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notes from the

EDITOR

THE EDITOR ON FRAGMENTATION

As editor of the Mineralogical Record 1 am sometimes forced to
serve as referee between conflicting parties. Never has this been
quite so difficult as it was with respect to the recent guest editorial
by Pete Dunn and Carl Francis (“Dangers to science from species
dealers,” vol. 17, no. 4, p. 226), and the subsequently published op-
posing viewpoint by Forrest and Barbara Cureton, rebutted by
Dunn and Francis (vol. 18, no. 2, p. 167-168).

My inclination is to let people debate controversial topics, using
the Mineralogical Record as an appropriate public forum, and to
apply relatively limited editorial restrictions (no personal insults,
factual errors, ad hominem attacks, legally actionable statements,
etc.). However, many readers, most particularly rare species
dealers, have lately indicated to me that | should (a) enforce the
concept of fairness more rigorously, and (b) let the readers know
where the editor himself stands on the issues.

Fairness is a rather subjective concept, but I understand what
they mean. And I can see that they are as concerned with perceived
implications about the support or lack of it present in the editonal
office of this magazine as they are about the particular issues being
discussed. Therefore, I feel obliged to offer my own
commentary on the fragmentation debate.

In my opinion, the Dunn-Francis editorial hit on a
very pertinent concept, but did not approach it in
quite the best way. It is fairly certain that specimens
too small to survive even a single analytical test for
species verification, unless visually obvious and dis-
tinctive (i.e. good micromounts), have virtually no
scientific value. Species collectors are, of course, free
to collect as they please, but should not labor under
any misconceptions about scientific value. It is worth-
while to point this out to all readers. They will be bet-
ter informed, better able to fulfill their collecting-
dealing goals, and less likely to unknowingly destroy
specimens of scientific value through excessive frag-
mentation.

Where the difficulty arises is in attempting to attach
blame for the existence of small specimens. Dunn and
Francis singled out species dealers, but it is likely that
non-dealer collectors and even curators and mineralo-
gists have fragmented specimens from time to time. It
can be argued that this was therefore not a fair or
even-handed approach, even though some dealers
have been guilty of the practice.

Dunn and Francis contended that naturally small
specimens are irrelevant to the discussion, but in prac-

Who are these two guys anyway? None other
than A. L. McGuinness and Mike Groben, in a
photo originally planned to appear with William
Henderson’s Microminerals of the Western
volcanics (vol. 16, no. 2) but cut for space
reasons. | promised I'd publish it (vol. 16, no. §,
p. 501) and here it is.

tice, a collector being offered a tiny specimen has no way of know-
ing how it got that way, and whether or not some human is to
blame. Attaching blame is consequently impossible to do with any
degree of accuracy, so from the buyer’s standpoint there is no valid
reason to attempt it. The only practical and fair approach to this
problem is simply to question the scientific value of very tiny
specimens. Once that is accepted, the motivation to fragment will
largely disappear.

It should be pointed out in general that guest editorials are the
opinions of the writers only and do not necessarily reflect the opin-
ions of the editor and staff of the Mineralogical Record. (When the
editor has something to say, he writes under his own name.) Guest
editorials provide a valuable forum for divergent ideas, which com-
monly lead to a better overall understanding of important issues.

NOTICES

Died, Willard Lincoln Roberts, 64, of heart failure, in his office
at the South Dakota School of Mines and Technology. Roberts was
the Senior Curator of Mineralogy and Invertebrate Paleontology in
the Museum of Geology, and a Senior Lecturer in the geology
department. He was the principal author of two major books,
Mineralogy of the Black Hills (1965) and Encyclopedia of Minerals
(1974), and also 30 articles dealing with the mineralogy of various
species. He was responsible, over the years, for identifying at least
20 new mineral species, and in 1974 a new species which he had
discovered at the Tip Top mine was named robertsite in his honor.
Roberts was founder and past president of the Black Hills Mineral-
ogical Society, and a life fellow of the Mineralogical Society of
America. A mineralogical scholarship fund at SDSM&T has been
established in his name.
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The Mineralogical Mugeum at
-

Marburg

Wegt Germany

Ulrich Burchard *
Schlosstrasse 6
D-8050 Haindlfing-Freising
West Germany

he Mineralogical Museum at Marburg is housed in a former

granary built in 1515. Although intended primarily as a teaching
and reference collection, the mineral inventory contains some out-
standing specimens from European localities.

INTRODUCTION

The university town of Marburg is situated in central Germany
approximately 90 km north of Frankfurt. The museum is located in
the northern part of town, near St. Elizabeth’s church on Fir-
maneiplatz. The curator is Dr. K. Schuermann. Exhibits are open
to the public Wednesday-Friday, 10 a.m. to 1 p.m., and Saturday-
Sunday, 11 a.m. to 3 p.m.; admission is free.

HISTORY

The Marburg mineral collection has close historic ties with the
Chair of Geology and Mineralogy at Philipps University. J. G.
Waldin (1728-1795) founded a “Hessian Mineral Collection,” and
by a decree of the Count of Hesse the local mines and smelters were
obliged to send him samples of ores. On Waldin’s death, his suc-
cessor, J. C. Ullmann (1771-1821), took over responsibility for the
collection.

A period of consolidation followed until 1853, when C. A. H.
Girard (1814-1878) managed to acquire a valuable collection of
about 4000 specimens formed by Herr Herz of Berlin.

Max Bauer (1844-1917), the world-famous gemstone expert, was
director of the Institute from 1885-1915. His successors had no in-
terest in the collection, which was transferred for storage to the old

Kornhaus. This venerable building, which is now the museum, was
built in 1515 by the Teutonic Order (of knights) as a granary and
bakehouse for an estate which has long since vanished. The build-
ing had fallen into a serious state of disrepair; but at the instigation
of E. Hellner, the new director of the Institute, it was completely
restored between 1968-1974, with conversion and extension into a
museum. It was opened to the public in 1977.

The collection contains about 105,000 specimens of rocks and
minerals, of which 55,000 are cataloged.

EXHIBITS

The mineral collection is housed in two galleries, one above the
other, of 426 square meters in total area. The rock collection is kept
in a steep space under the roof. The unique atmosphere, not found
in any other mineralogical museum, is achieved by a happy mar-
riage of the old building with contemporary exhibition techniques.
Fifty-one fitted wall-mounted and free-standing showcases blend in
well with the sturdy, handcarved oak beams. Lighting is excellent.

Over 2000 specimens are arranged systematically, with more than
550 mineral species represented. This systematic display is in-
terspersed with special exhibits of Tsumeb minerals, Indian

*This article is taken, with minor modifications, from the book Mineral Museums of Europe (1986)
by U. Burchard with photos by R. Bode.
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Figure 2. Elbaite crystals to 4
cm, on matrix, from San Piero
in Campo, Elba, Italy. Photo
by Rainer Bode.

Figure 1. Rhodochrosite crystal group, 6.5 cm,
collected in 1867 at Grube Louise (the Louise
mine), Biirdenbach, Westerwald, West Ger-
many. Photo by Rainer Bode.

BEST SPECIMENS

Excellent
Rhodochrosite Grube Louise, Horhausen,
FRG

Very Good

Elbaite San Piero in Campo, Elba,
Italy

Silver Kongsberg, Norway

Pyromorphite Friedrichssegen, Bad Ems,
FRG

Vanadinite Taouz, Morocco

Good
Rose quartz Brazil
Calcite St. Andreasberg, Harz, FRG

Prehnite, Axinite Bourg d’'Oisans, France
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Figure 3. Pyromorphite crystal group, 8.5 cm,
from Grube Friedrichssegen, Bad Ems, West

Germany. Photo by Rainer Bode.
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Figure 4. The former granary on the estate of
the Teutonic Order, built in 1515. After renova-
tion, it was opened in 1977 as the Marburg

Mineralogical Museum.

Figure 5. A view of one of the exhibition rooms
of the Marburg Mineralogical Museum.

zeolites, and meteorites. The collection was primarily intended for
teaching, reference, and research within the Institute, and little at-
tempt was made to obtain spectacular display specimens. The
superb setting and the wealth of material alone are worth a visit.
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Fine Mineral Specimens

Wholesale and Retail

Thinking of selling your
collection? Give us a
call . . . we pay top dollar
for mineral collections

See us at:
TUCSON * DETROIT

Private Showroom in Tucson

Call for an appointment
No List Available

Silver
Kongsberg

ReCENTLY ACQUIRED: several lots of attractive and interesting Mexican minerals,
many of them quite inexpensive . . . lustrous Naica galenas 6-12 cm, Adamite
with Hemimorphite from the Ojuela mine, pale green and purple Naica fluorites
in small cabinet sizes, etc. Native silvers such as the above are a specialty, and
we regularly get fine examples from classic localities. Give us a call or stop in
(by appointment) to see what's new.

Western Minerals

GENE & JAckiE ScHLEPP® 2319 E. KLEINDALE Rp. ® Tucson, ArizoNA 85719 ® 602-325-4534




MINERAILS O}

CARRARA M

Marco Franzini and Paolo Orlandi
Department of Earth Sciences
University of Pisa
Via S. Maria 53, 56100 Pisa, Italy

Giovanni Bracci
Via dei Mulinacci, 8
57100 Livorno, Italy

Domenico Dalena
Viale V. Alfieri, 41
57100 Livorno, Italy

For two thousand years, the marble quarries near Carrara have
yielded superb white marble for sculptors and a fascinating range
of minerals for collectors. Research and specimen collecting continue

there today.

INTRODUCTION

Since its birth under Antonio D’Achiardi in the late 1800’s, the
Department of Earth Sciences at Pisa University (originally known
as the Institute of Mineralogy) has been a center for research on
minerals of the Apuan marble.

In 1980 the authors began a project to collect and correlate all
published and unpublished reports on the origins and characteris-
tics of cavity minerals found in the marble. With the help of Rivista
Mineralogica Italiana and its editor at that time, Natale Calanchi, a
book entitled / Minerali del Marmo di Carrara (*The Minerals of
the Marble of Carrara”) was published in 1982. Some further work
has been done since that time and now, with the help of Renato
Pagano in rendering an English translation, the full report is ready
for publication in the Mineralogical Record. Most of the informa-
tion presented here has been distilled from the extensive bibliog-
raphy compiled at the university; but a significant portion is the
result of personal research by the present authors, with the help of
our colleagues.

It should be mentioned that our study does not extend over the
entire Apuan formation, but only its northwest portion near the
town of Carrara, about 50 km northwest of Pisa in the Apuan
Alps. Furthermore, we are dealing only with minerals which have

been found in open cavities in the marble. It is true that the massive
minerals, scattered through solid marble or forming vein fillings,
crusts and veilings, are perhaps more important to a study of the
overall petrogenesis. But the cavity occurrences are mineralogically
more appealing and are equally instructive in their own way.

Three main quarrying basins have long been established in the
Carrara area; these are in the Colonnata, Fantiscritti and Lorano
Valleys.

The 24 most important quarries are shown on Figure 5. These
will be referred to periodically throughout the mineral descriptions.

HISTORY

Marble quarrying in the Carrara region began over 2000 years
ago, following the Roman conquest of the Apuan territories. There
i1s no evidence for the use of Carrara marble by the Etruscans,
although they were well known for their mining and quarrying ac-
tivities and their use of marble and other ornamental stones,
especially in Tuscany. Most likely the Etruscans did not control the
territory of the fierce Ligurian-Apuan people long enough to
become involved in marble quarrying.

Marco Franzini is Professor of Mineralogy at Pisa University;
Paolo Orlandi is Curator of the university's Mineralogical Museum,
Giovanni Bracci and Domenico Dalena wrote graduate disserta-
tions on the Carrara marble while students at the university.

The Mineralogical Record, volume 18, July- August, 1987
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Figure 1. La Facciata quarry. Bracci photo.

Roman conquest of the Apuan territory in 180 B.C. did not suc-
ceed in immediately subduing the people, who remained hostile and
indomitable under foreign occupation. According to one Roman
histonian, 47,000 Apuans were deported to an area near Naples in
order to allow repopulation by friendlier people, including 2000
Roman families who settled at the new colony of Luna (now Luni).

Luna was probably erected on an older settlement, near the sea-
shore about 8 km from the Carrara deposits. The ruins are well
worth a visit, as is the neighboring archeological museum which
contains displays on the history of marble quarrying and use. Dur-
ing the summer months, theatrical performances are given there in
the ruins of the Roman amphitheater.

Because of its situation as a convenient seaport, Luna had access
to a widespread market for local marble, and in time became
famous throughout the Mediterranean. Classical literature always
refers to Carrara marble as Lunensis, because it was marketed and
shipped from Luna.

It 1s difficult to pinpoint the earliest date of quarrying at Carrara.
It may not have begun until a small marble body on the seacoast
about 4 km from Luna was exhausted. This deposit, Punta Bianca,
supplied material used in the original Roman constructions at the
Luna colony.

After 89 B.C. Rome began a “Romanization” program in all its
conquered territories. To be included was the construction of a
large number of magnificent public works, which were to bear wit-
ness to the greatness and power of Rome. Thus a great demand for
high-quality building material, especially white marble, developed.
At the same time, the austere customs of earlier years began to
moderate, and private residences became more sumptuous as well.

Here we find the first written source of interest: Pliny the Elder
quotes Cornelius Nepos as saying that Mamurra, First Citizen of
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Rome, owned a house in 48 B.C. that had marble-lined walls and
monolithic columns of Lunensis marble. If this was indeed true, we
may conclude that as of 48 B.C. the quarrying operations at Car-
rara were already sufficiently sophisticated to produce columns in
one piece.

Under the rule of Augustus (27 B.C. to 14 A.D.) the demand for
fine marble increased even more, and Carrara marble became the
building stone of choice throughout the Roman Empire. The Ara
Pacis, for example, a monument dedicated by Augustus in 9 B.C.,
contains huge, expertly quarried blocks of high-quality Carrara
marble.

The popularity of Carrara marble was due in part to the wide
range of varieties available (statuary, “flowered,” veined, brec-
ciated, bardiglio, etc.), to the constancy of its quality, scarcity of
defects, large size of single blocks that could be extracted, excellent
physical and mechanical characteristics, and long-lasting strength
and beauty. The Romans were masters at selecting the finest and
most durable marbles. Many Roman monuments still preserve their
delicate bas-reliefs while the marble decorations on medieval
cathedrals a thousand years younger show major deterioration.

Quantitative information on the production of marble in the
Roman period is not available, but the volumes were undoubtedly
high. Just to build the Trajan Column, erected in a few years,
about 1500 tons of marble were used. Each block, before being
worked down to cylinders having a diameter of 3.5 meters and a
height of 1.5 meters, weighed about 60 tons each. And one should
note that the Trajan Column is only one of the elements, rather
modest in size, included in the Trajan Forum, which was erected in
just six years between 107 and 113 A.D. Furthermore, the Trajan
Forum is just one of the building projects using Carrara marble in
which the Romans were engaged in that period. We can safely

Fhe Mineralogical Record, volume 18, Julv- Augusr, 1987




state, then, that the production of Carrara marble in the Roman
Age was enormously larger than that, say, in the 15th century,
estimated at a few hundred tons per year.

With the decline of the Roman Empire, the first period of great
activity at the Carrara quarries began to decline as well, and by the
end of the 4th century production had ceased altogether. Never-
theless, the concept of “Lunensis marble” survived in literary tradi-
tion well into the High Middle Ages as a symbol of wealth and
power.

The Carrara deposits had to wait many centuries before becom-

39’&
e

La Spezua

Carrara
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Figure 2. Panoramic view of the quarries and
dumps of Torana Valley. P. Orlandi photo.

ing active again. Written records are scarce; in 963 Otto | confirmed
the temporal domain of the Bishop of Luni (which included Car-
rara) but failed to list the marble quarries along with the other local
sources of revenue. Later, in 1185, the quarries are mentioned as
operational in a grant written by Frederick 1, but their status during
the intervening two centuries is a mystery.

A revival of architectural interest in Carrara marble in the Middle
Ages was confined mostly to scavenging pre-quarried material from

Figure 3. Location map.




extant Roman ruins, since the specialized skills for quarrying large
blocks of marble had been lost, and the costs of cutting and
transporting it from the source were considered too high. A small
amount of sculpture in the 13th and early 14th centuries is,
however, thought to have been accomplished with freshly quarried
Carrara marble.

By the mid-14th century the renewed exploitation of Carrara
marble at the quarries was firmly established, and has continued
uninterrupted to the present day. Levels of production comparable
to those of the Roman Age were not reached until the 19th century,
when mechanical and explosives technology reached a high level.

Following the 14th century, the production and use of Carrara
marble increased steadily. Great architects and artists of the
Renaissance, such as Michelangelo, specified Carrara marble for
their many projects. And the centuries have not diminished its ap-
peal. Carrara marble even enjoyed widespread use as marble steps
in Baltimore houses during the 1800’s; this was largely because sail-
ing ships docking at Baltimore harbor often crossed the Atlantic
carrying Carrara marble as ballast.

Today, using highly advanced technology, about one million
tons of Carrara marble are quarried each year and shipped around
the world, making it the largest world source for white marble. It is
ironic for the mineral collector that, before shipment, any and all
vuggy areas in the marble which might contain free-growing crys-
tals are meticulously cut away and discarded.

1. (Lowest) The metamorphic Apuan sequences, the so-called
“Apuan Autochthon,” have suffered repeated tectonism and meta-
morphism. They consist of phyllites and porphyroids (metasedi-
mentary rocks having the appearance of porphyry) predominantly
in the lower part followed by carbonate rocks including the Carrara
marble.

