportunities to mutually benefit each
other by the arbitrary action of show
sponsors. This i1s particularly the case for
dealers who travel a considerable distance
and who appreciate the opportunity to
examine and purchase matenal that is of
otherwise local distribution.
Jack Zekuzer
Seattle, Washington
I agree. My
What's New in Minerals”) regarding the

complaint (in last issue’s

rigidity of Show Commuttes toward selling
outside of the shows by dealers parallels
vour complaint about selling inside of
the
intent of the show committees is 1o protect

shows by non-dealers. Presumably
the welfare of the show in the following

wavs: (1) by not allowing sales outside of
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the show, so that all buvers would have to hu_t' space again
come to the show itself to spend all of their
money, thereby maximizing gate receipis
and receipis of dealers who .r'"”.“, for show
space (and who will buy space next year
if successful this vear), (2) by not allowing
non-dealer sales inside the show so that all
money spent would add to the receipts of
dealers with paid space (thereby making

them more successful and more liable to | resirictions reall

u'."”'.'rn." evervoneg nhu comes o rown Jow
a show will pay at the gate and go in even
if he or she has visited the motel sales
So the Show Committes are really only
trving to protect the show by keeping the

paving dealers happy. as far as I can see

best interests of show-goers. But are such

vear). Certainly | the show or of paving show dealers, and
are such dealers really in favor of the r
strictions” We will print any replies we
receive from dealers on this topic (or other
topics): mames will be withheld upon re-
quest, so feel free 1o express youl feelings

and opinions. We also invite any mu mbers

t-a'rt'tH'fl'l' ‘-I.‘l'h restrictions are nol n the i show committees 10 “I"P””“’l ft-gl j“-l”

friom viou

.'he hq"-f interests of ‘l“;

ﬁ frnends of

mineralogy

A CODE FOR
GEOLOGICAL FIELD WORK

Issued by the Geologists’ Association of London, 1975,
A GEOLOGICAL *CODE OF CONDUCT" has become essential
if opportunities for field work in the future are to be preserved.

I'he ruphl increase in hield studies in recent years has tended to
concentrate attention upon a limited number of localities, so
that sheer collecting pressure is destroying the scientific value
of irreplaceable sites. At the same time the volume of field work
IS causing concern to many site owners. Geologists must be seen
to use the countryside with responsibility: to achieve this, the
following general points should be observed.

1. Obey the Country Code, and observe local bylaws. Re-
member to shut gates and leave no hitter.

2. Always seek prior permission before entering private land.

3. Don’t interfere with machinery.

4. Don’t litter fields or roads with rock fragments which might
cause injury to livestock, or be a hazard 1o pedestnans or ve-
hicles.

S. Avoid undue disturbance to wildlife. Plants and animals
may inadvertently be displaced or destroyed by careless actions,

6. On coastal sections, be sure you know the local tide condi
L1IONS.
7. When working in mountainous or remote areas, follow the
advice given in the pamphlet “Mountain Safety’, issued by the
Central Council for Physical Education, and. in particular, in-
form someone of your intended route.

8. When exploring underground, be sure you have the proper
equipment, and the necessary experience. Never go alone. Re-
port to someone your departure, location, estimated time under-
ground, and yvour actual return,

9. Don't take risks on insecure cliffs or rock faces. Take care
not to dislodge rock. since other people may be below.

10. Be considerate. By vour actions in collecting, do not
render an exposure untidy or dangerous for those who lollow
VOU.

Visiting Quarries
1. An individual, or the leader of a party. should have ob-
tained prior permission 1o visit.
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2. The leader of a party should have made himsell familiar
with the current state of the quarry. He should have consulted
with the Manager as to where visitors may go, and what local
hazards should be avoided.

3. On each visit, both arrival and departure must be reported

4. In the quarry, the wearing of safety hats and stout boots
1s recommended.

5. Keep clear of vehicles and machinery

6. Be sure that blast warning procedures are understood.

Beware ol rock falls. Quarry faces may be highly dangerous
and liable to collapse without warning.,

5. HL‘\\;!I’L‘ ol uimlf_-;' LI_UHHT‘IN.

Research Workers

. No research worker has the special right to ‘dig out” any
Site.

2. Excavations should be back-filled where necessary to avoid
hazard to men and animals.

V. Dont disfigure rock surfaces with numbers or symbols in
brightly colored paint.

4. Ensure that your research material and notebooks even
tually become available for others by depositing them with an
appropriate mstitution

Societies, Schools and Universities

I. Foster an interest in geological sites and their wise con
servation. Remember that much may be done by collective effort
to help clean up overgrown sites (with permission of the owner,
and in consultation with the Nature Conservancy Council)

2. Create working groups for those amateurs who wish to do
field work and collect, providing leadership to direct then
studies.

