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Guest Editorial

GIVING GI1FTS L1IGHTS LIVES!

The lure of crystals possesses primordial power. Even to
the individual totally untutored in geology, mineralogy or
crystallography, the sight of a mineral crystal with its elegant
beauty and distinctive geometry can arouse a reaction of awe.
Observers are often astonished when informed that the
special form of the crystal under view is not the result of
human contrivance but rather is an effect produced entirely
by nature’s forces, a product of the natural interaction of
particular subterranean elements, temperatures and pressures.
When the crystals surprisingly regular geometric shape is
accompanied by a visually appealing color, the mesmerizing
effect 1s enhanced. A phenomenon of the earth 1s revealed.

Many collectors were first introduced to the captivating
world of crystals by viewing the collection of a friend. All
collectors are growing older; but new people are constantly
being born, many of whom could find great enjoyment in
minerals if made aware of them. As collectors, each of us has
a splendid opportunity to broaden the minds of the young by
introducing them to that facet of creation which has
entranced and sustained us: the world of crystals.

Collectors: I invite you to acquire and set aside in a place
easily accessible to you a group of crystallized mineral
specimens for the express purpose of tendering them as gifts.
Whether you collect in the field or with “the silver pick,”
choose a number of inexpensive but well-crystallized speci-
mens of such attractive, yet relatively hardy minerals as
amethyst, smoky or colorless quartz, and pyrite. When
refining your collection by removing early acquisitions for
which you have subsequently acquired superior replace-
ments, transfer some of the “starters” to the give-away box.
Then invite children to see your crystals. Give specimens to
those young visitors who evidence a positive reaction to the
minerals in your collection.

Our editor (who also makes a habit of gifting young
people with specimens) has told me of the approach to giving
followed by a lady he knew, the late Trudy Hauser of
Cincinnati. She gave minerals to young visitors but she
always charged them ten cents for each specimen, believing
they would value it more if it had cost them at least a few
cents of their own money. | myself always give a specimen in
a protective box and with an accompanying label which
states the mineral’s name and locality. | include the labels of
any prior owners as well as my own.

Many mineral dealers do something similar at mineral

shows when troops of school children are bussed in, or when
a child shows some interest in their stock. They may simply
present a small specimen for free, or they may take the
trouble to prepare and lay out beginning-level specimens at
token prices of ten to twenty-five cents. The child goes home
with something fascinating.

In giving, one enjoys the satisfaction which stems from
opening a childs awareness to an exciting world. By so
doing, you may well broaden youthful lives. At the same
time, you will enrich your own spirit with the glow which
comes from sharing. Give a crystal. Instill a passion. Spark a
life!

Jack Halpern
45 Forest Side Avenue
San Francisco, Califormia 94127

¥
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notes from the_

EDITOR

25-YEAR INDEX

I'T'S DONE! The long-anticipated grand index giving
detailed access to virtually everything in the first quarter-
century of the Mineralogical Record 1s printed, bound and
ready to mail! All copies are hardcover with a sewn binding,
designed to stand up to many years of hard use.

A tremendous amount of time and hard work has gone
into the preparation if this index, and we are very proud of it.
Even those readers who do not possess full sets of back issues
will find it extremely useful, not only in accessing the issues
they do own but it determining which other back issues they
will want to acquire. Authors will be able to find a full
bibliographic citation for any article without having to look
it up in the magazine. And collectors with special interests
(e.g. Pseudomorphs, epitaxy, quartz, or Arizona localities, to
mention just four) will find complete listings of every
sustantive reference to their specialty that has ever appeared
in the Mineralogical Record. We strongly feel that no serious
reader should be without this reference work.

Copies can be ordered directly from the Circulation
Manager for $35 plus $3 postage and packing. Credit card
orders may be faxed 24 hours a day to 520-544-0815.

NOTICE

Died, Ronald E. Bentley, 46, in Windsor, Connecti-
cut. Ron was well-known in the mineral world as a collector,
dealer, curator, consultant, writer, historian, lecturer, show
promoter, and special friend of the Mineralogical Record.
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Born in Philadelphia, he began a lifelong interest in
minerals around 1962 through the encouragement of his
family, the local mineral club, and the Easthampton mineral
dealers Alvin and Marjorie Schortmann. He soon found

himself spending weekends and summers visiting the

Ronald E. Bentley
(1948-1995)

Schortmanns and working with Alvin in the mineral shop,
sorting, pricing and arranging specimens. When the
Schortmanns went on vacation, Ron tended the shop and
was paid in specimens

In 1971 Ron graduated with a degree in Business
Administration” from the Lowell Technical Institute in
Lowell, Massachusetts; the Schortmanns decided it was time
for them to retire, and they offered their business to Ron. A
purchase arrangement was arrived at, and later that summer
the Schortmanns’ stock was trucked to Windsor, Connecti
cut, where it reopened as Bentley’s Minerals. At the same
time that Bentley's Minerals was getting off the ground, Ron
took a job working for Ray-tech Industries (manufacturers
of ultraviolet lights and lapidary equipment) for a couple of
years to help support his mineral business. In time he took on
a partner, Jim Logan, and together they operated the business
until moving to Tucson in 1980

Ron developed a strong interest in the historical side of
mineral collecting in 1972, when he was given a stack of 80
issues of The Mineral Collector magazine dating from 1894 to
1909. His friendship wath the prominent Brooklyn mineral
collector and micromounter, Neal Yedlin, also helped to
foster his enthusiasm for things historical. This interest
manifested itself first in his important collecion of old
mineral specimen labels, begun in 1972, which ultimately

grew into one of the two or three best label collections in the




world (it is today preserved in the Mineralogical Record
Library). He also became quite knowledgeable in the field of
antiquarian mineralogical literature, and, along with his
father, Earl, developed an interesting collection of antique
miners’ lamps and mining memorabilia. In 1977 he was
invited to share his enthusiasm through a new column in the
Mineralogical Record entitled “The Historical Record.” It ran
for seven years, and was a popular feature.

Ron donated his time and energies to the Mineralogical
Record in other important ways too. In 1978 he began
helping with the annual fund-raising auction during the
Tucson Show, putting in time every year until the auction
ceased in 1989.

In Tucson Ron indulged his interest in minerals mainly as
a hobby while obtaining his real estate license. But in 1981
he took a new job that utiized his long experience in
minerals: he was hired as curator and mineral-secretary for
Texas oilman Perkins Sams, who was in the process of rapidly
building what he hoped would become the world’s finest
private collection of minerals. Working with his old friend,
former Smithsomian curator Paul Desautels (who had been
retained as consultant and buying agent), Ron spent several
interesting years traveling the world in the service of high-
finance mineral collecting.

The Sams collection was sold to the Houston Museum of
Natural Science in 1985, and Ron accompanied it for a ime,
continuing in his role as curator. But the position soon came
to an end, and Ron left Texas to set up his own consulting
business back home in Connecticut. It was at this time, in
1987, that Ron joined the Board of Directors of the
Mineralogical Record, a position he continued to hold until
his death. During his years on the Board he was instrumental
in obtaining important donations, helped to arrange for the
magazine's special full-color supplement on the Carnegie
Museum of Natural History, and played a leading role in
Board actions which have helped preserve the future of the
magazine.

Ron’s major contribution to the content of the Mineralogi-
cal Record, in addition to his columns, was a series of articles
written with Pete Dunn and Wendell Wilson on mineral
fakes, frauds, mislabeling and trimming in 1981-1986. He
also assembled a warm tribute to his late friend Neal Yedlin,
published in 1979.

After his return to Connecticut Ron consulted privately
for a number of clients regarding collections, appraisals and
curating, and he found time to branch out into yet another
area of the mineral world: show promoting. Ron founded
the show in Springfield, Massachusetts, in 1988, which has
since been taken over bv Marty Zinn, and continues
successfully as the annual East Coast Gem and Mineral Show.

In addition to his mineralogical pursuits Ron was an avid
horticulturist specializing in the raising of orchids, a knowl-
edgeable collector of fossils and seashells, and a devoted fan of
science fiction. A passion for all of natural history character-
ized his life; and his college training (he started out in
Electrical Engineering) provided for a more technical under-
standing of science which he never ceased to find useful.

During the years of his long illness Ron always main-
tained his contact with the Mineralogical Record and
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fulfilled his duties as a Director, serving as President from
1989 to 1991. He will be fondly remembered as a kind,
intelligent and supportive friend who generously shared his
passion for minerals in a way that enriched all around him.

Ron Bentley is survived by his mother, Dorothy S.
Bentley, his brother Carl R. Bentley, and also a nephew, two
aunts and two uncles.

Figure 1. Annual subscription price and equiva-
lent in constant-value 1970 dollars, 1970-1996
(data courtesy of the Bureau of Labor Statistics,
Washington).

SUBSCRIPTION PRICE

Part of the aggravation associated with getting older is that
you can remember when everything was so much cheaper.
Back in 1970 you could mail a first-class letter in the U.S. for
6¢, and a subscription to that bright new magazine, the
Mineralogical Record, cost only $6 (four black & white issues
totalling 178 pages). Today a stamp 1s 32¢, and the price of a
domestic subscription is now going up to $42 (six full-color
issues totalling nearly 600 pages in 1995).

Why does the price have to go up again? Because, sad to
say, everything we utilize in the production of the magazine
1s continually becoming more expensive. Fortunately the
average rate of inflation has been low in recent years. To
cover the two-year period since our last increase will require
a rise of only $1.50/year (3.8%/year). This is a little more
than the average U.S. inflation rate because of particular
factors such as the cost of magazine paper (up 17% and sull
rising fast).

To put the price of the Mineralogical Record in perspective
it 1s always useful to look at the complete history of the
subscription price relative to the average rate of inflation.
Figure 1 shows that, although the price has gone from $6 to
$42 in 26 years, the actual price in constant-value 1970
dollars 1s still down around $10. This real increase of $6 to
$10 has paid for the tremendous increase in size and color
over those years, an improvement which everyone has
welcomed.

But why, some subscribers ask, can some other popular
magazines such as National Geographic or Scientific American or

I'he Mincralogucal Record, volume 27, January—February, 1996




even Lapidary Journal ofter a 1996 subscription at significantly
lower prices than we do? The answer has simply to do with
economies of scale. Color separations, for example, which
are film negatives used in color printing, cost a fixed amount
regardless of how many copies of the magazine are printed.
Consequently if the number of subscribers were to double,
the cost to each one for color separations would be cut n
half. The same 1s true of typesetting. And even in the case of
printing, the cost per issue goes down significantly as the
press run goes up.

Our problem as mineral collectors is that only about 6,000
of us are of a mind to subscribe to a high-quality specialty
magazine such as the Mineralogical Record. If our interest was
in a more populous field or hobby where 15,000 or 20,000
or 50,000 enthusiasts were disposed toward subscribing to a
fine specialty publication, the price would be significantly
less. But that is not the case; minerals are our love, and there
are only so many of us with this particular passion and a mind
enquiring enough to want to read about it. So we're stuck
having to pay more for the limited-run publications we like.
But, speaking on behalf of the authors, photographers and
editorial staff of the Mineralogical Record, we will be working
as hard as we can to produce the best-looking and most
informative and authoritative magazine possible with the
money you give us. We hope that all of our readers around
the world will consider their money well spent and their
pleasure well worth it.

MSA AT TUCSON

The Mineralogical Society of America (MSA), a cospon-
sor of the Tucson Mineralogical Symposium, will have a
booth on the main floor of the Tucson Gem and Mineral
Show this year. People are invited to stop in at the booth to
learn more about the MSA, its interests and publications, or

just to chat about minerals

On Thursday of the show (Feb. 8) curators from impor
tant museums |m'|udmg the Smuthsomian Institution, Harvard
Mineralogical Museum, Natural History Museum of Los
Angeles County, American Museum of Natural History, and
others will be on hand in the booth to meet and talk with
interested show-goers. (A schedule of the hours during
which specific curators will be present will appear in the
show program available at the door.)

AREA CODE PROBLEMS

['he telephone company recently changed our area code
from 602 to 520. Unfortunately, some callers have been
unable to reach us using 520; apparently not all telephone
systems, especially in Europe, are programmed to recognize
the new code. Due to many complaints from businesses here
in southern Arizona, the telephone company has extended
the “transiion period™ through the end of 1996; during this
time, the old area code of 602 will alse be 1n service. So, if

vour call does not 2O thrmlgh using 520, try it again using

602
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LUMINESCENCE IN MINERALS

John Rakovan
Department of Earth and Space Sciences
State University of New York
Stony Brook, New York 11794-2100

Glenn Waychunas

Center for Matenials Research

Stanford University
Stanford, Califormia 94305-4045

Luminescence is not only a source of beauty and interest
in minerals, but is also of great scientific and economic
importance. Most familiar to the student of mineralogy is
the colorful luminescence of some minerals under
ultraviolet light, known as photoluminescence or
fluorescence. The causes of these colors are similar for all
types of luminescence. A basic understanding of
luminescence phenomena can give insight into a mineral’s
formation and the details of its structure and chemistry.

INTRODUCTION

Luminescence is the non-thermal emission of visible hight
by a substance. The emission of visible light by minerals in
response to irraciation by ultraviolet light is a prime ex-
ample. The principal mechanism for most types of lumines-

cence is essentially the same, that is, the interaction of

incident energy with electrons in a solid. One of the great
scientific discoveries of this century is that the electron
energy levels within an atom can have only discrete, specific
values; that is, they are gquantized. Because these energy levels
have discrete values, the energy differences between levels are
also quantized, and this provides the basis for explaining the
mechanisms of luminescence in minerals.

The Mmevalogucal Record, volume 27, Jamuary—Febraary, 1996

There are numerous varieties of luminescence. Those
produced by exposure to incident energy or radiation sources
are distinguished by the type of incident radiation. Table 1
gives a list of different types of luminescence and the
associated source of excitation. Of the types of luminescence
histed, two have had the greatest use by muneral enthusiasts
and professional mineralogists. These are photoluminescence
and cathodoluminescence. The primary reason for their
popularity is the relative ease of producing ultraviolet light
(for fluorescence) and an elecron beam (for cathodo
luminescence). Because of their popularity, this paper will
constrain its discussion to these two types ol luminescence

['here are many comprehensive references in the literature




listing minerals that iluminesce (e.g., Robbins, 1994; Henkel,
1989). We will not attempt to supplement these here;
however, we will consider a few “classic” localities for
luminescent minerals which provide insight into some inter-

esting geochemustry.

Table 1. Different types of luminescence.

Name Excitation Source

Photoluminescence Ultraviolet radiation
Cathodoluminescence Electrons
lonoluminescence lons
Roentgenoluminescence X-rays
Chemiluminescence Chemical reactions
Bioluminescence Chemical reactions in living
Organisms
Triboluminescence Several mechanisms including
the breaking of bonds (not well
understood)

Phosphorescence Time-delayed emission due to
low probability transitions (not
excitation source specific)
Time-delayed emission due to
release of trapped electrons as a

result of thermal energy input

Thermoluminescence

LUMINESCENCE MECHANISMS

In order to discuss luminescence mechanisms, we first
need to state a few definitions. Luminescence in minerals
involves electronic processes occurring in certain atoms or
combinations of atoms in a mineral structure. Most of what
happens in a luminescent system can be described without
resorting to complicated terminology, diagrams or equations.
We can easily think about three basic processes: (1) absorp-
tion of external energy or radiation (i.e. ultraviolet hght),
(2) transfer of energy, and (3) emission of visible light. The
processes of luminescence are diagrammed in Figure 1.
Absorption of incident energy can cause an electron (possibly
more than one) to be raised into a higher energy state. This
electron will ordinarily be in its lowest energy state (or ground
state) prior to absorption. It is said to be in an excited state
after absorption. An electron may have many excited states,
each one higher in energy than the next. However, we need
to consider only one excited state here. The common way to
show this absorption process is with cartoons like those in
Figure 1. The electron can be thought of as “leaping” into a
higher energy position within its atom, and the atom itself
can then be thought of as existing in an “excited” state.

Just as the electron can become excited by absorption of
incident radiation, it can return to its ground state by the
emission of energy. The energy levels that the electron takes

53 NCIDENT
.:,;: ENERGY

’A/;rffﬁ'l
E,

Visible light

E,-E,

absorption
emission

Ground ,
State _‘ﬁh =
~ electron

a. Simple Luminescence

(Luminescence)

Eﬂ‘1 _

heat loss
E,, =iiem (€NErgy transfer)

absorption

m
o
I emission

b. Luminescence with Stokes Shift

%(energy transfer)
—

absorption
~ emission

Eg :h
sensitizer

1. 2

activator

c. Sensitizer -- Activator Luminescence

—————— e
heat loss

(energy transfer)
.

absorption

[ emission

d. Afterglow / Thermoluminescence

Figure 1. Schematics of energy levels in atoms and
the transitions which result in luminescence.

The Minevalogical Record, volume 27, January—February, 1996




Figure 2. Calcite crystal, 19.5 cm, from Dal’negorsk, Russia.
Left: normal light. Right: under shortwave ultraviolet light.
Van Scriver/Pliaskov Minerals; Jeff Scovil photos.

are quantized; the energy emitted will be equal to the
difference in energy between the excited and ground states
The emitted radiation can be described by both its energy
and 1ts wavelength, and the two are inversely proportional. If
the absorption and emission were equal and opposite to one
another, then the energy (hence the wavelength) of the
emitted radiation would be the same as that absorbed (Fig

la). For example, if the incident radiation was hight in the

ultraviolet range then light in the ultraviolet range would be

emitted when the electron returned to its ground state, and
our eyes would not see it

However, the luminescence process 1s usually more com-
plex. More commonly, there is one or more intervening steps
between absorption and emission, which involve a transfer of
energy. Figure 1b illustrates such a process. Absorption causes
an electron in the ground state, E_, to jump to an excited
state, E_,. Rather than relaxation directly back to the ground
state the electron can move to another excited state, E_,, of
lower energy. This transinon, however, does not result in
emission of light, rather it transfers energy directly to the
crystal by increasing atomic vibrations which we call heat. As
the excited electron then returns to the ground state from the
E_, excited state, emiassion may occur. Because the difference
In energy between the second excited state and the ground
state (E_-E_ in Fag. 1b) 1s smaller than the difference between
the first excited state and the ground state (E_-E ), the light
emitted in this process will have a longer wavelength than the

absorbed energy. For example, if the incident energy is light

in the ultraviolet range, emission may be in the visible part of

the spectrum, hence we see it as luminescence. This differ-

ence in energy and wavelength between the absorbed and
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emitted radiation 15 necessitated by the physical law of
conservaton ot L‘I'!L"[?._""\ IT 14 1":]1;1'"1:\ transter occurs, the
emitted energy must be equal to the absorbed energy. This fact 1s
known as Stoke’s law, and if there 15 an energy difference
between the absorbed and emitted hght then the shift in
energy 1s known as Stoke’s shift

Atoms in which the energy levels are appropriately
separated so as to emit energy in the visible region of the
spectrum are known as activators. The processes that we haw
been describing make up the simple luminescence mecha
msm of a mineral with an activator atom n its structure
Most often the activator 1s present in a mineral in very small
concentrations; however, 1n some cases the activator can be a
major constituent. It 1s within or near this type of atom that
the absorption, energy transfer and emission processes occur
As was mentioned above, a given atom may have multaple
excited states to which electrons can move. It turns out
however, that not every excitation (absorption) or relaxation
transition 1s possible for a given atom. Certain transitions in
an atom may be forbidden. Also, difterent allowed transitions
may have different probabihities of occurring. Further consid
eration of activators will be presented in the next section

We can now make a bold leap mto a more nvolved
mechanism, but one that 1s very important in many lumines
cent minerals. Here we will look at the interaction between
two atoms mn the luminescence process. In Figure lc the
energy levels have been split into two parts, representing the
levels in two atoms. In the first atom an electron absorbs
energy and 1s moved to an excited state within that atom
['he energy ol the excited electron in the first atom can be

tr.muh‘rrni to the second atom causing excitanon o6 IS

LY




electron. In this case no excitation by external radiation in
the second atom is necessary. In the second atom an excited
electron drops into its ground state with the emission of
visible light. This process can occur between the same kind of
atoms, or it can occur between different kinds of atoms. In
the latter case the emitting atom is called an activator, and the
absorbing atom is called a sensitizer or co-activator. The transfer
of energy can be directly from the excited sensitizer to the
activator, as pictured in Figure lc, or the sensitizer may
actually go through emission whereby the emitted radiation
is then absorbed by the activator. This more complex
mechanism is important because the probability of the
electron absorbing radiation and leaping into the excited state
can be very small in certain activator atoms. The probability
can be so small, in fact, that luminescence emission would
never be seen from these atoms regardless of the intensity of
the radiation applied to the mineral. However, if a sensitizer
atom is nearby, and this atom can strongly absorb the incident
radiation (i.e., the probability of absorption is very high),
then emission from the activator can occur following the
transfer of energy from the first atom to the second.

One further luminescence mechanism is important for us
to consider. This is illustrated in Figure 1d. In this diagram
we show a small energy transfer process that can occur near
the excited state. Sometimes an electron in the excited state
may be able to move around from atom to atom within the
mineral’s structure. If it can do this, it may eventually become
stuck on a particular type of neighbor atom or perhaps some
defect in the mineral structure (a vacancy or an atom in the
wrong position). The electron gives up some of its energy
when this happens, hence there i1s a drop in its energy state.
The electron cannot return to its original ground state from
this new position. That transition is forbidden and the
electron is said to be frapped. It must wait until enough
vibrational energy from the muneral’s structure (i.e, atom-
atom vibrations) knocks it back up into the higher-energy
excited state, and then it can drop down into the ground state
and emit visible hght. The time-delayed release of the
electron from the trapped state is the basic mechanism for
what 1s usually called phosphorescence, 1.e., a long decay of the
luminescence after the incident source has been removed.
The same mechanism also produces what we call thermolumi-
nescence, the emission of light when trapped electrons are
moved back up to their original excited state by an external
heat source.

It is important to sort out some of the terminology at this
point. Fluorescence, in the strict sense, involves only transfers
between ground and excited states, often with some energy
transfer as heat to produce a Stoke’s shift. The process is quite
fast, much faster than the naked eye can detect, and stops
almost instantaneously when the radiation source is removed.
Fluorescence processes can be slowed if the probability of

emission is small. This can result in luminescence with a very
brief, barely detectable, decay in emission after removal of
the source. Phosphorescence, in the strict sense, involves an
intermediate excited state, from which emission, created by
an electron dropping into the ground state, has a very low
probability. It is not like trapping-related emission decay,
because the emission is from this second excited state and not
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from the original excited state. Phosphorescence can have a
very long decay, e.g. many seconds or even minutes. This sort
of mechanism is seen in organic chemical compounds and is
often of a different wavelength or color compared to the
fluorescence. Finally there is thermoluminescence, which is
emission produced when the excited electrons are bumped
out of their traps by an externally applied heat source.
Absorption may have occurred at any time prior to trapping,
possibly years before. Or the electrons may have been
boosted into their excited states by the action of natural
radioactivity. In any case, the emission is related to the
application of external heat or the heat always present in the
mineral due to atom-atom vibrations. It is this latter mode of
thermoluminescence that is often called “phosphorescence”
for minerals at room temperature, though it is not literally
correct. George Blasse, one of the current experts in
luminescence theory, has suggested the term “afterglow” for
emission from trapped electrons without the application of
heat (Blasse and Grabmaier, 1994).

Luminescence due to the presence of an activator element
is by far the most common and important. However, there is
a second type of “center” that can induce luminescence. The
presence of certain types of defects in the structure of a
crystal can also cause luminescence. Defect centers are quite
difficult to characterize, and in many cases we simply do not
understand their role in luminescence. One type of defect
that is fairly well understood, however, is known as a Frenkel
defect, or simply an F-center (Walker, 1985). In halite, NaCl,
displacement of a CI” ion will leave a vacancy in the structure
where the Cl should reside. This can occur as an acadent
during crystal growth or it can be caused by bombardment
by very energetic radiation. As a mechanism of charge
balance, an electron can become trapped in this vacancy. Just
as in an atom, there exist different energy states for this
electron in the vacancy trap. Transitions can then occur
between energy states, and if transitions emit light in the
visible, we see luminescence. F-centers are known to occur
in a number of minerals, in particular the alkah halides.

PHOTOLUMINESCENCE (FLUORESCENCE)

By far the most easily accessible type of luminescence and
hence the most popular amongst mineral enthusiasts is
photoluminescence, widely referred to as fluorescence. As
previously mentioned, the main cause of photoluminescence
1s the presence of activating elements in the mineral, so
further discussion of these activators is warranted. The
concentration of such activators may be quite small (in the

parts per million) or they may be a major constituent of the
mineral.

Activators

From the previous discussion we learned that the elec-
tronic structure, that is the difference between energy levels,
of an atom governs its ability to serve as an activator of
luminescence. In this section we will consider some of the
more important activator elements and how they work in
luminescent minerals. The most common activator is prob-
ably manganese in the divalent state (Mn**). In this oxidation
state, it often replaces Ca** in carbonates, phosphates and
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silicates, but it can also be found in sulfides and many other
kinds of minerals. Divalent manganese, particularly when
present in calcite, has a very small probability of absorption of
ultraviolet light. Hence, calcite with Mn** and with no other
activators or sensitizers will not be wisibly luminescent.
However, much calcite from Franklin, New Jersey, is strongly
luminescent when exposed to shortwave ultraviolet light,
with the emission known to be from Mn?* in its structure.
The reason for this strong luminescence is the presence of a
sensitizer, divalent lead (Pb**), which also replaces calcium in
the structure. The lead atoms strongly absorb in the ultravio-
let. There is then energy transfer to the Mn** atoms, which
readily boosts their electrons into an excited state. Fluores-
cence is relatively slow from Mn®* in calcite, due to the low
probability of emission (just as low as for absorption). If Mn**
were not present in Franklin calcite, what would happen?
Probably we would see emission from the Pb** directly, with
a different emission color. However, there is enough Mn*’
present in Franklin calcite that this situation never occurs.

Other sensitizers in calcite can create strong emission from
Mn** in response to longwave ultraviolet, most notably rare
earth elements (REE). In this case the luminescence emission
from the calcite can appear different due to the summed
emission from the Mn** and from the REE themselves. In
silicate minerals there is another way to get around the
problem of the small absorption probability for Mn**. In
silicates the silicate groups themselves can absorb ultraviolet
and transfer this energy into Mn** (or other activators).
Hence, the silicate framework of the mineral acts as a
sensitizer. Thus, willemite from Franklin and other localities
has very strong luminescence from Mn** relatively indepen-
dent of the lead concentration. Other silicates can behave
similarly.

Mn** is not only a common activator, but a versatile one.
It can produce luminescence in any color of the wvisible
spectrum. A complete discussion of how this is achieved is
well beyond the scope of this article, but suffice it here to say
that the type of atoms surrounding the Mn** and their
positions in the mineral’s structure largely determine the
color of emission. The most common emission colors for
Mn** are from yellow through a deep red.

In addition to acting as sensitizers, the REE can also be
very strong activators. These also substitute for Ca in many
minerals (Mariano, 1989; Mariano and Ring, 1975). Of
particular interest is REE activation in phosphates like
apatite. The fifteen REE (La to Lu) are geochemically very
similar and are therefore almost always found together in
nature. Several REE ions such as Ce’*, Eu™*, Eu”*, Sm™ and

Dy’ can act simultaneously as activators with the resulting
luminescence color being a combination of them all. For
example, the different luminescent colors of the apatite in

Figure 10 are due to different proportions of Sm**, Eu’* and
Mn** (John Hanchar, personal communication). Lumines-
cence in REE-doped phosphates can be extremely intense
and has been used extensively in the phosphor industry.
Another important activator is trivalent iron (Fe**). This
ion produces the deep red luminescence common in feld-
spars and is probably responsible for the deep red emission of
many scapolites, eucryptite, and other silicates. Interestingly,
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trivalent as well as divalent iron can “quench” the fluores-
cence activity in other activator ions, such as Mn**. This is
because trivalent iron has extremely strong (high probability)
absorption in the ultraviolet and blue part of the spectrum,
which effectively takes away the excitation energy from other
activators.