2. A series of imbricate structures in metamorphic rocks, among
which is the Massa unit.

3. The Tuscan Nappe, an unmetamorphosed and only slightly
deformed sequence of sedimentary rocks similar to the Apuan
Autochthon.

4. The Liguride sequence, a set of sub-units composed mainly of
deep-sea pelagic rocks and ophiolites.

The overthrusts and resulting lower-unit metamorphism have
commonly been ascribed to counter-clockwise rotation of the
Corsica-Sardinia microplate along an area from Italy to France.
This resulted in a collision between continental crust blocks in the
late Oligocene, and greenschist facies metamorphism of the under-
thrust units. Temperatures of 350° to 400°C have been estimated
on the basis of Mg partitioning between calcite and dolomite (Crisci
et al., 1975).

Two phases of tectonism have been recognized in the Carrara
area. In the first phase Apuan sequences were deformed into tight,
recumbent folds with flat axial planes, giving rise to a prominent S,
surface now visible as an axial planar schistosity. In the subsequent

Figure 4. Geology of the Carrara area.

™ cherty limestone, radiolarites,
J calcschists, phyllites

W marble

5 dolomite

Tuscan Nappe

The Apuan marble formation is lowermost Jurassic in age and is
composed of very pure limestone having a typically saccharoidal
texture due to metamorphic recrystallization. The color is generally
white but may contain variable gray banding in places. The out-
crops form part of the Apuan Alps, which belong to the Northern
Apennines fold-thrust belt.

The Apuan Alps present an important tectonic “window” in
which the most complete structural sequence in the Northern Apen-
nines may be observed. The tectonic-stratigraphic units which are
exposed, stacked one over the other by overthrusts, are:
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phase all of the pre-existing structures were refolded in a low-grade
metamorphic environment. It was during this latter phase that
cavities in the Carrara marble were created. Bracci er al. (1978)
divided these cavities into three types:

1. Cavities in factured dolomite masses contained within the mar-
ble.

2. Cavities in irregular spathic calcite masses.

3. Cavities in snow-white, coarse-grained marble resulting from a
planar schistosity. These have a tube-like shape along the tectonic
axis and appear to be a boudinage phenomenon.

For further details on the geology of the Apuan Alps the reader is

The Mineralogical Record, volume 18, July- August, 1987
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£y 1988 34th Annual
weve Tucson Gem & Mineral Show

WHOLESALE DEALER SPACE AVAILABLE
AT THE 1988 TUCSON SHOW!
SPACE FOR BOOKDEALERS TOO!

WHOLESALE SECTION

The Tucson Gem & Mineral Society’s Gem & Mineral Show, acclaimed as the world’s finest, is expanding. The
February 1988 Show will have a greatly enlarged and relocated wholesale sales area. The upper concourse which
circles the Arena of the Tucson Community Center has been selected as the new site for the wholesale area of the
Show. This move will more than triple the size of last year’s wholesale area. In addition, variable-sized booths
larger or smaller than the previous standard booths will be available. There is good access for loading and

unloading, plenty of lighting outlets, security will be provided, and entrance to the area will be controlled by the
Club and T.C.C. Staff.

The T.G.M.S. Show Committee is seeking wholesale dealers in the following areas: minerals, cut & rough gems,

fossils, earth science books, mining memorabilia, jewelry and jewelry findings and any other earth science related
field. Wholesale only!

{0CS0oy

Hours will be from 10-5. It is intended that the area will be catered all day and an air freight company will be on
hand to aid your customers with their shipments.

BOOKDEALERS’ SECTION

The room that previously held the wholesale area of the Show, in the upper entrance area, will now be the
BOOKSELLER section. This is an innovation, and the TGMS hopes to bring together retail sellers of earth science

books and magazines in one large hall, rather than being spread out as has been the case previously. Hours will be
regular show hours.

The Show for 1988 will be held on February 11th, 12th, 13th and 14th with set-up on the 10th. The Tucson Gem
& Mineral Show has over 130 Gem, Mineral and fossil dealers and utilizes over 80,000 square feet of the Tucson
Community Center for its displays and dealer booths. Most of the world’s leading museums attend and bring
outstanding displays for the Show. The Show has dealers and buyers from almost every major country in the world
including China and Russia in attendance. There are also fine lectures, symposia and a Meet the Authors program.
Last year’s Show attendance set a record with over 26,000 people!

INTERESTED? Then fill out the application below and mail it in right now. You will be sent a packet of in-
formation and a request for references. If your application is accepted you will be sent a contract by mid-
September and an invitation to become a part of the Tucson Show. All applications will be responded to.

Big dealers, small dealers, foreign and domestic, are all invited to apply! The TGMS wants this to be your most
successful show ever — Join us!

CUT HERE

CHECK ONE: APPLICATION FOR SPACE

[] Wholesale Cﬂmpan}r Name _ -

(] Bookdealer

Address — P ——

Wholesale ( -
Chairmas: Person to contact —____ Phoneno\ o

Bob Tapper ‘
Bookseller Type of Merchandise e e
Chairmen:

George Balfe Approx. frontage needed (5-foot minimum @ $30/ft.) .

Pat McClain (5-foot minimum in Wholesale; Booksellers choose 14 or 20 feet)

ENCLOSE a large self-addressed envelope for more information.
MAIL TO: Show Committee, TGMS, P.O. Box 42543, Tucson, AZ 85733
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NEW
ﬁSADENA 87—SATELLITE SHOW

the California Mineral, Gem & Fossil Trade Show

National & International Dealers HOLIDAY INN
Wholesale & Retail ' = PASADENA

A , at Pasadena Convention Center
Where new finds appear first! 1 \HE=Y 300 Green Street

Stock up at low prices ' November 12-13-14-15
for holiday sales & gifts \| (RS * FREE ADMISSION e«

Adjacent to MSSC Pasadena Show \ \' -} for Dealer Information:
of Minerals & Gems, Nov. 14-15 \ Gerald Clark, CMGF Trade Show

| | P.O. Box 11090
Enjoy two great shows & the B Costa Mesa, CA 92627

attractions of Southern California . (714) 540-0810
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Figure 5. Map showing the most important
quarries: (1) Crestola, (2) Pianello, (3) La
Piastra, (4) Battaglino, (5) Bicchieri, (6) La Fac-
ciata, (7) Fossa degli Angeli, (8) Lorano, (9)
Pradetto, (10) Colle Stretto, (11) Ravaccione,
(12) Polvaccio, (13) Galleria di Fantiscritti, (14)
Tecchia, (15) Val Bona, (16) Lucchetti, (17)
Fabbricotii, (18) La Tagliata, (19) Carbonera,
(20) Montecatini, (21) Calagio, (22) Campanili,
(23) Artana, and (24) Gioia.

referred to the specialized literature, particularly Carmignani and
Giglia (1975a, 1975b, 1979) and Carmignani, Giglia and Kligfield
(1975). For more on petrography and mineralogy see Crisci, Leoni
and Sbrana (1975). For more data on chemistry, petrology, miner-
alogy and economic aspects of the various Apuan marble varieties
see | Marmi Apuani— Schede Merceologiche (1980), published by
Regione Toscana-ERTAG.

THE CAVITIES
Giovanni D'Achiardi, a pioneer researcher in the Carrara area,
wrote in 1905:

The marbles of the Apuan Alps contain many minerals scat-
tered through the calcareous mass and held inside cavities.
. . . The study of thin sections under the microscope shows
that the abundance of minerals scattered through the marble
increases from the statuary [white] varieties to the colored
and particularly the multicolored varieties. The abundance
of crystalline cavities goes in the opposite direction; they are
more abundant in the white varieties.

In that same year Arturo Giampali wrote:
Cavities, though present in white marbles of the upper lens,

The Mineralosical Revord, volume 18, Julv- August, 987

reach their greatest development in the white marbles of the

lower lens where accessory minerals are more sparsely dis-
tributed.

From these words one can deduce the reasons for the particular
beauty of Carrara minerals: the snow-white marble matrix and the
limited quantities of accessory minerals which therefore occur as
exquisitely developed isolated crystals rather than confused ag-
gregates.

The cavities are relatively rare. They are varied and irregular in
shape and sometimes rather extensive and channel-like. Lining the
inside surfaces are very small, limpid calcite crystals which serve as
the esthetic matrix for a wide variety of mineral species.

Clues to the presence of nearby cavities are scarce and subtle. It is
only through long experience that collectors and mineralogists learn
to read the signs. In any case, cavities are so rare that they are
almost never met with on the open mountainside away from quar-
rying operations. The availability of cavities is therefore dependent
in large part on quarrying activities and on the excavation tech-
niques employed. Modern techniques, being very efficient, produce
much less waste rock than the ancient methods and leave less for
the collector to pick over. This is not really meant as a criticism of
modern operations which, like the old, are basically a search for
beauty rather than “ore.” Still the idea that most cavities are found
as by-products of ancient mining lends a certain charm to the
specimens.

MINERALOGY
Historical Overview
Numerous mineral species have attracted attention at Carrara
over the centuries, particularly quartz and calcite. Specimens, from
time to time, would find their way into the hands of mineralogists
and published studies would result. A thorough listing may be
found in the bibliography to this article, but a few of the more
historically important works are as follows:
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1597 — Del Riccio mentions quartz crystals.

1820 — Repetti describes seven species (most found imbedded in
marble rather than in cavities).

1872 — D’Achiardi describes seven different cavity species and
several from a massive marble in his Mineralogia della
Toscana (“Mineralogy of Tuscany”).

1911 — D’Achiardi, in his memoirs, gives exhaustive descriptions of
16 cavity species and others from massive marble.

1920 — Pelloux, in a review of the literature, mentions 17 cavity
minerals and several others from massive marble.

1976 — Carobbi and Rodolico, in their important reference work /
Minerali della Toscana, mention 26 different cavity species.

1982 — Franzini et al. describe 48 cavity species (3 of doubtful
status).

1986 — The present work, in which 57 cavity species are reported.

Judging from the dates in the above list, and in the full bibliog-
raphy, it can be seen that the growth of knowledge has progressed
somewhat discontinuously (see also Table 1). Peaks of activity oc-
cur in the late 19th-early 20th centuries and again in the past
decade.

The recent renewal of interest is in part due to improvements in
experimental instrumentation now available to mineralogists. But a
significant factor must also be the changing attitudes of mineral-
ogists who now feel more inclined toward field work than in the
past. Also, there is an increasingly numerous class of sophisticated
amateur mineralogists combing the dumps daily for specimens of
interest. As a result, laboratory examinations previously requested
only rarely are now carried out by the hundreds each year. It seems
likely, therefore, that interesting new discoveries will continue to be
made.

The Minerals

A total of 57 mineral species have been described from cavities in
the Carrara marble (see Table 1). Three of these are considered
doubtful because of inadequate original descriptions and because
they have not been observed on any of the several hundred speci-
mens examined for this study.

The minerals listed below and on Table 1 are arranged according
to Strunz’s Mineralogische Tabellen (1978); the chemical formulae
are from Fleischer (1983).

The dates given on Table 1 for the first reported occurrence of
each species are in some cases subject to debate. We have not at-
tempted to identify the first report for the long-known species such
as calcite and quartz. Some dates may seem rather recent, but early
references commonly do not distinguish between occurrences in
massive marble and in open cavities; we have chosen only those
which clearly specify cavities as the source.

Following each description of a species in the text we have given a
list of numbers keyed to entries in the bibliography. These descrip-
tions, supplemented by the authors’ personal knowledge, have been
combined to produce the present summary.

As mentioned earlier, this report deals only with cavity minerals.
However, for the sake of completeness, the following list of species
which have been found in massive marble is presented: sulfur,
sphalerite, colusite, pyrite, magnetite, hematite, rutile, quartz,
dolomite, gypsum, zircon, epidote, tourmaline, amphiboles (?),
muscovite, biotite, chlorite, scapolite (?), orthoclase and albite.

Citations referred to “D’Achiardi” (no first initial) are for

Giovanni D’Achiardi; Antonio D’Achiardi, his father, is referred to
as “A. D’Achiardi.”

Native Elements
Sulfur S
Sulfur occurs generally as small masses lacking a well-defined
crystal habit and more rarely as very clear crystals, very small in size
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Figure 6. Sulfur crystal drawing after D’ Achiar-
di (1905b).

(2-3 mm) with typically flat and bright faces. Crystal size is inverse-
ly related to richness of forms and perfection of faces.

Manasse (1904) and D’Achiardi (various studies) recognized the
following forms: {117}, {115}, {114}, {113}, {112}, {111}, {331},
{313}, {135}, {131}, {110}, {101}, {011}, {013}, {031}, {010}
and {001}.

Giampaoli cited examples of sparkling surface features on sulfur
crystals and the presence of many small channels and variably
shaped holes occurring sometimes so frequently as to make the
small masses almost spongy; he also reported a specific gravity of
1.96, lower than that quoted in the literature, and different from
the 2.03 reported by A. D’Achiardi. The most frequent associations
are quartz, albite, dolomite and gypsum; sulfur has sometimes been
observed as inclusions in gypsum. As noted by D’Achiardi, this
mineral is most common in the following quarries: Lorano, Fossa
degli Angeli, La Piastra, Crestola, Ravaccione, Poggio Silvestro,
Belgia and Calagio.

Concerning the origin of sulfur in marbles, D’Achiardi, taking
up again a hypothesis of his father, wrote:

A. D’Achiardi thought sulfur probably criginated from the
decomposition of organic matter in the original limestones,
which later became metamorphosed into marble. Owing to
this decomposition, hydrogen sulfide was presumably
created first (its presence is confirmed by the bad small often
given off by Apuan marbles when broken) especially in the
vicinity of cavities; and then, through oxidation, native
sulfur formed.

We agree with this hypothesis, which is confirmed by the sulfur
isotope studies of Cortecci and Orlandi (1975).
Bibliography: 5, 11, 12, 26, 31, 32, 34, 49, 52.

Sulfides and Sulfosalts
Chalcocite Cu,S
The presence of this mineral in cavities is uncertain; it has never
been observed by the authors. Giampaoli described it as follows:

It occurs very rarely as very thin microcrystalline veins
associated with malachite. It has a lead-gray color and a
metallic luster; it is readily identifiable because of its soft-
ness, being easily cut with a knife, and in the case of small
splinters for its fusibility in a candle flame.

These observations do not seem sufficiently unambiguous to
guarantee the presence of chalcocite among the cavity minerals.
Bibliography: 32, 34, 52.

Digenite Cu,S,
Bornite Cu,FeS,
We are listing under the same heading these two species because
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they have always been found closely associated.
We have never observed distinct crystals of either phase, but onlv
small shapeless masses a few millimeters in size, characterized by a
vivid metallic luster and bluish violet color. The samples examined
lack precise locality data.
It is practically impossible to distinguish these two species
without sophisticated analytical techniques.
Bibliography: 47, 52, 53, 56.

Figure 7. Sphalerite crystal drawing
showing first-order and second-
order tetrahedrons, after D’Achiardi
(1905b).

Figure 8. Sphalerite crystal
drawing showing a twin on
(111), after D’Achiardi
(1905b).

Sphalerite ZnS

Jerwis reported sphalerite for the first time in 1874, and it was
later described in detail by various authors such as Giampaoli,
D’Achiardi and others. Sphalerite is the most interesting and abun-
dant of the cavity sulfides.

It occurs commonly as crystals with tetrahedral habit, often
twinned, with colors ranging from light yellow to very dark brown
and, on rare occasions, ruby-red. The yellow and red varieties are
commonly transparent and brilliant; the very dark crystals are
opaque and have a resinous luster.

Although the crystal size rarely exceeds half a centimeter, the
perfectly developed tetrahedrons possess a rare and subtle beauty
on their snow-white marble matrix.

Sphalerite occurs associated with nearly every mineral found in
the marble cavities, but most frequently with quartz, dolomite,
gypsum, pyrite and galena; epitaxial overgrowths have been ob-
served with wurtzite and colusite crystals from the Lorano quarries.

Sphalerite is a relatively common mineral, widespread in nearly
every quarry; Giampaoli cites the Torrione quarry as particularly
rich in this mineral. The present authors have observed that red
crystals come mostly from the Fantiscritti basin, while honey-
yellow samples, more or less amber-colored with almost always a
tetrahedral habit, are typical of the Lorano basin.

Besides tetrahedrons (positive and negative), which are the most
common forms and usually the best developed, the dodecahedron,
tristetrahedron and cube have also been recognized among the prin-
cipal forms.

The more or less dark color of sphalerites is commonly ascribed
to their iron content and the temperature of formation. Since at the
Carrara occurrence there is some doubt as to the validity of the
relationship between color, iron content and temperature of forma-
tion, to explain the apparent contradiction of very dark sphalerites
occurring in genetic environments at low temperatures, Leoni and
Orlandi have carried out a chemical study on samples of variously
colored sphalerites. The above mentioned authors did not find any
direct relationship between color and iron content and other minor
elements (Mn, Cd, As, Cu). Scott and Barnes (1972) have pointed
out the same fact, and also that color is indicative of non-
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Figure 9. Sphalerite crystal drawing showing
penetration twin about [111), after Franzini er
al. (1982).

stoichiometry of sphalerites and therefore of £, (sulfur fugacity) at
which they were formed, i.e., the larger the f, , the darker the color.
Together with temperature, £, is also a decisive factor in the
sphalerite-wurtzite transition. In fact, both minerals are character-
ized by different molar ratios S:(Zn+ . . .), greater than one in
sphalerites and less than one in wurtzites (Nickel, 1965).