3. Make contact with your local County Naturahsts 1rust.
Field Studies Centre, or Natural History Society, to ensure that
there i1s coordination in attempts to conserve geological sites

and retain access to them

It is hoped that the widest possible publicity will be given 1o
this Code, and that authors and teachers will quote 1t whenever
P wsible.

lhis Code, imitiated by the Geologists' Association, has the
support of the following organizations

The {.lt‘uhljh'lk"ﬂ Society of London

The | L|II1|1HI},‘1'1 {}L‘tlll'_‘_'lu'.ﬂ Socieny

lhe Geological Society of Glasgow

'he Manchester Geological Association

The Lin L'T[hh-| Creological Society

] he ‘l orkshire '[ﬂ'ﬂ'!".f'lx'.ll Socien

'he East Midlands Geological Society

I'he Geological Society of Norfolk

['he P;ILIL'HTHU'I.l_‘_'lu_';II ASsOCIation

I'he Geographical Association

I'he British Geomorphological Research Group

['he National Museum of Wales, Cardifl

I'he Nature Conservancy Council




TO SUPPLEMENT YOUR READING,
OTHER FINE MAGAZINES FROM
AROUND THE WORLD:

Le Monde et Les Mineraux:

Glossary of Mineral Species

by Michael J. Fleischer

PUBLICATION
AUTHORIZATION
BY THE DIREC

TOR U.S. GEO
LOGICAL SURVEY

ipostage free
4uilh prepaid
orders)

(ASK ABOUT DEALER'S DISCOUNTT)

send to:

Glossary

P.O. Box 10404
Alexandria, VA 22310

-- Every mineral species known to man...2357 of
them.

- Chemical composition of every species
-- Crystal system of every species
.- The best reference in english for many species

- 441 group names discredited
names ﬂﬂ{f SyRonyms

- Notations regarding analogous species

vanetal names

- Separate tabulations of all the species in each
ol 33 mineral groups

-- A table of the elements and their chemical sym
bols for reference

A French bimonthly journal for mineral collec-
tors. Subscription rate: $15 per year

LE MONDE ET LES MINERAUX
4, AVE. DE LA PORTE DE VILLIERS

75017 PARIS, FRANCE

Lapis: Europe's new journal for minerals and
gems, with special emphasis on Germany,
Austria and Switzerland. One year subscrip-

tion DM
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ERMANY

The Mineralienfreund: A Swiss publication that
deals mainly with alpine minerals. Five issues
per year. Subscription rate: $10.00 per year.

Mak

NOTE:
£3 each

. IEFR
POSTFACH 219
6460 ALTDORF-URI SWITZERLAND

MINE RAL

e checks payable to:

ENFREUNDE

for 10
copies
Or more
prepaid

Australian Gems & Crafts Magazine: bi-monthly
magazine devoted entirely to mineralogy. Sub-
scription rate: U.S. $7.50 per year.

AUSTRALIAN GEMS AND CRAFTS MAGA ZINE

GPO

BOX NO

1071J4. MELBOURNE

3001

VICTORIA. AUSTRALIA

Brazilian
Minerals

Colorado Gem and Mineral Company

Post (Mlwe Box 424
Tempe, Arizona 8S528I
lack Lowell 602-966-6626

Do You Sell

Minerals?

The Mineralogical Record serves its
readers as (among other things) a catalog
of the world's mineral dealers, both large
and small, both retail and wholesale. You
can advertise here too, and take advan

tage of an exceptionally enthusiastic
audience. Write for a copy of our ad rates
today...You'll find we're less expensive
than any of the “Big Three” and we hit

your market precisely

The Mineralogical Record

P.O.Box 783, Bowie, MD 20715

ADVERTISERS
INDEX
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Cerussite
Tsumeb, SW.A

EXCEPTIONAL MINERAL SPECIMENS FROM WORLDWIDE LOCALITIES
FOR DISCRIMINATING COLLECTORS
SPECIALTIES
COLOR DBEAUTY PERFECTION

THE AWARD WINNING "PROCTOR COLLECTION"
(FOR SALE BY OWNER)

Few collections in history have received as many major awards as this superb collection of

museum quality pieces. The most recent is the McDole Trophy — "Dest Minerals at Tucson Gem
& Mineral Show— 1974

(Private shows by appointment only)
| am fravelling around the country giving private showings of this unique col-
lection. If you are at all interested, please give me a call to arrange a showing

when | am in your area. @f course, all of us occasionally like to "window shop™

50, in looking, there is no obligation whatsoever to buy. Just seeing other peo-
ples collections is adequate reward for me.