Chromium in the trivalent state is another important
activator, responsible for the fluorescence of rubies, spinels,
and several silicate minerals. It is probably a more common
activator than generally assumed. Activators in minerals can
take a variety of forms. We have been discussing single
impurity atoms above, but activators may also be a major
constituent in the structure. For example, rhodochrosite has
mainly Mn**, and the luminescence is a beautiful shade of
red. Some activators are not actually contained in a mineral
structure in the strict sense, but are present as inclusions of a
second mineral or fluid phase. This is generally the way in
which uranium (actually uranyl, UO3") activates many non-
uranium minerals. Inclusions of a hydrocarbon can produce
luminescence in fluorite. The brown color and wonderful
fluorescence and phosphorescence of fluorite from Clay
Center, Ohio, is due to hydrocarbon inclusions. Still other
“activators” are actually groups of associated atoms. These
include tungstate, vanadate, titanate, molybdate, zirconate
and others. Scheelite, with tungstate groups or WO,* units, is
the prime example of this type of activator. The tungsten
atom alone will not activate luminescence, but requires the
tetrahedral group of oxygen atoms about it to form a
luminescent system. All of the above mentioned activators are
metal cations; however, certain anions and anion groups are
known to cause luminescence. A prime example of this is $°
Activators can interact with each other and with sensitizers to

produce quite complex luminescent processes in minerals.

Generation of Ultraviolet Light

Ultraviolet light can be generated in a variety of ways, but
the form most used by mineral collectors is the “low
pressure” mercury discharge lamp. This is a simple fluores-
cent-type lamp with filaments on each end to volatlize the
mercury inside into vapor. It then uses a high voltage to
produce a conduction path through the mercury vapor. The
vapor atoms are thus excited by the high voltage, and lose
this excess energy by emitting light. One can think of this as
the gaseous state analog of the basic fluorescence mechanism
in an activator. The mercury atoms can emit several wave-
lengths of light depending on the state to which they have
been excited. If there is a higher pressure in the mercury
lamp the mercury atoms can collide more often and lose
their energy to heat (or velocity) of the other atoms. At ligh
enough pressures this occurs fast enough to limit the
excitation that occurs from the high voltage, and the lamp
produces mainly lower energy, 1.e. longwave, ultraviolet and
visible light. Hence shortwave ultraviolet lamps use lower gas
pressures. Because the absorption processes in mercury atoms
are quantized, the emitted hight from these states can have
only certain energies. This, in turn, means that ultraviolet
light from a lamp consists of only certain wavelengths of
ultraviolet (and wisible) light. Popular longwave ultraviolet
lamps usually use an ultraviolet-emitting phosphor inside the
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lamp envelope. This phosphor absorbs shorter-wave ultra-
violet light and converts it into a longer ultraviolet wave-
length, effectively boosting the longwave ultraviolet output
of the lamp. The phosphor is effectively fluorescing in the
ultraviolet.

All ultraviolet lamps also produce visible light. This must
be carefully removed or the lamp cannot be used to view
fluorescence effectively. The usual method i1s with glass filters
of special compositions that selectively pass ultraviolet hght,
but absorb visible light. As most collectors know, these filters
do not work perfectly, and all pass some purple or red light.
The filters also deteriorate with use, as do the lamp tubes
themselves.

Other sources of ultraviolet light are the sun; hydrogen
and other types of discharge lamps; special laser systems; and
“hot” sources. The last type consist of so-called “black body”
emitters whose incandescence merely extends into the ultra-
violet. Because of the ultraviolet component in sunlight, the
color of many minerals in sunlight is in part produced and
enhanced by fluorescence. Common examples include autun-
ite and some fluorite, especially the purple/green specimens
from Durham, England, which fluoresce blue.

CATHODOLUMINESCENCE
In cathodoluminescence the excitation source i1s a beam of
accelerated electrons, rather than ultraviolet hight. Because of

the added complexity and expense associated with electron

Figure 3. Cathodoluminescent image of concen-
tric and sectoral zoning in dolomite, Burlington

Formation, Mississippi. From Reeder and Prosky
(1986).

sources it has not found as much favor among mineral
collectors; however, it has found wide use by mineralogists
and petrologists (Remond, 1977; Marshall, 1988; Barker and
Kopp, 1991).

As with ultraviolet light, a beam of electrons can be
created by several different mechanisms. The two most
widely used are the cathode ray tube attachments for
petrographic microscopes and electron microprobes. The
electron microprobe is a sophisticated and expensive piece of
equipment. Because of cost, ease of use, and versatility,
cathodoluminescence microscope attachments are used more
often. These attachments use a cold cathode electron gun
which must be operated in a vacuum. The accelerating
energy and the electron current can both be varied.

For the most part, the mechanisms and activators for
photoluminescence are the same for cathodoluminescence.
There are, however, slight differences in the details between
the two, and cathodoluminescence has a few unique qualities
which are very desirable. The depth of activation from the
electron beam is much less than from ultraviolet light. This

allows for better spatial resolution and yields greater detail in

fine-scale luminescence patterns. Also, the luminescence
intensity, or yield, 1s generally higher in cathodolumines-
cence than in photoluminescence due to the higher density
of excitation energy in the sample. Finally, the intensity and
energy of the source can be easily varied, which allows more
\'L'I'ﬁ;][l]t' L'Kpt‘!'”ﬂt_‘”[.ltl'[}".

LUMINESCENCE ZONING IN MINERALS

Now that we have looked at the mechanisms of lumines-
cence, let’s turn our attention to the kinds of information
that luminescence can reveal about a mineral. We wall first

consider luminescence zoning. The most obvious variations

Figure 4. Scheelite crystals to 2 mm, from the Camp
Bird mine, Ouray County, Colorado. The outer zone
fluoresces blue but the molybdian cores fluoresce
yellow. Peter Modreski photo.
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Figure 5. Willemite (green) and calcite (red) fluorescing in place
underground at the Sterling Hill mine, 500 level, 1200 stope. The view
is about 30 cm across, and was shot using shortwave ultraviolet light.

Photo by Peter Modreski.

in luminescence can be seen between different minerals in a
rock that luminesce differently. Magnificent examples of such
intercrystalline luminescence are observed in the many
mineral associations found in the ores and host rocks of the
Franklin-Sterling Hill, New Jersey, deposits (Fig. 5). Lumu-
nescence differences between different minerals are used
extensively for disinguishing minerals that may look similar
in visible light. They can also be of great help when trying to

pick out very small crystals in a rock, or prospecting for a

particular mineral hke scheelite. For the purposes of this
paper we will refer to zoning as spacial differences within
individual crystals, in other words intracrystalline zoning.
Zoning in minerals is a spatial difference in a particular
property or characteristic such as composition, color, sym-
metry or luminescence. Luminescence zoning is not only
beautiful but can provide a wealth of information about such
aspects as the morphologic history of a crystal, changes in the
environment during crystal growth, growth mechanism, and
differences in the atomic structure at the crystal’s surface.
Because the most common cause of luminescence is the
presence of some activating element, luminescence zoning
most often reflects compositional differences between differ-
ent portions of a single crystal. There are several different
types of zoning which occur during crystal growth and each
can provide unique information. The different zoning pat-
terns that will be discussed can be distinguished by their
spatial relationships within single crystals. Although discussed
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here in terms of luminescence, they can also pertain to
zoning of any other property or characteristic of the mineral,
but are usually related to compositional differences

Zoning can occur on many scales and in many different
spatial relationships. Zoning may also occur within a mineral
by diffusion which may alter the original zoning patterns that
formed during crystal growth. Diffusion-induced composi
tional zoning has been studied extensively in metamorphi
garnets (see Spear, 1993 and references therein) as well as
other munerals. Of greater variety and potentially more
illuminating are zonming patterns generated during crystal
growth.

Concentric Zoning

'he most familiar type of luminescence zoning observed
in minerals 15 concentric zonming. If growth occurs on all
crystal faces more or less evenly, then different intervals of
growth will produce concentric layers from the center of the
crystal outward. Concentric zoning 1s seen as compositional
differences between these layers of the crystal. The wadth of
the concentric zones may be narrow and the number may be
large, as in the dolomite shown in Figure 3. Or they may be
wide and as few as two in number (Fig. 4). The boundary
between zones may be sharp or it may be diffuse with a
smooth gradation throughout the crystal. If sharp, the
boundary of different luminescent layers is parallel to the

growth surface that existed at the tme of growth of those
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Figure 6. Schematic cross-section of a cubic
crystal showing concentric zoning and changes
in morphology during growth.

layers. Changes in the orientation of a given concentric zone
delineate regions of the crystal that grew under different
crystal faces. Individual concentric zones presumably formed
during a specific time interval; consequently they allow for

the determination of ime-equivalent or coeval portions of

different regions of the crystal. This can be thought of as
analogous to a stratigraphic sequence. Because concentric
zones form parallel to growth surfaces, concentric zoning
reflects the morphologic history of a crystal. This is illustrated
in Figure 6; concentric zoning shows that the crystal was
initially bound by octahedral {111} faces. As the crystal grew
outward the cube {100} faces started to form and eventually
dominated the crystal morphology. Concentric zoning re-
flects temporal changes in the environment while a crystal 1s
growing (Spear, 1993). For example, as a crystal is growing
outward from a nucleus, changes in the solution or melt
composition may be reflected in the composition of the
crystal. If the identity or concentration of a luminescence
activator fluctuates with time, then concentric bands which
grew during different periods will show these differences in
their luminescence. Such compositional differences within a
crystal can also be induced by changes in growth rate as well
as temporal variations in solution properties such as pH,
temperature, oxygen fugacity, etc.

Sectoral Zoning

Two genetically similar types of luminescence zoning that
do not reflect temporal changes but rather lend information
about growth mechanisms and differences (anisotropies) at
the crystal surface are sectoral and intrasectoral zoning. A
sector is a region of a crystal that has formed by incorpora-
tion of atoms or growth units on a given crystal face. Figure
7a shows an idealized tetragonal crystal that is bounded by
two forms, the prism {100} and the pinacoid {001}.
Outlined by dotted lines are the sectors associated with each
face, and one of the {100} sectors is shaded. One can
imagine that as this crystal grew from a nucleus at its center,
the shaded volume was formed as material was added onto
the cerresponding prism face. The entire volume of our
crystal is then made up of four prism sectors and two
pinacoid sectors. Compositional differences between por-
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Figure 7. (a) Schematic of a tetragonal crystal
with one of the prism sectors shaded. (b) The
same crystal with a growth hillock on the
prism face and one of the subsectors shaded.
See text for details.

tions of symmetrically different sectors that grew at the same
time are known as sectoral zoning. Such compositional
differences may lead to differences in luminescence. A
magnificent example of sector zoning 1s found in the gypsum
crystals from the Chain Lakes, Alberta, Canada (Fig. 11).The
requirement for differences between coeval portions of the
different sectors is quite important. If we were to compare
the luminescence between points 1 and 2 of the crystal in
Figure 7a we would be comparing portions of the different
sectors that grew at different times. The portion of the {100}
sector at point 1 grew long before 2 in the (001} sector.
Because 1 and 2 are not coeval, we could not rule out the
possibility of compositional differences between them being
due to temporal changes in the environment (i.e. concentric
zoning). The presence of concentric zones, however, lets us
determine what regions of different sectors grew at the same
time. Assuming a uniform growth environment, at least in
the immediate vicinity of the crystal, the presence of sector
zoning tells us that the corresponding faces were somehow
different. It has been proposed that the difference causing the
differential incorporation of the activating elements is either
in the atomic structure of the different faces or the rate at
which they grew (Hollister, 1970; Nakamura, 1973; Dowty,
1976).

Unlike concentric zoning the interface between regions
of different luminescence for sector zoning is not parallel to
the crystal faces; rather it coincides with the boundary
between two different sectors (the growth sector boundary).
Growth sector boundaries are most easily determined by
changes in the orientation of concentric zones, if present.

Intrasectoral Zoning

One of the most common mechanisms of growth is the
spiral mechanism, particularly in mineral growth from aque-
ous solutions. The potential for spiral growth occurs when a
screw dislocation in the crystal intersects a crystal face. The
displacement of the surface around the dislocation creates a
step on the face where the dislocation emerges (Fig. 8). For
energy reasons (Burton et al., 1951; Sunagawa, 1984),
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Figure 8. Schematic of a screw dislocation
intersecting a crystal face (indicated by arrow)
and creating a step. S marks a step site and K
marks a kink site.

incorporation of atoms or growth units on the crystal face
takes place preferentially along steps, and more specifically at
kink sites within a step (Fig 8). A kink site or a “protosite”
can be thought of as the surface representation of a bulk
crystallographic site. For example, in the halite structure
there 1s a regular crystallographic site where Na atoms reside.
This site has six Cl atoms around it in an octahedral
arrangement. Where the structure is truncated by a crystal
face this site is not fully surrounded by six Cl atoms, and
before incorporation of a Na atom, or a substituting atom,
we call it a protosite.

As material is added at the step it grows laterally. Because
the step terminates at the dislocation, the step will spiral
around its origin during growth, hence the name spiral
growth. One common manifestation of spiral growth is the
formation of growth hillocks on the crystal face. If condi-
tions are right, growth hillocks will develop as polygonized
features with straight steps and definite angles between steps
of different orientation (Fig. 9). Polygonized growth hillocks
exhibit vicinal faces which are very shallow surfaces that vary
only slightly in angle from the crystal face. Each vicina! face
1s comprised of growth steps of like orientation that propa-
gate in the same direction during growth (Fig. 9). Analogous
to a sector, portions of a crystal that have grown by
incorporation of atoms or growth units onto a specific vicinal
face are known as subsectors (Fig. 7b). In Figure 7b the prism
face grew by the spiral mechanism as indicated by the
presence of a four sided growth hillock. The dashed line from
the center of the crystal to the apex of the hillock represents
a screw dislocation. One of the subsectors associated with a
vicinal face of the hillock is shaded. Similar to sectoral
zoning, compositional differences between coeval portions of
symmetrically different subsectors is known as intrasectoral
zoning. Again, these compositional differences often lead to
differences in luminescence. Figure 10 shows intrasectoral

zoning of the prism {1010} of apatite (Rakovan and Reeder,
1994).

The presence of intrasectoral zoning tells us several things.
First, the face associated with the sector that is zoned grew by
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Figure 9. Schematic of a polygonized growth
hillock with four vicinal faces. The lower
portion of the figure shows a blow-up of steps
on the vicinal faces and the presence of
protosites.

the spiral mechanism. Also steps of different orientation,
making up different vicinal faces, segregated the elements
which are causing the luminescence differences between
subsectors. Paquette and Reeder (1990) proposed that it is
the specific structure of growth steps on vicinal faces that lead
to differential incorporation of activators that cause lumines-
cence.

We have seen that luminescence in minerals has many
applications in petrologic studies. Luminescence differences
between minerals can be used for quick recogmition and
identification of certain minerals. One can also quickly get a
feel for the distribution of a mineral iIn a rock sample
Luminescence zoning within single crystals can tell us many
details about its formation. Finally, with knowledge of
activation in other samples it is possible to make an educated
guess as to the activator(s) in a sample based on the color of
luminescence. However, to unequivocally determine the ions
causing luminescence, luminescence spectroscopy is neces-
sary.

LUMINESCENCE SPECTROSCOPY

Spectroscopic methods can be used to determine the
presence and identity of ionic impurities that cause lumines-
cence. They can also reveal the valence state of particular
1ons, their coordination in the structure, the presence of ions
in different, non-equivalent sites in the structure, local site
symmetry, and other details about the local structure of the
mineral (Waychunas, 1988; Fritsch and Waychunas, 1994).
There are three types of measurements that fall under the
category of luminescence spectroscopy; these are absorption,
CIMISSIOn, Jnd excianon ﬁpff[!’n\fﬂp}'.

Absorption spectroscopy measures the amount of light
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Figure 10. Intrasectoral zoning in apatite: (a)
Reflected-light image of trigonal growth hill-
ocks on the {1010} face of apatite, Golconda
mine, Minas Gerais, Brazil. (b) Cathodolumi-
nescence image of a different region of the
same crystal face. Diflerences in luminescence
correspond to symmetrically different vicinal
faces of growth hillocks in (a). Photograph by
John Rakovan.

absorbed and/or transmitted by a sample as the wavelength of

the incident radiation is varied by use of a tunable
monochromater. The intensity of the transmitted light can
then be plotted for every wavelength. Such a plot will show
which wavelengths are transmitted and which are absorbed
by the sample.

Excitation spectroscopy is similar, but rather than measur-

ing the intensity of the transmitted radiation, the intensity of

the emtted light at the wavelength of the luminescence 1s

measured. Often times there will be several wavelengths of

light being emitted, and a full spectrum must be collected for
each emission. Two monochromaters are required to collect
an excitation spectrum, one to scan the wavelength of the
source radiation, and one set at the emission wavelength to

be measured. The excitation spectrum will show the wave-

lengths of radiation that produce luminescence when they

strike the sample. These must obviously be absorbed by the
sample to create luminescence, so information can be
obtained by comparison of the excitation and absorption
spectra. If the two spectra are very similar, then the ion(s) that
are emitting must be the same ones that are absorbing
Comparison of the absorption spectra with standards con-

taining known luminescence activators can then allow the
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Figure 11. Gypsum, Chain Lakes, Alberta,
Canada. (a) Plain light image, (b) photo-
luminescence image showing sector zomning.
Luminescent sectors are under the {120} faces.
Photograph by John Rakovan.

identification of the activator in the sample. If the two spectra
are different, however, there can be two possible reasons
First, the mineral may have several types of 10ns that absorb
but only one is the source of emission. Second, the absorbing
ion may be different than the emitting 1on as 1s the case of
sensitizer-activator pairs. In optimal cases, both the activator
and the sensitizer can be determined

[he reverse of excitation spectroscopy IS emission spec-
troscopy. The monochromater of the source radiation 1s fixed
at a given wavelength (e.g., “longwave™ ultraviolet, and the
radiation emitted by the sample is scanned. This results in a
spectrum of emutted luminescence which can indicate the

identity of activators and sensitizers.

CLASSIC LOCALITIES

[here are a few locations in the world that are considered
to be classics because of their production of numerous and
varied mineral specimens having interesting and spectacular
luminescence. As we have seen, the ]"u'l"[L'I][L'Il for most
luminescence in minerals i1s controlled by their chemustry.
Activator elements are necessary, and may be augmented by
possible sensitizers. Also necessary is the absence or low level
of elements hke wron which can quench luminescence.
Because of these requirements, the classic localites are
geochemically very interesting and oftentimes not only

produce minerals with unusual luminescence, but exhibit an

l'u':r'- I.J.Ilnl-,'l..hI H- wil '-'.Ilr|rl.-. _' J;r-u_“. ,' il | G




Figure 12. Quartz (chalcedony),

5 cm, from Apache Creek,

Catron County, New Mexico.
Photo (under shortwave
ultraviolet light) by Peter

Modreski.

Figure 13. Calcite crystal
group, 4.5 cm, from the
Waldo mine, Socorro
County, New Mexico.
Photo (under shortwave
ultraviolet light) by
Peter Modreski.

Figure 14. Calcite with
intergrown, fluorescent
green opal, 7 cm, from
the Kelly mine, Socorro
County, New Mexico.
Photo (under shortwave
ultraviolet light) by
Peter Modreski.
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unusual suite of minerals. All classic luminescent-mineral
localities have a number of aspects in common. They usually
have a fairly low concentration of quenching ions in their
minerals, and they usually have a variety of available activa-
tors. In addition, they usually have a large variety of mineral
structures that can contain the activators.

The pre-eminent locality is Franklin, New Jersey. Here
the availability of divalent lead and manganese and the
relative paucity of iron, copper and nickel in the luminescent
minerals allow for strong luminescence in many mineral
species. Interestingly, there is plenty of iron as well as other
quenching elements around; however, they are partitioned so
strongly into minerals like franklinite that they do not
interfere with the luminescence of species like calcite.
Franklin is unusual in the number and variety of silicates and
other minerals found there, and in the number of luminesc-
ing species. The geochemistry of the deposit is unusual
enough that many species common at Franklin are rare or
not found elsewhere in the world. The trademark mineral
association of Franklin is spectacularly green-fluorescing
willemite embedded in a bright red-orange fluorescing
calcite (Fig. 5). However, several dozen other fluorescent
minerals are found here, many of them with magnificent
luminescence, and occurring together in combinations of
unusual beauty and diversity.

A locality similar in some ways to Franklin is Lingban,
Sweden. Here divalent lead and manganese are the chief
activators, but the overall compositional range is more
restricted than at Franklin. The common calcite from Lingban
luminesces a spectacular deep red color. Many other minerals
common to Franklin are also found at Lingban.

Mont Saint-Hilaire in Québec, Canada, is another re-
markable locality. Differing from Franklin and Lingban,
Mont Saint-Hilaire 1s not a mining operation for metal ores,
but for road fill and general construction rock. Most of the
rock quarried is an alkali syenite complex with a great many
unusual minerals, and rather low iron content. Many species
found at Mont Saint-Hilaire occur nowhere else in the
world, and for many other species the most spectacular finds
in the world are from this locality. Luminescence is activated
by divalent manganese, uranyl, the $* ion, trivalent iron, rare
earths and probably other activators.

A relatively new locality that few, if any, of us have seen in
person i1s in the general region of Tajikistan in the central
Pamir mountains (Dara-i1-Pioz). From this region comes a
remarkable combination of luminescent minerals found only
rarely at other places in the world. Especially dramatic is the
combination of pink-fluorescing agrellite with blue-fluoresc-
ing baratovite, but some 20 other luminescing minerals are
also known from this region. As with other deposits in
Russia, notably on the Kola peninsula, the rocks are of the
high-alkali pegmatite and syenite types, resulting in a large
number of unusual silicates.

FURTHER SOURCES OF INFORMATION

In the short space of an article it would be impossible to
discuss fully every aspect of luminescence. There exists an
enormous body of literature on the subject from the fields of
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mineralogy, physics, chemistry and materials science. For
more detailed works on the physics behind luminescence
phenomena in minerals the reader is referred to Blasse and
Grabmaier (1994), Walker (1985), Marfunin (1979) and
Leverenz (1968).

Also, for those who wish to share their interest in
luminescent minerals, there is the Fluorescent Mineral Soci-
ety (FMS). The FMS is an organization which promotes the
collecting and displaying of fluorescent minerals, and fosters
investigative work into activation mechanisms, development
of color standards for descriptions of emission color, and
other of interest to the fluorescent mineral enthusiast.
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TucsON MINERALOGICAL
SYMPOSIUM

FLUORESCENCE AND LUMINESCENCE
IN MINERALS

INTRODUCTION

Fluorescence is one of the most striking physical proper-
ties of minerals. It is a tool in mineral identification, an
indicator of chemistry and internal structure, and a distinctive
component of the aesthetic appeal of minerals. Many collec-
tors acquire their first interest in minerals through exposure
to the magical beauty of fluorescence.

This symposium, in conformance with the objectives of

the Friends of Mineralogy, combines papers on descriptive
and locality-oriented topics, with research reports from
scientists studying the properties and activators of fluorescent
minerals. Several papers deal with the field of cathodolumi-
nescence, famihar to petrologists but not well-known by
most mineral collectors; and several describe the applications
of modern instrumentation, including visible and ultraviolet
lasers, to the excitation and measurement of luminescence. A
unique feature of the symposium will be the demonstration
of mineral fluorescence excited by a 193-nm excimer laser,
brought to Tucson specially for this purpose by Dr. W. R. L.
Clements of MPB Technologies, Inc., Dorval, Quebec.
Calcite, the theme mineral of the 1996 Tucson Gem and
Mineral Show, i1s also one of the most notable fluorescent
minerals. Though much calcite is not fluorescent, the mineral
does provide some of the worlds most outstanding fluores-
cent specimens. These include well-crystallized, red- to pink-
fluorescent manganoan calcites from many localities world-
wide (Oursy, Colorado, Dal'negorsk, Russia, and Charcas
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and Santa Eulaha, Mexico, are just a few noteworthy
examples). As well, there is the fiery red-orange fluorescence
of calcite from Franklin and Sterling Hill, New Jersey, and
calcite from sedimentary and hydrothermal occurrences
which can fluoresce in a remarkable variety of yellow, green,
white, blue, violet and pink colors, the interpretation of
which tests the mauts of our understanding of activators and
luminescence mechanisms. Several papers in this symposium

address aspects of the luminescence of calcite.

Visitors to the 1996 Tucson Show are invited to view the
special exhibits of fluorescent minerals sponsored by the
Fluorescent Mineral Society. Within a special darkened
exhibit area, a display of some 70 cases of outstanding
fluorescent specimens from worldwide localities and from
both puhlu and private collecions has been assembled for
this year’s show. PIM
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ABSTRACTS

Luminescence Zoning in Minerals:
A Phenomenon of Beauty and Illumination

John Rakovan and Richard J. Reeder
Department of Earth and Space Sciences
State University of New York
Stony Brook, NY 11794-2100

In many instances luminescence in a single crystal is not
homogenous. Rather, luminescence may show well-defined
spatial variations in both intensity and color. Such lumines-
cence zoning is not only beautiful but can lend a wealth of
information about the morphologic history of a crystal,
changes in the environment during growth, mechanism, and
structural differences at the crystal surface. In minerals,
luminescence zoning most often reflects differences in the
distribution of major, minor or trace elements that act as
activators or quenchers. Compositional heterogeneities are
typically created during crystal growth, however, post-
growth processes such as diffusion can significantly alter
original zoning patterns. Here we constrain our discussion to
growth zoning only.

An important feature in the interpretation of zoning
patterns is the spatial relationship between regions of differ-
ent luminescence and the growth surface (i.e., the crystal
faces). Among the several types of luminescence zoning
found in minerals, the most widely recognized 1s concentric
zoning. Here, luminescence varies in concentric bands from
the center of the crystal outward, and the boundary between
regions of different luminescence parallels the crystal face
responsible for the bands’ growth. Concentric zoning gener-
ally reflects temporal changes in the environment during
crystal growth. Changes in the identity and size of crystal
faces during growth may be reflected in concentric zoning
patterns; hence they can record the morphologic history of a
crystal. For some minerals, habit variation has been used to
indicate changes in fluid composition.
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Two other types of zoning commonly found in minerals
are sectoral zoning and intrasectoral zoning. The composi-
tional differences expressed in these types of zoning are not
associated with temporal variations in the environment;
rather they are due to differences in surface structure
between different crystal forms during growth. The volume
of the crystal under a given face (i.e., that has formed by
growth of that face) is known as a sector. Sectoral zoning is a
compositional difference between portions of symmetrically
different sectors that grew at the same time; it is often seen as
luminescence differences between sectors [i.e., the (100) and
(110) sectors in calcite]. Sectoral zoning indicates that the
crystal forms associated with the different sectors have
different affinities for incorporation of the activating ele-
ments during growth.

Intrasectoral zoning is a compositional difference between
tme equivalent regions within a given sector. The formation
of such compositionally distinct subsectors is dependent on
the mechanism of growth and is known only for the spiral
growth mechanism. Intrasectoral zoning is often seen as
luminescence differences between different subsectors. The
boundary between subsectors i1s oblique to the crystal face
and cuts across parallel segments of concentric bands when
present. As with sectoral zoning, intrasectoral zoning reflects
differing affinities at the crystal surface for incorporation of
luminescence-activating elements. However, for intrasectoral
zoning the differences are on a single face and not between
different faces as in sectoral zoning. It has been suggested that
the structure of symmetrically different growth steps on a
face is the cause for this differential incorporation.

All of these types of zoning can produce spectacular and
interesting luminescence patterns and can reveal many secrets
of a crystal’s formation. Some of the most studied examples
of luminescence zoning are found in calcite. Mn** is the most
common activator of luminescence in calcite, although other
elements may also play a role. The complex multiple zoning
patterns in calcite facilitate the use of luminescence for the
interpretation of growth history.

Fluorescent Minerals—Some Answers,
Questions and Enigmas

Peter |. Modreski
U.S. Geological Survey
Box 25046, Federal Center, MS 905
Denver, CO 80225-0046

The nature of fluorescence in many minerals today is
well-understood, and has been for a long time. In contrast,
for many other minerals—some rare, but some quite com-
mon—we have only tentative hints toward understanding the
causes and mechanisms of their luminescence.