On the basis of these data, Bracci er al. have supplied a genetic
interpretation of an association between a sphalerite crystal and a
wurtzite crystal found in a cavity. The authors have pointed out
how crystallization of wurtzite following that of sphalerite is due to

a decrease of f; where temperature and pH are constant.
Bibliography: 12, 26, 28, 32, 34, 46, 49, 50, 52, 53, 54, 56, 58.

Figure 10. Famatinite, dark bronze colored
crystal with enargite, 2 mm, Calagio quarry.
Lari collection, Bracci photo.

Famatinite Cu,SbS,
Luzonite Cu,AsS,

Famatinite has been found so far only in the Calagio quarries,
often associated with acicular crystals of zinkenite. It occurs as
crystals with bisphenoidal habit and as small masses, dark brown in
color,

The cell data obtained from Weissenberg X-ray diffraction pat-
terns are a=5.38 A, ¢=19.69 A.

Chemical analyses carried out by electron microprobe have also
revealed the presence of arsenic in variable amounts from 1.72 up
to 2.69%.

Some recent qualitative chemical analyses carried out on EDS at
the SEM of the Institute of Mineralogy and Geochemistry at the
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University of Florence have shown As values which can be inter-
preted as antimonian luzonites rather than arsenical famatinites.
Bibliography: 51, 53, 56.

Colusite Cu,(As,Sn,V,Fe)S,

Nearly all crystals of predominantly tetrahedral habit so far
described as tetrahedrite are actually colusite. A study based on
chemical and X-ray diffraction analyses of single crystals has con-
firmed the identification.

Figure 11. Colusite crystal, 3.5 mm, showing
tetrahedron modified by tristetrahedron,
Lorano quarry. Orlandi collection, Gini-
Orlandi photo.

Figure 12. Colusite crystal drawing
showing typical tetrahedron-tristetra-
hedron habit, after Franzini er al
(1982).

Figure 13. Colusite crystal show-
ing tristetrahedral habit, 1.5 mm,
La Facciata quarry. Giovannini
collection, Gini photo.

In the light of these studies both minerals can now be distin-
guished macroscopically, though not always easily, by the black
color of tetrahedrite and the very dark bronze color of colusite.
Moreover, while colusite always shows a tetrahedral habit,
tetrahedrite occurs in much more complex habits.

The specimens examined came from the quarries of the Lorano
basin (La Facciata, Fossa degli Angeli, Lorano and Pradetto) and
from the Fantiscritti quarry. The crystal sizes rarely exceed 2 mm. It
iIs commonly found with sphalerite and wurtzite, also in typical
epitaxial relationships.

Bibliography: 53, 56, 57.

Sulvanite Cu, VS,
Among the minerals found at Carrara, sulvanite is considered

among the rarest. Thus far only three specimens have been seen by
the authors.
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Figure I4. Sulvanite crystal, 2 mm, showing
cube-tetrahexahedron habit, quarry unknown.
Bigarani collection, Gini-Orlandi photo.

The first identification of sulvanite at Carrara is very recent,
though the specimen studied and identified by Orlandi is probably
the same one that more than 60 years ago D’Achiardi described as
an unknown.

In fact, the specimen examined by Orlandi comes from the col-
lection of the Museum of Mineralogy at the University of Pisa; it
was in a drawer, labeled with the following notice: “new mineral of
copper?” In a second note D’Achiardi dealt with this specimen and

showed that it contained copper and sulfur and not lead, arsenic or
antimony:

Consequently it cannot be a galena [as he had assumed in his
first work using simple macroscopic observations]. Neither
can I compare this mineral, for its habit and for other traits
already described, with any sulfur-type copper mineral, nor
can | support that it is a sulfosalt, since, perhaps because of
the scarcity of minerals, | could not verify any of the metal-
loids that characterize the principal minerals of this group.

In D’Achiardi’s time, this was only the second known occurrence
for the species. The first description of sulvanite was by Goyder in
1900.

The most beautiful of the three sulvanite specimens seen is cer-
tainly the above-mentioned one, now exhibited in the Museum of
Mineralogy at Pisa, in the glass case of Apuan minerals: it shows
the cubic form only, measures 3 mm on edge, is black, opaque and
has a vivid metallic luster. In one of the other two specimens
observed, the dodecahedron faces modifying the cube were iden-
tified.

To identify this rare mineralogical species, X-ray powder diffrac-
tion patterns and single-crystal X-ray diffraction patterns have been
obtained, indicating a cell of @=5.392 + 0.002 A. A recent
chemical analysis carried out on the electron microprobe at the In-
stitute of Mineralogy of Modena has confirmed the identification
which had been struggled with for so long.

Both specimens found recently came from the Fantiscritti and
Canal Piccinino quarries.

Bibliography: 39, 40, 47, 52, 53, 56.

Tetrahedrite (Cu,Fe),,Sb,S,,
Tetrahedrite in cavities is much less common than previously
thought. In fact, following a systematic study of possible tetra-
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Figure I5. Tetrahedrite crystal, 0.7 mm, Calagio
quarry. Lari collection, Orlandi SEM photo.

hedrite crystals (opaque, metallic, predominantly tetrahedral
habit), it turned out that the overwhelming majority of these was
really colusite. D’Achiardi wrote inconclusively:

A tiny tetrahedral crystal with remarkable gray metallic
luster, totally opaque, both at the edges and in the fine
powder was examined through the microscope. | thought it
was not sphalerite in this instance, but presumably tetra-
hedrite. Both crystal habit and face peculiarities agree with
this determination; however, 1 could not effect chemical
tests, lest 1 should destroy the only specimen | had.

Following the discovery of two small crystals completely identical
to those described by D’Achiardi, Orlandi was able to carry out
X-ray diffraction analyses using a Gandolfi camera, thus confirm-
ing the presence of tetrahedrite within cavities. The cell parameter
obtained is @=10.22 A, in agreement with values reported in the
literature for tetrahedrite; this value is distinctive from the 10.6 A
characteristic of colusite.
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Figure 16. Tetrahedrite crystal drawing showing
a crystal from the Gioia quarry, from Bracci er
al. (1980).

In addition to simple tetrahedral habit, tetrahedrite occurs more
frequently in much more complex habits, with a large number of
faces, similar to the well-known “binnite” crystals of the Lengen-
bach quarry in Switzerland.

Tetrahedrite crystals rarely exceed 2-3 mm,; it has been found at
the Fossa degli Angeli, La Facciata and Calagio quarries.
Bibliography: 34, 47, 52, 53, 56.
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Figure 17. Crystal drawing showing wurtzite
crystal (top) in epitaxial overgrowth on
sphalerite crystal (bottom), from Bracci er al.
(1978).

Wurtzite (Zn,Fe)S

Wurtzite has been reported very recently, and is very rare in
cavities. The identical colors of sphalerite and wurtzite, plus the
peculiar habits of twinned sphalerite which can have a pseudohex-
agonal appearance, have long prevented recognition of wurtzite at
Carrara.

It occurs commonly as hexagonal pyramidal crystals; the color
ranges from honey-yellow to red-brown. Crystals rarely exceed
2 mm,

X-ray diffraction data are in accordance with the 2H polytype of
wurtzite.

So far it has been found only in the quarries of the Lorano basin,
commonly associated with sphalerite and colusite, with which it
often shares an epitaxial relationship.

The epitaxial orientation of these minerals to each other involves
the three planes of symmetry of sphalerite and colusite and the
three P ' of wurtzite; furthermore the parallelism between the three-
fold axis of sphalerite and colusite and the two-fold axis of wurtzite
is particularly important. This kind of epitaxy matches the struc-
tural similarity of the wurtzite (001) plane with the sphalerite and
colusite (111) planes.

Chemically wurtzites are richer in minor elements than sphaler-
ites of the same occurrence.

Bibliography: 53, 54, 56.

Enargite Cu,AsS,

Enargite is the most commorn iineral among the sulfosalts at
Carrara. The most important occurrences are at the Calagio quar-
ries in the Colonnata Valley.

Among the sulfosalts, it can be easily identified by the trained eye
because of its typical prismatic habit, its pitch-black color, metallic
luster and easy cleavage. Crystal sizes can exceed | cm.

The forms which have been observed by the authors in the dif-
ferent crystals are: {100}, {010}, {001}, {101}, {201}, {112} and
{111} of which {110} is the most frequent and best developed,
commonly associated with {100}, {010} and {001} in the most
typical crystals.

Bibliography: 47, 52, 53, 56.



Figure 18. Enargite, tabular crystal 4 mm long,
Calagio quarry. Conforti collection, Gini-
Orlandi photo.

Galena PbS

Galena is a relatively abundant mineral among the sulfides. It is
commonly associated with sphalerite and pyrite and it occurs in
almost all quarries in the Carrara area, but most frequently in the
Fantiscritti and Calagio quarries.

Covellite CuS

Covellite at Carrara is as beautiful as it is rare. Very few
specimens have been observed by the authors. One of these speci-
mens is composed of a very large crystal (over | cm) with the
typical, very flattened, hexagonal prismatic habit.

Covellite can be easily identified because of its habit and its
bright brown-purple color.
Bibliography: 47.

Figure 23. Stibnite crystals
in sheaf-like groups to <l
mm, Calagio quarry. Con-
forti specimen, Gini-
Oriandi photo.

Stibnite Sb,S,

Stibnite has been observed as very rare and minute sheaf-like
groups of very thin acicular crystals with a typical lead-gray color
and a vivid metallic luster. It occurs associated with other sulfides
and sulfosalts in the Calagio quarries.

Bibliography: 51, 53.

Figure 21. Galena crystal drawing showing

distorted “hexagonal
Dalena (1978).

Figure 19. Tabular galena crystal, 0.3 mm, on
pyrite, Calagio quarry. Del Chiaro collection,
Orlandi SEM photo.

Figure 20. Galena crystal drawing showing
distorted octahedral penetration twin, after
Dalena (1978).

The morphology of this mineral is very interesting; it forms as
small shapeless masses, cubes, cuboctahedrons and as more or less
regular octahedrons, which are isolated or grouped together. But it
also often occurs as tabular, hexagonal-shaped crystals. This habit
can be thought of as an octahedron flattened on the three-fold axis.

Octahedral crystals twinned by penetration through (111) are
rare.

Bibliography: 32, 34, 49, 52, 53, 56,
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tabular® habit, after

Figure 22. Galena penetration twin
composed of two octahedral
crystals, 1 mm, Lorano guarry.
Bianchi collection, Gini-Orlandi
photo.

\

Pyrite FeS,

Pyrite is among the first reported minerals from the Carrara
marble. As early as 1784 and 1820 (respectively) Spallanzani and
Repetti described it. However, these authors and others described
pyrite as widespread in massive marble; this is, in fact, the most
common mode of occurrence, although pyrite is also the most com-
mon sulfide in cavities.

It occurs frequently in the quarries of the Fantiscritti basin as
pyritohedral crystals associated with red sphalerite and galena. The
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Figure 24. Sulfur, crystal aggregate, 2 mm, La
Facciata quarry. Brizzi collection and photo.

Figure 25. Sulfur crystal, 1 mm, La Facciata

quarry. Bianchi collection, Gini-Orlandi photo.

Figure 26. Enargite crystal, 2 mm, with gold-
colored alteration patina, Artana quarry. Del
Chiaro collection, Gratziu photo.

Figure 27. Enargite crystal drawing.

Figure 28. Pyrite crystal, 18 mm, Colonnata Figure 29. Covellite rosette of Mattened crystals,
quarry. Conforti collection, Nova photo. 2 mm, Artana quarry. Masetti collection, Gini-
Oriandi photo.
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Figure 30. Pyrite, altered reddish octahedral

crystal 3 mm in size, Calagio quarry. Lunardi
specimen, Orlandi photo.

Figure 32. Bournonite

Figure 31. Pyrite, acicular crystal group, 0.25
mm across, Calagio quarry. Del Chiaro collec-
tion, Orlandi SEM photo.

latter occurs as very small, tabular crystals with a hexagonal outline
directly implanted on the faces of the pyrite crystals.

In addition to pyritohedrons with cubic modifications, rare
crystals of octahedral habit have been found; crystals twinned in
(110) commonly known as “iron crosses” are rare.

Groups of acicular pyrite microcrystals are particularly rare.
Bibliography: 4, 5, 6, 11, 12, 26, 27, 32, 34, 42, 52, 53.

Arsenopyrite FeAsS

D’Achiardi classified as arsenopyrite a “very small metallic mass,
with no apparent crystalline structure, gray in color, with a light
grey-greenish luster, opaque also in powder,” associated with a
sphalerite crystal from the Piastra quarry.

No analytic data exists in support of this identification, and the
presence of this mineral in the cavities is therefore doubtful.
Bibliography: 34, 52.

Seligmannite PbCuAsS,
Bournonite PbCuSbS,

Seligmannite-bournonite crystals are always very small (1 to
3 mm) and are lead-gray in color with a vivid metallic luster. They
occur in practically every quarry of the Carrara basin, but most fre-
quently in the Calagio quarries.
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crystal, 2 mm, Fantiscritti
quarry. Bigarani collection, /
Gini-Orlandi photo.

Figure 33. Bournonite-seligmannite crystal
drawing, after Franzini er al. (1982).

Gandolfi powder patterns indicate that these crystals are in the
seligmannite-bournonite series; however, on this basis, it is not
possible to determine which end-member is present.

Crystals are almost always twinned and show a rather variable
habit; this habit is often tabular and it is characterized by the
predominance of {001}. But crystals with prismatic dipyramidal
and other more squat habits display a great number of forms, in-
cluding {100}, {010}, {001}, {110}, {130}, {310}, {101}, {203},
{302}, {011}, {023}, {112}, {223} and {12.3.2}.

A typical twinned crystal of this mineral is illustrated in Figure
34a. It is an association of four individuals twinned on [110]. The
pseudotetragonal prism appears to consist of four thin, small faces,
forming between them four angles of about 90°, belonging to four
crystalline individuals that can be listed in the angular position as
{010}, {100}, {010} and {100}.

The interpretation of this twin is rather complex since in the
minerals of the seligmannite-bournonite series the inner angle be-
tween the planes (110) and (110) is about 86°. Therefore a penetra-
tion twin according to [110] of four individuals, whose perpendic-
ular section to [001] is represented in Figure 34b, should collectively
fail to close by about 16°.

On the basis of single-crystal X-ray diffraction patterns and mor-
phological measurements from which the presence of a pseudo-
tetragonal prism is evident, we suggest an interpenetration of four
twinned individuals. All of them cooperate in generating the faces
of the prism: the situation sketched in Figure 34c is thus realized.

An accurate measurement of cell parameters for these twinned
crystals has yielded values which are almost exactly intermediate
between the end-members of the series.

Microprobe analyses of samples from Fantiscritti have revealed
Sb contents ranging from a maximum of 23.51% to a minimum of
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Figure 34. Bournonite-seligmannite crystal
drawing showing twin composed of four in-
dividuals. The sum of the twin angles is 16°

short of closing (center drawing). Therefore the
resulting closed twin (left) has curved a faces

which are each actually composites of the four
nearly parallel a faces of the four twin members

(right).

8.70% . We can therefore conclude that, in the cavities of Carrara
marble, bournonite (Sb end-member content 24.94%) is present, as
well as a senies of intermediate compositions leading to selig-
mannite.

Bibliography: 47, 51, 53, 56.

Jordanite
(Geocronite

Pbu{AS-Sb)aSzJ
Pbu{Sb*AS}aSn

These two minerals are described here together since they repre-
sent a single series.

Jordanite and geocronite have similar macroscopic characteris-
tics and are therefore only distinguishable (with difficulty) by X-ray
diffraction. On the basis of physical properties it is possible to
specify only the series jordanite-geocronite; chemical data are
generally required for further identification.

Figure 35. Jordanite crystal, 1 mm, with pyrite,
Fantiscritti dumps. Del Chiaro collection,
Orlandi photo.
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Dell’Anna and Quagliarella reported from the Torano quarries,
“a small crystalline mass lacking a well defined morphology,”
associated with pyrite, sphalerite and fluorite and which, on the
basis of chemical and crystallographic data, they identified as jor-
danite. In 1974 Orlandi reported again the presence of jordanite; in
1976 Orlandi and Bianchi also reported the presence of geocronite.
In 1980 Bracci er al. reported two analyses, one of jordanite and
one of geocronite.

Figure 36. Jordanite
crystal, 0.2 mm, Fantiscrit-
ti quarry. Lari collection,
Orlandi SEM photo.

Figure 37. Geocronite
crystal, 0.3 mm, showing
typical stepped growth,
Calagio quarry. Del
Chiaro collection, Orlandi
SEM photo.




Figure 38. Sphalerite crystal, Figure 40. Sphalerite

8 mm, Lorano quarry. Brizzi ' crystal, 4 mm, Lorano

collection and photo. & quarry. University of
Pisa collection, Gini-
Orlandi photo.

Figure 39. Sphalerite, amber
colored crystal, S mm, with
black colusite, Lorano

quarry. Bigarani collection,
Gini-Orlandi photo.

Figure 41. Tetrahedrite
crystals on sphalerite
crystal, S mm, Fossa
degli Angeli quarry.
Granai collection, Gini-
Orlandi photo.

Figure 42. Sphalerite crystals to 1.5 mm, Montecatini
quarry. L. Del Chiaro collection, Orlandi photo.
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Figure 44. Colusite and sphalerite crystal group,
2.5 mm, La Facciata quarry. Del Chiaro collec-
tion, Orlandi photo.
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Figure 43. Sphalerite crystal, 2 mm,
Fantiscritti quarry. Orlandi collection,
Gratziu photo.