KEITH PROCTOR

1422 N. HANCOCK, SUITES 1, 2 & 3, COLORADO SPRINGS, CO. 80903
PHONE (303)-471-2544




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  Vigas, state
of Vera Cruz, Mexico, 2 x 3 x 2;

four large xls. and several smaller

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

Aragonite

ones radiating from a base ol
drusy quartz and chlorite. Very
fine display specimen S$75.00
Wavellite — near Pencil Bluff,
Montgomery County, Arkansas.
IJxJdx 12
diating xls. on exposed seam in
brecciated novaculite $32.00
Tsumeb, near Otavi,
(South West Africa).
Great display material, 12 x
12 x %4 pearly dolomite base
covered with small bright green
xls. $47.00

Dioptase — Tsumeb, near Otavi,
Namibia (South West Africa). 2 x
12 x | matrix of white calcite
xls. coated with brnght
xls. $47.00

Dioptase — Tsumeb, near Otavi,
Namibia (South West Africa).

2 x 12 x 14 cluster of large

Krupp Iron mine,
Erzberg, near Eisenerz, state of
Carinthia, Austria. 5 x 32 x 2%,
flos-ferri type with no matrix
$40.00

Gold — Farncomb  Hill, near
Breckenridge, Summit County,
. good showing of ra- Colorado. 1¥8x 2 8 X '8 thin p_i:rtr:
with equilateral triangle markings
$67.00

Galena

Copper & silver — Painesdale,
Keweenaw Peninsula, Houghton
County, Michigan. Half — breed
type with no matrix 2 x 12 1|
$37.00
Copper
ganja,

Naica, state of Chi
huahua, Mexico. Extremely showy
with pale blue fluorite and minor

Dioptase
Namibia

amounts of pyrite, 3 x 3 x 112
$92.00

Galena Quapaw mine,
Treece, Cherokee County, Kan-

Emke mine, near On-
Namibia (South West
Africa). 194 x 1 x 1 superb little
dendritic specimen with attached
calcite xlIs. $18.00
Copper — New Cornelia pit, Ajo,
Pima County, Arizona. 34 x
2V4 x 114 bright, clean specimen
with no matrix, fine xl. definition
$32.00

Tulsa

sas. 24 x 134 x 112: two steel grey
interlocking xlIs. $12.00

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

green cryslal

cluster

showy xls. $125.00

Adamite — Ojuela mine, Mapimi,
state of Durango, Mexico. 294 x
I %4 x %4 hight green xls. on a base
of white adamite and limonite
$34.

Adamite — Ojuela mine, Mapimi,
state of Durango, Mexico. 34 x
215 x | matrix of limonite cov-
ered with :.:Uldtf‘!": brown xls. of
various sizes S565.00

Adamite — Ojuela mine, Mapimi,
state of Durango, Mexico. 212 x
134 x 194; blue xls. coverng brown

adamite xIs. on limonite matrix
$100.00

Gold — Pilgrim’s Rest mine, Prov-
ince of Transvaal, Republic of
South Africa. "2 x "2 x 14 twisted
mass with no matrix $120.00

near Char-
Charcas. state of San Luis Potosi,

Rock crystal quartz

Mexico. 5 x 412 x 3 matrix of
large cream colored danbunite
xls. coated with small brilhant
quartz xls. $400.00

Smoky quartz — Hot Springs,
Garland County, Arkansas. 2'4 x
12 x 1, showing fine phantom
zoning and no matrix on two
sharp single attached xls. $67.00
Calcite — Egremont, Cumberland
County, England. 4 x 22 x 1'%
group of clear xlIs. on a grey and

white matrix S180.00

Calcite — Tsumeb, Namibia (South
West Africa). 5 x 412 x 32
ol xls.

mass
containing red colored

inclusions of hematite $125.00

Amethyst — Denny Mountain,
King County, Washington, 17%
x 12 x 12 single scepter xl. resting
on a single milky quartz xl. $45.00

Rose quartz — Island of Lavra Da
[lha, Jequitinhonha River, near
Taquaral, state of Minas Gerais,
Brazil. 134 x 12 x 18 excellent
display specimen with no matrix,
brilliant xls. $175.00

Enargite & pyrite — Quiruvilca
mine, near Trujillo, La Libertad
Department, Peru. 24 x 112 x

12 with minor amounts of quartz
$52.00

Pyrite — region of Tuscany, ltaly.

x 194; very well xld.
show winning type of specimen
with no matrix, truly a superb

piece S100.00

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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