In cases of simple activators in well-characterized miner-
als, the situation is clear and is explainable in terms of crystal
field theory or molecular orbital theory: Mn** in calcite,
halite, willemite, wollastonite, apatite and others; Cr” in
ruby and spinel; Fe’* in feldspars; Eu®* in fluorite; other REE
(Rare Earth Elements, especially Sm™ and Dy™) in apatite,
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zircon and various silicates; S, in minerals of the sodalite and
scapolite groups; WO7 in scheelite; and UO?Z* in uranyl
minerals. Of those minerals in which fluorescence is not yet
well-understood, for some it is because the basic investiga-
tnons into trace element content, spectroscopy and the
synthesis of doped analogs have yet to be performed. Others
have eluded understanding because complex mixtures of
activators are present, or because the physical principles
which control the luminescence (defect sites, trapped elec-
trons, and semiconductor minerals which must be inter-
preted in terms of band theory) are more complex, and
require sophisticated techniques and equally sophisticated
understanding to interpret. Most mineralogists are not crystal
physicists, and most of the latter have insufficient motivation
to apply their talents and methods to obscure, glowing
crystals.

Some puzzles: what causes the unsaturated, whitish fluo-
rescence common in some calcite, aragonite, gypsum, barite
and many other minerals? To what degree is red fluorescence
in feldspars activated by Fe'* as opposed to REE? What ions
are responsible for the vyellowish white fluorescence of
borates? What balance of metal ions controls the varied colors
(orange, yellow, red, blue) of sphalerite luminescence? Is
Cd** responsible for the deep red fluorescence of yellow
smithsonite? What about the blue-white or greenish white
fluorescence seen in diopside and tremolite; or the “brown”
fluorescence of some phlogopite, and the yellowish white
fluorescence of polylithionite? Why does witherite fluoresce
blue-white, and hydrozincite, blue? In how many minerals
does Pb** or Ti** play a role? What is going on in the muln-
color “Terlingua-type calcites? Happily, research addressing
some of these questions 1s in progress, including several
studies being presented at this symposium

Single-Color and
Multicolor Fluorescence in Calcite

Manuel Robbins

Manning Lane
Cherry Hill, New Jersey 08003

The orange-red fluorescence of calcite from Franklin and
Sterling Hill, New Jersey 1s known to all fluorescent mineral
collectors. Western collectors know of calcite with similar
fluorescence at localities where zinc, lead, and sometimes
copper and scheelite have been mined. This orange-red
fluorescence has been extensively studied, and the activators
identified; it 1s due to manganese and lead replacing calcium
Somewhat less known are calcite fluorescences in white,
yellow and other colors, the activators of which are not
known.

Among the most interesting aspects of fluorescence is the
fact that some minerals fluoresce in one color when excited
by shortwave ultraviolet and in a second distinctive color
under longwave ultraviolet light. Calcite provides excellent
examples of this phenomenon. Calcite from Santander, Spain
fluoresces red and white; calcite from Guanajuato, Mexico
fluoresces pink and white; and certain massive calcite from
Franklin fluoresces red and wviolet. Calcite from Fohnsdorf,
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Figure 1. Calcite crystal group, 4.5 cm, from the Waldo mine, Socorro County, New
Mexico, fluorescing blue under longwave ultraviolet light. Compare the photo of the
same specimen on page 17 fluorescing red under shortwave ultraviolet light. Photo by

Peter Modreski.

Austria, and northwestern Colorado fluoresces in bands of
various colors under shortwave and different colors under
longwave ultraviolet light.

Best known among minerals which show this two-color
fluorescence is calcite from the mercury district of Terlingua,
Brewster County, Texas. Under shortwave ultraviolet light its
color 1s an intense blue-white. Removal of the ultraviolet
light results in a phosphorescence of remarkable duration in
the same color. This phosphorescence has been found to
continue years after exposure to ultraviolet light. Comple-
mentary to this enduring phosphorescence, and perhaps
related to it, is the slow build-up of blue fluorescence on

exposure to shortwave ultraviolet light. Under long wave

ultraviolet, the fluorescence is usually pink or pink-orange.

The color under longwave ultraviolet is accounted for on the
basis of a second color near orange-red being added to the
blue color produced by the shortwave light. That blue plus
orange-red can produce the colors noted under longwave
can be demonstrated.

Not evident to collectors using standard ultraviolet sources
is the fact that there is (as measured in one specimen), in
addition to blue and orange-red, a broadband green fluores-
cence and a narrowband red fluorescence which can only be
excited by ultraviolet wavelengths other than those provided
by standard mineral lamps.

A second and somehow related phenomenon is also found
in Terlingua-type calcite. Much of it is colored pink as seen
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under ordinary light. Rarely, it 1s colored green. Invariably,
when these colors exist, it i1s these regions of the calcite
which fluoresce as described above. If the daylight color of
such calcite 1s green, exposure to sunhght will rapidly bleach
the green to gray, and further exposure will finally change
the color to pll?k.

Fluorescence in calcite from Terlingua has been known to
collectors since the 1930%. It had been suspected that the
remarkable fluorescence was due to mercury, since the calcite
was removed in the process of extracting mercury ores. It is
now known that this probably 1s not the explanation, since
similarly fluorescing calcite is known from a number of
localities where mercury i1s not found. The cause of the
fluorescence, and of the daylight color, has not been posi-
tively established, but the following paper will present some
hypotheses and plausible conjectures.

Luminescence Mechanisms and Activators
in Terlingua-Type Calcite, and in Benitoite
and Related Silicate Minerals
Glenn A. Waychunas
Center for Materials Research

Stanford University
Stanford, California 94305-4045

A suite of calcite specimens having luminescence similar

to notable samples from Terlingua, Texas, has been examined
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by luminescence spectroscopy methods (emission and excita-
tion spectra), and analyzed with neutron activation for trace
element composition. The emission spectra are all similar, but
vary in the relative intensity of bands in the blue and red part
of the spectrum. Excitation spectra of the blue emission
suggest rare earth activation, probably either Eu™* or Ce™*.
However the unusual “build up” of the blue emission upon
first application of shortwave ultraviolet light cannot be due
to simple activation or typical phosphorescence (or “after-
glow”). A mechanism is proposed that includes the photo-
reduction of Eu’ in the calcites into Eu®* as ultraviolet light
strikes the samples. As the Eu’* concentration increases, so
does the fluorescence. Upon cessation of ultraviolet expo-
sure, trapped electrons can hop back onto tha Eu®* ions,
converting them back into Eu™ with continuing afterglow.
Red emissions in the calcites is probably due to Mn*
emission with Ce’" sensitization, as suggested by the red
band’s excitation spectrum. Benitoite was also studied, be-
cause its blue emission spectrum looks very much like the
blue emission of the calcite. However, in this case the
excitation spectra suggest a charge-transfer excitation mecha-
nism, presumably due to the TiO, cluster in the structure.
The red emission of some benitoites appears to be (at least)
sensitized by rare earths, but the activator has not been

identified. Finally, silicates that may have similar types of

luminescence mechanisms as in benitoite are considered.

The Influence of Heating on the
Luminescence of Calcite

Roger A. Mason
Department of Earth Sciences
Memorial University of Newfoundland
St John's, Newfoundland, Canada A1B 3X5

The dependence of the luminescence of calcite and
dolomite on trace element activators and quenchers (e.g.
Mn?* and Fe®) is well-known, although quantification is
incomplete. Recent cathodoluminescence (CL) work' on
calcite with Mn and calcite with REE grown from solution
over ~10 days shows that heating can also modify the
luminescence of calcite. The present work extends the results
to calcite with Mn grown rapidly (<30 minutes) from
solution. Synthetic calcite was heated (1) in CO, at 1
atmosphere and (2) hydrothermally at ~500 bars in the range
75 to 400° C. Heating effects were measured using spectra
collected from the samples before and after treatment.

Changes in CL intensity are expressed in the ratio [, = |
I

F,

he ated

unheated-

In rapidly grown calcite I, increases with temperature up
to ~5.5 in material heated hydrothermally at 400 °C
whereas heating of 100 °C or below is almost ineffective (I,
~1 £ 0.2). There is a plateau in I, at ~300 to 400 °C. At
temperatures greater than ~150 °C, I, does not change after
~15 to 20 hours. Heating in CO, is less effective: I, ranges

up to ~3 at 400 °C. At 250 and 300 °C (in CO,), I

The Mincralogical Record, volume 27, Jamuary—February, 1996

Figure 2. Calcite crystals (fluorescing red) on
scheelite crystals (fluorescing blue) from the
Camp Bird mine, Ouray County, Colorado; 10

cm. Bryan Lees collection; photo by Peter
Modreski.

increases (slowly) even after heating for 300 hours. Individual
starting materials differ in the magnitude of I, at a given
temperature but the effect is not related to the concentration
of Mn. These data show that rapidly grown calcite is more
responsive to heating than slowly grown calcite' and establish
a temperature dependence of that response.

Experiments on natural calcite show that heating effects
are not restricted to synthetic calcite. The response is more
complex: both the wavelength and bandwidth of emission
are modified by heating,

Mason' suggested that changes in the concentration of
structural defects may be responsible for heating effects on
CL intensity. An alternative hypothesis 1s that heating dis
perses clusters of the CL activator in which concentration
quenching occurs. However, unit cell parameters and EXAFS
spectra from selected synthetic samples failed to show differ
ences between heated and unheated calcite, suggesting that
there are no significant changes in crystal chemistry or local
coordination of the activator. These results show that both
trace-element chemistry and thermal history are important

controls of luminescence in calcite.

'Chemical Geology, 111, 245-260 (1994).




Uranium-Activated Fluorescence in
Minerals of the Franklin-Sterling Hill Area,
Sussex County, New Jersey

Richard C. Bostwick
SPEX Industries, Inc.
203 Norcross Ave.
Metuchen, NJ 08840

Uranium minerals are rare at the great zinc-iron-manga-
nese deposits of Franklin and Sterling Hill, but uraninite has
been found there, as well as several secondary uranium
minerals including uranophane, metazeunesite, meta-ankoleite,
metalodevite, uranospinite and znucalite. Most of these
secondary uranium minerals (including the last four named
above) fluoresce green under ultraviolet radiation due to the
presence of the uranyl ion, UO,*". Similar fluorescence has
been observed locally in quartz, aragonite, monohydrocalcite
and other minerals which were deposited under surface or
near-surface conditions, and while this so-called “uranium-
green” fluorescence has been assumed to be due to uranium,
no proof has been offered. One of the major zinc ore
minerals at Franklin and Sterling Hill 1s willemite, which
typically fluoresces green; to the eye this fluorescence of
willemite can be similar to that of uranium-bearing minerals,
and there is considerable possibility for attributing green
fluorescence at Franklin and Sterling Hill to either manga-
nese-activated willemite or to the uranyl ion. A spectrofluo-
rometer, however, can easily differentiate the two, and the
spectra of several green-fluorescing secondary minerals from
the two deposits are being examined for evidence to confirm
the true activator. Manganese-activated minerals have a
single, moderately broad peak in their emission spectrum
(centered at about 523 nm in willemite), whereas uranyl-
activated minerals exhibit a “fingerprint” spectrum with 4 to
5 or more sub-peaks (autunite, for example, has peaks near
500, 521, 545 and 571 nm). In well-crystallized uranyl
minerals these sub-peaks are sharp and distinct, whereas in
some uranium-containing minerals (e.g., opal) the sub-peaks
may be broad and poorly resolved.

Possible candidates for uranium-activated fluorescence
from the Sterling mine include chabazite and monohydro-
calcite. Green-fluorescent chabazite was found in about 1990
at the 340 and 900 levels of the Sterling mine. The 340 level
occurrence was in calcite associated with garnet, pyroxene,
yellow-fluorescent powellite and an apatite-group mineral;
the 900 level occurrence was as 2-3 mm rhombohedral
crystals in cavities in gneiss. Monohydrocalcite, also fluores-
cent green, was found in a vein associated with johnbaumite
on the 700 level of the Sterling mine, and also as clearly
secondary surface coatings on the 900 and 1600 levels. The
emission spectrum of monohydrocalcite exhibits a broad
peak with slight structure; the maximum is near 500 nm,

with a secondary peak near 520 nm. This spectrum appears
to be consistent with uranyl activation.

Fluorescent Minerals of the
Karnes Uranium District, South Texas

Alan A. Cherepon
2904 Martun Drive
Cedar Park, Texas 78613

Numerous papers have been written on the geology of
the Karnes uranium district, which is about 45 miles south of
San Antonio, Texas. The open pit mines of this district have
produced uranium since the late 1950%. Zones of concretions
containing crystals of calcite and gypsum have been sporadi-
cally referred to in the literature, but these occurrences have
never been considered particularly significant. Many cross-
sections through the mine areas were drawn during the
intense mining activities of the 1970%, showing distinct
concretionary zones. However, there has been no serious
mention in the literature of the fine and possibly unique
overburden mineral assemblage above the ore zone.

It can be argued that the Karnes uranium district is the
best mineral collecting locality in Texas, and the diversity of
fluorescent mineral colors, especially in the calcites, could
well be the best outside of Franklin, New Jersey. The basis for
such a claim is the variety of habits and the crystal quality of
the calcite, gypsum, quartz and barite, and a list of fluorescent
colors that includes red to pink, orange, yellow, greenish
yellow, green, gold, cream, white, purple, purplish blue and
brown. The calcites alone fluoresce red to pink, orange,
yellow, greenish yellow, gold, cream and white; the fluores-
cent response appears to vary with crystal habit, and much of
the calcite is phosphorescent.

Sadly, few collectors are even aware of this occurrence,
and no serious study has been undertaken to compare other
potentially similar areas throughout the world. This presenta-
tion will not only enlighten the mineral world to these
observations, but will attempt to lay the groundwork and
impetus for studies of other concretion-bearing, hyper-
calichified, tuffaceous sandstones with associated uranium
ore. The presence of these near-surface concretions may have
exploration value as possible ore indicators. Unfortunately,
this important yet virtually unknown deposit may already be
lost to a massive and long overdue open pit reclamation
project.

The Fluorescent Characteristics of Coal;
A Petrological, Chemical and
Technical Perspective

Stephen L. Bend
Departinent of Geology
The University of Regina
Regina, Saskatchewan S4S 0A2 Canada

Coal is not a homogeneous material, a universal charac-
teristic that 1s readily revealed under the microscope using
reflected plane-polarized light. The microscopic organic
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constituents of coal, called macerals (from the Latin macerare,
“to soften”), are analogous to rock minerals, although unlike
rock minerals, macerals are neither crystals nor crystalline.
Therefore macerals are recognized and defined by a combi-
nation of morphology, optical properties, botanical affinity,
technological properties and inferred mode of preservation.
There are three internationally recognized maceral groups,
liptinites, vitrinites and inertinites; each group possesses a set of
distinguishing characteristics, one of which has traditionally
been fluorescence.

When irradiated with ultraviolet light (e.g., 365 nm),
macerals of the liptinite group fluoresce under the micro-
scope, and over the last 30 years this important characteristic
has served to unify macerals within this group. However, for
many years it was thought that fluorescence was in some way
related to the hydrocarbon-generating potential of the liptinite
macerals. It 1s becoming increasingly evident that the pres-
ence of conjugated double bonds within the molecular
structure of a material (1.e., C=C; -, 0-0 bonds) act as the
fluorophores. Spectral shifts in fluorescence (i.e., towards the
red) associated with an increase in coal rank, are therefore

attributable to the relative increase in the proportion of

conjugated double bonds between carbon atoms. Recent
improvements in analytical procedure have demonstrated that
fluorescence is also not restricted to macerals of the liptinite
group, but 1s a much more universal characteristic.

Has this led to a general obfuscation of coal maceral
characterization and definition? Not at all! Recent techno-
logical improvements have opened the way to new sensitive
and technologically important analytical techniques, and a
possible renaissance for fluorescence microscopy, moving coal
maceral fluorescence out of the domain of the scientist’s
laboratory into the world of the coal analyst and technolo-

gist.

Cathodoluminescence in the Study
of Rocks and Minerals

Henry L. Barwood
Mineral Resources Section
Indiana Geological Survey

611 N. Walnut Grove, S-409A
Bloomington, IN 47405

Luminescence excited by bombarding a solid with high-
energy free electrons (known as cathodoluminescence or CL)
was discovered over 100 years ago. A surprisingly large
number of observations were documented by Crookes (1879,
Phil. Trans. Royal Soc., 641-662) using what would be
considered very primitive vacuum and high voltage instru-
ments. While cathodoluminescence was extensively researched
in the quest for cathode ray tube phosphors, it was not unul
the early 1960’ that the technique was applied extensively to
petrographic and mineralogical analysis. Gradually, with the
availability of commercial CL cells for use on petrographic
microscopes, the technique gained acceptance and is now
widely used, especially for carbonate rock analysis. Recently,
the author has applied CL techniques to the study of (1)

The Mineralogical Record, volume 27, Jamuary—February, 1996

alkali syenites, (2) carbonatite dikes and associated fenite
xenoliths, and (3) refractory products and slags from steel
making. Examples of CL will be presented that show both
the scientific value and beauty of the cathodoluminescence
technique.

Alkali syenites from the Magnet Cove complex and the
Gramite Mountain syenite in central Arkansas have a very
complex magmatic history that is revealed by CL. Primary
feldspars, both K-feldspars and plagioclases, are activated by
I and luminesce a bright blue. Where the feldspars have
been subjected to fenitization or granitization they luminesce
a deep red (Fe’ activator) or bright greenish-yellow (Fe*
activator), respectively. The degree of femitization can often
only be detected by CL. Other syenite minerals that show
distinct cathodoluminescence include: sodalite (red), apatite
(yellow to wiolet), fluorite (blue), wollastonite (vellow),
calcite (orange), lorenzenite (green), rinkite (mosandrite)
(green), synchysite/bastnaesite (red), and quartz (red and
blue).

Carbonante dikes from near Morillton 1n central Arkansas
contain numerous xenoliths brought up from as deep as the
upper mantle. These xenoliths range from fresh shale to
gneiss that 1s extensively femitized and replaced. CL examina-
ton of the carbonatites and cuttings from a deep oil well
drilled in the area showed that the carbonatites were very
extensive in the subsurface. Calcite (orange) and dolomite
(red) forms a groundmass containing apatite (yellow to
violet). CL observation of the distinctive zoned apatite
crystals 1s the primary evidence used to disinguish the
igneous carbonatites from sedimentary carbonate rocks. The
xenoliths contain quartz (dull red and blue) and feldspars
(bright red and blue).

Study of refractory materials used in glass furnaces and
steel manufacture has revealed an extensive suite of artificial
products that cathodoluminesce strongly. Research in this
area is still in its infancy; the most extensive study on slag
reaction products has been carried out by Dr. Musa Karakus
at the University of Missouri-Rolla. The list of luminescing
compounds is quite extensive; some of the minerals/sub-
stances observed were: spinel (red and green), corundum (red
through blue), periclase (red through blue), hibonite (green
and reddish violet), forsterite (red and purple), monticellite
(blue and yellow-orange), melilite (blue), anorthite (blue and
yellow), quartz and cristobalite (blue and red), mullite (red),
oldhamite (orange), sthcon carbide (orange), zircon (red to
blue), and zircomia (yellow). Most of the slag/refractory
species concentrate and incorporate trace activators from the
steel and have become highly to intensely luminescent

Activators for Cathodoluminescence in
Minerals and Gems

Anthony N. Mariano
48 Page Brook Road
Carlisle, Massachusetts 01741

Cathodoluminescence (CL) in minerals 1s mamnly of two
types: impurity-center (activator) luminescence, and defect-




Figure 3. Apatite crystals to 7 mm, from Mt.
Antero, Colorado, under shortwave ultraviolet
light. Peter Modreski photo.

Figure 4. Turneaurite (orange) and calcite (red),
25 cm, from Franklin, New Jersey, under
shortwave ultraviolet light. Mark Leger collec-
tion; Henry Van Lenten photo.

center (intrinsic) luminescence. The major impurity activators
are the transiton-metal ions Mn**, Fe'* and Cr'"’, and the
rare-carth element (REE) activators that mainly include
Sm**, Dy**, Tb*, Eu"* and Eu®™

Gem minerals that exhibit activator-induced cathodolu-
minescence include corundum, emerald, spinel, spodumene,
chrysoberyl, zircon, garnet, topaz and feldspar. In gem
exploration programs the use of CL enhances the recognition
of sub-microscopic gem minerals that may occur in rocks or
in stream sediment samples. The CL emission spectra for the
gem minerals are usually diagnostic for identification

Activation by Cr"” in synthetic emeralds gives a broad-
band emission in the red part of the visible spectrum. A sharp
spike, at 683 nm, is usually resolved within the broad-band

spectrum. The spectra of synthetic emeralds are similar to

those of emeralds from most of the world localities including
pegmatite emeralds and those found in the emerald belt of
Colombia. However, emeralds from the talc carbonate schist

(TCS) environments of Pakistan consistentiy display signifi-
cantly different spectra, with the broad band shifted about 10
nm farther into the IR region and with a superimposed spike
that peaks at about 740 nm. This unique CL emission
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differentiates the TCS emeralds of Pakistan from all other
emeralds including synthetic types.

Activation from Fe’* in minerals is most often encoun-
tered in feldspar, where it 1s an indication of crystallization
under strong oxidizing conditions or high alkalinity of the
crystalizing medium. The presence of Fe' activation in
feldspars is used as an indicator for alkali metasomatism in
mineral exploration programs.

Observation of luminescence produced by the REE
activators in the minerals apatite, anhydrite, calcite, dolomite,
fluorite, isokite and strontianite can be used for determining
the dominance of light REE or heavy REE in the mineral.

Cathodoluminescence of Charoite and
Associated Minerals

Barbara Dutrow and Darrell J. Henry
Department of Geology and Geophysics
Louisiana State University
Baton Rouge, LA 70803

Charoite, a rare and unusual alkah silicate, is characterized
by intense purple hues and wavy fibrous habit. Its unique
occurrence is restricted to pods within metamorphic and
fenitic country rocks adjacent to the Murun igneous alkalic
complex, Chara River Valley, Russia. Strongly folded fibers
of charoite form continuous mats in monomineralic rocks or
enclose other minerals such as complexly zoned K-feldspar,
dalyite, aegirine, arfvedsonite, tinaksite, canasite, Sr-Ba car-
bonate, chalcopyrite, thorite and quartz.

As a portion of a larger study on the crystal chemistry of
charoite (see Geol. Soc. Amer., Abstracts with Programs, 26 (7),
p. A-481, 1994), several charoite-bearing samples were
investigated by cathodoluminescence (CL). Charoite-bearing
samples contain strongly cathodoluminescent minerals.
Charoite displays an orange-yellow CL, dalyite luminesces
bright azure-blue, and K-feldspar luminesces crimson-red.
The purple hue characteristic of charoite is attributed to the
small but significant content of Mn**, whereas the orange-
yellow CL denotes the presence of Mn™ and the absence of
Fe**. Ti*" is responsible for the blue CL of dalyite. Significant
amounts of tetrahedral Fe' replacing Al™ result in the
spectacular red CL of the potassium feldspar.

Mluminating Gems with
Visible Monochromatic Lasers:
What Can it Do for the Gemologist?

Brigitte Wopenka, John J. Freeman,
and Jill D. Pasteris
Department of Earth and Planetary Sciences
Campus Box 1169
Washington University
St. Lows, MO 63130-4899

A laser Raman microprobe permits non-destructive, pin-
point (one micrometer diameter) laser irradiation of any
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given area (either on or below the surface) of a gem or other
mineral sample. The sample is viewed in a high-magnifica-
tion optical microscope while being irradiated. Typically, the
488-nm or 514-nm lines of an argon-ion laser are used to
excite both inelastic scattering of light (called “Raman
scattering”) and fluorescence. The Raman spectrum and the
laser-induced luminescence spectrum of a micrometer-sized
area in the specimen are analyzed by wavelength with a high-
precision optical spectrograph that is coupled both to the
microscope and to a photon-sensitive detector (either PMT,
CCD, or diode-array detector). The wavelength-resolution is
dependent on slit width and wavelength, but bands as close as
0.03 nm from each other can be resolved. The procedure is
non-destructive, requires minimal to no sample preparation,
and can be applied to mineral grains in-situ, to raw precious
stones, or to a faceted gem in its setting,

Raman scattering is observed between 100 and 4000
relative wavenumbers (the frequency of excitation corre-
sponds to “zero relative wavenumbers”, 1.e., 0 Acm™), and
provides definitive information on the molecular and crystal-
line structure of a gem. The positions of Raman peaks (in

terms of A cm”) are independent of the wavelength of

excitation, and a Raman spectrum is as conclusive as an X-
ray diffraction pattern for the purpose of mineral identifica-
tion. The Raman microprobe technique is useful for the
characterization of real and synthetic gemstones, as well as
imitations. For instance, alexandrite (chrysoberyl, BeAl,O,)
has a strong Raman spectrum with about 20 bands whose
most intense peaks occur at 480, 517, 547, 641, 679, 780 and
932 A cm’', whereas its imitation (corundum, Al,O,) has a
totally different Raman spectrum with only 5 bands which
are at 381, 418, 577, 646, and 751 Acm™. In addition,
microscopically small regions of bulk specimens, such as
mineral or fluid inclusions can be analyzed. For instance, we
successfully obtained the Raman spectra for subsurface rutile
needles (down to 3 um in diameter) in rutilated quartz and
rutilated garnet (note that the Raman spectra for the three
TiO, polymorphs rutile, anatase, and brookite are distinctly
different), but have so far been unable to obtain characteristic
spectra of the very thin needles (rutile?, <1 um in diameter)
or leaflets (hematite?, up to 7 um width) in geological thin-
sections of star ruby (note that hematite is one of the few
minerals that is an extremely weak Raman scatterer).

The luminescence spectra can be recorded between the
wavelength of excitation and 840 nm (note that we use green
or blue hight, not ultraviolet!). Such spectra provide informa-
tion for characterizing the luminescent ions (e.g., Mn*’,
Cr*, trivalent rare-earth-element ions) and luminescent
color centers in gems. We monitor the wavelengths, band
shapes, and relative intensities of fluorescence emissions. For
instance, the Cr’* fluorescence in ruby (strong bands at 659,
669, and 675 nm, as well as extremely strong narrow bands at
639 and 694 nm) 1s several orders of magnitude more intense
than the Raman bands of the corundum matrix. In contrast,
the narrow-band fluorescence (about one hundred individual
bands between 530 and 760 nm) caused by Sm™, Tb"™ and
Dy’ in many zircons is only half as intense as the Raman
bands of the zircon matrix. The interpretation of fluores-
cence spectra can be complicated by the fact that the fine
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structure in the spectrum of any given trace element ion also
depends on the host matrix, i.e., it is structure- and site-
specific. We are presently investigating whether the combined
interpretation of Raman and fluorescence spectra can be
useful in providing locality-specific signatures of gems that
could be used as “fingerprints.”

A Combined Microscope/Fluorescence
Spectrometer System for Mineralogical and
Gemological Applications

Jan Kihle
Institutt for Energiteknmkk, PB. 40
N-2007 Kjeller, Norway

John R. Gilchrist

Edinburgh Analytical Instruments

Fluorescence techniques are often preferred for measure
ment analysis in many medical applications; they offer
significantly higher sensitivity over absorption techniques,
because small fluorescence signals are detected against zero
background. Measurement in a cuvette or through an optical
fiber bundle gives an average value over the measured area
Spot measurements under a microscope, however, allow one
to measure the fluorescence signal from selected sample areas,
the size of which can be varied from sub-micron to
milimeter dimensions. The main advantage of using a
microscope is the ability to view the object during the
measurement, thus allowing the determination of a spatally
and spectrally resolved map of sample fluorescence.