Figure 45. Pyramidal wurtzite crystal,
1.5 mm, Val Pulita quarry. Del Chiaro
collection, Orlandi photo.

Figure 47. Wurtzite crystal, 3
mm, with colusite, La Facciata
quarry. Granai collection, Grat-
ziu photo.

Figure 48. Waurtzite parallel
growth, 12 mm, Val Pulita
quarry. Brizzi collection and
photo.

Figure 46. Red wurtzite in epitaxial overgrowth
on yellow sphalerite crystal, 0.3 mm, Fossa deghi
Angeli quarry. Bianchi collection, Gini-Oriandi
photo.




Figure 50. Semseyite crystals, 2 mm, with pyrite,
Calagio quarry. Lari collection, Bracci photo.

Figure 49. Geocronite crystal, 1 cm, one of the
largest collected thus far, Calagio quarry.
Granai collection, Bracci photo.

Dell’Anna and Quagliarella obtained an Sb value of 0.2%; Brac-
ci el al. obtained values of 0.11% and 5.8%. Therefore the
presence either of geocronite or jordanite in the cavities of the Car-
rara marble is confirmed.

These two minerals are rather rare and are found predominantly
in the Calagio quarries and in the Fantiscritti basin. They occur as
very small crystals, though one crystal of geocronite measuring 4.5

mm has been found.

These minerals are almost always twinned, are lead-gray in color
with a metallic luster and a well-defined crystal habit. Bracci er al.
(1980) distinguished two characteristic habits:

1. A habit simulating a hexagonal dipyramid truncated by well
developed {010} faces.

2. Pseudohexagonal-dipyramidal habit with characteristic stria-
tions on the faces and growth steps.

Moreover the authors advance a hypothesis that the crystals with
type 1 habit are jordanite (Sb=0.11%), while those with type 2
habit are probably geocronite (Sb = 5.8%).

Bibliography: 45, 47, 51, 52, 53, 56.

Zinkenite Pb,Sb,,S,,

This rare sulfosalt of Pb and Sb has been found only in the
Calagio quarries, associated with famatinite.

The crystals are acicular with striated faces parallel to the elonga-
tion, lead-gray color and often covered with an opaque alteration
coating.

Cell parameters obtained from Weissenberg X-ray diffraction
studies are: a=44.5 A, ¢=8.65 A. An electron microprobe
analysis has also revealed the presence of Cu and As in more than
negligible quantities (respectively 4.08 and 0.94%) and has yielded
the formula PbyCu, ;,Sb,, 5:ASg 455,744 Which is in good agree-
ment with the ideal formula PbSb,,S,,.

Bibliography: 53, 56.

Semseyite PbySb,S,,
Semseyite is a very rare mineral, occurring as minute, dark gray
crystals with metallic luster, associated with famatinite. It comes

from the Calagio quarries. The crystals have rounded edges and are
helicoid-shaped.
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Boulangerite Pb,Sb,S,,

Orlandi and Bianchi reported this sulfosalt from the Carrara
cavities for the first time in 1976; it was identified by single crystal
X-ray diffraction studies, and its crystallographic constants
specified.

The mineral occurs as very thin acicular crystals tightly twisted
together; it is gray in color and has a metallic luster.

Up to now boulangerite has been found only in the Calagio quar-
ries and in some quarries of the Fantiscritti basin, usually associated
with sphalerite, galena and pyrite.

Bibliography: 51.

Realgar AsS
Orpiment As,S,

These two minerals have been mentioned both by Giampaoli and
D’Achiardi, who tried to carry out, among other things, a mor-
phological study on realgar crystals; he succeeded in identifying
with certainty only the form {110} because of the poor quality of
the images from curved faces measured on the optical goniometer.

These two authors mention realgar as a very rare mineral and say
that the two minerals come from the Ravaccione and Lorano Basso
quarries.

Apart from a sample of uncertain locality that has been found
very recently, the authors have seen only the old specimens kept at
the Museum of Mineralogy of Pisa.

Orpiment has been observed occurring as very thin, golden
splinters, as an alteration product of realgar crystals.
Bibliography: 28, 32, 34, 52.

Halides
Sellaite MgF,

The first and only report of this rare mineralogical species in the
cavities of the Carrara marble dates back to Pelloux (1919). The
author described a crystal without matrix, which he had received
from some “amateurs of the mineral sciences” who had purchased it
at the Piastra quarry.

The crystal is prismatic in habit and measures about 3 x 5§ mm.

The prism is composed of nine faces, a very thin one of the form
{120} and the others of the forms { 100} and { 110} having approx-
imately the same degree of development.

At one end the crystal is broken while at the other it is “drusely”
terminated by faces of the form {011} belonging to parallel in-
dividuals, and by three faces belonging to the dipyramids {112},
{551} and {4.11.1}.

Moreover, Pelloux noticed that the crystal contained minute in-
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Figure 51. Sellaite crystal, 5 mm, the only one
collected thus far, La Piastra quarry. University
of Bari collection, Gini-Orlandi photo.

clusions of gypsum, sulfur and probably anhydrite as in the sellaite
of Gebroulaz.

The fact that only a single sellaite specimen has been found serves
to underline its rarity. The unlimited availability of Ca* * ions if
compared to those of Mg* * has certainly influenced the sellaite-
fluorite equilibrium in favor of the latter.

Bibliography: 41, 52, 56.

Fluorite CaF,

Fluorite crystals are normally colorless with somewhat greasy
luster and an almost universal cubic habit. The cube faces com-
monly have approximately equal development, but sometimes two
opposing faces prevail on the others and the crystal takes on a
tabular appearance.

Figure 52. Fluorite crystal, 3 mm in size and col-
orless, showing the forms {111}, {110} and
{221}; Gioia quarry. Lunardi collection, Bracci
photo.
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Figure 54. Fluorite drawing
showing growth hillocks on
cube faces, after D'Achiardi
(1905b).

|
H

Figure 53. Fluorite crystal
drawing showing elongated
habit, after Dalena (1978).

Crystals with a prismatic habit (distorted along the 4-fold axis)
have also been observed; a crystal with this type of habit whose ter-
minated extremity has developed numerous small faces is quite ex-
ceptional (Fig. 53). Penetration twins about [111] are very rare;
parallel association by which a smaller cube appears to be im-
planted on the face of a larger one is also rare.

The cube faces are never perfectly flat, but show typical accretion
figures appearing as numerous, small, step-like reliefs with lines
parallel to the edges of the cube and making the surfaces of these
faces rough.

Fluid inclusions within polyhedral cavities were observed in 1893
by Silvestri.

Fluorite is one of the most common minerals in the cavities,
found in every quarry of the Carrara basin; it is particularly abun-
dant in the Piastra quarry. The minerals that most frequently ac-
company fluorite are quartz, gypsum, dolomite and albite.

Fluorite with a typical violet color and always associated with
adularia (orthoclase) crystals is typical of the Crestola Bassa, Gioia,
Campanili and Calagio quarries, where cavities are in dolomite
masses included in the marble.

Bibliography: 16, 24, 26, 28, 32, 34, 19, 52, 53, S6.

Oxides and Hydroxides
Hematite Fe,O,

Hematite is a relatively common mineral in the massive marble
and in veins, associated with magnetite in the marble varieties
known as paonazzo and paonazzetto. It is extremely rare in
cavities.

The only two specimens known were collected on the dumps of
the Gioia quarries; hematite, occurring as bright lamellar crystals,
was found associated with violet fluorite and adularia (orthoclase).
Bibliography: 32, 34, 52, 56.

Quartz SiO,

Of the many cavity minerals from the Carrara marble, quartz is
preeminent in a number of ways. It is among the most wide-spread
minerals; it has been known and described for the longest time; and
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Figure 56. Realgar crystal,
unknown. University of Pisa collection, Orlandi
photo.

Figure 55. Fluorite crystal, 2 mm, Gioia quarry.
Del Chiaro collection, Guelphi photo.

Figure 57. Azurite crystals to less than 1 mm,
Calagio quarry. Bianchi collection, Orlandi
photo.

Figure 58. Malachite on altered tetrahedrite (?),
1 mm, Calagio quarry. Lari collection, Bracci
photo.

&F

Figure 59. Celestite crystals, 2 mm, Lucchetti
quarry. Marini collection, Gratziu photo.

it forms, like gypsum, the largest crystals. Other, more subjective, but they tend to be somewhat disappointing. Quartz from the
distinctions apply as well: it is among the most beautiful minerals of Apuan marble, because of the perfection of its crystalline habits,
the cavities; it is the easiest to identify even by the layman; and it has attracted more interest among researchers for its general prop-
has been the most heavily traded specimen species. erties than for the peculiarities of its different occurrences. Apuan

There are numerous reports in the literature concerning quartz, marbles have been adopted as a training ground for specialized
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Figure 60. Quartz crystal (left handed), 2 cm, La
Facciata quarry. University of Pisa collection,
Gini-Orlandi photo.

Figure 61. Quartz crystal, 1.5 cm, Fantiscritti
quarry. Bianchi collection, Guelfi photo.
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Figure 62. Quartz crystal drawing from Aloisi
(1909).

Figure 63. Quartz crystal, 1.5 cm, La Facciata
quarry. University of Pisa collection, Orlandi
photo.

research (such as that of Tonani on morphology) in numerous sub-
fields of classic and modern mineralogy.

To explain the remarkable perfection of cavity quartz crystals
from Carrara is it useful to remember the conditions of genesis. As
early as the late 1700’s, Spallanzani considered the crystals note-
worthy, observing that almost all quartz crystals at other localities
are implanted on a siliceous matrix, whereas those of the Carrara
marble always have calcareous matrix. Mineral collectors know
that this is not so rare. However, it is true that quantitatively,
quartz crystals on limestone (or on marble) are rare, since the per-
centage of SiO, of these rocks is usually low. (The common white
marbles of Carrara have SiO, contents lower than 0.1%.)

The Mineralogical Record, volume 18, July-August, 1987

From these data it follows that quartz crystallization in marble
cavities is a slow-moving phenomenon that can produce crystals of
particular perfection. And how perfect they are! As Spallanzani
said:

Of the huge quantity of rock crystals preserved in the
museum of Pavia, those from Germany, Hungary, Switzer-
land and other areas are valuable in themselves, some of
them being choice crystals; nevertheless there is none that
could be compared to the Carrara crystals.

A description of quartz was given by Aloisi, who lists, among
other things, a bibliography requiring only the addition of the

281



already quoted 1955 work by Tonani to be brought up to date.

The quartz crystals from Carrara cavities are very limpid and col-
orless; sizes range from a few millimeters to about 10 cm. At the
Museum of Mineralogy at Pisa University a crystal from the Zac-
cagna collection is preserved; it was collected in the Scaloni quarries
(bardiglio marble varieties) in 1889 and was described by Aloisi. It
measures 9 cm in the direction of the 3-fold axis, and has a max-
imum width of 8 cm.

The habit is defined by the constant association of the prism,
normally not much developed, with both rhombohedrons {1011}
and {0111}. Perfect, doubly terminated crystals are not rare, which
is rather surprising.

Other habits are less common, differing from the one described
above either because the crystals are flattened on two opposite
faces, because they occur in a triangular shape due to the develop-
ment of three alternate faces of the prism, or because they show
faces with shapes different from the ones mentioned above.

Carrara quartz therefore shows a very simple habit; however in
the literature, based on the study of a great number of crystals, 84
different forms have been identified. Following a careful critical
review and consideration of new, personally collected data, Aloisi
considered as certain only 36 forms, which are classified as follows:

1 hexagonal prism
10 positive rhombohedrons
17 negative rhombohedrons
2 trigonal dipyramids

6 trigonal trapezohedrons

Much has been said of the pecubiarities of crystal faces which
show striations, opacities, and other surface features mostly related
to crystal growth, or more rarely due to corrosion. The particularly
interesting demonstration given by Tonani using delicate inter-
ferometric methods, showed the presence of a double saddle-like
bending developed mainly from the rhombohedron faces.

Even these observations are not particularly unusual for the
species; in fact, at least at the macroscopic level, all these
phenomena are not very strikingly developed in Carrara quartz.
The crystals mostly show perfectly flat and shiny faces, even on the
prism which is typically striated at other localities. This accounts
for the uncommon brilliance of Carrara quartz crystals, which give
light from numerous internal reflections made possible by the
perfection of the faces.

Parallel growths are not especially common, at least for the most
classic, perfectly clear and colorless crystals, which occur almost
always isolated like the crystals of all the species described.
However, Aloisi described parallel growth of crystals having the
“helicoidal” or gwindel habit, and also overlapping crystals along
the axis of greater symmetry regularly decreasing in size.

Twins according to the Dauphine law are common and macro-
scopically recognizable when the trapezohedron has developed; the
faces of this form are found on two adjoining vertices.

Much rarer are twins on the Brazil law, with complete penetra-
tion of the two twins to generate an apparently single crystal in
which, however, faces of right and left forms are found simul-
taneously. This determination is not always easy or certain; it
would therefore be suitable, from a purely diagnostic point of view,
to have it confirmed by optical observations which, unfortunately,
require the destruction of the crystal. It is therefore better to remain
in doubt and keep the specimen intact.

Crystals twinned on the Japan law have been described by several
authors, but Aloisi considers them as doubtful. In fact, this twin
can be feigned by chance unions of crystals and a reliable identifica-
tion can be obtained only by means of rather exact goniometric
measurements.

Bibliography: 1,2,3,4,5,7,8, 10,11, 12, 13, 14, 15, 17, 18, 19, 20,
21, 22, 23, 25, 26, 30, 32, 35, 38, 43, 4, 52.
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Figure 64. Rutile crystal intergrowth, 5 mm,
Crestola quarry. Salini collection, Gini-Orlandi
photo.

Figure 65. Rutile crystals, 4-5 mm, Crestola
Bassa quarry. Orlandi specimen, Gratziu photo.

Rutile TiO,

Rutile is rather common in the Crestola Bassa and Gioia quarries
and is one of the few cavity minerals found at two quarries only.
Rutile occurs generally as acicular crystals up to several centimeters
long, striated parallel to the elongation, red-brown in color and
with a submetallic luster. Reticulated acicular intergrowths similar
to what is called “sagenite” rutile have been obseryved; knee-like
twins are rarer.

Quartz, dolomite and orthoclase are the minerals most frequent-
ly associated with rutile.

Cavities in which rutile has been found are in dolomite masses at
both of the above-mentioned localities. Concerning the quarries of
Crestola Bassa, the data of Bracci er al. (1978) show relatively high
TiO, contents (500 ppm) in dolomites containing cavities. In this
particular case the presence of rutile, like that of anatase and
brookite in cavities of the same quarry would seem directly due to
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Brookite TiO,

Also in the Crestola Bassa quarries, where rutile and anatase
have been found, brookite, the third of the TiO, polymorphs, has
recently been found and reliably identified.

It occurs as very pale brown crystals with typical longitudinal
striations on the faces. The crystal size varies from a few millimeters
to about 1 centimeter in length.

Bibliography: 58.

-

Figure 66. Rutile, twinned crystal, 1 cm, Gioia
quarry. Salini collection, Gini-Orlandi photo.

the particular composition of host rock surrounding the cavities.
The same mechanism is likely to have operated at the Gioia quar-
ries, though data is not currently available.

Bibliography: 28, 34, 52, 55, 56.

Anatase O,

Thus far anatase has been found only at the Crestola Bassa quar-
ries.
The crystals show typical dipyramidal habit, which is sometimes
truncated by the remarkable development of the pinacoid {001}.
The smaller individuals are transparent and reddish brown in color.
They are found in marble cavities near masses of pink or grayish
dolomite, associated with milk-white crystals of adularia and
delomite.

Bibliography: 53, 56.

Figure 67. Anatase crystals, to 3 mm, Crestola
quarry. Orlandi collection, Bracci photo.
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Figure 68. Gibbsite, in platy crystals to 140
microns, on pyrite, Fantiscritti quarry. Del
Chiaro collection, Orlandi SEM photo.

Gibbsite Al(OH),

Gibbsite usually occurs as white, opaque spherules made up of
bacillary individuals lacking in a crystalline habit, but rather similar
to small stalactitic protuberances.

It is difficult to identify this species without specialized tech-
niques because of the presence of two other similar minerals in mar-
ble cavities: hydrozincite and strontianite.

So far only one specimen of gibbsite in crystals with well-defined
habit has been found; they are lance-shaped microscopic crystals on
pyrite.
Bibliography: 51 .

Figure 69. Nordstran-
dite crystal aggregate,
1.5 mm, Calagio
quarry. Lari collection
and photo.

Nordstrandite Al(OH),

Nordstrandite is the most recently identified mineral from the
marble cavities. It has been found in a sample from the Fantiscritti
quarry. It occurs as a minute (1 mm) microcrystalline aggregate of
microscopic, pale apple-green crystals.
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Figure 70. Lithiophorite, in brown
earthy spherules, 3 mm, Lorano
quarry. Bianchi specimen, Dalena-
Bracci photo.

photo.

Lithiophorite (AlL,L)Mn**O,(OH),

Lithiophorite has been found in the Lorano quarries where it oc-
curs as carthy aggregates of deep brown spherules. Chemical
qualitative analysis by X-ray fluorescence has shown, besides the
presence of manganese, traces of Zn, Ni, Cu and Co.

Carbonates
Calcite CaCoO,

Calcite is always present in marble cavities, occurring as minute,
transparent crystals of the same sizes as the grains in the marble
mass. It forms either beautiful crystallizations made up of scaleno-
hedral and rhombohedral individuals, or spathic masses sometimes
reaching remarkable sizes.

The largest crystals are 4-5 cm long; they are generally opaque
and milk-white in color. The most common habits result from the
prevailing development of the principal rhombohedron {100} and
the scalenohedron {201}.

A morphological study carried out on more than 100 crystals by
D’Achiardi showed that only a very small proportion of crystals is
suited to such analysis, and that “crystals yielding satisfactory
results for all forms are the exception.”

D’Achiardi noted that associations of the forms {100}, {311}
and {201} are the most common in crystals with a rhombohedral
habit, while in crystals with scalenohedral habit he recognizes two
common and different form associations: {100}, {}ﬁ}, {110}, and
{201}; and {100}, {311}, {110}, {111} and {201}. Moreover he
notes that the rhombohedron faces { 100} are present in practically
every crystal and constantly show a “reeding” generated by two
systems of numerous and thin striations “giving them a special ap-
pearance and luster.” The rhombohedron {311} and scalenohedron
{201} are always present.

Spathic calcite (called /uccica by the quarrymen) is in indication
of the nearby presence of cavities; in fact this type of calcite con-
tains those particular types of cavities that we have called “cavities
in spathic calcite” and, more rarely, partially fills ilie cavities con-
tained in the macchia bianca.

Chemical analyses carried out on samples of spathic calcite have
revealed the presence of appreciable amounts of Mg (MgO = 1%
on the average). X-ray diffraction analyses have shown that Mg is
present both in the calcite lattice itself (substituting for Ca* *) and
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Figure 71. Calcite, twinned crystal 9 mm long,
Calagio quarry. Dalia collection, Orlandi

Figure 72. Calcite crystal drawings after
D’Achiardi (1905a).

in thin dolomite domains irregularly scattered through the calcite.
Isotope analyses have been carried out on associations of gyp-
sum, calcite and dolomite crystals as well as on the calcite of the
marble matrix, in order to determine their O'* and C'? content.
These have been done in order to verify the existence of an isotopic
equilibrium between gypsum, calcite and dolomite and between
these minerals and the marble matrix; such an equilibrium, if
found, could be used to estimate the temperature of formation.
Unfortunately, calcite and associated dolomite proved not to be in
isotopic equilibrium and were probably deposited by solutions of
varying physiochemical parameters.
Bibliography: 5, 11, 26, 32, 33, 36, 48, 52.

Dolomite CaMg(CO,),

Dolomite is very common in the cavities. It is particularly distinc-
tive due to the constant bend of the faces of the rhombohedron and
the resulting typically saddle-shaped crystals.

Isolated crystals, generally infrequent, are opaque and milky
white in color. Aggregates of numerous saddle-shaped rhom-
bohedral crystals with a pearly luster are most common.

The pale green color that some saddle-shaped groups show is due
to traces of iron and manganese as shown by X-ray fluorescence
analysis and not to “minutely scattered chlorite® as asserted by
Giampaoli.

Chemical and mineralogical analyses have shown that dolomite
crystals are actually composed of two distinct phases: dolomite and
calcite, the latter in microscopic domains amounting to between
4-10% of the crystals (Bracci er al., 1978).

Bibliography: 11, 12, 26, 32, 33, 48, 52.

Aragonite CaCoO,

Only one sample of aragonite has been found. It occurs as col-
orless and transparent crystals up to 3 mm in length, having a
prismatic habit and a pointed termination. The calcite crystals
lining the cavity in which aragonite crystals are implanted show
considerable evidence of dissolution and are coated with an apple-
green, unidentified mineral. The specimen was found at the Fan-
tiscritti quarry.

Bibliography: 59.

T'he Mineralogical Record, volume I8, July- August, |987




Figure 73. Dolomite in typically saddle-shaped
crystals, 3 cm, Colonnata quarry dumps. Baldi
collection, Gini-Orlandi photo.

Figure 75. Strontianite crystals, 2 mm, La Fac-
ciata quarry. Lunardi collection, Orlandi photo.

Dawsonite NaAl(CO,XOH),
Dawsonite has been recently found as white spherical tufts and
aggregates less than | mm in diameter at the Fossa degli Angeli

quarry.

Strontianite SrCO,

Strontianite occurs as thin, white, translucent, acicular crystals
always in tufts and globules. It has been found in the Lorano and
Fantiscritti areas and is commonly associated with dolomite, albite
and quartz.

Bibliography: 51.

Figure 76. Cerussite crystal drawings, from
Orlandi (1974).

Cerussite PbCO,

Cerussite has been found as an alteration product of small galena
masses in marble from the Fantiscritti quarries; associations include
sphalerite and hydrozincite. Specimens from the Calagio quarry are
associated with volborthite and mimetite.

The crystals, very minute in size, have proved highly suitable for
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Figure 74. Dawsonite, spherical aggregate, |
mm, Fossa degli Angeli quarry. Lunardi col-
lection, Guelfi photo.

morphological studies because of the perfection and luster of the
faces.

The habit is vanable, ranging from individuals characterized by
an extreme development of the form {010} to other individuals of
more dipyramidal form. The forms recognized in the various
crystals are: {100}, {010}, {110}, {130}, {111}, {112}, {021},
{011}, {012} and {013}.

Bibliography: 46, 52.

Azurite Cu,y(CO,),(OH),
Malachite Cu,(CO)NOH),

These two mineral species, both being alteration products of
primary copper minerals, are almost always associated and there-
fore they are described here together. Malachite occurs as crusts,
spherules and sprays of acicular crystals with typical green color;
azurite can also produce beautiful, minute crystals which are eager-
ly sought by collectors.

Bibliography: 26, 32, 33, 52.

Rosasite (Cu,Zn),(CO,NOH),

Only one specimen of rosasite has been found, a small nodule
with fibrous-radiating structure measuring about 2 mm, deep
apple-green in color and associated with aurichalcite. It was found
at the Fantiscritti quarry.

Bibliography: 59.

Hydrozincite Zn(CO,),(OH),
Hydrozincite occurs as snow-white globular aggregates up to 4
mm in size and composed of very thin bacillary crystals.
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Only one specimen (from the Fantiscritti quarry), associated with
sphalerite of which it is an alteration product, has been recognized.

In the same cavity alteration has affected some small galena
masses that appear to be partially transformed into cerussite.
Bibliography: 46, 52.

Aurichalcite (Zn,Cu)4(CO,),(OH),

Aurichalcite occurs as silky blue plates grouped together on a
single specimen, forming two rosettes with a size of about 2 mm. It
is associated with rosasite, and was found at the Fantiscritti quarry.
Bibliography: 59.

Sulfates
Anhydrite CaSO,
Anhydrite was doubtfully reported by Pelloux as an inclusion in
the sellaite crystal; requires confirmation.
Bibliography: 41.

Figure 77. Celestite crystals in parallel growth, 4
mm, La Facciata quarry. Giovannini collection,
Orlandi photo. Right: Celestite crystal drawing
showing parallel growth, from Orlandi (1974).

Celestite SrSO,

Celestite always occurs as well-formed tabular crystals, often
grouped in parallel association to form bacillary individuals several
centimeters long.

The crystals have a bright vitreous luster; they are usually col-
orless or whitish in color, rarely more or less vivid yellow-amber.

Crystallographic forms include {001} which is the most
developed one and {102}, {104}, {110} and {011}.

The Lorano and Frantiscritti quarries are where celestite has
most often been found, usually associated with quartz, dolomite,
albite and gypsum.

Bibliography: 46, 49, 52.

Barite BaSO,

Barite is among the least interesting cavity minerals for collectors
because of its generally unaesthetic appearance.

Though not a very common mineral, barite is widespread in
almost every quarry of the Carrara basin. D’Achiardi reported it in
1906, having identified it in some specimens from the Zaccagna col-
lection which came from the Fossa degli Angeli and Poggio
Domizio quarries.

Bibliography: 36, 39, 52.
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Figure 78. Gypsum crystal, 2 cm, Fantiscritti

quarry. Bargagna collection, Orlandi photo.
Gypsum CaSO,+2H,0
After quartz, calcite and dolomite, gypsum can be con-
sidered the most common mineral found in cavities. Among
others who described this mineral, my father, Jervis, quotes
it among the minerals of Poggio Silvestro, while Giampaoli
describes groups of large, parallel-growth crystals with faces
which are brilhant, but sometimes striated or wavy, and

notes their occurrence in the quarries of Fossa dell’Angelo,
Lorano, Calagio, Belgia, etc.

Thus D’Achiardi begins his description of this mineral in one of his
several papers on Carrara minerals.

Gypsum is not only one of the most common minerals, but also
the one which produces, together with quartz, the largest crystals
(to more than 10 cm).

The crystals are usually colorless and very clear, rarely isolated,

more frequently in association with various individuals. It is
associated with all cavity minerals, but especially with quartz and
saddle-shaped dolomite. D’Achiardi notes again that gypsum is
among the minerals which have crystallized last in cavities.
Isotope studies carried out on gypsum and celestite have revealed
that the isotopic composition of the two minerals both for oxygen
and sulfur is remarkably homogeneous, with enrichment in O'® and
S** in comparison with present marine sulfate of about 18°/,, and
8°/00 respectively. According to Cortecci and Orlandi the most
probable interpretation for the data concerning the isotopic com-
position of oxygen is represented by an isotopic rebalancing of
sulfate with groundwater. Data concerning sulfur would indicate,
furthermore, a partial bacterial reduction of sulfate. However,
analyses of the isotopic composition of sulfur in galena, sphalerite
and native sulfur have precluded a derivation of gypsum, celestite
and barite sulfate from the oxidation of sulfur.
Bibliography: 11, 12, 26, 32, 34, 48, 49, 52.

Phosphates, Arsenates, Vanadates
Cornubite Cu,(AsO,),(OH),
Only one specimen of cornubite has been found thus far. It is a
thin, pale-green crust on which spherules of malachite are im-
planted. The specimen was found at the Calagio quarry.

Fluroapatite Ca,(PO,),F

Fluorapatite has been found at the Fantiscritti quarry in a zone
of old abandoned quarry dumps. The crystals range in size up to 4
mm, show a tabular habit, and are colorless and transparent. The
best developed crystal faces are those of the basal pinacoid and the
dipyramid {1121},

Cell parameters taken from X-ray powder diffraction data, using
27 reflections, are @ =9.373 (2), ¢ =6.885 (2) A.

Fhe Mineralogical Record, volume 18, Julv- August, 1987




Figure 79. Fluorapatite crystals, 2 mm, Fan-
tiscritti dumps. Turconi collection, Orlandi
photo.

ey 4 c{000T,

x m{1010}

Figure 80. Apatite crystal drawing from Boscar-
din er al. (1983).

The refractive indices in sodium light are ¢ = 1.634; « = 1.630.
The specific gravity determined by the heavy liquid method is
3.185 (5).

Bibliography: 59.

Mimetite Pb,(AsO,),Cl

Only one specimen of mimetite (from the Calagio quarries) has
been identified. It occurs as very small, prismatic, hexagonal
crystals, yellow in color and transparent, associated with other
sulfosalt alteration minerals.
Bibliography: 56.

Volborthite Cu,(VO,),*3H,0

This rare vanadium mineral has been found associated with
mimetite, cerussite, malachite and azurite, as an alteration product
of Pb and Cu sulfosalts on specimens from the Calagio and Val
Pulita quarries.

It occurs as minute lamellar crystals and as small earthy masses,
yellow-green in color.
Bibliography: 56.

Chalcophyllite Cu, ,Al,(AsO,),(SO,);(OH),,*33H,0

Only one sample of chalcophyllite (from La Facciata quarry,
Lorano basin) has been found. It occurs as thin, tabular crystals,
green in color to shades of blue and around 1 mm in size.
Bibliography: 59.
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Figure 81. Hemimorphite crystals on sphalerite,
5 mm, Montecatini quarry. Conforti collection,
Gini-Orlandi photo.

y

\

Figure 82. Hemi-
morphite crysial
drawing from Fran-
zini er al. (1982).

Silicates
Hemimorphite Zn,Si,0,(0OH),*H,0

Specimens in which hemimorphite has been recognized come
from the Fantiscritti quarry. It has been found both in small,
shapeless masses, pale green in color, implanted on sphalerite
nodules and in radiating divergent associations of colorless in-
dividuals to a few mm in size.

Crystal habit is characterized by dominant development of the
form {010} with respect to other forms observed: {121}, {301},
{110}, {001} and {031}.

Bibliography: 46, 52, 58.

Figure 83. Orthoclase (*adularia™ in epitaxial
association with albite, 4.5 mm, Calagio quarry.
Lari collection, Bracci photo.

Orthoclase KAISi, O,

Although reports concerning orthoclase (usually referred to as
the variety adularia) in cavities are very recent, it is rather
widespread in many localities and above all in the quarries of
Crestola Bassa and Gioia where it is found in crystals of remarkable
size (3-4 cm).

The habit is typical, composed of the following combination of
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Figure 84. Albite twins, S mm, Calagio quarry.
Lari collection, Bracci photo.

-

Figure 85. Orthoclase epitaxial on albite crystal
drawing from Orlandi (1974).

forms, in order of decreasing development: {110}, {001}, {101}
and {010}.

Epitaxial associations with albite crystals are very typical; in this
particular habit orthoclase crystals are implanted on the wide faces
of albite crystals. Within the limits of the slight difference in the
angular value between the axes of these two species, coincidence
between faces {010} of the two minerals and the perfect parallel
orientation of x and z axes appear.

Chemical analysis of orthoclase has revealed that it is a practical-

ly pure potassium feldspar with very low amounts of albite and
anorthite molecules.

Bibliography: 46, 52.

Albite NaAlSi,O,

Albite was reported for the first time in 1867 by Vom Rath. The
history of this mineral is very interesting: it was considered rare by
the discoverer and then by A. D’Achiardi (1873), while 30 vears
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later in 1905 it was considered relatively common by Giampaoli and
D’Achiardi.

Albite occurs as large crystals, with a typical habit visible to the
naked eye and easily identified and distiguished from the other
mineralogical species common in cavities; vet it has escaped the at-
tention of researchers for a long time. But once it was identified
and therefore expressly sought for, discoveries have multiplied and
the species has become recognized as common. This sequence
repeats itself frequently in mineral research: the reporting of a new
species (utterly new, or new in the area) in deposits already well
known and studied for years is followed, in a short while, by many
additional discoveries. People are generally more ready to see what
they are looking for than to observe new and unforeseen phe-
nomena.

Albite in the cavities of Carrara marble occurs in well formed
crystals up to about 2 cm in size, sometimes milky white, sometimes
colorless and perfectly transparent were it not for the many internal
cleavages which are always present and on which light reflects,
generating a wonderful play of colors so much more easily ap-
preciated under magnification.

It is perhaps the only mineral among those described that com-
monly occurs in groups of many individuals.

D’Achiardi commented:

\

Figure 86. Albite crystal drawings showing twin-
ning, after Viola (1899) and D’ Achiardi (1906b).

The crystals 1 have examined are very numerous, more than
200, most of which are implanted on two large specimens
(Zaccagna collection) from the Para quarries. The two speci-
mens show surfaces of maximal extent completely covered
with milk-white albite crystals which are very small and
associated with numerous calcite scalenohedrons, which are
also very small, and with very rare small quartz crystals.

We don’t know if D’Achiardi actually removed the more than
200 crystals from the specimens he examined; he surely removed
quite a few since he later says: “from the samples | removed many
small crystals which I used for a complete analysis . . . ." The
specimens described by D'Achiardi are kept in the Museum of
Mineralogy at the University of Pisa and still contain a very large
number of albite crystals.

Albite does not always occur in the manner we have described;
more frequently this mineral, like the others, occurs as isolated
crystals, though specimens having three or four albite crystals are
common enough.

The habit is always tabular because of the dominant develop-
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ment of the form {010}. Inside more regular crystals the outline of
the tablet shows six sides represented by edges forming the small
faces { 110}, {001}, {101}, {110}, {001} and { 101}. These six edges
look like a slightly deformed hexagon having internal angles of
about 128° (two opposing angles) and about 116° (the other four).
In the different habits this hexagon can have an almost regular
development or it can be deformed into an almost rectangular
shape owing to lengthening along the [001] axis or more frequently
[100], or into an almost triangular shape owing to a greater
development of three alternate sides with respect to the other three.

These habits can be further complicated by the development of
the faces, which are always small, belonging to other simple forms
(a total of 11 have been observed) among which {130} and {130}
are very common.

Besides the obvious cleavages, twinning according to the albite
law (revealed by the presence of small re-entrant angles) is a com-
mon trait of all albite crystals in this occurrence. Twinning by the
Carlsbad law is rarer; it never occurs alone, but always combined
with albite-law twinning.

Epitaxial relations between albite and orthoclase (already
described above) are very characteristic.

Apart from the larger size, albite crystals in cavities are quite ex-
actly the same in habit and twinning as the very minute ones scat-
tered in the mass of Carrara marble; in fact, together with quartz,
albite is the most common mineral in the insoluble residue of the
marble.

Chemical data show, for both occurrences, that the mineral is
almost pure albite with a variable content of from 3 to 5% anor-
thite.

Bibliography: 9, 11, 12, 26, 28, 29, 32, 37, 46, 52.