Unutl now, the measurement of steady-state fluorescence
characteristics of microscopic matter have been himited by
the requirement for filters, dichroic mirrors and neutral
density beamsplitters/quartz wedges in the optical light path
Measurements have generally been restricted to the monitor-
ing of emission spectra because the microscope arrangements
have used fluorescence “cubes™ optimized for specific wave
lengths such as the emussion lines in the mercury spectrum
This has meant that only these lines can be used to excite a
sample, and excitation spectra can therefore not be obtained

Recently the quest for mapping of fluorescence excitation
spectra, as well as emission spectra of small minerals, gems
and microscopic matter, has led to the development of
optical systems using neutral-density beamsplitters or quartz
wedge plates for reflecing and transmatting hight from the
subject. Such systems are capable of making an excitation
emission map of the fluorescence characteristics of a sample
exhibiting strong auto-fluorescence. The major drawback of
these systems has been the incorporation of neutral beam
splitters which theoretically are capable of transmitting a
maximum of 25% of the excited light onto the photomulti
plier detector.

We have developed a novel infinity-corrected fiber optic
coupling module (patent pending) which allows the direct
coupling of a single photo-counting spectrofluorimeter sys-
tem to be combined with an OLYMPUS=AE infinity

corrected research grade microscope.’ In contrast to former
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designs, this system does not employ filtering of any kind in
the optical pathway. Hence, the sensitivity of this instrument
has been dramatically improved (typically 400% from 340-
900 nm) in comparison to instrument designs using neutral
beamsplitters. The spectrofluorimeter uses a continuous-
operation xenon lamp which emits a continuum spectrum
rather than the line spectra characteristic of mercury lamps.

The advantage of using fiber-optic coupling is that the
lamp and spectrofluorimeter system are not mechanically
coupled to the microscope system. This has distinct advan-
tages in avoiding any vibrations from the lamp fans and the
scanning of the monochromator.

A combination of research-grade spectrofluorimeter and
microscope systems opens many possibilities for fluorescence
characterization of microscopic matter, for instance, in the
application areas of fluorescence fingerprinting of gems,
spectroscopic assessment of Pb/Mo contents of scheelites,
and in any other field involving fluorescence phenomena.

Demonstration of Mineral Fluorescence
Excited by a 193-nm ArF Excimer Laser

Wallace R.L. Clemens
MPB Technologies, Inc.
1725 No. Service Road
Trans Canada Highway
Dorval, Quebec H9P 1J1 Canada

A laser 15 a source of coherent monochromatic light.
When used to irradiate minerals and gems, an ultraviolet laser
may produce much more brilhant and more distinctive colors

of fluorescence in comparison to a conventional shortwave or
longwave ultraviolet lamp, because of (1) its greater intensity,
and (2) the ability to operate at a shorter (more energetic)
wavelength than conventional ultraviolet lamps. The instru-
ment to be used in this demonstration is an MPB model
PSX-100, ArF excimer laser. It is a rapidly pulsed laser,
emitting 3 ns (1 ns = 107 sec), 3.5 mJ pulses at a repetition
rate of 100 Hz, for a maximum average power of 350 mW
and a maximum peak power of 1200 KW. The beam
dimensions are 3x3 mm.

An excimer laser 1s one in which the light emission comes
from a gas molecule (e.g. ArF, argon fluoride) which is stable
only in its electronically excited state. The PSX-100 laser 1s
capable of operating with a variety of gas compositions,
producing different wavelengths of ultraviolet hght: XeF
(351 nm), XeCl, (308 nm), KrF (248 nm), KrCl (222 nm),
ArF (193 nm), and F, (157 nm). Helium or neon is used as
the buffer gas medium. This laser, the smallest and most
portable excimer laser available, is contained in a 30x26x21-
cm (13.4 Kg) housing, is air-cooled, and operates on 110
VAC, consuming 1A of current. Its normal uses include
applications to photochemistry, fluorescence spectroscopy,
laser ilomization mass spectroscopy, photoablation, micro-
machining and medicine.

Reports of the fluorescence of minerals excited by such a
laser are almost unknown, and the phenomena observed
first-hand during this demonstration may be among the first
to be seen anywhere. The demonstration of this laser at the
symposium is being cosponsored by the Optical Sciences
Center of the University of Arizona and the Arizona Optics
Industry Association, as well as MPB Technologies, Inc.

'KIHLE, Jan (1995). The new possibilities of luminescence spectroscopy of microscopic matter, in D. L. Andrews and
A. M. C. Andrews (eds.) Frontiers in Analytical Spectroscopy. The Royal Society of Chemistry, 56-60.

Note: The Mineralogical Record would like to thank Dr. Peter Modreski and the Fluorescent Mineral Society for
providing information and specimen photography regarding fluorescent minerals.

FRANKLIN-OGDENSBURG MINERALOGICAL SOCIETY INC.

We announce Dr. Pete J. Dunn’s monograph entitled

Franklin and Sterling Hill, New Jersey:
The world’s most magnificent mineral deposits

Cost of each part is as follows:

$30.00 each book up to (20) copies

$23.00 each for order of 20 or more books

$23.00 each for order of 10 or more books
(non-profit institutions only)

Parts One, Two, and Three are now available!

One has xiii + 160 pages; Two has xvi + 160 pages; Three has xii + 142 pages

Make checks payable to FO.M.S.
To: John Cinciulli, F.O.M.S.

60 Alpine Road
Sussex, NJ 07461
*add $5.00 for shipping and handling

To: Stephen C. Misiur, FO.M.S.
309 Fermwood Terrace
Linden, NJ 07036
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David Bunk Minerals

David Bunk

9240 W. 49th Street, #317

Wheat Ridge, CO 80033
303-421-3646 (by appointment)
Colorado & Worldwide Specimens

Collector’s Stope
Jim & Patti McGlasson
7387 S. Flower Street
Littleton, CO 80123
303-9720376
Fine Minerals, Species, Micromounts

Columbine Mineral Shop

Benjy & Liz Kuehling

P.O. Box 541

633 Main Street

Ouray, CO 81427
303-325-4345,9 am. t0o 9 p.m.
Open 7 days, May 1-Oct. 31
Off-season by Appointment
Fine Minerals for Collectors

Genesis Epoch
Mel & Pam Bersch
2417 Sandridge Count
Grand Junction, CO 81503
303-242-3134 (call for appt.)
Tsumeb Minerals, Western Colo.
Fluorite/Amethyst & Fossils

Glacier Peak Gems & Minerals

Joseph & Susan Dorris

P.O. Box 413

Manitou Springs, CO 80829-0413
T719-685-4479

By appointment only.

Our mines produce choice
Colorado minerals.

Worldwide minerals.

Green Mountain Minerals

Stanley Korzeb

13812 W. Dakota Avenue
Lakewood, CO B0228

303-988-2642 (Call for Appt.)
Species, Fine Minerals, write for List

Bill Hayward Minerals

Bill & Chnstopher Hayward
3286 Quitman Street

Denver, CO 80212
303-455-1977 (Call for Appt.)
Colorado & Pikes Peak Minerals

s

COLORADO
MINERAL
AND FOSSIL

SHOW
WED.-SUN.
SEPT. 11-15, 1996

Holiday Inn Denver North
(where |-25 meets |-70, exit 214C)

10 a.m. to 7 p.m. Daily
Be sure to attend the
Museum Benefit Auction, Wed. 5 pm
Shuttle Bus
to Main Show

220 Top-Quality Dealers
INFO: P.O. Box 999 « Evergreen, CO 80437

\

Irisb Rovers

John & Gerry Shannon

7319 W. Cedar Circle
Lakewood, CO 80226

By Appt. Only: 303-232-1534
Items unique and antique for
the mining & muneral collector

Keystone Minerals

Don E. Knowles

13030 West 6th Place

Golden, CO 80401
303-233-4188

Largest Comprehensive Stock in
Colorado

L & T Creations

Lee A. McKinney

1800 Winfield Drive
Lakewood, CO B0215

By Appt. Only 303-232-6451
Colorado Amazonite

LJP—Colorado

Larry & Carmen Pickenbrock
1180 York Avenue

Cafion City, CO 81212
719-275-7530 (Call for Appt.)
Colorado & Western Minerals

Mountain Minerals
International

Dudley Blauwet

P.O. Box 302

Louisville, CO 80027-0302
303-665-0672, Buy/Sell/Trade
Minerals, Gems, Gem Rough

Red & Green Minerals, Inc.

Denzil Wiggins

7595 W. Flonda Avenue
Lakewood, CO 80227
303-985-5559

Custom Jewelry, fine mineral
specimens, lapidary & jewelers’
tools & supplies

The Sunnywood Collection

Bill & Elsie Stone

12068 E. Amherst Place
Aurora, CO 80014
303-368-7497 (by Appt. only)
Fine Minerals & Fossils,
Mounted on Exotic Hardwoods
Custom mounting available
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Bryan & Kathryn Lees ' . .
S PE( NG IN EMERALDS

Spectacular Rbodocbrosites PECIALIZIN( .F E ”. RALI

Call and ask about recent mining discoveries AND OTHI _!? MINERALS
Bernie Kowalski, Sales . FROM COLOMBIA

554 Orchard St.. Unit 4. Golden. €0 80401 g
¥03-278-9724 P.O.BOX 1858 BOULDER, CO 80306-1858

Above: TN Alma rbodochrosite; WEW photo /4 t 303-447-9686 Fax 447-9687

Keeping in time with Franklin and S[er]ing Hill Join us for field trips, lectures and "The Picking Table" as it presents the latest
information about these famous localities. Membership fee: $10.00

The Franklin-Ogdensburg Mineralogical Society, Inc. John Cianciulli, Treasurer, 60 Alpine Road, Sussex, NJ 07461

ToP GRADE CHAROITE

DIRECT FROM RUSSIA.

AVAILABLE FOR THE FIRST TIME AT THE TUCSON 96 SHOW!
CALL NOW AND PLACE YOUR ORDERS TODAY!

Our Charoite is the Best Quality you can find and we have types of
Charoite that exhibit chatoyance and some rarer types similar to sugulite.
Available in rough, slabs, cabochons, and spheres. We can custom make
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THE BIiLLIE MINE

DEATH VALLEY, CALIFORNIA

Clare David Chandler
HCR 77, Box 37624
Pahrump, Nevada 89041

The Billie mine borate deposit in California’s
Death Valley has produced large colemanite
crystals and clusters, along with associated minerals,
since first encountering ore in 1980.

LOCATION

The Billie mine, owned by the American Borate Com-
pany, 1s located in the Furnace Creek borate area of Death
Valley National Monument, Inyo County, California. It 1s
approximately 13 miles (21 km) southeast of Furnace Creek
Ranch near the Dantes View Road off State Highway 190.
The old mining town of Ryan is approximately 1 mile
southeast, situated high on the side of the mountain. It is an
impressive reminder of the previous borate mining activity
which provided the primary impetus for the development of
the Death Valley area.

HISTORY

Borates were discovered in Death Valley in 1873, only a
couple of years after the discovery of the Nevada playa
borates at Columbus Marsh and Teels Marsh. Progress
toward mining Death Valley borates occurred in 1881, when
Isadore Daunet and his partners built the Eagle Borax Works
near Bennett's Well. In the same year, Aaron Winters discov-
ered borates on the playa near the mouth of Furnace Creek
Wash. Winters sold his discovery to William T. Coleman,
who built the Harmony Borax Works on the site in 1882.

Saltpans on the playa grew small crystalline balls of

“cottonball” ulexite which were raked from the surface and
processed into borax by boiling the ulexite in water, then
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cooling the solution to the ambient desert temperature
However, this process was ineffective at temperatures above
110°F (43.3°C). The high summer temperatures in Death
Valley prompted Harmony Borax personnel to temporarily
exit the site to operate a shghtly cooler, small deposit at
Amargosa, west of Tecopa, California, until ulexite process
ing could be resumed at Harmony.

The borax was transported by 20-mule-team wagons to
rallcar loading facilities at Mojave and Daggett, Califormia.
Problems with the summer heat, remoteness from supplies
and length of overland wagon haulage made easily accessible
borate deposits at Borate, near Daggett, Califormia, more
economically feasible. With the bankruptcy of William 1
Coleman in 1888, the Harmony Borax Works ceased pro-
duction.

Economics precluded any further development of the
Death Valley borate resources until Francis Marion (“Borax”)
Smith nearly completed the length of the Tonapah &
Tidewater Railroad from the Califormia Eastern Railway
(Santa Fe) connection at Ludlow to Death Valley Junction in
1907. Smith built the railroad to continue borate production
more economically from Pacific Coast Borax Company’s
(predecessor to U.S. Borax Company) Death Valley claims,
purchased along with the Borate claims (near Daggett) from
Coleman’s bankrupt estate.




State Highway 190

Dantes View
Road

Billie
F Mine

Figure 1. Hl_fan
Location map. Mine

Production from the Lila C mine near Death Valley
Junction also began in 1907, and the rail was continued to
the mine and the new mining camp of Ryan. The Lila C
mine produced for seven years. Meanwhile, the raill was
extended around the edge of the Greenwater Mountains into
the Upper Furnace Creek Basin. The town of Ryan was also
moved from the Lila C mine to its present location overlook-
ing the upper Furnace Creek Wash.

Borates weré produced from many small mines in the
Ryan area. Some of the mine names were the Upper and
Lower Biddy McCarthy, the Played Out, the Grand View, the
Lizzey V. Oakley, the Widow #3 and #7, and the Monte
Blanco. Production from all operating mines was discontin-
ued in 1928 due to the discovery and development of the
large borate deposit near Boron, Kern County, California
(Anonymous, 1972).

Small tonnages of borates were mined for specialty uses in
the 1950% and 1960 at U.S. Borax Company's Corkscrew
mine and the East Coleman pit (McAllister, 1970).

During this time of low borate activity in Death Valley, the
Kern County Land Company became interested in borates,
staking and drilling the Billie claims in 1958. The Kern
County Land Company also bought the controversial Boraxo
#1 and #2 claims from U.S. Borax in 1960. The Boraxo #1
and #2 claims were originally claimed by the Pacific Coast
Borax Company in 1900 as the Clara Lode. Mining began
and the company applied to patent the claim, but overlooked
an error in the patent information. Pacific Coast Borax,
unaware of a title problem, ceased assessment work, and
began paying taxes on the property (Minette and Muehle,
1974).

In 1919 Scott Russell, 2 promoter, noticed the error in
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the claim utle, and assembled partners for his venture.
Russell, Barlow, Monaghan, and Hill formed Death Valley
Borax Company, moved in during the night, and overstaked
the Clara Lode with the Boraxo #1 and #2 claims. When
Pacific Coast Borax Company tried to re-establish physical
possession, the Death Valley Borax Company crew of tough
roustabouts removed the Pacific Coast miners, their equip-
ment, and a small building from the claims. The Pacific Coast
Borax legal department prevented further efforts to establish
possession; consequently, in 1924 the courts upheld the
Death Valley Borax Company claims. Mining claim patents
were 1ssued in 1931.

The Russell shaft was driven 18 meters during this period;
then mining was suspended. The mine claims were later
leased to operators but could not sustain continuous opera-
tion due to the limited availability of ore railcars. Economic
ore shipment could only be accomplished on Pacific Coast
Borax Company’s railway, and they were not interested in the
haulage of Death Valley Borax Company ore (Anonymous,
1972, 1978). In 1928, the entire Pacific Coast Borax
operation was moved to Boron, Califorma. The buildings of
Ryan were left intact and for a few years the site was operated
as the Death Valley View Hotel, complete with rail access for
the guests and rail tours of the old workings (Jeff Moore,
personal communication, 1986). The rail was later salvaged
during World War II.

One of the lessees of the Boraxo claims during this time
was named Thompson. He sank one of the shafts in the area,
and the claims became popularly known as the Thompson
mine (Anonymous, 1978).

Pacific Coast Borax purchased the mine in 1935, but was
subsequently charged with restriction of trade in a govern-
ment anti-trust suit in 1945 and ordered to divest itself of the
property. It was not until 1960 that a purchaser could be
found. Kern County Land Company bought the property,
sank 37 meters of shaft, shipped the ore, then again became
inactive. In 1967 Kern County Land Company merged with
Tenneco Oil Company. Tenneco began open pit mining in
1970 and renamed the mine the Boraxo open pit mine
(Minette and Muehle, 1974). The extent of the Boraxo pit
dwarfed the earlier small shafts, which were completely
removed by the mine workings. It is also far more notable for
the size and volume of crystal specimens found in its vugs,
which are on display in many museums around the country.

The Boraxo open pit mine ceased operation in 1977, 77
years after the original claim was filed (Anonymous, 1978).
Borates are still visible in the bottom of the pit, but further
excavation is considered uneconomical.

Tenneco also began the Sigma open pit and Terry open pit
mines in 1975. When the ore of the small Sigma pit ran out,
the pit was partially backfilled. Permission to access the
Sigma #30 and #31 claims through U.S. Borax’s White
Monster claims was granted on a toll mining basis, and
mining continued. In 1981 all personnel were assigned to the
Billie mine.

A four-year moratorium on surface disturbance within
Death Valley National Monument went into effect in 1976 to
curb claiming activities. This also prevented the Billie claims
from being developed as an open pit mine. Tenneco decided
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to continue development as an underground mine with the
shaft outside the national monument utilizing 307 meters of
drift per shaft level to reach the ore zone. Tenneco realized
that large expenditures would be needed to finance this
project and decided to leave the borate business. In 1976
Tenneco entered into a contract to sell its borate holdings to
the American Borate Corporation. The contract was con-
summated in 1977, and the new partnership was known as
the American Borate Company (Anonymous, 1981).

The Bilhe mine shaft-sinking operation began in 1977,
and the development operation encountered the first ore in
1980. Mining was difhicult, and the area possessed a high
thermal gradient causing cases of heat exhaustion. The
equipment and skills to operate the mine came from
blending of hardrock, softrock, and coal mining technolo-
gies. Continuous mining machines were used as the main
colemanite development mining system; drill-blast methods
were used for probertite development mining, all access drift
mining and all stope mining. Many problems occurred
adapting the equipment to operate in the mixed limestone,
claystone and mudstone rock types. The necessary changes
were made and, with the construction of a fill plant and
another ventilation shaft, the mine ran smoothly.

In the meantime, international monetary exchange rates
had changed to the position of a strong worldwide dollar
making foreign sources of borates less expensive. Conse-
quently, the mine went into a standby status in April 1986.

The mine continued to be maintained by a small crew on

the surface and underground. It was sold in December of

1990, and 1s now operating as a new joint venture.

GEOLOGY

General

The borate minerals in the Billie mine orebody are
deposited in the lower main member of the Furnace Creek
Formation, of Miocene age (Barker and Barker, 1985). The
orebody formed from the effluent of volcanic springs in a
small lake basin. The deposit is essentially a limestone breccia
permeated with borate minerals, interbedded and surrounded
with limey lakebed mudstones derived from Furnace Creek
Formation weathered basalt, the Artist Drive Formation, and
carbonate-bearing Paleozoic formations.

The orebody is mineralized with two main borate ore
minerals, colemanite and probertite. A third borate ore,
ulexite, occurs mainly in the upper part of the orebody. The
original mineral of deposition is hypothesized to have been
ulexite, a sodium-calcium borate with five molecular waters,
but may have originally been deposited as probertite and
colemanite. Due to heat and pressure from burial by later
sediments, the ulexite had water forced out of its structure
and recrystallized as probertite, a sodium-calcium borate
with three waters.

Surface water percolated down faults through pyrite-
bearing mudstone, reacting with the pyrite to acidify the
water and charge the water with sulfate ions. The aadic
percolating water dissolved the sodium-calcium borates and
limestone ore. The water was gradually neutralized by
reacting with limestone; ions then recombined as the calcium
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borate, colemanite, containing five molecular waters. The
orebody continued to alter from probertite to colemanite,
developing an envelope of colemanite around an inner core
of probertite. The alteration to colemanite was more com-
plete in the upper portions of the orebody than at the sides or
the bottom, and the thickest areas of colemanite were usually
near the upper margins of the orebody. Primary colemanite
occurring within this system would also have experienced
dissolution and recrystallization through this same process.

The stratigraphic thickness of the orebody averaged from
46 to 53 meters and the depth ranged from 46 meters to the
shallowest ore, to 390 meters to the deepest ore. The block
containing the orebody has been down-dropped by two fault
systems which parallel the sides of the Furnace Creek Wash
Folding and faulting have oriented the long axis of the
orebody to a N40-50°W direction with a dip of 20-30°
southeast. The orebody extends for about 1,100 meters along
that dip and averages about 200 meters wide (Norman and
Johnson, 1980).

Many of the borate deposits of the Death Valley area
occupied topographically high positions and have experi-
enced different degrees of fault deformation and meteoric
water leaching. The many differences between the deposits
appear to suggest many avenues of deposit evolution. The
Billie mine deposit occupies a topographic low and appears
to be moderately affected by the major faults of the area, but
it escaped the major deformation observed in the Sigma #30
and #31 claims and in the Boraxo pit. The depositional basin
of the Billie mine occurs between the Plainview Fault and
the Billie Mine Fault. A dextral fault on each side of the basin
formed the deposit into a ship’s-hull shape, with the south
end lower than the north end. Faulting within the keel shape
occurs at approximately 51-meter intervals, vertically across
the ship's-hull shape with several feet of normal fault
movement. Each subsequent block experienced slight downdip
bedding-shp movement particularly in areas of high clay
content

Origin of the Deposit

The location and formation of the borate-producing
springs and collecting basins continue to be controversial
subjects in borate geology. The observation of evidence is
difficult, due to the natural destruction of the original
structures by the contemporaneous and later fault move-
ments and the brecciation due to dissolution of the borates

Borate-producing springs and borate collecting basins of
Death Valley, California, occurred in areas undergoing tec-
tonic extension, possibly associated with wrench fault move-
ment at a triple-point continental plate junction. Crustal
thinning allowed solutions from previously deep-seated sources
to flow to the surface, in some cases creating deposits of
rather rare mineral assemblages (Barker and Barker, 1985).

The springs were of unknown temperature, and the
location of the springs has not been clearly observed within
the collecting basin; but the lateral edges of the orebody are
well preserved and show no features of disturbance by an
external feeding system. Very little borate was observed in
exposures outside of collecting basins; however, minor bo-
rates have been recorded as veinlets in a neighboring basalt
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formation and as granules and efflorescence in the Artist
Drive Formation (McAllister, 1970). A basalt lava pillow
structure interfingered with borate beds in the Sigma pit
mine indicates that basalt surface eruptions accompanied
borate spring activity in that deposit and possibly all the
deposits in the Furnace Creek borate area.

Borates may have been deposited in a series of coeval fault
sag basins, and subsequent complex fault activity allowed
only a few deposits to be preserved. Projected shorelines of a
series of basins can be traced from the Billie mine to the
Boraxo pit and the Sigma-White Monster group of claims.
Beyond this area the borate deposits generally occupied
topographic highs in which leaching and erosion have
removed most evidence of deposit margins or possible
shorelines.

The Billie mine deposit basin began with the deposition
of laminated mudstone and limestone with a conglomerate
composed of pebbles and cobbles derived from local Paleo-
zoic rock units. The borates are deposited above this layer in
laminated beds of mudstone and limestone which became
distinctly thinner and tightly laminated at the margins of the
borate mineralization. Occasional rhyolitic ash tuff beds
occurred in the borate zone and the laminated mudstone and
limestone lateral of the borates.

Probertite is believed to be either the dehydrated second-
ary mineral after the primary mineral of deposition, ulexite,
or along with colemanite, a primary mineral of deposition.
In either case, the original texture of the beds was preserved
in a more reliable state than in areas of colemanite mineral-
ization due to lack of brecciation from dissolution and
recrystallization. The probertite beds consist of mudstone
beds laminated with beds of probertite containing limestone
breccia. The limestone breccia occasionally exhibits re-
oriented laminae and fractures filled with probertite. The
areas of pure probertite exhibit crude bedding partially
delineated by clay.

The mudstone beds are sometimes continuous over large
areas and are absent of graded beds, conglomerates and rip-
up clasts. These observations indicate that the mudstone
layers had been deposited slowly in a lake, providing a quiet
environment necessary for thin continuous bedding within
an area of low topography.

The brecciated limestone suspended in probertite indi-
cates an environment of much higher energy. Chemical
brecciation of the limestone occurred after deposition, but
the initial brecciation and placement of the limestone
indicates rapid deposition of the borates, which repeatedly
brecciated and distributed previously formed limestone spring
aprons. These aprons reformed after each borate episode,
only to be distributed during the next episode. The absence
of limestone cobbles at the tightly laminated margins of the
orebody also indicates that the springs were within the
deposition basin. The uniform spread of the brecciated
limestone spring apron debris indicates that the borate
springs were active along a linear area which migrated within
the basin and were rejuvenated many times, as shown by the
crude bedding formed by thin layers of clay within the
probertite. Longitudinal pinching out of borate beds at the
upper contact of the orebody indicates that the spring-
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producing areas eventually mugrated out of the earhier
producing areas.

Spring aprons within the orebody have not been ob-
served, possibly indicating that the brecciation produced by
renewed borate spring flow was not distinguishable from the
brecciation produced by later dissolution and redeposition of
the borates and faulting. The brecciation produced by the
borate spring activity probably provided fractures and chan-
nels used by later percolating solutions to dissolve and
recrystallize the spring-feeding area accompanied by the
brecciation of dissolution. The chemistry within the spring-
feeding pipes may also have crystallized colemanite directly
from solution, but evidence for this theory is lacking.

Continuous faulting accompanied borate deposition and
collecting basin formation, but faulting may have contributed
much to the destruction of evidence of the spring-feeder
system, particularly later, as more of the area became
mineralized with colemanite. Nearly all of the fault tension
of the orebody was released by deformation of the coleman-
ite, leaving the probertite areas nearly free of faulting. The
radiating, fibrous crystals of probertite interlock to form a
tough, fault-resistant block which helped it retain its original
texture. Probertite is more soluble and has less hardness than
colemanite, but colemanite has better developed cleavages,
better developed vug systems, and at times a sugar-like
texture which allowed the rock to be more easily crushed
and faulted.

The scant fossil record of pieces of reed-like plant material
suggested a rapid rate of deposition. This may have destroyed
fossil evidence; however, thicker mudstone beds which
would have protected underlying fossils within the mudstone
showed no increase in preserved fossils.

Mineralization

Most mines have relatively few cavities for active crystal
growth. The Billie mine i1s exceptional in the number of
crystal cavities encountered in mining and the variations of
the colemanite crystals found in them. The survey of these
crystals provided information for understanding more diffi-
cult problems, such as, the loss of sodium from the orebody
and the increase in suifate through colemanite recrystalliza-
tion.

The percolating surface water seeped down faults through
mudstones containing pyrite which reacted to acidify the
water and charge it with sulfate. The slightly acid water easily
dissolved probertite and colemanite and reacted with the
limestone, gradually removing the limestone, liberating cal-
cium ions and finally neutralizing the solution. Colemanite
was then deposited from the solution. This process leached
upper borate and limestone portions of the orebody, leaving
limestone sinter, calcareous marl, and occasionally calcite and
celestine. Similar occurrences of limestone sinter, calcareous
marl, calcite and celestine in the region may also represent
leached borate deposits.

The leaching occurred along a series of solution vugs; the
larger vugs accounted for some of the brecciation and loss of
bedding structure in the colemanite zone. Most bedding
structure survived this mineralogical change, indicating that
the recrystallization of colemanite proceeded quickly after

The Mineralogical Record, volume 27, January—February, 1996




the dissolution of the probertite, thereby preventing total
collapse of the mudstone beds.

Partially dissolved probertite fibers have occasionally been
observed penetrating crystals of colemanite at this interface,
indicating a wandering focus of dissolution and recrystalliza-
tion and a solution varying in amount, acidity, and dissolved
borate. These factors suggest a limited amount and fluctuat-
ing supply of percolating water leaching the ore at any given
time, perhaps affected by seasonal peaks in flow.

The ultimate destination of the hiberated sodium i1ons is an
obstacle in the formulation of a model of mineralogical
change. The continuing change of probertite to colemanite
requires that percolating surface water continue to supply
calcium ions and remove sodium ions. The removal of

sodium ions is hypothesized to occur by the circulation of

water through vug systems in the lower orebody intersecting
altered basalt aquifers across the bounding faults. This hypoth-

esis 1s indicated to be correct by the recovery of a core of
altered basalt near the lower edge of a central cross-section of
the orebody. This also established the fact that as the water
flowed through, the tendency was to recrystallize the borate

at a lower level than it was imitially dissolved.

MINERALS

Anhydrite CaSO,

Anhydrite occurs as a massive replacement of colemanite,
and has tan, gray and black coloring similar to colemanite
ore. This similarity caused difficulty in recognition of the
anhydrite, and subsequent dilution of the ore. The main
difference between the minerals is the hardness, so that the
continuous-mining machine’s cutting heads sparked while

cutting the anhydrite, also producing a faint sulfurous odor.

Figure 2. Celestine crystals to 1.7 cm on cole-
manite, from the Billie mine (1360 S level, 28
drift).
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Celestine SrSO,

Celestine occurs in white, clear, blue or pale green colors
and in simple to complex crystal habits. The crystal sizes are
usually less than 2.5 cm but have been observed up to 10 cm
Unusual crystal habits included thin, square-ended crystals
sometimes occurring as pinwheels composed of small crys-
tals. Celestine occurs in colemanite vugs away from the
probertite margins and with calcite along the lateral edges of
orebody

Figure J. Colemanite crystal group, 32 cm, from
the Billie mine (1360 N level, JE drift). The
large crystal measures 20 cm.

Colemanite Ca,B,O,,'5H,0

Colemanite from the Boraxo pit mine occasionally exhib-
its an amber zoning within the crystals. Some “root beer
colemanite crystals were collected on the White Monster
claims, but no amber or brown zoning was observed in
colemanite from the Billie mine. The amber zoning in the
Boraxo pit colemanite was chemically tested and found to
contain strontium, either as inclusions or as replacements of
calcium within the crystal lattce.

Chemical tests of Billie mine colemanite have indicated
that pointed, radiating crystals have a slightly higher content
of included sodium than the lathe-shaped or equant crystals
This is of interest because the colemanite near the probertite
and near areas of clay tends to be of more complex, pointed
and radiating habits. Most crystals in other areas of the
orebody are of a lathe-shaped or equant habit, indicating that
dissolution and recrystallization of colemanite away from the
colemanite-probertite contact continued after the imual
change from probertite, winnowing vestigial sodium and
moving the borate farther down the series of vugs.

The colemanite of the vug systems containing celestine
tests low In strontium, and always correlates to faults,
indicating that dissolution of strontium-bearing borates in a

sulfate-bearing solution winnowed strontium from the bo
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rate solution by the crystallization of celestine. (Similar faults
correlate to occurrences of anhydrite and gypsum, but are in
the lateral margins of the orebody.)

Gypsum CaSO,-:2H,0O

Gypsum was of only a limited occurrence in the Billie
mine. One occurrence was in a vug of colemanite with
gypsum on the colemanite, with the exposed gypsum
partially dissolved and mixed with howlite. The other
occurrence consisted of a few crystals on the lateral margin of
the colemanite zone. The largest of the group occurred as a
thin, semi-circular, single crystal 13 cm across.

Howlite Ca,BSi0,(OH),

Howlite also occurred in the Billie mine. Howlite is a
borosilicate mineral well known from Tick Canyon, Califor-
nia, as microcrystalline nodules which can be cut by lapidarists
into white porcelain-like slabs. Howlite in the Billie mine
occurs as nodules similar to but slightly softer in hardness
than Tick Canyon howlite, and decreases in hardness into the
consistency of powder which, when mixed with water, runs
like thick milk from newly mined vugs. Howlite occurred
most often near the upper margins of the orebody and near
the probertite-colemanite contacts.

Probertite NaCaB,0,(OH),3H,0O

Probertite from the Boraxo pit mine forms masses of
radiating blades with clay included into the crystals. This is
easily distinguishable from the Billie mine probertite, which
forms masses of radiating fibers with little clay included into
the crystals. Chemical testing has indicated that the Boraxo

pit probertite had a higher content of calcium in its structure.
The Boraxo pit probertite also looks similar to the Terry pit
mine colemanite, which occurs in radiating masses in clay
and limestone and tends to form blade-like cleavages. Chemical
testing of the Terry pit colemanite indicates a sodium content
higher than either Billie mine or Boraxo pit mine coleman-
ite.

The probertite of the Billie mine contains a small

percentage of strontium. No zones of celestine have been
observed in the probertite.

Strontianite SrCO,

Strontianite has been found in several areas. In two of the
areas, strontianite was included into colemanite with active
alteration of the exposed strontianite into celestine. These
were the first confirmed occurrences of strontianite with
borates in the Death Valley area. The strontianite identifica-

tion was done through X-ray diffraction by John Longshore
at Humboldt State University, Arcata, California.

Veatchite 5r,B,,0,,(0OH),-H,O

Veatchite also occurs at the Billie mine (a species not
previously confirmed in the Death Valley area). Veatchite, a
strontium borate of rare occurrence, occurred sparingly in
the Billie mine except for the 1360 level, 2S drift, where
numerous vugs were filled with small (up to 5 mm) veatchite
balls in colemanite vugs, occasionally occurring with celestine.
This veatchite occurred in a fault zone and appeared to be
limited to the area between two faults exhibiting a deposi-
tional setting similar to that of celestine. Higher quality
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specimens of veatchite were noticed in another area but were
not salvaged due to a mistaken identity of the mineral. The
veatchite was tentatively identified by Vince Morgan in 1982
and was confirmed through X-ray diffracion by John
Longshore at Humboldt State University, Arcata, Califormia.
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The Seravezza marble quarries in Tuscany are as interesting for
their microminerals as the more famous Carrara marble quarries
20 km to the northeast. The mix of species is somewhat different,
however, including such minerals as boulangerite, zinkenite,
guettardite, robinsonite, baumhauerite, bindheimite and bournonite
which are rarer or entirely absent at Carrara.

INTRODUCTION

The Seravezza quarrying district is located about 20 km
southwest of Carrara, the famous marble deposit where over
70 mineral species have been found (Franzini er al., 1987;
Orlandi and Del Chiaro, 1989).

The cavity minerals of the Seravezza marble have received
much less scientific attention; actually, just two papers,
concerning guettardite and robinsonite from Seravezza, have
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been published (Bracci er al., 1980; Franzimi, Orlandi and
Pasero, 1992). Our purpose here is to describe the geology of
this interesting locality and the 51 muneral species which have
been identified thus far (Table 1)

LOCATION

The town of Seravezza 1s located in Versilhia, a district in

the Tuscan province of Lucca, about 35 km north of Pisa and
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20 km southwest of Carrara (Fig. 1). The marble quarries are
on the eastern slopes of Monte Trambiserra (Pitone area) and
on the southwestern slopes of Monte Ornato (Ceragiola and
Costa areas).

The Pitone area hosts two quarries: a larger one, the Biagi
quarry, and, further south, the smaller Tessa quarry. Quarry-
ing activities there came to an end in 1984; only minor
maintenance operations have taken place since then. The
Costa area hosts several quarries, only one of which is active
at the present time. The Ceragiola area includes the active
Tognett quarry, and the Bigi and Agostini quarries, which
ceased operations in 1982-1983.

GEOLOGY

The Seravezza marbles crop out at the southwestern rim
of the tectonic “window” of the Apuan Alps; they are part of
an epizonal metamorphic complex originating from a Ter-
tiary Tuscan sedimentary sequence. The Seravezza marbles are
located along the southern boundary between the Massa
Unit and the phyllitic Paleozoic basement, which hosts the
main sulfide mineralization of the Apuan Alps (Carmignani
and Gigla, 1975).

Other extensive marble outcrops occur in the northeast-
ern and central part of the apuan metamorphic complex
(Arni, Monte Altssimo, Isola Santa and Resceto). A few

5

mineral specimens from this general area are beginning to Mﬁ-
' H J Y

appear and have been submitted by field collectors for -

identification; it is likely, therefore, that interesting finds will

be reported in the future. Orlandi-Del Chiaro photo.
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Figure 2. Typical cavities at the Ceragiola quarry.
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Figure J. Pitone area quarries; Orlandi photo.

CAVITY FORMATION

The munerals of the Seravezza marbles, like those of

Carrara, occur in cavities generated by the deformation
process during Tertiary metamorphism (Carmignami and
Khgfield, 1990, and references therein). While the Carrara
cavities are often tube-like with a diameter of about 10 cm
and length up to several meters, the Seravezza cavities have an
elongated, sometimes s-shaped cross-section only a few
millimeters to a few centimeters wide and 10 to 30 cm high;
the length can reach several meters (Fig. 2).

These cavities lie en echelon on definite horizons related to
the schistosity surface of the first metamorphic phase, which
was refolded during the second metamorphic deformation. A
second schistosity surface associated with the folds above and
lying at a small inclination can sometimes be seen. The
elongated cross-sections of the cavities where mineralization
occurs are emplaced at a high angle with respect to both the
first and the second schistosity surfaces.

A model for the formation of the cavities is illustrated in
Figure 4, which suggests that tension gashes have been
produced by shearing stresses concentrated on certain hori-
zZons.

The structural data show that these phenomena are related
to the late tectonic evolution of the Apuan metamorphic
complex, and that they are consistent with the post-colli-
sional processes which, in this area, appear as a southwest-
dipping extensional shear zone and ductile extensional faults
(Carmignani and Kligheld, 1990).

The deformation process which opened the cavities

Ihe Mincralogical Record, volume 27, January—February, 1996
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Figure 4. Interpretive cinematic model, showing
a tension-gashing process due to shear stress in
marble horizons, creating the cavities in the
Seravezza marble (after Giananti, 1984).

brought about a pressure gradient around the cavity area,
which activated the circulation of mineralizing solutions n
the cavities. It is likely that at least part of the solutions were
not of external origin, but originated from within the marble
iself.

MINERALOGY

The first species deposited were: quartz (not common

here), galena, pyrite, sphalerite, enargite, colusite and fluo-
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rite. The lead sulfosalts appear to have been deposited in a
later phase, while smythite, marcasite, dolomite, gypsum and
“wad” were deposited last.

Secondary minerals such as cerussite, hydrozincite, smith-
sonite, wulfenite, mimetite, etc. were formed much more
recently during alteration processes caused by the circulation
of surface water.

All the species described in this article were identified by
X-ray diffraction methods. The minute dimensions of the
crystals required, in most cases, the use of the Gandolfi
camera to generate powder diffraction patterns and the
Weissenberg camera for single-crystal diffraction patterns.

The chemical analyses of sulfides and sulfosalts were
carried out on an ARLSEM-Q electron microprobe, using
the following standards: natural galena for Pb and S; natural
stibnite for Sb, natural chalcopyrite for Cu, metallic Cd for
Cd and natural arsenopyrite for As and Fe.

The chemical formulas of the minerals listed below and
on Table 1 are from Fleischer and Mandarino (1991). Table 1
lists the minerals reported from Seravezza, arranged accord-
ing to Strunz's Mineralogische Tabellen (1978).

Adamite Zn,(AsO)(OH)
Minute apple-green crystals of adamite in globular aggre-
gates up to 1 mm have been found only once, at the Costa

quarry.

Albite NaAlSi,O,
Albite occurs sparingly in various quarries as clear tabular
crystals.

Anglesite PbSO,
Just one crystal of anglesite, smaller than 1 mm, has been
found near a fragment of altered galena.

Arsenopyrite FeAsS

Rare prismatic crystals of arsenopyrite with rhombic
cross-section occur elongated on the c-axis, and are normally
smaller than 1 mm. The color is pale lead-gray, sometimes
tarnishing yellow. All known specimens were collected at the
Costa quarry.

Azurite Cu,(CO,),(OH),

Rare azurite is normally associated with malachite. A few
fairly showy microcrystal specimens of azurite up to 1 mm
were collected at the Tognetti quarry.

Barite BaSO,
Milky white, tabular crystals of barite to 1 or 2 cm occur
sparingly in all of the Seravezza quarries.

Baumbhauerite (?) Pb,As,S,

A black, metallic, acicular crystal removed from a speci-
men collected at the Pitone quarry was found probably to be
baumhauerite. Two chemical analyses and a Gandolfi camera
powder X-ray diffraction pattern were obtained. Unfortu-
nately the crystal is no longer available and further examina-
tion of the same specimen, containing both boulangerite and
guettardite crystals, did not reveal any more baumhauerite.

The microprobe chemical analyses (Giananti, 1987, speci-
mens 8a and 8b) gave results (shown in Table 2, samples 1 and

50

2) which are very close to those reported by Jambor (1967)
for antimonian baumhauerite from Madoc, Ontario.

Bindheimite Pb,Sb,0,(O,0H)

Like duftite, bindheimite has been found only in one
specimen, as white earthy pseudomorphs after acicular
crystals of lead sulphoantimonides.

Figure 5. Boulangerite, curved crystals 0.1 mm
in diameter (SEM photo), from the Tognetti
quarry. Del Chiaro collection; Orlandi photo.

Boulangerite Pb.Sb,S,,

Boulangerite is common in all the Seravezza quarries, as
acicular, extremely flexible crystals up to a few centimeters.
The crystals are grouped in irregular or matted aggregates
which are very dark gray, almost black, with a bright metallic
luster. Some crystals may be thicker, stiffer and more brittle,
and do not show the striations which are typical of zinkenite.
Curved or curled crystals forming small rings and cylinders
are not uncommon,

Microprobe chemical analysis (Giananti, 1987, specimen
19) gave the results shown in Table 2 (sample 6).

Bournonite PbCuSbS,

Dark lead-gray, shiny metallic crystals of bournonite up to
2-3 mm, normally tabular and twinned, are uncommon.
Square bipyramidal crystals have also been found, associated
with minute crystals of tetrahedrite.

The chemical analysis of one crystal (Dalena, 1978) is
shown in Table 2 (sample 3).

Calcite CaCoO,

Calcite crystals up to a few millimeters, but occasionally
larger than 1 cm, line all the marble cavities. The crystals
nearly always have a slightly elongated rhombohedral habit;
the faces are often striated in a direction parallel to the crystal
edges. Particularly interesting are some perfectly clear, twinned
rhombohedral crystals which simulate a trigonal bipyramid.

Celestine SrSO,

Transparent or white prismatic celestine crystals up to 1
mm, individually and in crystal sprays, are uncommon, but
may be found more often in the Ceragiola quarries.
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Table 1.

Minerals found in cavities of the Seravezza marble.

Mineral

Composition

Rarity

Mineral

( .’nm,rm_urmn

Rarity

Sulfur

Sphalerite
Chalcopyrite
Luzonite-

Famatinite
Colusite
Sulvanite
Tetrahedrite
Wurtzite
Enargite
Smythite
Millerite
Galena
Stibnite
Pyrite

Marcasite
Arsenopyrite
Bournonite
Baumhauerite
Jordanite
Zinkenite

R obinsonite
Semsevite
Boulangerite
Guettardite
R ealgar
Orpiment

Native Elements

S

Sulfides and Sulfosalts

(Zn,Fe)S
CuFeS,

Cu,AsS, - Cu,SbS,

Cu, V,(As,Sn,Sb)S,,

Cu,VS,
(Cu,Fe),,Sb,S,,
(Zn,Fe)S
Cu,AsS,
(Fe,N1),S,,
NiS

PbS

Sb,S,

FeS,

FeS,

FeAsS
PbCuSbS,
Pb,As,S,
Pb,.(As,Sb).S,,
Pb,Sb,.S.,
Pb,Sb,S,,
Pb,Sb,S,,
Pb.Sb,S,,
Pb(Sb,As),S,
AsS

As,S,

“Red acicular sulfoarsenide™

Common

Very common
Very rare

Rare

Rare

Very rare
Uncommon
Rare
Uncommon
Very rare
fery rare
Common
Uncommon
Very common
Very rare
Rare
Uncommon
Very rare
Uncommon
Uncommon
Uncommon
Very rare
Common

Uncommon
Rare
Rare

Uncommon

Halides
Fluorite

Oxides
Bindheimite
Quartz
Rutle
“Wad"”

Carbonates
Smathsonite
Calcite
Dolomaite
Strontianite
Cerussite
Azurite
Malachite
R osasite
Hydrozincite

CaF,

Pb.Sb,O, (0,0H)
510,

o,

Mn oxades

ZnCO,

CalCO),
CaMg(CO,),

SrC 0O,

PbCO,
Cu,(CO,),(OH),
Cu,(COY(O] ‘I}_.
(Cu,Zn),(CONOH),
Zn(CO,),(OH),

Sulfates, Molybdates

Celestine
Barite
Anglesite
Gypsum
Wulfenite
Arsenates
Adamite
Duftite
Mimetite
Silicates

Orthoclase

Albite

Sra0),

BaSO,
PbSO,
CaSO,2H,0
PbMoO,

Zn,(AsQ,)(OH)
PbCu(AsO )(OH)
Pb.(AsO,).C]

KAIS1,O,
NaAlS$, 0,

Uncommon

Very rare
Uncommon
Rare

Uncommon

Very rare
Very common
Very common
Uncommon
Common
Rare

Rare

Rare
Rare

Uncommon
Uncommon
Very rare
Common

Very rare

Very rare
Very rare

Rare

R are
Common

Table 2. Analyses of some Seravezza sulfides and sulfosalts.

As

Cu

Zn Fe

Cd

Empirical Formula

Note

10.01
11.18
4.35
12.29
12.95
1.06
0.55

0.04

66.59
62.50
62.33
62.73

0.12
3.43
0.01
0.01

0.50
().53
4.59
4.65

Pb,Sb, ,As, .S, .
Pb,Sb, ,As, .S, ,
PbCuSb, .As, .S, .
PbSb, .As. .S, .
PbSb, |As, .S,
Pb.Sb, JAs, S0
Pb,Sb, ,As, S,
ZnS

ZnS

ZnS

ZnS

Baumhauerite
Baumhauerite
Bournomite
Guettardite
Guettardite
Boulangerite
Semsevite
Sphalerite
Sphalerite
Wurtzite
Wurtzite

References: Dalena, 1978, for sample 3; Giananti, 1987, all other samples.
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Figure 6. Bournonite crystal, 0.5 mm,
from the Ceragiola quarries. Deri col-
lection; Orlandi photo.

Figure 7. Celestine crystal spray, 8 mm across,
: '“;‘”‘l'f-* from the Tognetti quarry. Santarelli collection;
A,={1011) "
C.={7071} Orlandi photo.
C,={0311}
s ;n_‘._-"--l:
A,=10112} |
=(2113)
{1123}
{3124)
={2134)

Figure 8. Crystal drawing of a
Seravezza calcite (courtesy of . . n .
26. ossast snd T Temasen). Figure 9. Calcite crystal, 3 mm, from Figure 10. Calcite crystal, 6 mm, from

the Tognetti quarry. Deri collection; the Ceragiola quarries. Del Chiaro
Orlandi photo. collection; Orlandi photo.

Cerussite PbCO,
Cerussite occurs rarely in transparent, tabular crystals up
to 1 mm on altered galena. It is common as gray, glassy

granules, often enclosing relict fragments of unaltered galena.

Chalcopyrite CuFeS,
Chalcopyrite has very rarely been found as yellow, metal-
lic, bisphenoidal crystals smaller than 1 mm.

Colusite Cu,. V,(As,Sn,Sb),S,,

A few specimens of colusite crystals up to 4 mm, with
typical tetrahedral habit, bronze-yellow color and metallic
luster, have been found in the Costa and Pitone quarries. No
chemical data are available on this species from Seravezza; in
the Carrara marble both As-rich and Sn-rich members have
been found (Orlandi er al., 1981).

Dolomite CaMg(CO,),

Figure 11. Calcite crystal, 2 mm, from the Dolomite i1s very common at Seravezza as white, isolated
Tognetti quarry. Del Chiaro collection and
photo.

rhombohedral crystals with pearly luster, often in the typical
saddle-like aggregates. Crystals are up to 1 cm long, some-
times with greenish or pinkish tinges.
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Figure 12. Enargite crystal, 4 mm, Figure 13. Enargite crystals, 0.5 mm (SEM
from the Pitone quarries. Deri collec- photo), from the Ceragiola quarries. University
tion; Orlandi photo. of Pisa collection; Orlandi photo.

Figure 14. Guettardite crystals, 2 mm, from the
Tognetti quarry. Pellegrini collection; Orlandi
photo.

Figure 15. Guettardite crystals, 34 mm, from the Pitone
quarries. Del Chiaro collection and photo.

Figure 16. Guettardite crystals, 2 mm,
from the Pitone quarries. Del Chiaro
collection; Orlandi photo.

Figure 18. Millerite crystals, 3 mm,
from the Ceragiola quarries. Deri
collection; Orlandi photo.

Figure 17. Jordanite crystal, 3 mm, from the
Ceragiola quarries. Deri collection; Orlandi
photo.

Enargite Cu,AsS,
Duftite PbCu(AsO )(OH) Although uncommon, fine specimens of enargite, as
Apple-green, earthy duftite associated with bindheimite tabular, pitch-black, 4-5 mm crystals with bright metallic
has been found in a single specimen from the Tognetti quarry. luster, have been collected at the Pitone quarries. Enargite 1s
This mineral appears to be the alteration pseudomorph of a frequently associated with stibnite, wurtzite, sphalerite and

sulfosalt in acicular crystals to several millimeters in length. acicular crystals of lead sulfoantimonides
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Fluorite CaF,

Fluorite occurs in small, colorless or, less frequently,
purple cubes. Rather uncommon in the Seravezza area, 1t 15
rare in the Pitone quarries, but more common in the
Ceragiola quarries.

Galena PbS

Galena i1s a fairly common mineral at Seravezza. The
crystals are cubic, octahedral or cuboctahedral, and often
twinned. Sometimes the crystals are deformed or flattened
on the three-fold axis to yield an hexagonal outline, similar
to those from Carrara (Franzini et al., 1987).

Guettardite Pb(Sb,As),S,

Guettardite occurs as prismatic to acicular or sometimes
tabular crystals. The length-to-diameter ratio of the crystals 1s
not as large as for boulangerite and zinkenite. The black color
and metallic luster aid in visual identification of this mineral
from boulangerite and zinkenite, which are lead-gray. Some
rare, terminated crystals are tabular, with a rectangular cross
section, showing the pseudo-orthorhombic symmetry of the
species.

Guettardite 1s rare but has been collected both in the
Ceragiola and in the Pitone quarries. Chemical analyses
(Giananti, 1987, specimens 4 and 9) gave the results shown
on Table 2, samples 4 and 5. The specimens above have been
identified by X-ray diffraction patterns both on single crystals
(Weisseberg and Buerger methods) and on Gandolfi camera.

Gypsum CaSO,-2H,0
Clear crystals of gypsum up to 1 cm or more are common
in all quarries.

Hydrozincite Zn,(CO,),(OH),
Rare hydrozincite is found in small, earthy white globules
up to 3 mm in size, as an alteration product of sphalerite.

Jordanite Pb,.(As,Sb),S,,

Jordanite occurs as lustrous, lead-gray crystals up to 1 cm,
with a pseudohexagonal, “bipyramidal” stepped habit. A rare
species, it has been found more frequently in the Ceragiola
quarries. Qualitative EDS analyses have shown a very low Sb
content, indicating a chemical composition very close to the
As end-member of the jordanite-geocronite series.

Luzonite Cu,AsS, / Famatinite Cu,SbS,

The identification of luzonite/famatinite from Seravezza
1S based on Gandolfi camera powder X-ray diffraction
patterns; no precise chemical data are available, so that
attribution to either luzonite or famatinite is not possible at
this tme. The crystals, up to 1 mm in size, have a
bisphenoidal habit, metallic luster and a bronze color,
sometimes with a purple tinge.

The few specimens recorded have been found in the
Ceragiola and Pitone areas; it is normally associated with
zinkenite, stibnite and bournonite.

Malachite Cu,(CO,)(OH),
Rare in coatings, crusts and globules up to 1 mm,

malachite occurs scattered near altered copper sulfides and
sulfosalts.
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Marcasite FeS,
Marcasite is very rare, occurring as poorly formed, very

brittle tabular metallic crystals; it has been found in associa-
tion with zinkenite in the Ceragiola quarries.

Millerite NiS

Just one millerite specimen has been found at Seravezza; it
consists of a spray of acicular crystals 3 to 4 mm long,
showing the typical brassy yellow color and metallic luster.

Figure 19, Mimetite crystals to 0.07 mm (SEM
photo), from the Ceragiola quarries. Del Chiaro
collection; Orlandi photo.

Figure 20. Mimetite, 0.03-mm crystals on
zinkenite (SEM photo), from the Ceragiola
quarries. Del Chiaro collection; Orlandi photo.

Mimetite Pb.(AsO,).Cl

Sprays of milk-white crystals of mimetite up to 0.1 mm
occur occasionally on partly altered zinkenite crystals. Also,
yellow prismatic crystals have been found rarely.

Orpiment As,S,
Acicular crystals of orpiment up to 1 mm, with the typical
yellow color, are found at the same localities as realgar.

Orthoclase (“adularia™) KAIS1,0O,
The “adularia” variety of orthoclase has been found rarely
at the Pitone quarries, as milky crystals up to almost 1 cm.
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Pyrite FeS,
Pyrite is the most common sulfide at Seravezza. It occurs

as pyritohedral and, more rarely, octahedral and cubic crystals
up to 1 cm.

Quartz S10,

Quartz is almost completely absent from the Pitone
quarries and rather uncommon in the Ceragiola quarries,
where it occurs (mostly in the Tognetti quarry) in crystals
seldom larger than 1 cm.

Realgar AsS

Realgar is rare at Seravezza. Bright red, prismatic crystals
up to 1 mm occur rarely in the Pitone and Ceragiola areas,
and particularly in the Tognetti quarry.

“Red acicular sulfoarsenide™

This mineral, as yet unidentified, has an X-ray powder
diffraction pattern very similar to that of robinsonite. A
qualitative EDS analysis has shown the presence of Pb, As and
S only. No single crystals suitable for a crystallographic study
have been found. The brick-red acicular crystals are fairly
widespread in several of the quarries, and are normally
associated with jordanite, robinsonite and yellow sphalerite.

Figure 21. Robinsonite crystal, 0.3 mm (SEM
photo), from the Pitone quarries. University
of Pisa collection; Orlandi photo.

Robinsonite Pb,Sb.S,,

Robinsonite, a lead sulfosalt, shows a prismatic to acicular

habit, with a length-to-diameter ratio similar to that of

guettardite, and with a similar, or even brighter, metallic
luster. The elongated prism faces of robinsonite are not
striated; often the crystals are distinctly terminated by small
shiny facets.

Robinsonite 1s rare; it has been found at the Pitone
quarries, often with yellow sphalerite and, sometimes, with
gypsum (Franzimi, Orlandi and Pasero, 1992).

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

R osasite has been observed with malachite and azurite as
an alteration product of sulfides and sulfosalts, forming
coatings, crusts and, sometimes, globular aggregates of tiny

blue crystals associated with bindheimite and duftite
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Rutile TiO,
Reddish, prismatic crystals of rutle up to a few millime-
ters have been found rarely at the Pitone quarries

Semseyite Pb,Sb,S,,

A few semseyite crystals about 1 mm in size have been
found in the Ceragiola area. These crystals show a pitch

black color and metallic luster similar to that of enargite, but

they are lenticular in habit and curved into a helix-shape. A

microprobe chemical analysis yielded the composition shown
in Table 2 (sample 7)

Smithsonite ZnCO,
Smithsonite i1s very rare at Seravezza; it occurs in brownish
to yellow rhombohedral crystals, smaller than 1 mm, some-

umes with hydrozincite, on altered, skeletal sphalerite crys-
tals.

Smythite (Fe,Ni),S,,

Very thin (0.01 mm), tabular, bronze-colored smythite
crystals up to 2 mm have been found at the Ceragiola
quarries. Normally the crystals lie on calcite crystals and do

not penetrate them, thus indicating very late deposition in
the cavities.

Sphalerite (Zn,Fe)S

After pyrite, sphalerite is the most common sulfide at
Seravezza and has been found in all quarries. The crystals, up
to 5 mm, are often ruby-red and complex in form; more
rarely they can be tetrahedral and yellow in color. The red
variety is associated with galena, geocronite and bournonite;
the yellow variety with colusite, wurtzite and robinsonite

Microprobe chemical analyses of an orange-red crystal
and of a dark brown crystal gave the results shown in Table 2
(samples 8 and 9). This analysis suggests that the darker color
is caused by a higher ron content

Stibnite Sb,S,

Stibnite occurs in metallic, gray-black crystals, either with
a stout prismatic habit or with a very thin acicular habit. The
larger crystals, up to 3 mm in length, are prismatic with
shiny, very seldom striated faces. Sometimes the prism 1s
terminated by small, triangular, orthorhombic dipyramd
faces giving the crystal a typical “bell tower™ habit. The
acicular crystals are often grouped in sheaf-like aggregates
Stibnite 1s sometimes associated with wurtzite and enargite
Moderately rare at the Pitone quarries, it is rather rare in the
other Seravezza quarrnies.