Discredited Species
In two different reports D’Achiardi describes epidote and tour-
maline among the minerals in cavities. He writes of tourmaline:

It has reportedly been found and bought recently for a par-
ticular collection. The person who told me about it describes
it as lightly wine-colored, and terminated by small rhom-
bohedral faces.

Since the only information about tourmaline is not from an
original source, we do not even consider it among the doubtful
species.

Subsequently the same author identified as epidote a very thin
crystal, pale green in color, dubiously identified as tourmaline, im-
planted on a sample in the Zaccagna collection and coming from
the Lorano quarry.

The same specimen has been recently re-examined by Orlandi
who, by means of X-ray diffraction, identified it as sphalerite. It
has a very strange habit: the crystal is of an elongated pseudo-
prismatic shape terminated by a large number of small faces.

ORIGIN OF CAVITIES AND CAVITY MINERALS
Early Work

As mentioned earlier, cavity minerals of the Carrara marble have
long been a focus of study. However, much effort has also been
devoted to puzzling out the mode of formation of the cavities and
the physiochemical origins of the minerals.

Hypotheses put forth in the early literature did not have the
benefit of modern rock and mineral analysis techniques, and have
generally not been supported by recent research. D’Achiardi (1905)
for example, suggested:

The formation of such cavities is due to the action of waters
which, filtering through fractures, have enlarged them by
solution at various points, giving the dissolved compounds
the opportunity to deposit and crystallize slowly.
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In apparent support of this theory were the oral traditions and
ancient records describing fluid-filled cavities.
Giampaoli (1905) made a more astute observation.

In some cases there is no relationship between the cavity
minerals and the immediately adjacent wall rock. Crystalliza-
tions are primary and the wall rock has remained unaffected.
In rare cases where fractures or crevices connect cavities with
iron-rich layers in the rock, flowing waters have resulted in
more or less reddening of the walls and corrosion of the cavi-
ty minerals.

Cavities generally occur as long, thin shafts running paral-
lel to the plane of easiest fracture in the marble. The ends are
almost always blocked by vein fillings or masses of spathic
calcite.

Aloisi (1909) also noticed that cavities tend to be “filled up at the
back.”

The hypothesis advanced by Zaccagna (1932) is closer to the
mark. He suggested that cavities resulted from contraction of the
marble mass during metamorphic recrystallization. At least his
theory recognizes the pre-existence and independence of cavities
from subsequent mineral deposition. He considered the cavity
minerals to be “secretion products” of the marble and not a side-
effect of the cavity formation process.

Interesting though they are, these various theories of cavity
genesis have not really progressed beyond the descriptive stage. The
physical conditions which resulted in cavity formation have re-
mained essentially undeciphered from a quantitative standpoint,
and the same is true for the physiochemical origin of the cavity
minerals. Many authors who have studied Carrara minerals have
suggested that crystallization proceeded very slowly, but this is to
be expected in almost any low-temperature depositional environ-
ment.

Cavities

Bracci et al. (1978) recognized three different types of cavities on
the basis of field relations and specimen studies. These are (1)
cavities in pure white (“macchia bianca”) marble, (2) cavities in ir-
regular masses of dolomite, and (3) cavities in masses and veins of
spathic calcite. Of these, the first is most illustrative of the overall
cavity-forming processes.

In a rather limited zone of the marble basin (the Lorano, Fossa
degli Angeli and La Facciata quarries), in the eastern part of the
Carrara syncline where marble of “ordinary white® quality is
prevalent, one can observe on the quarry walls bands of variable
thickness (1 to 10 cm) having significantly whiter color. This is the
so-called macchia bianca.®* The planar orientation of these bands
parallels the direction of easiest fracture of the marble. Structural
analysis (Carmignani and Giglia, 1975b and 1979; Carmignani er
al., 1978) has shown this directional weakness in the marble to be a
first-phase schistosity generally paralleling the original bedding ex-
cept near fold hinges.

Macroscopically the macchia bianca is characterized by a larger
grain size, which is visible to the naked eye and which aids in field
identification. This is fortunate because macchia bianca is a strong
indicator for the possible presence of cavities. Regularly spaced
pinch-outs in the bands are commonly the site of cavities.

The cavities occur as extended tubular openings situated in the
plane of the macchia bianca band. Diameter ranges up to about 10
c¢m, and length (though difficult to measure accurately) commonly
exceeds a meter or more. Usually the top and bottom quarters of

* Quarrymen and mineral collectors have taken to calling the
veins of white spathic calcite macchia bianca as well, but for
clarity’s sake the term should be reserved for white marble.
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Figure 88. Elongated cavity with typical lateral
tension fractures 14 cm. University of Pisa col-
lection, Gini photo.

the cavity cross-section are bound by normal marble, and the left
and right sides by macchia bianca.

Open fractures in the surrounding marble perpendicular to the
cavity axis are commonly observed, but these usually close off
within a few centimeters. Such transverse fractures are not always
present, but transverse streaks on cavity walls have also been seen
which clearly appear to be microfaults of small displacement.

Cavities in macchia bianca tend to be oriented in roughly the
same direction, corresponding to the direction of the fold axis of
the second-stage metamorphism.

Bracci ef al. (1978) carried out a detailed study of the chemistry,
mineralogy and petrology of macchia bianca. The results may be
summarized as follows:

1. Grain size (of calcite crystals in the maccia bianca marble) is
two to three times that of normal marble.

2. The insoluble residue of acid-treated macchia bianca is greater
than that of normal marble, and is also different, consisting
primarily of albite and quartz with traces of sphalerite and pyrite.
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Figure 87, The macchia bianca marble veins,
conspicuous by their whiteness relative to sur-
rounding marble. Note regularly spaced cavities
along the vein. Lorano quarry, Orlandi photo.

Fy

Figure 89. Diagram showing evolution of the
macchia bianca cavities: (A) sedimentary
deposition of unusually pure calcite layer, (B)
isoclinal folding and metamorphism, (C) ten-
sion deformation accompanied by boudinage in
the macchia bianca layer which opens long,
tubular cavities, and (D) tensional deformation
parallel to boudinage cavities resulting in ten-
sion gashes. From Bracci er al. (1978).
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Normal marble residue consists of muscovite with albite, quartz
and other minor accessories.

3. The strontium content of macchia bianca is somewhat higher
(196 ppm vs. 167 ppm).

Bracci ef al. (1978) concluded that the cavities were formed by
tensional deformation in the macchia bianca plane, and that the
transverse fractures formed also by tensional deformation in the
same place but in a perpendicular direction paralleling the cavity
axes (see Fig. 89).

Cavities in irregular masses of dolomite and in spathic calcite
veins are ascribed to the same mechanism, but the temporal rela-
tionship of the three cavity types remains unknown.

Cavity Minerals
Physical Conditions

Because the cavity minerals could only form following the open-
ing of cavities during the second metamorphic episode, it is possible
to establish some limits on the temperatures and pressures involved.
These limits are essentially those of the second metamorphic event
itself, estimated through mineralogical/ petrographical study of the
marble and the basal schists in the Apuan Autochthon.

Various approaches and methodologies (see Carmignani and
Giglia, 1979) are in general agreement that the highest temperatures
achieved during the second metamorphic event were 300°-400°C
(probably toward the high side of that range), and the highest
pressures were 3-4 kilobars corresponding to a depth of 10 to 15
km. However, Azzaro er al. (1977) studied basal schists near Foce
del Giovo and arrived at values of 400°-450°C and 6-8 kilobars;
this temperature range is possible but the values for pressure seem
too high. These results probably reflect an unusual local situation
of the kind which is always possible in heavily deformed complexes.

Crystallizations of one kind or another probably took place from
conditions of maximum metamorphic temperature and pressure all
the way down to near-surface conditions. Very late-stage calcite is
known to have formed essentially at the surface and by the action
of near-surface groundwater. But, if we wish to restrict our discus-
sion only to cavities which have not undergone such retrograde ac-
tivity (during which many aesthetic species are destroyed and others
covered with reddish ferruginous crusts), it becomes difficult to
know where to draw the line on physical conditions.

The presence of sulfur in cavities suggests rather low crystalliza-
tion temperatures, probably less than the monoclinic-rhombic tran-
sition point of 96°C at surface pressures. The presence of gypsum
also suggests near-surface temperatures because the gypsum-
anhydrite transition point is 42°C at |1 bar; unfortunately this point
is somewhat pressure-dependent so it is not possible to draw a firm
conclusion on this basis alone.

Further information might conceivably be gained from an
analysis of the original pocket fluids rumored to have been en-
countered. Unfortunately the literature is devoid of any such data,
nor have the authors ever observed such fluid.

The tentative conclusion is nevertheless that important
crystallizations continued down to virtually near-surface conditions
as the lower limit. Information on the temperatures of formation of
individual species over the entire range are rather scarce, and data
pertaining to pressure are entirely absent. Regarding temperatures,
Cortecci and Orlandi (1975b) have shown that oxygen and carbon-
based isotopic geothermometers are unreliable at Carrara due to
lack of equilibrium.

Some information on temperature can be derived from a study of
Mg partitioning between calcite and coexisting dolomite. Bracci er
al. (1978) have shown that the Mg content of cavity calcites is
always lower than that of marble calcite surrounding the pocket;
furthermore, the content varies from specimen to specimen. This

Fhe Mineralogical Record, volume |8, Julyv- August, | 987

suggests that pocket calcite began forming at a temperature below
that of marble recrystallization (i.e., 100°-300°C) (Bracci, 1978),
and continued through a period of cooling.

Numerous determinations of iron content in sphalerite (Leoni
and Orlandi, 1975; Dalena, 1978) indicate that sphalerite formed in
the range 130°-230°C. The lack of evidence for Fe saturation
precludes more detailed conclusions.

Consequently there seems to be sufficient evidence to conclude
that crystallization of cavity minerals took place over a relatively
wide range of conditions.

Chemical Conditions

Several general observations are critical to any discussion of
chemical mineralogy at Carrara:

1. Cavity minerals (other than calcite) are volumetrically ex-
tremely rare, almost negligible.

2. Cavities themselves are volumetrically almost negligible in
comparison to total marble mass.

3. The most common of the cavity species (calcite, dolomite,
quartz, albite, gypsum, pyrite) are also major (calcite) or accessory
components of the surrounding marble. In fact, almost all cavity
minerals have been found also to occur in massive marble. The
most notable exceptions are the sulfosalts which, other than col-
usite, have not been observed in marble. However, consider the
rarity of sulfosalts, the difficulty in identifying them if present in
the marble, and the small proportion of research that has been
devoted to marble accessories as opposed to cavity minerals. It
seems a plausible supposition that, in general, all minerals found in
cavities could also be found in marble, given a sufficiently thorough
search.

4. All cavities, regardless of location within the marble forma-
tion, contain essentially the same assemblage. (The only exception
to this would be the three species rutile, anatase and brookite,
which have thus far been found only in the Crestola Bassa and
Gioia quarries.) Relative quantities of the species may vary from
place to place, but qualitatively the cavities are identical throughout
the Carrara marble.

From these observations it seems safe to conclude that the
presence of so many different minerals in the cavities can
nonetheless be satisfactorily explained without invoking exogenous
chemical contributions brought in through large-scale circulation of
fluids. Strictly local remobilization of trace elements in the marble
is sufficient to account for all the rare and splendid crystals which
have been described.

In other words, it appears that the creation of the cavities
themselves in otherwise homogeneous marble produced the essen-
tial discontinuity. Resulting physiochemical gradients drove the
migration of elements from the marble toward the cavity in a re-
equilibration process which resulted in the crystallization of pocket
minerals.

Sulfur isotope studies by Cortecci and Orlandi (197b) support
this mechanism. They found that the sulfur in cavity gypsum is
strictly of marine origin. Similarly, the isotopic composition of
sulfur in the numerous sulfide species shows that it cannot be the
result of sulfate reduction.

It must therefore be concluded that the formation of cavity
minerals is substantially a function of dissolution and recrystalliza-
tion of minerals in the massive marble. This earlier generation of
minerals formed largely as a result of the metamorphism of original
sedimentary rocks. We say “largely” because albite crystals in the
massive marble are so similar in size, habit and twinning to
authigenic albite from unmetamorphosed sediments that they may
not have suffered recrystallization along with the other marble
components.

This genetic model is compatible with the extremely slow rate of
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Table 1. Minerals found in cavities of the Carrara marble.

Date of
Discovery
inside the
Cavities Rarity

Date of
Discovery
inside the

Mineral Cavities Rarity

Native elements

Composition Mineral Composition

Sulfur

S

Sulfides and Sulfosalts

Chalcocite
Digenite
Bornite
Sphalerite
Luzonite
Famatinite
Colusite
Sulvanite
Tetrahedrite
Wurtzite
Enargite
Galena
Covellite
Stibnite
Pyrite
Arsenopyrite
Seligmannite-
Bournonite
Jordanite
Geocronite
Zinkenite
Semseyite
Boulangerite
Realgar
Orpiment
Halides
Sellaite

Fluorite

Oxides
Hematite
Quartz

Cu,S

Cu,S,

Cu,FeS,

ZnS

Cu,AsS,
Cu,SbS,
Cu,(As,Sn,V,Fe)S,
Cu, VS,
(Cu,Fe),,Sb,S, ,
(Zn,Fe)S
Cu,;AsS,

PbS

CuS

Sb,S,

FeS,

FeAsS

PbCuAsS,-PbCuSbS,
Pbu(AS:Sb)ﬁsz!

Pb, (Sb,As),S,,
PbeSb, S,

Pb,Sb,S,,

Pb,Sb,S,,

AsS

As,S,

MgF,

CaF,

1820

1905
1980
1974
1874
1984
1976
1980
1974
1905
1978
1974
1905
1974
1976

1905

1974
1967
1976
1980
1984
1976
1899
1899

1919

1883

1980

Common

Uncertain
Very rare
Very rare
Common
Rare
Rare
Rare
Very rare
Rare
Rare
Common
Common
Very rare
Rare
Very common
Uncertain

Rare
Rare
Rare
Rare
Very rare
Rare
Very rare
Very rare

Only one
sample
Very common

Very rare
Very common

Rutile
Anatase
Brookite
Gibbsite
Nordstrandite
Lithiophorite

Carbonates
Calcite
Dolomite
Aragonite
Dawsonite
Strontianite
Cerussite
Azurite
Malachite
Rosasite
Hydrozincite
Aurichalcite

Sulfazes
Anhydrite
Celestite
Barite
Gypsum

TiO,

TiO,

TiO,

Al(OH),

Al(OH),
(AL,Li)Mn**O,(OH),

CaCoO,

CaMg(CO,),

CaCoO,
NaAl(CO,)OH),
SrCO,

PbCO,
Cu,(CO,),(OH),
Cu,(CO,)OH),
(Cu,Zn),(CO;(OH),
Zn4(CO,),(OH),
(Zn,Cu)4(CO,),(OH),

CaSO,

SrSO,

BaSO,
CaS0,*2H,0

Phosphates, Arsenates, Vanadates

Cornubite
Fluorapatite
Mimetite
Volborthite

Chalcophyllite

Silicates

Hemimorphite

Orthoclase
Albite

Cu§(ﬁ50.)z{OH}4
Ca,(PO,),F
Pbs(AsO,),Cl
Cu,(VO,),*3H,0
Cu, Al (AsO,),
(SO,);(OH),,+33H,0

Zn,Si,0,(0OH),*H,0
KAISi, O,
NaAlSi, O,

1977
1978
1982
1976
1984
1980

Common
Rare

Very rare
Very rare
Very rare
Very rare

Very common
Rare

Very rare
Rare

Very rare
Uncommon
Uncommon
Very rare
Very rare
Rare

Uncertain
Uncommon
Rare

Very common

Very rare
Very rare
Very rare
Very rare
Very rare

Rare
Common
Very common

Table 2. Crystallization sequences observed between pairs
of species showing overlapping relationships
(earlier species on the left).

Albite — Celestite

Albite — Orthoclase (adularia)

Albite — Strontianite

Anatase — Dolomite

Cu sulfides & sulfosalts — Azurite/Malachite
Colusite — Sulvanite

Colusite — Wurtzite

Dolomite — Gypsum

Famatinite — Zinkenite

Pyrite — Wurtzite
Quartz — Albite
Quartz — Dolomite
Quartz — Fluorite
Quartz — Gypsum
Sphalerite — Colusite
Sphalerite — Dolomite
Sphalerite — Enargite

Fluorite — Sphalerite
Galena — Bournonite
Galena — Cerussite
Gypsum — Sulfur

Sphalerite
Sphalerite
Sphalerite
Sphalerite
Sphalerite

Gypsum
Hemimorphite
Hydrozincite
Jordanite
Stibnite

Malachite — Cornubite

Malachite — Orthoclase (adularia)

Orthoclase (adularia) — Dolomite

Pyrite — “Hexagonal” Galena (flattened cuboctahedron)

Sphalerite — Tetrahedrite
Sphalerite — Wurtzite
Sulfur — Gypsum
Sulvanite — Volborthite
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Table 3. The most abundant minerals in some quarries

of the Carrara area.