Strontianite SrCO,

White, acicular crystals of strontianite to 2 mm, forming
sprays, spherules and sheaf-like aggregates, are common at
the Ceragiola quarries, but are rare elsewhere.

An accurate determination of the interplanar distance
d(132) by X-ray powder diffracion method gave the result of
1.982(2) A. This value indicates a calcium-rich variety of
strontianite, contaiming about 15 mole % CaCO, (Speer,
1983).

Sulfur S

Sulfur s fairly common in all of the Seravezza quarnies,

especially in the Tognetti quarry and in the Pitone area. The
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Figure 22. Orpiment crystals, 3.5 mm, from the
Pitone quarries. Del Chiaro collection and

photo.

Figure 23. Red acicular sulfoarsenide and
robinsonite crystals, 2-4 mm, from the Pitone
quarries. University of Pisa collection; Orlandi

photo.

Figure 24. Rosasite spherules, 1.5 mm, from the
Tognetti quarry. Deri collection; Orlandi photo.

Figure 25. Smythite crystals, 3 mm, with pyrite,
from the Ceragiola quarries. Del Chiaro collec-
tion; Orlandi photo.

Figure 27. Sphalerite crystals, 2 mm (left) and 3Imm (right), from the Ceragiola quarries.
Deri collection; Orlandi photo.

Figure 26. Sulfur crystal, 2 mm, from
the Pitone quarries. Del Chiaro col-
lection and photo.

Figure 27. Tetrahedrite
crystal, 3 mm, with
pyrite, from the Pitone
quarries. Del Chiaro
collection and photo.
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crystals, seldom larger than 4 mm, are normally rounded as if
they had been gently melted or redissolved after deposition.
This feature is common also to the sulfur of the Carrara

cavities. Iransparent, sharp, bipyramidal crystals with shiny
faces are rare.

Sulvanite Cu,VS,

Just one specimen of sulvanite has been reported from the
Ceragiola area, as cubic crystals of about 1 mm, black, with
a shiny metallic luster, and occurring in association with
yellow sphalerite.

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

Tetrahedrite s uncommon at Seravezza, but equally
distributed in the different quarries. The crystals, up to a few
millimeters in size, often show a tetrahedral habit, but very
complex crystals with many different facets and an almost
rounded habit have been found. An EDS qualitative chemical
analysis has shown an As:Sb ratio of about 1:10, with
significant Fe and Zn.

1'lwad L

The general term “wad,” meaning undetermined manga-

nese oxides, can be assigned to brownish, earthy globules up
to 1 mm in diameter, found sparingly in the Ceragiola area;
the qualitative EDS analysis has shown Mn to be the
dominant cation in this mineral.

Wulfenite PbMoO,

Extremely rare at Seravezza, wulfenite has been found
only once, at the Tognetti quarry, with other alteration
products of galena as yellow tabular crystals less than a
millimeter across.

Wurtzite (Zn,Fe)S

Wurtzite is moderately rare at the Pitone quarry, and very
rare elsewhere at Seravezza. The crystals, which rarely exceed
2 mm in length, show the typical hexagonal pyramidal habat,
sometimes flattened on the basal pinacoid. The most com-
mon color is red, but brown crystals and honey-yellow
crystals have also been found. Microprobe chemical analyses

of two crystals yielded the results in Table 2 (samples 10 and
11).

Zinkenite Pb,Sb,.S,,

Zinkenite i1s uncommon in all the Seravezza quarries. The
crystals are acicular, with a cross-section larger than that of
the boulangerite crystals; typical, very distinctive longitudinal
striations give the crystals as fasciculated aspect. The color 1s
lead-gray, paler than that of boulangerite. Sometimes zinkenite
has an alteration patina dulling its typical metallic luster.

This species has been identified by single-crystal
Weissenberg camera diffraction analysis. The cell has a

pseudohexagonal symmetry with the following parameters:
a= 44.2(1); c = 8.60(5) A.

COMPARISON OF SERAVEZZA AND CARRARA

The Carrara and the Seravezza marble deposits, although
similar in nature and origin, are rather different with respect
to mineral association and relative abundance of the various
species. At Carrara, the cavity minerals occur sparingly, in
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Table 3. Reilative rarity of
the Carrara and Seravezza minerals.

Car- Sera- Car-

Mineral rara ' wzza Mineral rara’

Adamite VT
Albite VC

Anatase r

Hydrozincite vr
Jordanite r
Kersterite

Anglesite

Anhydrite
Aragonite

Linophorite
Luzonite-
Famatinite
Arsenopyrite
Aurichalcite Malachite
Azurite Marcasite
Barite ' Millerite
Baumhauerite

Magnetite

Mimetite
Bindheimite Muscovite

Bornite Nordstrandite
Boulangerite Orpiment
Bournonite Orthoclase
Brookite

Calcite ' ' Pyrite

(adulara)
Celestite Quartz
Cerussite R ealgar
Chalcophylhite “Red acicular
Chalcopyrite sulfoarsenide™
Chalcocite R obinsonite
R osasite
Runle
Sellaite
Semseyite
Smythite

Sphalerite

Chnochlore
Colusite
Connellite
Cornubite
Covellite
Cuprite
Dawsonite Stibnite
Digenite Stronzianite
Dolomite

Duftite

Sulphur
Sulvamite
Enargite [etrahedrite
Fluorapatite "horogummute
Fluorite Uraninite
Vaesite
Volborthite
“Wad"
Wulfenite
Wurtzite

Zinkenite

Galena
Gibbsite
Guettardite
Gypsum

Hal |-‘.1'~_.'I~.I te
Hemautte
Hemimorphite

¢ = common, v¢ = very common, r = rare,
VI = Very rare, U = uncertain, uc = uncommon,
o = only one specimen known

'"Franzini et al., 1992,

well-formed, individual crystals and crystal groups. At
Seravezza, the mineralizanon may also occur as epithermal
vein formations including the association of several sulfides
(pyrite, sphalerite, galena) and sulfosalts (boulangerite,
zinkenite, guettardite, etc.) which sometimes completely fill
the marble clefts.




Concerning the various mineral species, firstly it should
be noted that calcite in Seravezza and in Carrara occurs in
very different habits, so that specimens can be readily
assigned to one or the other locality by visual inspection. The
calcite crystals from Seravezza have a very simple habit
consisting of the most common rhombohedron; the faces are
invariably marked by inverse hopper striations resulting from
successive growth phases. The calcite crystals from the
Carrara marble, on the other hand, have specular faces and
complex habits in which the rhombohedron seldom pre-
dominates.

A second important difference concerns quartz crystals,
which occur in most Carrara geodes and have been famous
there for over a century for their beauty and perfection, but
are very rare in the Seravezza geodes.

The relative frequency of the various other species at the
two localities can be assessed by comparing Table 1 with the
table for Carrara minerals (Franzini, Orlandi, Bracci and
Dalena, 1992), and is summarized here in Table 3.

The significant presence of lead sulfoantimonides and
arsenides (in particular guettardite, robinsonite, zinkenite and
boulangerite) in the Seravezza marble is in contrast to their
virtual non-existence in the Carrara marble. Since the
cavities at both localities were formed during the same
extensional post-collisional process, and can reasonably be
considered to be of the same age, this difference can perhaps
be explained by a difference in the chemistry of the
circulating fluids.

The mechanism of remobilization, dissolution and recrys-
talization in the immediate vicinity of the cavities has
certainly played an important role in the genesis of the

munerals of the Seravezza marble, as it has for the minerals of

the Carrara marble (Franzimi er al., 1987). In the Seravezza
mineralization, however, the influx of elements from sources
located outside the marble deposit, through large-scale fluid
circulation, must also be postulated. At Seravezza, the miner-
alization 1s closely reminiscent, in various ways, of the
neighboring sulfide and sulfosalts mineralizations in the
underlying phyllic Hercynic basement (Bottino, Gallena,
Santa Barbara and La Rocca mines); this fact suggests that a
genetic relationships between these deposits is likely.
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W hat's New in
Minerals?

Denver Show 1995 by Thomas P. Moore

[September 15-17]

The hotel rooms were comfortable, the downstairs
restaurant’s food was good, the morning coffee was free, and
for four straight days the weather was balmy—so there
unfolded, with style and grace, Marty Zinn’s big 1995 show
at the Holiday Inn North in Denver. The Main Show, at the
Denver Merchandise Mart, had its notworthy points too,
including some fine displays on the theme of caldte and a
small case of about 30 of Ralph Clark’s amazing thumbnails.
Most experienced parties agreed, however, that this Main
Show was unusually flat in the “what’s new in minerals”
department. Well, you can’t define feasts without famines,
and there’s still plenty between the two shows to report on
here. And, like, who cares (you know?) that more new goodies
happened to show up at the hotel than at the Main Show? |
heard no complaints from any of those who, in the long run,
count most: the hoards of excited children bussed in by local
elementary schools to appreciate and learn from the beautiful
things all over the Merchandise Mart’s main hall and the side
“tunnels.” Off we go, then, mineraltripping . . . .

Dauntless prospector Ed Coogan (Coogan Gold Company,
P.O. Box 1631, Turlock, CA 95381-1631) dug some new
gold this year at a2 new site—given as “Eugene Mountains,
Humboldt County, Nevada” At his stand in the hotel
ballroom were about 20 nice gold thumbnails consisting of
(a) shghtly rough cubes, some of these with pronounced
hopper growths, to 5 mm, (b) flattened octahedrons of the
same size, and/or (c) shapely dendritic forms, of a medium-
gold color and a good (though never brilhant) luster. Then,
just down the road a piece, in the “Ten Mile District,”
Humboldt County, Ed went on to dig more quartz-enclosed
gold of a different type: brighter, darker yellow, in highly
flattened leaves composed of minute octahedrons in arbores-
cent aggregates. There were perhaps ten thumbnails and small
miniatures of these. Hats off to military retirees who become
serious and skilled western gold prospectors!

Some excellent California gold, too, shone and preened
for the kids (of all ages) at the Main Show. This included not
only Wayne and Dona Leicht’s (Kristalle, 875 N. Pacific Coast
Highway, Laguna Beach, CA 92651) tremendous specimens
of quartz-matrix gold of highest brilliancy from the Eagle's
Nest mine (fine as these are, we've seen them before), but
also some specimens, more surprising, from the Sixteen-To-
One mine in Sierra County. Marketer Tom Woodfin (PO.
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Box 1621, Alleghany, CA 95910) explained that the Sixteen-
To-One has been in operation for 99 years, but has never had
such a year as this one; for instance, in August a pocket was
hit with 5,000 ounces of gold, this mostly as massive fillings

of seams along faults, with arsenopyrite. Better for our
purposes, some beautiful crystallized gold groups came from
a 600-ounce pocket entered in June. These are very lustrous
quartz-matrix specimens with bright, subhedral, flattened
octahedrons to 2 mm, and curling crystalline leaves, making
fine thumbnails and miniatures, In 1987, in the second Gold
Issue, Wayne Leicht wrote of this mine, saying it was a shame
that no good crystal specimens had ever been saved from it
But now, we're told, specimen-preservation efforts as careful
as this one are likely to be made again when and if such
pockets are struck.

In Utahs Lakeside Mountains, overlooking Utah Lake
about 20 miles west of Provo, lies the “Pelican Point™ locality
for goethite pseudomorphs after pyrite, in sometimes enor-
mous, sharp brown cubes and groups. We've known dimly
about Pelican Point because it was worked as long ago as the
1930%, though in the early '50% it was abandoned. John
Holfert of Utah Minerals and Fossils, Inc. (997 N. Chapel Dr.
#4, Bountiful, UT 84010) did take some pseudomorph
specimens out n 1978 but found them, at that time,
prohibitively hard to clean. Now, thanks to a new Chicago
Pneumatic air gun of which John 1s enamored, the specimens
can be given a handsomely clean, crisp, rich brown appear-
ance in no time. The pyrite originally occurred as striated
cubes to 10 cm on edge, always very sharp; replacement by
goethite 1s sometimes almost complete, sometimes limited to
a thin skin, although all crystals have that same clean, sort of
silky mahogany-brown aspect. John dug for nine weeks, 12
to 15 feet down, in shaly limestone to take out about 900
large specimens (the largest are cube groups 25 cm across)
and thousands of smaller ones. Most specimens are loose
crystals or clusters, but a few show remnants of a compact
light gray matrix. There was a whole roomful of them—
rapidly being depopulated when | stopped by—in the
Holiday Inn.

1995 so far has not been the best of years for rhodo-
chrosite at the Sweet Home mine, Alma, Colorado, al-
though the Collectors Edge (P.O. Box 1169, Golden, CO
80402) did have, at its busy booth off the tunnel at the Main
Show, a few nice new small specimens. The translucent,
bright pink rhodochrosite rhombs to 1 cm are grouped in
shapes after which the pocket (hit in August 1995) was
named: the “Horseshoe Pocket” And there were a few
exceptional holdover pieces—with razor-sharp gemmy pink
rhombs to 2 cm on needle quartz, with tetrahedrite—from
last year’s astonishing “Corner Pocket,” which was the rhodo
gods’ answer, at last, to the special prayers of thumbnail and
miniature devotees.

But Bryan Lees of Collector’s Edge has also been working
lately at the Calumet iron mine, 10 miles north of Salida,
Colorado, long known as the source of mice blocky striated
epidote crystals to 5 cm across. In July 1995, a 5-foot-long
clay-filled pocket was breached, and cleaned out inside of
three weeks; it contained lovely smoky quartz crystals to 20
cm long, transparent and lustrous and on the “light” side for
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Figure 1. Gold
crystal groups,
3.0 and 2.8 cm,
from the
Eugene Moun-
tains, Humboldt
County, Nevada.
Coogan Gold
Company
specimens; Jeff
Scovil photos.

Figure 2. (left) Gold with milky quartz, 15.2 cm,
from the Eugene Mountains, Humboldt County,
Nevada. Coogan Gold Company specimens;
Jeff Scovil photo.
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green epidote crystals, so we have a new and quite striking

“association” phenomenon here: smoky quartz clusters rest-
ing on, and sometimes including, bright blocky epidote
crystals. An exhibition case at the Main Show displayed some
VETY i.irg::. attracave pieces, and Collector’s f:-d'."i' wWas ur:”ll]g_{
ample numbers of specimens in all sizes.

Magnetite makes good groups of very sharp, submettalic
black octahedrons, a little frosted and individually to 2 cm on
edge, at the Republic mine, Hanover, Grant County, New
Mexico—a fact which western U.S. collectors have appar-
ently long been aware of, but | was not. So | had to admire
the selection of small cabinet specimens, with black crystal
groups leached out of calcite, in the hotel room of George
Stevens Minerals (PO. Box 44313, Tucson, AZ 85733)
George says that the Republic is still an active iron mine, but
its good magnetite specimens of this type, being hard to
collect, are getting sparser.

One of the major what's-new excitements of this Denver
Show was in fact an update-with-thrilling-additions of one
of the major discoveries from the last Tucson Show: the

extraordinary chalcocite (and other copper sulfide) speci-
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Figure 3.
Chalcocite
crystals, 2.6 cm
and 3.5 cm,
from the
Flambeau mine,
Ladysmith,
Wisconsin.
Burminco
specimens; Jeff
Scovil photos.

Figure 4. (right) Smithsonite group, 6.8 cm, from
Level 9 of the Potosi mine, Santa Eulalia,
Mexico. Kerith Graeber collection; Jeff Scowil
photo.

mens now being dug from a supergene zone at the Flambeau
mine, Ladysmith, Rusk County, Wisconsin. As before, the
man in charge here 1s Casey L. Jones of Burminco (128 S.
Encinitas Ave., Monrovia, CA 91016), who held court this
ttme in a dazzhngly supergene-mineralized room at the
Holiday Inn. Yes, there were more, hundreds more, of the
small groups of shghtly roughened, blocky to tabular chalcocite
crystals tarnished a deep bronze by what has proven to be

bornite coatings. But on Feburary 1st of this year (just as
Tucson was about to begin), on the 1010 Level of the

Flambeau mine, a drill bit suddenly plunged freely into a 10-
foot pocket (now called the “Drill Pocket™). This pocket
proved to contain chalcocite of the largest crystal size and
best development yet found at the mine, and moreover with
a gogeous metalhc midmght-blue tarmish. The best preces
average fist-size, and are solid sulfide masses topped with
intergrown, sharp, hexagonal chalcocite discoids to 1.5 cm
across, uniformly of that brilhant iridescent blue. We now
have to say that the best of these Wisconsin chalcocites are the
peers of any chalcocites from anywhere in the world, and,
thanks to the blue patina, resemble no others. Mining 1s stll
in progress, and the sexy (I mean the supergene) zone has not
yet been left behind.

From Springfield I had some kind words to say for Dan
and Shelley Lambert of the new dealership of Lambert
Minerals (152 Colleen Cres., Ancaster, Ontario, Canada L9G

l]3)—and here they were again at Denver, not only with
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more of the Ontario tremolite and ilmenite mentioned
before, but with two more, equally interesting items. For
one, there were about a dozen thumbnails with good sharp
tin-white cobaltite crystals to 1 cm sitting up pertly on
greenish gray calcite matrix, from the small prospect at
Ehizabeth Lake, Espanola, Ontario. This cobaltite locahity has
been known for at least 25 years, and the pieces in the

Lamberts’ little hoard were collected about 15 years ago; it 1s
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fun to see good material like this come visiting again from
the dead (for there’s no current work going on at the place,
and no current specimen production).

Further, the Lamberts had about 20 specimens, from
thumbnails to a 10 x 12-cm matrix piece, of green grossular
which was discovered three years ago at a place heretofore
known only—but famously—for gemmy-orange grossular:
the Jeffrey mine, Asbestos, Quebec. These new crystals are
very vivid, sharp, gemmy, medium green dodecahedrons to
about 3 mm across, well isolated in vugs and seams in a felsic
rock. None others (probably) of this color have ever been
found at the Jeffrey.

The crystal-diggers of Crystal City, Inc. (HC 63 Box 135-
C, Mt. Ida, AR 71957) mainly dig Arkansas quartz, but there
was a surprise at the back of the small ground-floor ballroom
they occupied at the Holiday Inn: lovely, large specimens of
green smithsonite on white to creamy yellow-white arag-
onite, from a single large pocket hit recently in an offshoot
vein on Level 9 of the Potosi mine, Santa Eulaha, Chihuahua,
Mexico. The pocket gave up about 40 pieces, including
about 10 of highest quality Most of them show only
aragonite, in great snowy mounds of glistening microcrystals
and/or coralloidal growths from which transparent colorless
prisms to 5 mm bristle. In the elite, smithsonite-bearing
pieces, glistening pale apple-green or prehnite-green micro-
crystalline smithsonite spheres to 1 cm across lie all over the
aragonite, for a stunning color contrast. The specimens range
from large miniature-size up to 20 x 30 x 30 cm, with most
of the best ones being toward the top end of that range. This
pocket reportedly has been wholly cleaned out.

Think of chrysoberyl from Brazil, and if you are
classically minded you'll think of the beautiful gemmy
yellow-orange or yellow-green sixling twins from Itaguagu,
in Espirito Santo, first brought out in the 1940%. The
morphology is similar to the new chrysoberyls from Santa
Tereza, Espirito Santo, which debuted at this show—except
that the prism faces are more developed, so that the new ones
tend towards more elongation than the old. Also, the color 1s
distinctly different: a translucent to transparent brownish or
grayish green, gemmy in small areas only; the luster is high,
though, and the good “textbook™ examples of cyclic twin-
ning are as sharp as the Itaguagu pieces.

Reportedly these chrysoberyls were taken in early sum-
mer of this year from a pegmatite prospect whose name,
typically enough for a Brazilian gem pegmatite prospect, is
unclear; some say it’s Santa Tereza (a small town) while others
say its Fazenda Santa Isabel (a farm), Pancas (a town),
Espirito Santo (and some add “Minas Gerais,” although
Espirito Santo and Minas Gerais in fact are separate Brazilian
states). Mostly thumbnails and small miniatures, these speci-
mens were in the hands of several people in Denver. The best
| saw were some 4 x 4-cm sixlings and groups of sixlings with
Roberts Minerals but there were also 15 fine ones, including
one measuring 7 x 8 cm, in the room of Luis Menezes (R.
Andre Cavalcanti, 761 Belo Horizonte, 30430 110 Brazl),
and at the Main Show there were about 50 thumbnails with

The Rocksmiths (5th & Toughnut, Box 157, Tombstone, AZ
85638).

Ken and Rosemary Roberts also were showing, with
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understandable pride, two (only!) specimens of prismatic
rutile from Diamantina, Minas Gerais. Each is a single loose
prism 7 ¢cm long and 1.5 cm wide and thick, one with a
modest girderwork of smaller prisms around the base. Both
crystals are striated, sharp, terminated, undamaged, and
brilliantly lustrous; the dark submetallic red overall color is
gemmy on some striation ridges.

With The Rocksmiths, finally, an undoubted what's-new:
nice small specimens of rhodochrosite from Brazil. Eldon
Smith of Rocksmiths bought the whole contents of the
pocket in question, discovered some months ago at the
Marcello mine, Sad Jose de Safira, Minas Gerais. Eldon says
that this is a pegmatite prospect very near the famous
Cruzeiro mine, but he has no further information just now.
The rhodochrosite comes in pleasing medium-pink, largely
opaque but occasionally translucent single rhombs to 1 cm,
and small groups of these, on matrix. The matrix is odd: soft,
almost friable packings of pale green sparkly 2-mm crystals
that at first glance suggest diopside, but appear to be a
(manganoan?) mica species (basally cleaved hexagonal sec-
tions can be seen with a loupe). The pale rhodochrosite-pink
on this pale green spongy material makes for pretty speci-
mens, the best of which are thumbnails for about $50.

The fastest fantasy-Concorde in the whole world now
brings us in mere milliseconds to France, and then we get
ourselves somehow to a snowy shoulder of Mt. Blanc, the
highest Alp in Europe. For decades—probably centuries—
there have trickled out from the hands of the Strahlers who
hunt these heights such beautiful pink octahedral fluorite
crystals as to rival the similar ones from the Goschener Alp,
Switzerland. But supplies of course have never been lavish,
and prices have always been high. Well, this past summer
someone opened a pocket with gorgeous, very deep pink,
gemmy-transparent, beautifully sharp fluorite octahedrons
resting singly and in clusters of three to five on white
weathered granite, this matrix sometimes showing shiny
white flattened feldspar crystals to a centimeter or so. A few
specimens also have excellent, gemmy, deeply smoky quartz
prisms to 5 cm long. Although the best guess is that the best
of this lot remains “in private hands” in Europe, Stefan Stolte
of Mineralien und Fossilien Galerie (Fahrgasse 88, 6000 Frank-
furt/Main 1, Germany) brought about ten excellent pieces to
Denver, the most excellent couple of which are 8 x 10-cm
matrixes with fluorite octahedrons to 2 cm on edge (around
$5000).

At the Main Show, Victor Yount (8388 Lunsford Rd.,
Warrenton, VA 22186) had ten or so mimatures of a brand-
new, weird-looking jarosite from Pozo Alfredo, Rio Tinto,
Huelva, Spain. Opaque, creamy white, end-rounded “stalac-
tites” to 1.5 cm high are grouped in wormy clusters, most of
these stained light brown at the bases, some of the little
jarosite worm-warrens resting on a dark Fe-oxide matrix.

Aesthetically coincidentally, the tour’s next stop is to pick
up on another worm-warren sort of specimen: flos-ferri
aragonite from the ancient mines at Laurium (although the
labels said “Sounion,” the name of a cape just a few
kilometers to the south), in Attika, Greece. Ernesto Ossola (8
rue de Luxembourg, 30140 Anduze, France) recently bought
these ten specimens from a local collector at Laurium. They
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are delicate yet flamboyant, eccentric things, with thin
curving tentacles of pure white to pale-green-stained arago-
nite waving upwards from soft limonitic matrixes. All are
miniatures about 7-10 cm across the bases, the tentacles
reaching to 6 cm high.

Leaving Europe, but remaining for one more paragraph
with Ernesto Ossola, we come to his handful of specimens of
chalcostibite from Gar el Anz, Casablanca Region, Mo-
rocco. Up to 12 ecm-long metallic black blades with splintery
surfaces (and every one bashed off at the terminations) rise
from or penetrate buff-colored matrixes, or make flat-lying
groups on sohd chalcostibite. One cant decide whether
they're ugly or pretty, but arguing for the latter judgment is
the bright earthy-blue azurite alteration (with some green
malachite spots in there too) on most surfaces. Sizes of
specimens are from 4 to 15 cm, priced from $100 to $1000
.. . And these are superlative specimens, probably the top
ones from anywhere, of an exceedingly rare sulfosalt species.

Back (again) at Victor Yount’s stand at the Main Show, the
former U.S. ambassador to Mali, Willilam Dameron, stood
ready to expound, with minutely detailed maps and all, on
the interesting skarn mineralization at a site south of Sandare,
Diakon Arrondissement, Nioro du Sahel, Mali. We know by
now about the sharp brown-green dodecahedrons, often to
very large sizes, of grossular from this place. Indeed they
seem to get better with each show appearance, and did so
here. But what'’s newer are Mr. Dameron’s ten or so 15 x 15
x 15-cm loose blocky vesuvianite crystals from a newer dig
in the area. These vesuvianites, like the best of the garnets,
have a nice medium-glassy luster, although the faces are

frequently deeply pitted, and their color, also much like the
garnets’, is a mottled medium-brown to epidote-green; in
fact, the color-camouflage is such that one has to look twice
to spot the 3-cm grossular dodecahedrons which grow on
some faces of the vesuvianites. Anyway, these huge hunky
crystals are, on balance, fairly attractive, and certainly fairly
peculiar.

From the mysterious Jos gem-mining region of Nigeria,
as we know, emeralds have intermittently come; but none
I'd yet seen are any match for the four crystals being shown
in the Holiday Inn by Cal and Kerith Graeber (PO. Box
2347, Fallbrook, CA 92088). The color is halfway between
deepest aquamarine and full emerald-green; the forms are
very sharp, with pinacoidal and high-pyramidal end faces;
one crystal is doubly terminated; the longest one is 1.5 x 2 x
12 cm. Best news comes last: they are fully, absolutely
gemmy throughout, and this, with their swanky deep color,
makes them absolute knockouts in the gem-crystal depart-
ment. They are part of a very small lot which came out about
five years ago.

More to the purposes of “casual” collectors, there was a
fresh batch (dug, actually, in the late 1970% and hoarded untl
now) of fine libethenite crystals from the Mindola Open
Pit, Kitwe, Zambia—see vol. 9, no. 6 for the writeup on this,
almost surely the world’s best locality for hbethenite. Rod
and Helen Tyson (10549-133 St., Edmonton, Alberta, Canada
T5N 2A4) were selling this material for Stan Korowski, the
man who collected it and wrote the original article. Most
specimens are thumbnails, with very lustrous, very deep
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green crystals to 2 cm. Two habits are distinguishable: thin
blades in tight parallel bundles with mosaic overgrowths, and
sharp pseudo-octahedral blocky singles which sit up very
smartly in open vugs in the gray, fine-grained argyllite
matrixes. Prices were often in the high three figures, but,
after all, these are world-beating specimens for their species,
and relics besides: all active mining at the Mindola pit ceased
about a year ago.

Petr Korbel of Eastern Minerals (Vysokoskolska 488/8, 165
00 Praha 6 - Suchdol, Czech Republic) had five promising
samplings of a new find (two months old) of scepter
amethyst from Obman, Yakutia, Russia. The largest speci-
men 1s a shapely 8-cm-long purple prism-topper with good
amethyst color, grading in some areas to smoky. The opaque
white “stem” is broken off about 2 cm down from the base of
the scepter. The rest of the specimens are miniatures, and
quite good ones too. Also, Petr had some opaque to
translucent, greenish grayish white apatite in 2 x 3-cm
prisms with good terminal faces, some associated with
magnetite crystals, from a skarn at Dashkesan, Azerbaijan
these were found last summer.