Quarry Minerals Quarry Minerals
Crestola Bassa Orthoclase, Rutile, Anatase, Dolomite, Pradetto Albite, Quartz, Sphalerite
Pyrite, violet Fluorite Galleria di Fantiscritti Jordanite, Geocronite, Seligmannite-
La Piastra Quartz, Fluorite, Pyrite, Albite, Sulfur, Bournonite, Sphalerite, Gypsum
Gypsum Lucchetti Sulfur, Gypsum, Sphalerite, Albite,
Battaglino Gypsum, Fluorite, Quartz, Enargite, Orthoclase
Strontianite Montecatini Sphalerite, Pyrite, Seligmannite-
Colle Stretto Pyrite, Quartz, Fluorite, Enargite Bournonite, Jordanite, Geocronite,
Ravaccione Fluorite, Sulfur (generally few minerals) Galena
Polvaccio Quartz, Fluorite, Pyrite, Albite, Sulfur, La Tagliata Gypsum, Pyrite, Galena, Fluorite,
Gypsum Hydrozincite, Sphalerite, Jordanite,
Bicchieri Quartz, Dolomite, Gypsum, Sulfur, Geocronite
Albite, Sphalerite Tecchia Fluorite, Pyrite, Sphalerite, Galena
La Facciata Quartz, Dolomite, Gypsum, Sulfur, Carbonera Malachite, Azurite, Fluorite
Albite, Fluorite, Colusite, Wurtzite, Campanili Violet Fluorite, Sphalerite, Gypsum
Galena Artana Quartz, Albite, Pyrite, Fluorite
Fossa degli Angeli Quartz, Dolomite, Gypsum, Sulfur, Calagio Enargite, Pyrite, Sphalerite,
Albite, Sphalerite, Fluorite, Colusite, violet Fluorite, generally sulfides,
Celestite, Barite Malachite, Azurite
Lorano Quartz, Dolomite, Gypsum, Sulfur, Gioia Malachite, Azurite, Orthoclase,

Albite, Celestite, Strontianite,
Sphalerite, Fluorite, Colusite,
Jordanite, Geocronite

violet Fluorite

crystallization of pocket minerals postulated by many earlier
authors as essential to the simplicity and perfection of crystal
development characterizing the occurrence. Concentration gra-
dients must have been very slight, and temperature-pressure gra-
dients between cavity solutions and interstitial marble solutions
almost non-existence. Circulation of fluids must also have been
negligible, and transport of elements into cavities accomplished by
very slow ion diffusion.

Paragenesis

In the previous paragraphs we have described the processes of
cavity formation and crystallization of the many differert cavity
species. The satisfaction gained from having understood the most
relevant points and arriving at a satisfactory hypothesis encompass-
ing a wide class of phenomena and data should not be dimmed by
what remains unanswered. It must be admitted that, for any par-
ticular specimen or single crystal, we could not even answer the
simplest questions, such as: why do the different faces of one
crystal form have unequal development?

This confessed ignorance serves only to show that it is not the
scientist’s obligation to answer such questions. Perhaps, if many
specimens showed an identical type of irregular development, some
explantion would be called for. The scientist’s duty is to observe
only the regularities in nature and interpret them. Until some regu-
larity has been found we do not even look for an explanation.
Those who, approaching the natural sciences for the first time, feel
unjustified disappointment at such unanswered questions should be
consoled by the fact that such questions were merely badly asked.

Unfortunately there are other more valid questions about cavities
that cannot currently be answered. Did the different species form
simultaneously or in some particular sequence? Which parameters
control the varying quantities of particular species at the different
localities examined?

The difficulty in determining crystallization sequences, if any, is
mostly the result of the extreme scarcity of the accessory minerals;
they almost never form on top of each other (except that virtually
all form on calcite). Instead they usually form as separated in-
dividuals, and no overlapping relationships can be seen.
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A sparse few regularities have been observed, so we will report
these in the hope that future research will contribute more to a full
explanation. From hundreds of samples studied a small number of
overgrowth samples have been found, many of which are illustrated
here. (All such cases observed are reported on Table 2.) Never-
theless, the number of sequences observable is quite small com-
pared to the complexity of the assemblage. Firm conclusions from
this meager data are not possible, but some working hypotheses
have been formulated:

1. Sulfides/sulfosalts have not formed on quartz, albite or gyp-
sum, and vice versa (except sphalerite-gypsum).

2. Gypsum and dolomite have formed on sulfides, silicates, ox-
ides and fluorite.

Some effort has been made to quantify the distribution of cavity
species at the various quarries. Such studies are very difficult to ac-
complish with any degree of statistical significance. Too many
variables enter the observational system. For instance, it is quite
difficult to observe a whole cavity; normally we only have a portion
of it to study. Furthermore, not all quarries are exploited with equal
intensity, nor by the same quarrying techniques, nor are all
discoveries reported, and so on.

Field observations, the study of large numbers of museum and
private collection specimens, and data from interviews with quarry-
men and collectors are nevertheless sufficient for the construction
of a distribution framework for at least the most abundant species.

In addition to what we have shown on Table 3, at least two more
important observations can be made:

1. Almost every species can be found at every quarry examined,
only the proportions of the species vary. Quartz, for example, is
very abundant in the Lorano quarries (which are poor in sulfides),
whereas sulfides are more common at the Fantiscritti quarry (which
IS poOr in quartz).

2. In every cavity it is possible to find the most varied species
coexisting.

Considering above all that every species occurs at every locality,
the distributions observed might be most simply attributed to local
differences in the bulk chemistry of the marble. This is probably the
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explanation for the limited occurrence (only two quarries) of the
titanium oxide minerals, and the increased abundance of quartz
near the marble contact with cherty limestones. In fact, where
quartz is more abundant in cavities, the composition of the sur-
rounding marble is also higher in silica. But this explanation does
not fit with other observations, and is unsupported by bulk chem-
ical analyses in general which show the marble to be remarkably
homogeneous over distance.

An alternative hypothesis can be built on the presumption that
the temperature-pressure range of formation varies for different
species. Some might crystallize over a wide range of conditions,
whereas others might form only in restricted circumstances regard-
less of chemical availability. Variations in cooling history or
pressure conditions throughout the marble formation would there-
by result in varying mineralogical abundances. Distribution
variability would increase for species with narrower ranges of
deposition.

Varying assemblages observed among cavities at one locality can
probably be ascribed to incomplete samples. As mentioned earlier,
complete cavities are almost never available for detailed study.

CONCLUSIONS

The total volume of Carrara marble remaining to be quarried
and mineralogically examined is vast. Consequently this fascinating
locality will probably be capable of producing specimens, albeit
very slowly, for centuries more.
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W hat's New in
Minewls?

by Wendell E. Wilson

THE 79 MINE AURICHALCITE STORY

In my Tucson Show report in the previous issue reference was
made to Tom McKee's prize-winning case of minerals, which in-
cluded what is probably the world’s finest specimen of aurichalcite.
| promised to picture it in the future, and so here it is (Fig. 1).

Because | collected this specimen myself and know the history
behind it, I will indulge in a short, personal narrative here to tell
the tale. It is one of my fond memories which will perhaps have
some points of interest for other collectors. The find is not exactly
“new,” being 16 years old, but 1 hope readers will overlook that for
the sake of history relating to some truly unique specimens.

I spent two years, from late 1969 to late 1971, in Arizona work-
ing on my Master’s Degree in mineralogy at Arizona State Universi-
ty. Naturally almost every free minute was spent crawling into bat-
ridden and rat-infested black holes from one end of the state to the
other, getting to know what we all revere as the Famous Localities.
By my second year | was something of a veteran. One afternoon a
couple of newly arrived graduate students approached me out by
the pool at the graduate dormitory. As | recall, they weren't even
geology students or mineral collectors. They said they were looking
for some adventure and thought it would be great to visit an old
mine and muck around underground for a while . . . what loca-
tions could I suggest? I listed a couple of easy and safe choices ap-
propriate to beginners, but recommended against the famous 79
mine because of its extensive, complicated, and in some places
dangerous workings. Of course this was where they wanted to go,
and they would not be dissuaded, so | reluctantly gave them direc-
tions and turned back to sunning myself. They set off happily, with
their shiny, unscratched Estwing hammers in hand.

The next afternoon they found me in the same place. Both were
looking quite filthy and somewhat worse for the wear, but they
were sporting big smiles and carrying several dusty beer flats which
they set down in front of me. When the lids came off | saw a stun-
ning array of exquisite, turquoise-blue aurichalcite specimens,
thumbnails to cabinet sizes, seven full flats of them! No one to my
knowledge had ever found anything nearly this good at the 79
mine, much less seven flats of it. While I sat there with my mouth
open they cheerfully described breaking into a pocket in the ceiling
of what was known as the *aurichalcite room.” Then they said the
magic words: “We didn’t finish the pocket . . . half of it is still
there if you'd like to go get some yourself.”

Well, a senior graduate student must maintain his dignity. |
nodded sagely, congratulated them, asked them absently if they
planned to sell the lot (they hadn’t decided, but later sold it at a
swap meet), and mused that perhaps I might amble out to the mine
sometime when | had nothing better to do.

As soon as they had disappeared into the dorm to wash up I sud-
denly decided that | had nothing better to do. For a moment I con-
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sidered going out to the mine alone, and hogging what remained of
the pocket. But my next thoughts were of being found three weeks
later pinned under a rock on the Fourth Level, dead of thirst. So
with great reluctance and generosity to match their own, | called a
collecting buddy of mine, and in short order we covered the 100
miles out to the mine.

I agreed to split the take with him, but wanted to do the actual
extraction by myself, so he went off to the “wulfenite room”
elsewhere on the Fourth Level, with a friend of ours who had
tagged along but was not in on the split, and | retired to the
“aurichalcite room” to see if the fellows had been pulling my leg.
They had not.

The “aurichalcite room™ was no larger than an average kitchen;
the floor was mounded high with rubble and sloped upward to
within a few feet of the ceiling. At the back one could sit and work
in the ceiling. At first I didn’t see anything, but | took my hardhat
off as they had instructed and forced my head up into a very tight
and irregular fissure, and from there | could just see a dark,
horizontal opening perhaps 5 or 6 cm high and 20 or 25 cm wide. |
couldn’t really see into it, but 1 could reach it, and inside | felt loose
pieces so | carefully slid one out onto my other hand. That speci-
men, the first one | removed, was the one pictured here.

Aurichalcite is universally thought of as being finely acicular,
pale blue, and extremely delicate. This specimen, however, has no
matrix . . . it is a hard, solid crust of aurichalcite about 1 to 1.5 cm
thick and 14 cm (5% inches) long. The individual crystals are so
large that they are very dark turquoise-blue-green instead of pale
blue, and they actually have individual termination faces which
sparkle as the specimen is turned. In the course of a couple of hours
I removed three flats of aurichalcite from the pocket, but only a
few specimens had the dark blue color and sparkling terminations,
and the first was the biggest and best.

The hundred miles home were long ones as | balanced the best
flat on my lap, cushioning it from road bumps, petrified that a sud-
den pothole would cause the big piece to flip upside down and
destroy itself. Because of the delicacy of the aunchalcites, 1 had
packed all of the specimens open-face and could not relax.

Once back at poolside | spent some hours just staring at the big
piece and wondering what to do with it. It was intimidatingly
gorgeous, clearly out of my league relative to the rest of my collec-
tion, and frighteningly fragile —at least 1 imagined it to be so,
although it is in fact surprisingly sturdy. In the end | sold it because
I couldn’t stand the pressure of worrying about breaking it some-
day. I kept a smaller piece, sold the big one to Tom McKee (for an
excrutiatingly low sum, but what did I, a mere student, know about
the dollar value of world-class specimens?), and the rest of my half
of the split to a local dealer. Tom has been faithful to his trust; the
specimen is still as perfect as the day I collected it. Where the rest of
the specimens have all gone I don’t know. But in all the time since,
during which my knowledge of minerals has broadened con-
siderably, 1 have never seen another aurichalcite from any locality
worldwide that is as good as even the twentieth best from that
pocket.

I took one photo underground, of the first flat 1 packed with
specimens. It is shown in my short article on the 79 mine (vol. 3, no.
6, p. 269, Figure 7). The big piece is at upper left in the flat, and one
of the others is shown on the page facing it.

I don’t remember much about the best pieces found by the first
two collectors, but some of them were of comparable quality, and
two were of the best very dark blue color. One of the fellows, Dr.
Kent Knock, now of Trumbull, Connecticut, still owns the better of
the two and it is nearly as large and fine as the one McKee now
OWTnS.

The discovery became quite famous among Arizona collectors,
and in the following years the little aurichalcite room at the 79 mine
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was reamed out to several times its original size. Unfortunately, no
specimens even remotely similar to those from the “great pocket”
were ever found. Because | found the best piece and it ended upina
prominent Arizona collection, I think | am sometimes given more
credit for the discovery than | deserve; but it was Dr. Knock who
found the pocket and so kindly shared it with me.

NEW TUCSON MUSEUM

Early this year the Old Pueblo Museum opened in Tucson,
Arizona, at Foothills Center, Ina Road and North La Cholla
Boulevard. The museum is dedicated to presenting a wide variety of
exhibits and programs on the art, culture and natural history of the
American Southwest. As a fan of Western art | can say that some
of their recent exhibitions have been excellent. However, what will
be of most interest to mineral collectors is the permanent subterra-
nean gallery devoted to minerals of the Southwest. Approximately
60 quite fine specimens including Tiger minerals, Bisbee minerals, a
full case of wulfenite, and a 45-kg pyrite crystal are arranged in
spacious, black-background cases. The specimens are all on long-
term loan from the vault of the Arizona-Sonora Desert Museum
which, like many museums, owns considerably more fine specimens
than they themselves have space to exhibit.

WHAT'S NEW IN SPAIN?

[The following report is from Professor Curto i Mila, curator at
the Geological Museum in Barcelona, and J. Fabre, a Barcelona
mineral dealer. Ed.]

We read with interest George Robinson’s review of recent
mineral discoveries worldwide, which appears in What’s new in
minerals? last year (vol. 17, no. 5, p. 339). The coverage of the
various countries was very complete, except that no mention was
made of discoveries in Spain.

Usually it is very difficult to obtain reliable data on mineral col-
lecting in Spain, even for people actively involved in mineralogy.
Nearly all published information relates only to the technical
aspects of mining and ore analysis, and not to crystallized material.
Attempting to extract useful mineralogical information from the
literature is often difficult and frustrating. Nevertheless, we can of-
fer the following summary of the mineral “harvest” for 1986.

Many “classics® appeared on the market which were extracted
during the year, particularly fluorites. Some large, superb,
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transparent deep blue fluorite crystals collected at La Collada
(Asturias province) were available at the PLM (Paris) Show. Excep-
tional violet fluorite crystals on barite matrix were found once
again at Berbes (Asturias province), and some fine, cubic, honey-
yellow fluorites with yellow and white scalenohedral calcite and
white to blue tabular barite came from the well known Moscona
mine, Solis (Asturias province). At the El Papiol quarry near
Barcelona, small (about 5 mm), deep green octahedral fluorites
were collected.

Pyrite groups and single crystals have come once again from
Amejun (Sona province, Castilla-Le6n community). A few very
fine, apple-green pyromorphite specimens have been found at the
San Andres mine, Villaviciosa de Cordoba (Cérdoba province, An-
dalucia community), with crystals to 1.5 cm, on barite and
limonite.

Excellent cinnabar specimens have been coming from the ancient
locality of Almadén (Ciudad Real province, Castilla-La Mancha
community). The crystals are gemmy, lustrous, deep red, and up to
2 cm in size.

“Book™ aggregates of sharp, bright, transparent white barite
crystals have recently come from La Unién, Cartagena (Murcia
province); some of these specimens were available at the Torino
and Barcelona shows.

Among the more surprising and exciting discoveries made this

Figure 2. Roomy exhibit
cases al the Old Pueblo
Museum, Tucson.

year are bipyramidal scheelite crystals to 6 cm (2'4 inches). The
crystals are orange-red in color, lustrous, sharp and translucent to
gemmy. Associations include prismatic cassiterite crystals (black at
the termination and transparent brown along the body of the
prism), well crystallized arsenopyrite and pyrrhotite, all on a matrix
of quartz crystals or muscovite. The find was reportedly made at
Bejar (Salamanca province, Castilla-Ledn community), and
specimens were available at the Munich, Torino, Copenhagen and
Barcelona shows.

Gypsum crystals have recently come from Pina de Ebro
(Zaragoza province, Aragon community). They are sharp, bright
and gemmy, on alabaster matrix, and commonly measure 2 to 5 cm
long, but extraordinary crystals can reach 10 cm. Sharp, clean gyp-
sum crystals of classic monoclinic habit have also been found at
Alcanadre (Logrofio province, Rioja community).

Finally, we should mention the bright exfoliation masses of
native antimony on quartz from Motril (Cérdoba province, An-
dalucia community).
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Collector’s Edge

Bryan & Kathryn Lees
402 Gladiola Street
Golden, CO 80401
303-278-9724

We Buy Collections

Collector’s Stope

Jim & Patti McGlasson

7387 S. Flower Street

Littleton, CO 80123

303-9720376

Fine Minerals, Species, Micromounts

Crystal-Linn International
Martin Zinn

P.O. Box 2433

Evergreen, CO 80439

303-670-1960

Display Quality Minerals

Eldorado Enterprises

Don Belsher

P.O. Box 219

Eldorado Springs, CO 80025
303-494-7785

Fine Minerals, We Buy Collections

Golden Minerals

Don E. Knowles

13030 West 6th Place
Golden, CO 80401
303-233-4188

Largest Stock in Colorado

L & T Creations

Tag & Lee McKinney
6780 S. Logan
Littleton, CO 80122
303-794-7803
Colorado-Utah Minerals

*

Colorado Mineral &
Fossil Show

September 16-19, 1987
Holiday Inn-North Denver

Two Great Shows to See!