The KARP dealership (PO. Box 54, 272 80 Kladno,
Czech Republic), whose own “eastern minerals” usually
include something new and intriguing, had a small flatfull of
loose pale blue topaz crystals of thumbnail size. Except for
the rather dull luster, these look exactly like old (or new?)
ones from the classic locality of Murzinka, Urals, Russia, but
in fact they're from a place called Nura-Taldy, in central
Kazakhstan. It is a greisen vein which hosts a tungsten
deposit presently being worked. The word is that the topaz
crystals are sometimes associated with cassiterite and wolf-
ramite, though no such extras showed up here. If you don'
mind the unlustrousness, these are fine thumbnails for $10 or
$20. Additionally, in the KARP room were three flats of fair to
very good non-gemmy emerald crystals in the typical mica
schist from the Malysheva mine, central Urals—these dug
only a few weeks ago. And you can remember a ime when
you thought of these, regardless of quality, as old, unattain
able “classics!

But the crowds constantly jamming the room of Heliodor
(Van Scriver-Pliaskov Minerals) testified again to the fact that
this is the place, above all others, to come for ex-Soviet
Union specimens of high aesthetic caliber and, often, high
scientific and/or what's-new interest too. Actually, Heliodor
was a bat low, by earlier standards, on new Russian material
this year. But browsing their cases, and, especially, eyeballing
or even nosetipping their flats of small specimens, still yielded
much sausfaction. For instance, there were some first-rate
thumbnails of spinel-twinned copper in brilliant branching
groups from the Frolowsky mine, Turinsk, near Bogoslovsk,
Ural Mountains.; there were a couple of shining, loose,
complete zircon crystals of mottled gray-buff color from
Veshnovogorsk Vein #5, Middle Urals; there were many
excellent thumbnails (a first) of the lovely pale orange twinned
calcite from the Sarbayskaya quarry, Rudniy, Kazakhstan;
there were superlative radial orange stellerite balls from the
same place; and there was much Dal’'negorsk material, etc.,
etc. And, here and in a few other rooms, there were
platinum crystals; and hereby hangs a tale, sull unfolding—
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Ever since the Pliaskov/Van Scriver dealership (now called
Heliodor) brought the first three specimens of Siberian
platinum crystals to Tucson in 1993, there has of course been
much excited curiosity going around. How big do the
crystals get? How do they occur, and how do they get out of
Russia?? Will there be more??? So | sat down at this show
with Star Van Scriver to receive The Scoop. It’s of necessity a
partial Scoop, but you may depend on its accuracy, as Star is
both an honest man and, so far, the man best positioned to
tell the story.

In Russia, the central government agency which oversees
metal mining (and stockpiles precious metals, and backs the
currency . . .a serious agency) is the Strategic Metals Reserve,
a branch of the Ministry of Economics in Moscow. The
platinum crystal locality, meanwhile, is near the village of
Konder in far eastern Siberia, about 8,000 kilometers away.
Somewhere between these, in a classified location, is the
“branch agency” of the Strategic Metals Reserve that is
responsible for the mines of this type in this region. The law
is that 80% by weight of whatever is found at the mine must
be sent to this intermediate branch-agency location, and 65%
of that, in turn, must be sent back to Moscow. The 20%
which remains at the source may NOT be sold to foreigners;

indeed its disposition seems very unclear. But up to 35% of

what the branch agency receives may be sold to foreigners, as

may be some unspecified quantities of what ends up in the
Moscow stockpile. Foreign buyers who come through, then,
can deal only with these two government entities, far from
the mine: Star has never visited the “Konder" site. Too bad

as no one at this site, it seems, distinguishes between nuggets
and crystals; the distinguishing occurs, when it does, either at
the branch agency or in Moscow. Although platinum crystals
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Figure 5. (left) Grossular and vesuvianite crystal
group, 6.3 cm, from Sandaré, Niaro du Sahal,
Mali. B. and D. Dameron collection; Jefl’ Scowil
photo.

Figure 6. (below) Fluorapatite crystal group, 3.2
cm, from Rio Grande do Norte, Brazil. Isaias
Collins (I. C. Minerals) specimen; Jeff Scowil
photo.

Figure 7. Pyromorphite, 10 cm, from the Bun-
ker Hill mine, Kellogg, Idaho. Wayne Thomp-
son Minerals; Jeff Scovil photo.
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Figure 8. (right) Papagoite, cuprite and
copper in quartz, 2 cm, from the Messina
mine, Transvaal, South Africa. Karl Sprich
specimen; David Minster photo (stereo-
pair).
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Figure 9.
Stibnite
crystal, Lushi
mine, Henan,
China. De
Trin Minerals
specimen; Jeff
Scovil photo.
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may now occasionally be seen in a few other dealers’ hands,
it is the Phaskov/Van Scriver dealership, so far almost alone,
which has trodden the bureaucratic-byzantine ways and
brought crystals out of the country

he mane 15 in a small alluvial river outwash which has

been worked for two and a half years now, and the workings

have processed between one third and one half of the
deposit’s apparent volume. It is rehiably said that, besides
platnum crystals, there occur here also euhedral crystals
(mostly dodecahedrons and cubes) of plannum-group native
metals ke palladium, osmium, iridium, and the alloy
iridosmine, in sizes much smaller than the platinums
Continued output of specimens—including any improve
ment in crystal size or any market appearances of crystals of
the other rare metals—depends, in summary, on several
undependable factors. Among the obvious ones are the
internal politics and economics of the Strategic Metals

Reserve (and ultimately of the Russian state as a whole); the
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mcrease (or lack of it) in awareness, along the pipeline in
Russia, of the difference between nuggets and crystals
whether or not more alluvial deposits hike this one are found
and worked; and the ongoing bravery, pluck and luck of such
western entrepencurs as the Van Scrivers. This last vanable,
however, may be the least varying. Star 1s also about to EH.‘!._'_II!
(next May) his own serious miming operation in the Puiyva
mine, in the Polar Urals, where those wondertful ferroaxinites
sometimes emerge from under the permafrost

We move on from Russia now to—you didn't guess it
.'\'Inm],:uh.l Dave Lare of ,;rl.l'f?r; Viimng (115 Hnnth:wnp
Henderson, TN 38340) has recently acquired about 10
cabinet specimens and several flats of mimatures of a new
fluorite from Saybere, Mongolia. Their color is a pleasant,
transparent ime-green to medium green, though a few have
a purplhish cast, and on a few others the fluorite crystals have
purplish zones or even sharp purple lines along the cube
edges. The shghtly rough cubes can reach 3 cm. The
specimens are often somewhat damaged, and, overall, not
radically attractive as fluorite goes, but we are promised
more, better, less damaged, better cleaned ones at Tucson thas
year

Jeffrey Mining was also showing the best of a new strike of
elbaite from Pakistan: the locality s given as the Asthor
mine, near Shigar, Karakorum Mountains. Apparently 1 _ese
came out just a bat too late for the 1995 Tucson Show. What's
most remarkable s the color scheme: the sharp, striated
prisms and columnar groups are zoned perpendicular to the
¢ ax1s in hues of pistachio-green to colorless to bright blue,
and Dave Lare’s biggest specimen, a spectacular columnar
group 17 cm hugh, with a blue up, has some very thin, pale
pink “candy stripes” about halfway up. Some fine loose single
prisms make appealing thumbnails to look at, too, in the
room of Trap Hills Minerals (P.O. Box 247, Bergland, M|
49910

At the Main Show, Dudley Blauwet of Mountain Mineral;
International (PO. Box 302, Lousville, CO 80027-0302) was
waiting for me with a short list of recent remarkables from
Sr1 Lanka and other Asian locales. As | did not see specimens

of these (they were not on hand), | will merely pass on his




word about a 71.11-carat gem taaffeite crystal from Elahara,
South Central Sri Lanka, this recently sold to the Smithsonian;
and of floater, complete, clear gemmy brown andalusite
crystals from Nawalapitiya, Sri Lanka.

Finally, I can deliver a sequel/clarification regarding the
provenance of the giant, thick stibnite crystals from China
that started appearing in Springfield, but whose source then
wasn't clear. No, it isn’t just a new kind of Xikuangshan
mine, Hunan Province stibnite, but rather comes from the
Lushi mine, Lushi Village, Henan Province, China—accord-
ing, that is, to Dave Bunk, who seems quite confident of his
information. No large new lots of this stibnite were on hand
at Denver, by the way. As at Springfield, its a case yet of
monstrous, loose, exceedingly bright but heavily damaged
prisms appearing in twos or threes at scattered dealerships
here and there.

I'll conclude this report by saying what we show reporters
too often leave unsaid about other minerals, besides what'’s-
new finds, that make these huge shows such a pleasure to
roam around in. I'm thinking chiefly of random amazements
of one-of-a-kind specimens, which may pop up hterally
anywhere, of occurrences which we think of as impossibly
“old,” remote in their dignity when we meet them in large
museum collections . . . but suddenly here one is, with old
label (largely illegible), price (inaccessible, but we don't really
grudge the specimen this), and story or stories attached (ask
the dealer) . . . a piece of solemn History itself. At this show
as at all of them, | enjoyed this experience many times, and
sO it’s just as an example that I'll mention the Graebers’ two
specimens of pyrosmalite from Nordmark, Virmland, Swe-
den—a locality which stopped producing good specimens
more than a century ago (and whose remains | have visited;
having been there always helps—adds poignancy, maybe).
One pyrosmalite is a small thumbnail, a sharp loose hexago-
nal olive-green crystal; the other i1s a 4 x 7-cm matrix with an
even sharper crystal sitting up in the middle. Discoveries,
appreciations, connections like that can make many an
otherwise so-so show day sing with joy.

Finally, and even though this column normally doesn’t
even pretend to address micromounters, congratulations to
Carter Rich (P.O. Box 69, Aldie, VA 22001) for having
lovingly bought up and just as lovingly offered again for sale
some hundred old micromounts, in old-fashioned cardboard
boxes, with yellowing labels in the faint scripts of the men
who'd made the mounts, men revered in this confraternity,
including George Gilbert Rakestraw, George Washington
Fiss, ]. B. Brinton, George Letchworth English, and, getting
into our own time, the late, much-beloved Neil Yedlin.

Enough already. My plane out of here leaves at 7:15
Sunday (tomorrow) morning. Until Tucson—!

Pretoria Show 1995 by David Minster

The Pretoria (South Africa) Gem and Mineral Club hosts
a gem and mineral show at the Menlyn Shopping Centre

each year in late September through early October to
coincide with local school holidays. The site, an up-scale mall
in an eastern suburb of Pretoria, has a special area called the
Fountain Court which contains the facilities necessary for
shows of this kind. The Pretoria Show attracts thousands of
visitors including dealers and collectors from all over South
Africa. Although rather small by international standards, the
show serves as the conduit for a large quantity of South
African minerals which eventually find their way to the
European and American specimen markets. On alternate
years (as this year) the Pretoria Gem and Mineral Club is
joined by the other South African clubs to produce a
“national show.”

The show layout consists of a circle of showcases in the
center exhibiting private mineral collections and lapidary
items which are in competiion for prizes and awards.
Surrounding this exhibit area are outward-facing dealers’
tables. Most of the mineral dealers here also show up at the
Tucson and Munich Shows later, offering for sale the stocks
obtained from local South African field collectors and other
sources. A variety of fine specimens is usually available, from
micromounts to museum-quality cabinet specimens.

This year Karl Sprich (70 Franschoek Drive, Oakdene Ext.
2, Johannesburg 2197) had just acquired some old collections
of African minerals including fine green tourmaline crystals
to 25 om long and 3.7 cm thick, from Mozambique;
rhodochrosite crystals to 3 cm from the Kalahari Manga-
nese Field (singles and clusters); and excellent dioptase.
Much of this material is being saved for the Munich Show.
Also available were meteorites from Namibia, including
polished slabs and spheres, and pallasite meteorite slabs from
Argentina; attractive ruby corundum in matrix from Mada-
gascar and Afghanistan; celestine geodes and single crystals,
labradorite, gemmy yellow orthoclase and rhodonite
from Madagascar; a meter-long doubly terminated quartz
crystal from Springbok (Northern Cape Province, South
Africa); ajoite and papagoite in quartz from the Messina
mine; very nice pink 2zoisite crystals on matrix from
Pakistan; and quartz crystals from Brandberg, South Africa.
Karl travels extensively and maintains a vast stock of mineral
specimens from around the world.

Gondwana Resources (P.O. Box 1086, Rivomia, 2128) is
another local dealer who has a large selection of quartz
crystals and groups from the famous (in South Africa, at least)
Brandberg locality, and also many zeolites from the Poona
area, India.

Rolf Brandt (Mineral Market, 331 Cork Avenue, Ferndale,
1610) had interesting quartz crystals from a variety of
localities; rhodochrosite crystals on matrix from the Kalahari
Manganese Field; cobaltoan calcite from the Mashamba
West mune, Zaire; various Indian zeolites; and a complete
dinosaur skeleton embedded in 2 25-cm matrix from Ger-
many.

The above notes are only the highlights concerning the

more unusual items; there were other dealers and many other
specimens for sale. (<
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VANADIAN DRAVITE

| read with interest the recent letter
(vol. 26, no. 2) from Jesse Fisher con-
cerning vanadian tourmaline, which |
had reported earlier (vol. 25, no. 4). As
he notes, EDS is not necessarily highly
precise. The analysis | reported previ-
ously, by Robert Gault at the Canadian
Museum of Nature, was performed by
WDS, and 1s more accurate. Although
this analysis did indeed show a consid-
erable amount of calcium, sodium is
present in excess of calcium. | have
subsequently discussed the analysis fur-
ther with Dr. Gault, who assures me
that the standard deviations for the
measurements of sodium and calcium
are quite small, and that he is quite
confident that the material should be
considered vanadian dravite. | would be
happy to provide a copy of the com-
plete analysis to anyone who might be
interested. These data are of course only
true for the crystal we studied. It would
be interesting to see the results of
analyses of more of these crystals. Al-
though we may have exhausted the
interest of the readership in this par-
ticular topic, | should note for those of
you who have not seen any of these
crystals that they are quite unique in
color for a tourmaline, and are very
reminiscent of vanadian grossular
Mark N. Feinglos

Durham, NC

(tsavorite).

HAUY MEDAL

On a recent trip to France my wife,
Catherine Skinner, and | visited the
Musée de Minéralogie of the Ecole des
Mines de Paris in order to see a fasci-
nating exhibit in honor of the 250th
anniversary of the birth of Haiiy. On
display were some of his measuring
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instruments, notebooks in which his
calculations can be followed, crystal
models, stacking models used to de-
velop his law of rational indices and
many specimens. As part of the exhibit
an elegant Haiiy medal has been crafted
which can be purchased and a half-
hour video of his life and work pre-
pared. The video 1s in French but even
a non-French speaker can learn a great
deal from the tape.

| write to you on the supposition
that you may wish to mention the
video and medal in an editorial. Read-
ers who are interested should contact
the Curator of the Museum:
Dr. Lydie Touret
Musée de Minéralogie—

Ecole des Mines de Paris
60 Bd. Saint-Michel
75272 Panis, Cedex 06 FRANCE

Brian J. Skinner

NAME GAME

Those interested in mineral names (many
collectors) might take an interest in a
recent article on the naming of bigger
rocks, the contents of our solar system.
The article, entitled “What's in a name?”
appeared in the May, 1995, issue of Sky
and Telescope, p. 2833, and was written
by John E Kross; it contains an interest-
ing sidebar, “Name games continue™ by
Govert Schilling. In addition to inter-

esting text, there are a number of

cartoons, somewhat similar in genre to
that done by Wendell Wilson in Mineral-
ogical Record, 8, 347. Although these
rocks are lhiterally orders of magmitude
greater than those the mineral collector
admires, the naming situations provide
many parallels.

Pete J. Dunn

Washington, DC

CROCOITE FIND

A remarkable find of crocoite was made
at the famous old Adelaide mine in the
Dundas district, Tasmania, in 1993
Dundas lies in a rugged mountainous
rainforest about 12 km east of Zechan
on the Tasmaman west coast. Claims
were first staked in the area in 1886,
and crocoite was found at the Adelaide
property in 1891
The present proprietor of the
Adelaide mine, Frank Mihajlowits
(known locally as the “Crocoite King of
Zeehan™), began prospecting in 1956
and took over the Adelaide mine n
1974. Since that ime he has worked
and reworked the old diggings, adits
and shafts, mostly on his own. He has
driven some new tunnels and kept the
mine operational, but has recovered
little worthwhile crocoite in the pro-
cess. In recent years he has been joined
by his son-in-law, Andrew Farrelly, and
together they have prospected new
ground and driven some new tunnels
On May 14, 1993, after having driven
an adit 50 meters into the hillside (at a
level approximately 10 meters above
the oxide enrichment zone), they inter-
sected the upper end of an extraordi-
nary crocoite vug measuring up to |
meter wide and 14 meters long. The
vug angles downward about 30°, so that
its lower end 1s about 10 meters below
is upper end. My wife and | were
graciously permitted to inspect the vug

just 12 hours after its discovery, a sight

we will never forget.

Because of the difficulty inherent in
mining out a vug from the upper end
downward, Frank decided to drive a
second adit 10 meters below the first
one so as to intersect the lower end of

the vug. In the process he hoped to

—_
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Figure 1. A 30-cm (1-foot) pocket lined with
crocoite crystals on black manganese oxide.
Frank Mihajlowits collection; photo by Victor

Kubiak.

Figure 2. Crocoite crystals on gibbsite,
8.5 cm. Ambros Kissling collection and

photo.

cross an old shaft, and perhaps also
recover specimens of other minerals
including white cerussite, yellow
“chrome” cerussite, dundasite, siderite,
phosgenite, pyrite, jamesonite and
anglesite.

Among the first specimens removed
from the pocket were matrix pieces
bearing perfectly terminated, hollow
crocoite crystals up to 8 cm long. The
crystals have a brilliant orange to red
color and clean, bright luster. The ferro-
magnesian gossan (goethite and manga-
nese oxides) varies from black to pale
brown to white as a result of gibbsite
coatings.

Some large, spectacular specimens
consist of entangled or intergrown
masses of crocoite crystals, coated black
but overgrown by a second generation

68

of crocoite which is perfectly clean and
deep orange in color. Other specimens
have been recovered with striated cro-
coite crystals to 10 cm long and 1 cm
thick, coated with gibbsite. [Ed. note:
It 1s possible to chemically remove the
gibbsite without damaging the croco-
ite. |

Although the Adelaide mine is not
open to outside collectors, it should
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continue to produce excellent speci-

mens of crocoite for some time, which

will be distributed through wvarious

lasmanian dealers including Frank

Mihajlowits (143 Main Street, Zeehan,
Tasmania 7469, Australia).

Ambros Kissling

GPO Box 419-E

Hobart, Tasmania 7001

Austrahia

y, 1996




NIOBIAN RUTILE

A comment on the niobian rutile de-
scribed in vol. 26, no. 2, p. 123 by
Gene Foord ef al. from Topaz Valley:
The description by Food et al. of hema-
tite epitactic on miobian rutile seems
incomplete. Figures 9 and 10 clearly

show that the niobian rutile occurs as

polycrystalline aggregates, as the au-
thors point out, and that not all grains
have the same orientation in the aggre-

gate. Figure 10 shows further that not
all grains occur in orientations which
would be expected if they formed
epitactically on hematite or ilmenite.
Reversing the geometry, then, it is hard
to imagine that a highly coherent outer

rim of hematite could form on such an
imperfectly oriented aggregate. It is also
not obvious why the rutile aggregates
are platy, unless some additional factor
15 at work.

A reasonable hypothesis can be of-
fered to explain these observations: there
was a precursor for the niobian rutile,
most likely (mobian?) ilmemte, which
formed platy single crystals. The hema-

tite grew epitactically on the edges of

these ilmenite plates, forming the cur-
rent rims. Thereafter, the ilmenite was
replaced largely topotactically by niobian
rutile to form the current association.
The hematite was epitactic on ilmenaite,
but describing it as epitactic on the
rutile is stretching the point.

3=
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Figure 1. Platy crystal, most likely
ilmenite but possibly hematite or
pvrophanite, totally replaced by
oriented ilmenite. EDS analysis
shows iron is not present in detect-
able amounts. Hornfels facies, Mont
Saint-Hilaire. RPR specimen, SEM
image and EDS analysis by Ruth
Schultz Kramer, Institute of Mate-
rials Processing, Michigan Techno-
logical University.

Figure 2. Sagenitic assemblage (7
cm) of rutile crystals enclosed in
vein quartz, with textural evidence
that a precursor platy crystal, prob-
ably ilmenite, was replaced by rutile
after the quartz enclosed it. Row-
landsville, PA. Oberlin College
specimen T498, RPR photo.

Topotactic replacement of a platy
precursor to form oriented rutile ag-
gregates 15 common elsewhere (eg
Mont Saint-Hilaire, see Figure 1 shown
here). Sometimes replacement 1s In
complete, allowing the precursor to be
identified as ilmenite. Topotactic re-
placement of a platy precursor 1s prob
ably the origin of many sagenitic rutile
aggregates as well, One interesting ex-
ample, consisting of a plate of sagenitic
rutile enclosed in vein quartz, is shown
here in Figure 2. The quartz which
enclosed the sagenitic rutile did not fill
the spaces between the individual rods
of rutile, which strongly suggests that
the quartz enclosed an ilmenite plate,
which only later was replaced by rutile
The structural relationships which make
this topotactic transition an easy one
mineralogically are described by Arm
bruster (1981)

REFERENCE
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NEW PARADOCRASITE
OCCURRENCES

In December 1993, while making a
MICrosCOPIC examination of stibarsen

University, in Ogden, Utah, for X-ray
diffraction examination. The inclusions
were tentatively identified by X-ray
diffraction as paradocrasite, which had
previously been reported in one sample

ington, for microprobe analysis. Seven
separate samples were initially analyzed
and all contained some material consist-
ent with the composition of para-
docrasite.

samples from Moctezuma, Sonora,
Mexico, | noted some bright white
metallic inclusions in some of the
stibarsen fragments. In order to check
the identity of the inclusions, a sample
was sent to Dr. . Wilson of Weber State

only, from the Consols mine, Broken
Hill, New South Wales, Australia (An-
thony et al., 1990). A portion of the
sample from Moctezuma was then sent
to Cannon Microprobe in Seattle, Wash-

From this experience it seemed pos-
sible that stibarsen
samples from other localiies might also

(“allemontite™)

contamn pﬂf&.d(]t‘l’&ﬁl[f. I)lil’ll]g [ht‘ next

several months samples of purported

Table 1. Stibarsen specimens analyzed.
I.D. By

Sample Locality Method

GF Broken Hill,
NSW, Austraha
Atlin, B.C.,
Canada
Engineer mine,
Atlin, B.C., Canada
Bernic Lake,
Manitoba, Canada
Bernic Lake,
Manitoba, Canada
Bernic Lake,
Manitoba, Canada
Bernic Lake,
Manitoba, Canada
Bernic Lake,
Manitoba, Canada
Carcross, Yukon,
Canada
Pribram,

Czech Republic
Pribram,

Czech Republic
Pribram,

Czech Republic
St. Joachimsthal,
Czech Republic

Description Samples Provided By

Ben Leonard
USGS—Denver, Colorado

Cureton colliection

Paradocrasite, stibarsen
(portion of type specimen)
Paradocrasite in
stibarsen

X-ray diffraction B. Cannon
Microprobe
Polished secnon B. Cannon

B. Cannon Stibarsen Cureton collection

J. Wilson

P. Cerny

Microprobe
X-ray diffraction
Microprobe Antimony P. Cerny

University of Manitoba
Bismuth, bismuthinite,
pyrrhotite, sphalerite

Arsenic, antmony,

B. Cannon

Microprobe P. Cerny

Microprobe P. Cerny P. Cerny

stibarsen
Microprobe

P. Cerny Arsenic, antimony, P. Cerny

stibarsen

Microprobe B. Cannon  Bismuth, stibarsen,

P. Cerny
Bismuthinite, tetrahedrite
X-ray diffraction J. Wilson Arsenic, minor stibarsen

Cureton collectuon

X-ray diffracion ]. Wilson Arsenic, stibarsen Cureton collection
X-ray diffraction
Microprobe

Microprobe

J. Wilson

B. Cannon

Antimony, arsenic, Cureton collection
stibnite, sphalerite, paakkonenite

B. Cannon Antimony

P. Cerny

Microprobe B. Cannon Bismuth in arsenic

Q. Petersen,
Geological Museum,
Copenhagen, Denmark
Cureton collection

G. Ansell

Geological Survey of
Canada

Allemont, France
Grube Samson, St.

X-ray diffraction
Microprobe
Andreasberg, Germany

J. Wilson
B. Cannon

Stibarsen, arsenic
Stibarsen, antimony,
loellingite

St. Andreasberg, B. Cannon

Germany
Valtellina, Italy
Hokkaido, Japan

Microprobe Arsenic, loellingite, Cureton collection

stibarsen
B. Cannon Arsenic

Microprobe R.. Pagano, Milano, Italy

H. Miura, Hokkaido
Univ., Sapporo, Japan
Cureton collection

Microprobe B. Cannon

Arsenic, galena

Moctezuma, Mexico X-ray diffraction J. Wilson Paradocrasite, stibarsen,
antimony

Paradocrasite, stibarsen
Paradocrasite, stibarsen

Stibarsen, arsenic

A. Roberts
B. Cannon

Moctezuma, Mexico X-ray diffraction
GK Moctezuma, Mexico *Microprobe
FY Varutrask, Sweden  Microprobe

Cureton collection
Cureton collection
B. Cannon

M. Feinglos,
Durham, North Carolina

*Approximately 35 additional samples from Moctezuma, Mexico, were microprobed.
All of the samples showed paradocrasite with stibarsen.
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stibarsen were obtained from additional
worldwide localities, both from my own
collecion and from supportive scien-
tists and collectors. Microprobe and/or
X-ray diffraction analyses were com-
pleted on approximately 60 samples
from 14 locations. Of the 14 localities
checked, paradocrasite was identified
from three, including the type locality.
(It is possible that two of the samples are
from the same locality: they were given
to me as (1) the Engineer mine, Athn,
British Columbia, Canada, and (2) Athin,
B.C., Canada; private communication,
G. Ansell, 1994.) These samples were
obtained at different ttmes from differ-
ent sources, and have a slightly different
appearance.

Leonards original analysis of the
Broken Hill type material, performed
25 years ago with somewhat less sophis-
ticated equipment, indicated 18.6% As
and 82.9% Sb. Leonard provided us
with a portion of the type specimen to
analyze with our other samples. The
results are as follows: The type speci-
men from Broken Hill contained 0 to
0.24% Hg, 14.7 to 17.1% As, and 81.9
to 86.4% Sb. Samples from Atlin con-
tained 0 to 0.44% Hg. 10.3 to 14.6% As
and 86.0 to 90.5% Sb. Samples from
Moctezuma contained 0 to 0.03% Hg,
13.5 to 15.9% As and 86.1 to 86.6% Sb.
All analyses totalled between 98.6 and
103.3%.

Samples showed a wide variance in
the percentage of paradocrasite present,
ranging from approximately 6-10% in
the British Columbia samples and 4-
98% in the Moctezuma, Mexico, samples
to 90-97% in the original Consols
mine, Broken Hill samples. Approxi-
mately 38 samples of Moctezuma sti-
barsen were analyzed by microprobe.
All showed paradocrasite in widely vary-
ing percentages but the majority showed
55-90% paradocrasite. | have been un-
able to obtain samples from other
stibarsen localities noted in the litera-
ture.)

In conclusion, paradocrasite, while
still very uncommon, is shown by these
results to be more widespread than
previously thought. Work on additional
material will likely reveal other locahi-
ties for paradocrasite.

| wish to thank everyone listed in
this report for their generosity and help.
| particularly wish to thank Mr. Fred
Kennedy of Rochester, Minnesota, for
his assistance. Without Fred’s encour-
agement this work would not have
been completed. | also thank Gary

Ansell of the Geological Survey of

Canada for critical comments on the
manuscript.

Incidentally, in the original descrip-
tion of paradocrasite, Dr. L. Lawrence
of the University of New South Wales,
Sydney, Australia, expressed doubt that

the original paradocrasite came from
Broken Hill, New South Wales. Since
that ame, Dr. Lawrence has done addi-
tional work on the ore samples in
quu:stlun ﬂﬂd. Now agﬁ:ﬂ thﬂt thf 'ﬂflg'l-
nal paradocrasite did, indeed, come
from the Consuls mine at Broken Hill,
New South Wales. (private communica-
non, L. Lawrence, 1994).
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PRICE: $150,000 Australian
(+ trading stock, negotiable)

Business for SALE!

THE ROCK CAVERN

in Historic Beechworth, Australia

for further information contact:
THE ACCOUNTANT
P.O. Box 26. Beechworth, Vic. 3747 Australia

A Great Opportunity’
Owners are retiring
Beechworth is a lovely,
historic tourist town near
Albany, Victoria, just off the
main highway between
Melbourne and Sydney
Mild climate; skiing just an
hour away!' Well-appointed
upstairs apartment. The
well-known collection
attracts 40,000 visitors/year’
Sales room carries minerals
gems, jewelry, souvenirs




Arizona Dealers

Bitner’s, Inc. Colorado Gem Em’s Gems David Shannon

42 West Hatcher & Mineral Co. Plus Three Minerals

E’m? T T— Jack Lowell Em & Ogle Love David & Colleen

, P.O. Box 424 8846 E. 35th Circle 6649 E. Rustic Drive
Wholesale Minerals & T Ari 5980 . : ‘ e g™ 85215
Fossils, by the piece, pound empe, Arizona 8528( Tucson, Arizona 85710 esa, Arizona 852
o : (602) 966-6626 (520) 886-6942 (602) 985-0557
or flat, since 1945 . . :
Pegmatite minerals, Fine moderately Minerals, Boxes & Supplies
Co r Citv Rock Sho Uruguayan :‘t-mt‘th}’ﬁt priced specimens for Send 3 stamps for list
PP€ ty : P Cut Stones, Crystal collectors and museums.
John & Karen Mediz Pendants in gﬂ]d_ Shows only.
566 Ash Street ;

Globe, AZ 85501 Send $1 for list.
Tel: (520) 425-7885

FAX: (520) 425-4506 Kino Rocks &
Southwestern minerals

' -
it TS Serunatchows | TOPIES NOTICE! Minerals

or visit our store (call first). Sarah Foster Due to the death of my partner, . N caa
{ ( : & Wavne Richards Wayne Richards, in August 1995, 6756 5. Nogales Highway

. : e Tucson, Arizona 85706
1511 E. Edeemont Ave. | have decided to dispose of our -
Crystal Pockets ety Ai?’-rimm 85006 _entire inventory of about 1,000 (520) 294-0143
George Godas (602) 265-1567 flats of mineral specimens 9-11:15/Noon-5:30
6304 S. Clark Drive e

" : . . . (Closed Sun.)
Tempe, Arizona 85283 ?: e Please Call to Obtain a List No Catalog—No List
(602) 820-3067 e 1UCSon onow Sarah Foster

Arizona Lead Minerals

'BOOKS from EUROPE

Mineral books, prnts and journals |

ol

— W - % : In | '
,;"" 3 1 \/ l f‘ ! !L - i b~ Contact us for our kst
F *'u f F [ i1 J E Fﬂi |ﬂ| il TUCSON L-‘. -'l.'i ¥ i ! b= 2 !
at the ‘ L Send us your requests

See us as Tucson and Denver

best new

location: | ‘
EXECUTIVE | PAUL A. LOWE

08 INN | Endsleigh House, 50 Daniell Road, Truro, |
& (3) 4504478 - Fax (3) 4504745 LOBBY Comwall TR1 2DA, England ‘
By Appt. only ' Tel.: +44 1872 223 227

3 ' Fax: +44 1872 262 232

C Arc de Sant Marti 79 Local
08032-BARCELONA (SPAIN)

MmMXID>»XD e MZ—T
mwr2>IM

No Catalog

VISA » MASTERCARD « US CHECKS - .-"uf‘['}-PT'[".D‘
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Mineralogical Record BACK ISSUES!

v.984 Elmwood (TN), v.9/'#5 Turkish Kimmererite, v.9/#6 Libethenite (Zambia), v.10/#1 Hydroxyl-

Chester (MA), Pyrite Afghan pegmatites. Chugu Quartz & Pyrite (WA),
XL Forms camaia (Chile)

v.10/#2 JefTrey mine

herderite (Brazil), Books (Quebec), Alpine Rodingites
Hydroboracie (CA) $7 on U.S. minerals $7  Fluorite (Germany) $7

=

v.10/#3 Tacwha mine (Korea) v.10/4 Chadarcillo (Chile), v.10/85 Thomas & Wah Wah v.10/#6 Colorado-11 Issue
Japan Twins (Quartz), Chihuahua Geodes. Curetonite, Ranges (Utah) (famous for
Bancroft (Ont.), Franklin $7  Cassirer Memoirs (part 1) $7  Topaz, Red Beryl ex) 7

v.10 /81 Toxxe Minerals
Locality Index, Amazonite, Banie from Hansel (CO)
ML Antero, Sweet Home $7 Cassirer Memours (part 1)

v.11/#2 Red Cloud mine v.11/#5 Los Lamentos (Mex.), v.11/#6 Broken Hill (Zamina), v.12/#1 Iceland & Faeroes v.12/#2 Enio (Brazil), Urubu
(NM), Malachite (Australia, Chromates (lran), Nealite, Cruziero mine (Brazii), Caplan  Zeolites, Yellowstone (Brazil), Rock Candy mine
Uraninite, Komerupine $7  Sperrylite, Mullica Hill $7  Interview, Rose Quz $7  Zeolites (BC), Muddy creck (CO) §7

v.12/#3 Pribram (Czecho.) v.12/#4 Mincral Fakes, v.12/86 Bunker Hill (1ID). v. 1V Diamond (CO), v.1d4/M Celestite (IN).

Bald Knob (NC), Line Pit Mineral Fraud, Leadhills Yates mine (Que.), Ogdens Quanz (MT), Jeanbandyite Derbyshire (England ).
(PA-MD), Mcguinnessite $7  Wanlockhead (England) $7  burgite. Shavano Peak (CO) §7  Bancroft (Ont.) Lotharmeyerite (Mapimi) §7

Postage $1 per copy- Supplies Circulation Manager  pAx YOUR CREDIT

Order 10 copies or Mineralogical Recor . - ey

all postage. Liminted Tucson, Arizona 85740 520-544-0815
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Mineralogical Record BACK ISSUES!

v.14/#6 Chugluicamata v.15/#1 Darwin (CA),
(Chile), Univ. of Delaware Pereta Mine (lialy),
Mineral Museum $7  Cetine Mine (haly)

v.15/#4 Sterling mine (NY), v.15/#5 Jacupiranga mine (Bra- v.15/#6 Bad Ems (Germany).
Burra mine (Australia), Lothar-  zil), Jensen quarry (CA), Cunha Touissit Vanadimite, Hawleyite
mevyerite, Jack Boyle $7 Baixa mine, Paulkerrite 57 (IN), Fluorapatite (SD) $7

v.16/#1 Nevada lssue! Com- v.16/#3 Colorado-111 Issue! v.16/#4 Kingsgate mines v.16/#5 Tourmaline Issue! v.16/#6 Graves Min. (GA),
stock Lode, Getchell, Sieamboat,  Leadville, Rico, Cresson Vug, (Australia), Mauldin Mountain (12 p.) Elba, Maine, Pakistan,

Gardiner Complex (Greenland)
Majuba Hill, White Caps $7  Pikes Peak, CSM Museum $7  Phosphates (AL)

Nepal, Califormia, etc $10 Canaphite, Hutchinsonite 87

v.17/#2 ). C. Holmes claim v.17/#3 Knappenwand (Austria). v.17/#4 National Belle mine v.17/8S Black Hills type locali
(AZ), Austrian Minerals, Launum (Greece), Senaite (Brazil), (CO), Tip Top mine (SD), Stone-  ties, Urucum (Brazil), Kalkar
Marsturite, Franklin (NJ) Chalcophyllite (New Zealand) $8  ham Barite (CO) AV

v.17/#6 Bleiberg (Austna),
Brochantiie (OK ), Arsenopyrile
gquarry (CA), Kremsmiinster $8 (Ont.) Author's Guide $X

"y
v.18/#1 Gold-11 Issue! v.IB/#2 Elk Creek (SD), v.18/#3 Uranium minerals ( Sar v.18/#4 Carrara Marble
Australia, Calif.. Breckenndge, Teyler's Museum, Ramsbeckite,

dima), Gamnet Hill (NV), Photog- (haly), Marburg
Hopes Nose (England), eic. $12 Neotocite, Phosphosiderite $8  rapher’s Guide, Library Guide $8 Museum (Germany)

v.I8/#S Hale Creek Inesile
(CA), Vanadium Minerals
Review, Peking Museum  §8

Postage $1 per copy Supplies Circulation Manager  pAx YOUR CREDIT
Order 10 copies or 2 Mlﬂf.‘l'ii]ﬂgl{.'ﬂl Record

more and we pay i drE PO Bﬂ'l 3'5565 (ﬂ:‘%Ri) ()RDER%’
W - Liminted Tucson, Arizona 85740 520-544-0815
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Mineralogical Record BACK ISSUES! |

v.18/#6 Siereo Issue
(Calcite, Pyrite, Morgan
Hall (AMNH)

v.19#5 Almaden (Spain), IMA,

). Berzelius, Probeniie,
Osanzawaile b

v.20/84 Katanga Uranium
Issue! Shaba (Zaire) deposits,
much color photography! $10

v.21/#3 Amencan Amethyst Lo
calities, Terlingua, Davis Hill,
Edgarbaileyite, Faden Quz. $10

Postage $1 per copy
Order 10 copies or
more and we pay

all postage.

Supplies

Liminted

v.19#1 Mineral Museums of
Eastern EI.IHIF Full-color
72-page book-i1ssue $10

v.19/#6 Australia Issue!
152 pages and much color

photography! $12 photography'

v.20/85 Brazilian Dhamonds,
Leveamermi mine Phosphates
{Sweden), Phoenixville i(PA) S8

v.21/8#4 Mont Saint-Hilaire
Isswe! 112 pages and much
color photography! $12

Circulation Manager
Mineralogical Record
P.O. Box 35565

Tucson, Arizona 85740

arc
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v.19/#2 lron Cap mine (AZ),
Ouray (C0), Anatase (C0),
Peter Zodac Collection WM

v.200#1 New Mexico Issue!
Y6 pages and much color

v.20/86 Spanish Pynie, Pint's
quarry (IA), Beaverdell (Br. Col.)
Hollister iCA), Blue Ball (A7) S8

v.21/#8 Rose gtz. (Brazil), green
Apatite (Brazil). siereo photogr
Camegie Museum Catalog $12

v.19/#3 Table Min. Zeolites
(C0), Tonopah-Belmont mine
{AZ), Parker Cleaveland b5

v.1984 Ichinokawa mune (Japan)
Bandora mine (C0)), Chemikovile
Cetchell arsenates (NY) %]

v.20/#2 Little Three mine (CA)
Zaragoza Gypsum (Spain),
$10 Calif. Locality Index X

v.20/8% Ouro Preto (Branil)
Anjanabonoina (Madugascar)
Port Radium Silver (Canada) $8

v.2/#1 Special 20th Anniv. Is-
sue! Roebling. Canhield, Bememnt

v.21/82 Thombemry Axinites (CA)
El Dragon mune (Bolivia), Silver

Pans Exp.. Transylvama %10 Distnct ( AZ), Goldschmiudt S8

Carnegie Museum Catalog
Magnificent, 12-page. full-color
catalog free in each v.21/W5

v.2 1/ Nansivik mane (Canada)
De Kalb (NY ), Murfreeshoro
{AR) Australian Dhamonds $10

FAX YOUR CREDIT
CARD ORDERS!
520-544-0815




Mineralogical Record BACK ISSUES!

v.22/#1 Mashamba mine (Zare),
Fat Jack mine (AZ), Monitor-Mo-
gul (NV), azurite, Scandinavia$10

v.22/#6 Wagholi cavansite (India),
Kombat mune (Namibia), Madan
munes (Bulgana), Beltana mane$10

v.2VEd Yukon Phosphates lssue!
The only complete review of these
famous ocourrences 10

v.24/#3 Majuba Hill (NV), Saw
tooth Batholith (1D), Ashburion
Downs (Aust.), 1992 Shows $10

Postage $1 per copy
Order 10 copies or
more and we pay

all postage.

Supplies

Liminted

v.22/#2 Mezica mine (Yugo-
slavia). Caldbeck Fells (England),
SEM, Eugui quames (Spain) $10

v.2V#1 Dohrmann Gold collec
tion, Gillene gquarry (CT)

Spanish Muorite $12

v.2V#S Matlock (England), Pren
leg (Wales), Stephen Smale Col
lection, Mineral Stones 510

v.24/4 Comwall (England), Rush
Creek (AR, Clhinomumetite (| New
Mineral ) $10

darc

Circulation Manager
Mineralogical Record
P.O. Box 35565

Tucson, Arizona 85740

v.22/#3 Messina mines (So. Afr.),
ldna mines (Yugoslavia), Outlaw
mine (NV), Pribram (Czech.)$10

Houston Museum Catalog
Magmificent, 12-page. full-color
catalog free in each v.23/#|

v.2V#6 Apatite (Que.). Palladium
& Platinum (Brazil), Black Pine
mine (MT), Franklinphilue $10

v.24/#S The Geysers (CA), San-
ford (ME), Wessels mine (So
Afr.), Parker mine (Que.) $10

v.22/#4 Kalahan update (So
Afr.), Seriphos (Greece), Lake
George mine (New Bruns) $10

v.2V#2 Michigan Copper Coun-
try Issue! Spectacular, 104-pg
book issue. One of our best! $15

v.24/#1 Home Min. 1D, Gold Hill
{UT), Desmond Sacco Coll.,
Wagon Wheel Gap (CO)

$10

v.24/#6 Bisbee Update (AZ), All
char (Macedonia), Calcite xls,
Seelie & Edoylerne $10

FAX YOUR CREDIT
CARD ORDERS!
520-544-0815

v.228S Smokey Bear guz. (NM),
Taaffeite, Sterling Hill (NJ),
Grew's Mus. Reg. Soc. (16811510

v.2VE3 Afncan gold, lowa calcie,

Hiendelaencina (Spain). Fretberg
Acad.; Tucson & Pans Shows $10

v.24/#2 Greenland Issue!
Spectacular 88-page full-color
book issue $15

v.25/#1 Gold (CA ). Horcapo mines
(Spain), Zomba (Malawi), Matlock
(England). Silver Symposium $10
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@Tysons’ Minerals

fine mineral specimens

Rod & Helen Tyson
10549 133rd Street
Edmonton, Alberta Canada TSN 2A4

(403) 452-5357

NATIONAL MINERALS

Your prime source for TOP QUALITY
aesthetic ZEOLITES and Bulk Material.
By the Piece, Flat or Kilo.
ompetitive Prices, Excellent Service.
FAX/Mail requirements to:
| NATIONAL MINERALS, G3/7 Sunder Nagar
Malad (W), 400064, INDIA.
LTel: 874-9984, 872-6874. Fax: 91-22-873-616].d

From a Namibian Collector

Amethyst/Smoky Qtz., all varieties (incl
bubbles, scepters, windows), Scheelite,
Sphene; Tsumeb and Okarusu minerals;
rare Alkaline Minerals, etc.

R. Wartha
P.O. Box 9878, Windhoek, Namibia

" Ome of a Kind Minerals
‘ Rare minerals

Minerals from unusual localities
Send for lists ® Want lists solicited

TAMMY SEYMORE |
\ PO. Box 61143 * Durham, NC 27715-1143

Fine
Mineral Sperimens

P.O. Box 10136

WYKaN il

#i. Obodda

Box 51
Short Hills, N.J. 07078

(201) 467-0212

The Mineralogical Record, volume 27, January—February, 1996

Torrance, CA 90505

Jan. 20-21 Concord, CA ;};ﬂ _ : , .
Feb. 8-11 Tucson, AZ Fine mineral specimens in
= TGMS :;‘“ Show, Retail all sizes and prices from
. 24-25 Jackson, k e
Feb. 24-25 Pasadena, TX | );., world-wide |O(?&|IIIBS.
Feb. 29- o AL Always something new.
Mar.3  Phoenix, AZ <uof ppm : Send for list.
Mar. 1-3 Hayward, CA . A -
Mar.8-10  Kansas City, MO B (213) 373-3601
Mar. 9-10 Newark, DE . X ®real Qlassicn, -
M BT S G- DR e
Mar. 15-17 San Antonio, TX . e
Mar. 30-31  Windsor, CT , Pramatite Minerals. |f .
Mar. 30-31  Columbus, OH _% — _
' we. c e o =7 . WILLARD J. PERKIN MINERAL
e i , JTHUMBNAIL COLLECTION
ﬂ“rﬂ'
C & C FORRESTER MINERALS & FOSSILS

Owver 1400 exquisite specimens are priced individually Please
call us at (909) 657-86.28 alver 5 30 pm P5T lora privaie shiow
ing or wrile 10 us a1 21475 Webster Ave . Perris, CA 92570 Send
$3.00 lor complete listto be applied 1o 1si onder VISAMA

o=* SEE YOU AT THE CALIFORNIA SHOW ===

HAWTHORNEDEN

FINE MINERAL SPECIMENS
Thumbnail 1o Cabinet Size

WANTED TO PURCHASE—OLD COLLECTIONS

Open Mid-June to September
(Otherwise By Chance or By Appointment)

Three miles south of Bancroft, Ontario, on the West side of Hwy. 62

Wendy & Frank Melanson
L’ Amable, Ontario KOL2LO
Tel: (613) 332-1032 « FAX: (613) 3320585




chooler’s .
%\inerals & Fossils Oceanglde

: : em imports, inc.
Choice Specimens for the I Porss,

p—
Collector and Museum i‘ \% o Fine n;inf“'*r& s
| gems direct from Braz
ShUWS Only \ Write for free list of

ey s S SR ., ) /!f/ cut stonces.
Pa‘easq Write with SDeL_";ﬁc Wants \
Buying Single Specimens & N PO. Box 222

Collections o v -
P.O. BOX 1032, BLUE SPRINGS, MO 64015 Oceanside, NY 11572

(816) 931-1576 Tel: (516) 678-3473 = Hrs. by Appt.

Rare Species? nawmie  1He New York City

Weekend ai:

Common 3 Gem & Mineral Show

Minerals? | Nov. 24-26, 1995
: NY State Armory - 68 Lexington Ave. - NYC

Hosted by the New York Mineralogical Club
Sponsored by Excalibur-Cureton Co.

Russell E. Behnke

0 - 1 Buying & Selling Gem

ur customers say: = ity material, . .
accurate labels, excellent wrapping.” Find Crystals and Worldwide Classics
out why! $2 brings 20 pages of listings, for over 20 years!

$3 puts you on our mailing list for a year. Winner: Best Dealer Exhibit East

Minerals Unlimited A Sy S, Towe & T P.O. Box 6214

P.O. BOX 877-MR Tel: (203) 235-5467 Rome, Georgia 30162-6214

RIDGECREST, CALIF. 93556-0877 161 Sherman Avenue fel: 706-291 '46_18
' Meriden, Connecticut 06450 No List. Please write for specific requests.

Fine Australian & Worldwide Minerals,

Fossils, Rare Australian Species, w Minerals l

Meteorites & Tektites. Retail & mic rominerals ¢ rare spec ies
Wholesale supplier since 1984 0 : S ain.Hil
Now see us on the main floor at the peshiing & et " -

: ther Canadian localities. List $1.
Tucson C t y F -
ucson Convention Center in February. P.O. Box 53077, Dorval, Qué
HasS SW4 CANADA

* MicHAEL J. RIDDING

8«4&4 and Sellors

GUERRERO & VERA CRUZ AMETHYST of fine gem cryslals

BEAUTIFUL MINERALS and malerials

Robert Sielecki Y i MEXICO, PERU, INDIA, USA ... g
exploration geologist e You In: - Decorators - Collectors - Educators -

Janine Rea Tucson Specimens, Loose Crystals, Fluorescents. ..

- - Tok
mine geologist Dgnrwgr COBRA STANDS / FEVIONES / CABSCIONS 1155 Coast Village Road

42 Hex St., Tottenham Aaich Santa Barbara, California 93108
Melbourne, Victoria 3012 e JEANNE'S ROCK & JEWELRY Tel: (805) 969-0442
Australia (phone (61-3)314-9612)| 199 5420 BISSONNET BELLAIRE,TX 77401

FAX: (61-3)315-1819 . 713-664-2988 <Scnd §1 for Ban>

?3 The Minevalogical Record, volume 27, January—February, 1996




Handbook of
MINERALOGY

Anthony * Bideaux « Bladh « Nichols

VOLUME I—Elements, Sulfides, Sulfosalts
Comprehensive descriptions of 588 mineral species.
588 pages, 7 x 10 inches, Hardcove:

ISBN 0-962209740-8

$90 + $6 shipping & handling (surface mail)

VOLUME I1—Silica and Silicates
Comprehensive descriptions of 904 mineral species.
Complete through August 31, 1994,

904 pages (bound in two parts), 7 x 10 inches, Hardcover
ISBN 0-9622097-1-6

$135 + $7.50 shipping & handling (surface mail)

MINERAIL DATA PUBLISHING
P.O. Box 37072, Tucson, Arizona 85740 USA

Prepaid orders only. Richard A. Bideaux, General Partner (520) 297-4862
FAX: (520) 297-6330

Credit cards not ;u't'rptrd.

Record Inc. Circulation Netherlands
Board of Directors S. P.O. Box 35565 W.J R Kwak
Terry C. Wallace (Pres.) Tucson, AZ 85740 Kabeljauwaliee 23
Dept. of Geosciences : 520-297-6709 6865 BL Doorwerth (Gid)
Univ. of Arizona ' R
Tucson, AZ 85721 Editing, advertising Norway & Sweden
Marshall Sussman (Vice Pres.) Advertising 4631 Paseo Tubutama Geir Wiik
618 Hartrey ! ' Tucson, AZ 85750 N-2740 Roa
Evanston, IL 60202 520-299-5274 Norway
Patricia A. Carlon (Secr.)
1110 E. Emerson . _ : Foreign Payments South Africa
Bloomington, IL 61701 , Remittance may be made in local Horst Windisch
Thomas M. Gressman (Treas.) . currency, at prevailing exchange 30 Van Wouw Street

7753 Emerald Peak

Littleton, CO 80127
Anthony R. Kampf

Natural History Museum

900 Exposition Bivd.

Los Angeles, CA 90007
Mary Lynn Michela

7413 N. Mowry Place

Tucson, AZ B5741

W. Robinson

Mineral Sciences Div., NMC

1926 Merivale Rd.

Ottawa, Ontario K1A OMB
Abraham |

P.O. Box 16187

Temple Terrace, FL 33617
Wendell E. Wilson

4631 Paseo Tubutama

Tucson, AZ 85750

rates, without surcharge, 1o the
following people

Paul Van Hee
Manale: 43
B-2900 Schoten

Canada

Mrs. J. W. Peat

36 Deepwood Crescent
Don Mills, Ontario M3C 1N8

Great Britain

Paul Lowe

“Endsleigh”

50 Damell Road

Truro, Cormwall TR1 2DA

Renato & Adnana Pagano
P.O. Box 37
I-20092 Cinisello Balsamo MI

Bon Earth Sciences
Toshishiro iwamoto
42-2 Sendagi, 2-Chome
Bunkyo, Tokyo 113

Groenkioof, Pretona

Christian Weise Veriag
Oberanger 6
D-80331 Minchen 2

Affiliated with the Friends of
Mineralogy, an independent.
non-profit organization
devoted 10 furthering amateur
and professional interests in
mineralogy. For membership
information contact
Richard Thomssen, Treasurer,
P.O. Box 1656, Carson City,
NV 89702

Opinions expressed
are those of the authors and
do not necessarily reflect
those of the Mineralogical
Record Inc._, its editonal staff
or directors
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* Mineralogical Books ®
Send for our separate price list
with information covering new
books on mineralogical subjects,
as well as older, out of print
mineralogical books. Send large
SASE for lists. Non-USA, send
two International Reply Cou-

pons.

Searvching the world

. . . to bring you the finest in mineral
specimens at competitive prices

® Fine Display-Quality Specimens and Rare Species:
Send for our bimonthly mineral lists of thumbnail, miniature, and cabinet
specimens. First quality mineral specimens for collection and display, plus
rare species for systematic collection, reference, and research. Send large
SASE for lists. Non-USA, send two International Reply Coupons.

® Micromount and Specimen Boxes of All Kinds:
A separate listing is available detailing prices and sizes of micromount,
Perky Boxes, plastic magnifier boxes, white cotton-lined specimen boxes, us your offers, if you have back

display stands, efc. Send large SASE for lists. Non-USA, send two issucs available for sale.
Iﬂtﬂrﬂﬂ[i{}nﬂl chhr* (:(}Up{lns e e e e i i B

® Back Issues ®
Mineralogical Record:

Ask for our listing of out-of-print
issues currently in stock. Send us
your want list, if you need back

issues to complete your set. Send

T TP T T T T T T T T T T T T T I T I T TTTFITITTITITY oo s s s v F v v PPy s r v P PP P v v r v v v v v vr v r r vt vrvrrrrrrrry

i, e, e e il el i il ol il il il e i e e i e e e e e il el il ol B e, o, il e, i, e, o, il i, o, e, il il il il ol il il il

Mineralogical Research Co.

Eugene & Sharon Cisneros
15840 East Alta Vista Way, San Jose, California 95127-1737
Look for our booth at major Western U.S. Shows ¢ A Division of the Nazca Corporation
PHONE: 408-923-6800 e FAX: 408-926-6015

Advertisers Index

Gemmary Books MNatures Treasures

Geoscience Press

Hawthomeaden

Holden, Olle

. C. Minerals

Jeanne's Rock & Jewelry

Jendon Minarals

Kristalle

Lowe, Paul

mluhmril Data Publishing
neralogical Record
Advertising Information
Artiquarian Reprints
Back Issues
Books for Collectors
Subscription Information

Minar Research Co
Mm
Monteregian Minerals
Mountain Minerals International
Museum Dir

MNational Minarals

BEERENYIEIILYNS 202833
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ONE OF THE WORID'S PREMIER CRrRYSTAIL COIT1ECTIONS

" d ® 3 1 i i 9 1
caturme Gem ( stals, Gold Speamens and Hundreds of Worldwide Classics
1 1 i L Dada | . " | |
|! e IS ¢ H.ﬁxa. ! . | Lo\ '-‘k It%‘i 'H”I \ ) ].“
l} .1|._ L) llFf] 11 .. I'-. \.L.\.II 1 .~Il. LN

See me at the
Quality Inn
(formerly Ramada)
Congress & 1-10
Tel: 622-3000

TUCSON
Il WILL BE
TRAVELING
around the coun-
try giving private
showings of the
collection. Please

contact me so
that I may visit
you when I am
In your area.

specimens, individually filmed, and 35 mine location photos to illustrate the history and workings of many great mines and their
crystal treasures. This unique, educational video graphically illustrates the 12 criteria used to assembile this world-class collection
To order your video send $29.50 plus $2.50 postage

Dr. Wendell Wilson in his video review in M.A., Nov/Dec 1992, The video offers an opportunity 10 se< and study Proctor's
p. 504, says “The collector of aesthetic mineral specimens will exquisite specimens at leisure. Many are pictured on slowly
find much to savor in Keith Proctor's video catalog of his revolving turntables, allowing all sides of the specimens to
collection. . . . It really delivers in terms of extraordinary be seen, and their three-dimensional shapes to be fully
mineral images and specimen information and will stand for realized, as reflections play across crystal faces and gemmy
many years to come as a historically valuable documentation interiors this really is one of the best private collections
of one of the great private collections of our time.’ ever assembled.” Video Review. Nov/Dec ‘92

NETTHL PROC TOR
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