10 a.m. to 10 p.m. Daily

Micromount Exchange

Dale Denham
P.O. Box 363
Louisville, CO 80027
303-665-3802

Colo., Mex., & West L.S. Micromounts

Mineral Treasures

Dee Belsher

P.O. Box 1204

Broomfield, CO B0020-1204
303-466-4128

Fine Minerals, Collections

Moly B ® Caviano

5910 South University
Littieton, CO 80121
303-798-6696

Mon-Sat 10-5:30, Sun call first
Quality Minerals from the
Ray Thompson Collection

Mountain Minerals
International

George & Cindy Witters, Dudley Blauwet
P.O. Box 302

Louisville, CO 80027

303-499-2920

Specializing in Asian Minerals

Tavernier

3355 S. Wadsworth, G123
Lakewood, CO 80227
303-985-9646

Fine Minerals & Gems

Topaz Gem & Mineral

David Burchett

942 Pearl Street

Boulder, CO 80302

303-447-0600

Minerals from Around the World,
Including Nepal

Williams Minerals

Keith & Brenda Williams

P.O. Box 1599

Idaho Springs, CO 80452
303-567-4647

Colorado Minerals & Mineral Mounts

Worldwide Resources

Dennis O. Belsher

P.O. Box 636

Golden, CO 80402
303-322-4748

South American Minerals

Columbine Mineral Shop

Benjy & Liz Kuehling

633 Main Street

Ouray, CO 81427
303-325-4345

Open 7 days, May 1-Oct. 31
9am. to9 p.m.

Off-season by Appointment
Fine Minerals for Collectors

Mike Madson Minerals

3201 Snowberry Court
Grand Junction, CO 81506
303-243-2234

Wholesale Minerals

The Rock Hut

Gus Seppi, Jim & Irene Witmer
706 Harrison Avenue

Leadville, CO 80461
303-486-2313

Specimens, Unique Gifts, Jewelry
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DENVER 1987

TWO GREAT SHOWS AT A GREAT TIME OF THE YEAR.

COLORADO MINERAL & FOSSIL SHOW

Holiday Inn North - 4849 Bannock
September 16, 17, 18, 19, 1987
In Conjunction With the Denver Council Mineral Show

MINERALS

ROOM —DEALER

101 Michels Minerals

102 Van Scrivers Minerals

103 Russell Behnke Minerals

104 Thomas Witherspoon Fossils
105 Trilobites Unlimited

106 Larry Martin's Fossils

107 Chaver Minerals of Spain

108 Tideswell Dale Rock Shop
109 Walstrom Mineral Enterprises
110 Natural Connection

111 The Sandman

112 Lawrence Conklin. Mineralogist
113 Gem City L~pidary

114 The Sunnywood Collection
115 Allabough-Wright Minerals
116 Gemini Minerals

117 Enchanted Mesa Minerals
118 Coast to Coast Rare Gems
119 Aestherics Underground

120 Matrix Minerals

FOSSILS
PRESENTED BY—

ROOM —DEALER

121 Bones & Stones

123 Gilbert Gauthier Minerals
124 Dyck’s Minerals

125 The Mineral Suite

126 The Virgin Mining Co

128 The Collectors Stope

130 Crystallinn Intl

131 Dens Petrified Critters
132 David Shannon Minerals
133 H. Obodda Minerals

135 David P. Wilber Minerals
137 Ikon Mining & Exploration
139 Williams Minerals

141 M.P. Abel Minerals

143 Quahada Mineral & Fossil
180 Irish Rovers

182 The Rock Hut

183 The Collector

184 Jeffrey Mining Co

185 Mineralogical Research Co

GEMS

ROOM —DEALER

186 Blackhawk Fossils

187 Cal Graeber Minerals

188 I M.E. Gerald Clark

189 Tierra Minerals

190 Copper City Rock Shop

191 Lombardo-Christy Minerals
192 Galerie Fossil

193 Freedom Valley Gems

194 Rough & Ready Gems

195 Rock Bottom Minerals

196 North Star Minerals

197 The Collectors Edge

280 Glacier Peak Art & Gems
281 Bill Hawes Minerals

282 Aurora Mineral Corp

283 Mike Bergman Fine Minerals
284 International Gem Marketing
285 Precious Earth Co

Merchandise
Mart

Wholesale And Retail
PUBLIC INVITED

10 a.m. to 10 p.m.

58th Ave.

Show Information (303) 674-6144
Guest Room Information (303) 292-9500
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Bourget Bros.

1636 11th Street
Santa Monica, California 90404
Tel: (213) 450-6556

California Rock and
Mineral Co.
P.O. Box 86

Brea, California 92622
Tel: (714) 990-5073

Galas Minerals

Chris and Agatha Galas
1419 N. Commons Road
Turlock, California 95380
Tel: (209) 632-6222

Cal Graeber

P.O. Box 47
Fallbrook, California 92028
Tel: (619) 723-9202

Hamel Minerals

6451 West 84th Place
Los Angeles, California 90045
Tel: (213) 645-1175

Ikon Mining &
Exploration

Jim Walker & Mary Fong/Walker
2030 Shipway Avenue

Long Beach, California 90815

Tel: (213) 430-0080

Jewel Tunnel Imports

Rock H. Currier

1212 S. Mayflower Avenue
Arcadia, California 91006
Tel: (818) 357-6338
Wholesale Only

Kassionas

John and Dolores Kassionas

P.O. Box 578
Alviso, California 95002
Tel: (408) 263-7784

Kristalle
332 Forest Avenue, #8

Laguna Beach, California 92651

Tel: (714) 494-7695

A. L. McGuinness

Al McGuinness

4305 Camden Avenue

San Mateo, California 94403
Tel: (415) 345-2068

James Minette
25918 Cherryhill

Boron, California 93516
Tel: (619) 762-5308

Nature’s Treasures

P.O. Box 10136
Torrance, California 90505
Tel: (213) 373-3601

Oxcart Minerals
Hollis & Priscilla Oxley
989 Leo Drive

San Jose, California 95129
Tel: (408) 255-1495

Pala International &
The Collector

912 So. Live Oak Park Road
Fallbrook, California 92028
Tel: (619) 7289121

US Wats 1-(800)-854-1598

Pathfinder Minerals
Mary Jean & Larry Cull
41942 Via San Gabriel
Fremont, California 94538
Tel: (415) 657-5174

Mark & Jeanette Rogers
P.O. Box 1093

Yucaipa, California 92399

Tel: (714) 797-8034

Schneider’s

13021 Poway Road
Poway, California 92064
Tel: (619) 748-3719

Silverhorn

Mike Ridding

1155 Coast Village Road
Montecito, California 93108
Tel: (805) 969-0442

Weber's Minerals
605 San Dieguito Drive
Encinitas, California 92024
Tel: (619) 436-4350




FLY AND SEE

The 24th annual €

UuIll

Mineral & Gem & Fossil-Show

Europe’s Top Show
Oct. 30, 31 -Nov. 1 '87

Friday, Saturday, Sunday 9-6

Three great days in the Exhibition Centre of Munich & more
than 320 top dealers & spectacular exhibits of mineral
specimens from dealers, museums and privat collections &
old classic localities & the best assortment of high quality
Europe minerals and fossils & new discoveries from the
international market & great competitive show-exhibits &
rare geological literature & demonstrations and meetings.
it's an event!

Combine business *
g e Vana
Fly and see

INFORMATION MINERALIENTAGE MUNCHEN
2 089/61347 11 - P.O. Box 60 - D-8024 Oberhaching

LYON MINERAL & GEM SHOW
November 20-21-22, 1987

12+ ANNUAL

“Palais des Congres de Lyon”
quai Achille Lignon

R

The Best Show in France
The Best Dealers

The Best Quality

The Best Programs

o

Three
Best of Species Competitions
A total of 11,500 Francs in Prizes!

Great food, and a Sat. nite Party!

M' Laverriere
17 rue du Mail, 69004 Lyon, France
Tel: 7-828-8404

MUC MINERAL

Wendy & Frank Melanson

HAWTHORNEDEN

Just V@ hour
South of Bancrofl,

ANMCRDFY
BANCHO in Bannockbum

BANNOCH BURN |

OTTAWA

TORONTO BELLEVILLE MONTRE &\

FINE MINERAL SPECIMENS

Micromount to Cabinet Size

WANTED TO PURCHASE — OLD COLLECTIONS

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

(613) 473-4325
Mailing Address: R. R. #1, Eldorado, Ontario, KOK 1Y0

The Treasury Room

Stuart & Donna Wilensky

* EXCEPTIONAL MINERAL

SPECIMENS

Sullivan S51., Box 386

Wurisboro, NY 12790

Open Fri-Sun 10-5

% Call ahead advisable

e (914) BEB-4411
— --1""--""-_

MONTEREGIAN MINERALS
MICROMINERALS AND RARE SPECIES

Specializing in Mt. St-Hilaire and
other Canadian localities. List available

P.O. Box 2096, Dorval, Quebec
H9S 3K7 CANADA

NORTHERN CRYSTALS

Beautiful, Interesting and Unigue Mincrals
from Canada and Seclecied Countnes

Mont St-Hilaire, Yukon Phosphates,
Barcroft Radioactives, Canadian
? Classics, British Specimens

186 Park Ave., Newmarket, Ontano
CANADA LIY IVS Tel: 416)853.4434
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Hot off the Press!

Rocks & eMinerals
60-Year Index
&

Planned for release at the
1987 Detroit Show in October

$35 prepublication price . . .
Reserve your copy now!

$60 after January 1, 1988

(A limited quantity of leatherbound
indexes will be available at $80)

Add $2 postage for one index,
$1.25 for each additional index

order from: Ron Bentley
Mineralogical Resources Foundation
P.O. Box 305, Enfield, CT 06082
(203) 7410374

¥e Bave Mobed!

* ANNOUNCING THE ALL-NEW 1987 %

DETROIT
SATELLITE

Gem & Maneral Show

Thurs-Fri-Sat, October 8-9-10

At Knights Inn, 1-696 at Dequindre Rd.
Madison Heights, Michigan
See dealers in fine minerals and gems
from across the country!
For information: Ron Bentley
6 Claremont St., Enfield, CT 06082
(203) 741-0374

20,000 fiowunds & tice boaitors of;
RARE SPECIES and loveable uglies—New discoveries and

type locality specimens from worldwide sources,

micromounts to cabinet sizes.

A.I I RACTIVE moderately priced specimens in all sizes.

Also bulk materials for institutions and dealers.
Specialty: Franklin and Sterling Hill specimens.

$l brings you our periodic lists for at least a year. NOTE NEW ADDRESS!

Please state your interests. Dealer inquiries invited. Satisfaction guaranteed.

Excalibur
Mineral Co.

14 Leigh Court
Randolph, NJ 07869

WALSTROM
MINERAL ENTERPRISES

Worldwide minera! specimens.
Micros to cabinet. Rare species.

P. O. Box 583, Carson City, NV 89702

Wanted to Buy or Exchange

METEORITES

Correspondence Invited

LIST AVAILABLE Jim DuPont
391 Valley Rd., Watchung, N) 07060

| WILLIS’ EARTH TREASURES

Fine Mineral Specimens
Wholesale & Retail
Rock Trimmers & Hardwood
Thumbnail Cabinets
Send want list or by appointment
Prospect St., Box 393, Stewartsville, N.J.
201-859-0643
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July 31-Aug. 2: Greemille, 5 FREE CATALOG

(EFMLS) Features over 100 sizes in micro-
Aug. 1-2: Sam Framncesaen, OA . GEMS AND MINEHALS moun'L p'erk‘j an‘d magnlflﬂf bOIE'S

sanosin ool | _ CALL NOW (203) 762-0796
Soepi, 12-19: Clevelamd y ’

| Hewdhis, (OH
Sept. 12:13: Toledo, OH

A : r = !.f'
1 1 y
Sopt. 18-20: Denver, (C0) ﬂ . l
Sepr. 25-27: Housion, T\ - Ay J . 5
W X ;

Also:

: % ALTHOR  PRODUCTS

Belen, New Mexico 87002 foam inserts, labels, polybags, vials.

e R\
‘ 505-864-2145
Rocksmithey | .oitmite. |

Eldon, Jean & Jaye Smith
Box 157 ® Tombstone, Anzona
85638

IKE &
CAROLE
RIDDING
* Fine Minerals

ORYKTOLOGIKA NEA ‘ o~ 1155 Coast
NEWS ON MINERALS - Viloge Rood
r (4]

—A mineral newsletter for | g:i;ﬂm —
all involved in minerals. irormia

—New markets—New localities

Tel: (805)
969-0442

Subscription US $38.00/year

D.G. Minatidis, 70 Queen Sophia Ave.
Piraeus 185 32 GREECE

We specialize in rare minerals, minerals from old classic locations, and meteorites. We have
approximately 2200 species in stock and welcome want lists of species and meteorites.

Inquiries are welcome and if you will write, we will send our most recent price list. Please
indicate if you are interested in species or meteorites.

Appraisal services are provided for tax, insurance, and estate needs.

Forrest & Barbara Cureton

P.O. BOX 5761, TUCSON, ARIZONA 85703 *TELEPHONE 602-743-7239
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Bitner’s, Inc.
42 West Hatcher Phoenix, Arizona 85021 (602) 870-0075

De Natura David Riley Minerals
Les & Paula Presmyk 529 W. Pepper Place

P.O. Box 2512 Mesa, Arizona 85201-7209
Mesa, Arizona 85204 (602) 898-0740

(602) 8920779
_ . David Shannon Minerals
Kino Rocks & Minerals David, Colleen & Mike |
6756 S. Nogales Highway 1727 W. Drake Circle

Tucson, Arizona 85706 Mesa, Arizona 85202
9-11:15/Noon-5:30 (Closed Sun.) (602) 962-6485

(602) 2940143

) : Maudine & Bob Sullivan
Michels Minerals Geological Specimens Int’l.
Harold & Wilma Michel 3202 Saguaro West Trail
1030 W. Tenth Street Tucson, Arizona 85745
Mesa, Arizona 85201 (602) 743-0081
(602) 9690105

Introducing an “Old Classic”: TRI-STATE MINERALS!

See these and our other fine minerals at the following shows:
Eastern Fed. Show, Greenville, SC (July 30-Aug. 2),
Washington, D.C. (Aug. 7-9), Wayne, NJ (Aug. 15-16)

IHE FINE MINERALS

(Mountain Mlinerals <International L .ESNICKs

: WHOLESALE IN TUCSON ONLY
Just back from Asia . . . BOIX m_'xm,‘fzmaw”
Check us out!

Sorry, no lists. Number!

P.O. Box 302 e Louisville, CO 80027 * (303) 499-2920

New

-

RETAIL SHOWS
July 25-26 Convention Center
Long Beach, CA

Aug. 15-16: NJ Earth Science Show
Wm. Patterson College

Wholesale e Bulgarian Minerals Wayne, NJ
Retail e Classic Minerals Sept. 19-20:  Marple Newtown

Community Center

Mall Order ® Ca]Cites Newtown Square, PA

” - Oct. 10-11 Franklin Armory
Calena from Bulgarnia e Fast EUFODE‘&I’] Minerals F:ELI:: h:;-n ry

Oct. 24-25 Pikesville Armory
Pikesville, MD

PO BOX 191] ® FAI_LBROOK, CA 92028 002-749-3435
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Fine
Mineral Specimens

-

lists ispued. - —2 _

. (IBhnhha

Box 51
Short Hills, N.J. 07078

(2001) 467-p212

EMPEROR QUALITY GEMS
100% AUS LIAN OPALS
Mined, Valued, Sold Direct, Black, Crystal,
White & Dark Based Opal, Rough & Cud.
INVESTMENT QUALITY

Phone Australia (08)261-0957 or (08)568-2476
BOX 6, GUMERACHA 5213, SO. AUSTRALIA

Rare Species?
Common

Mmerals?

Olur customers say: “Quality material,
accurate labels, excellent wrapping.”
Find out why! $1 brings 20 pages of
listings. $2 puts you on our mailing list
for a year

Nnerals Ulnlimited
P.O. BOX 877-MR
RIDGECREST, CALIF. 93555

OUR 10TH
‘r'E.-'uR IN

dECOR for Zeohtes"

e Top-quality wholesale specimens * Affordable
prices ® Micromount to Cabinet sizes

the Name is the Guarantee

PARAG GEMS

The only symbol for best quality in green
Apophyllite, Mesolite, Scolecite, Natro-
lite, Gyrolite, Stilbite, Heulandite,
Okenite, Prehnite, Amethyst, Calcite,
Quartz, Yugawaralite, Chabazite and
Laumontite throughout India.

Free Catalog and Photos available.

PARAG GEMS, N4-15 Sunder Nagar,
S.V. Road, Malad (W), Bombay -64,
INDIA

The
MINERAL
COLLECTOR’'S
Lapel Pin

Solid cast bronze pin, 17 mm,
| in the form of the
Mineralogical Record's goniometer. Stand out
from the lapidary crowd at shows
and meetings'

$12 each (plus $2 postage, $3 foreign)
Mineralogical Record
Book Department

P.O. Box 1656, Carson City, NV 89702

72 Casa Grande, Little Gibbs Road (behind hanging
gardens) Bombay 400 006 India (Tel: 8229474)

Kristalidruse is the largest mineral shop
in Munich.
We specialize in:
* European Classics
* Rare Species Worldwide
* Localities such as Laurium,
Hagendorf and Eifel
* Alpine Minerals
* Books on Mineralogy, Geology,
Paleontology & Gemology
(write for list of 350 titles)
* We also buy rare and newly
described species, and top
qQuality display specimens

Send us your want list or visit us
when you're in Munich.

Mon.-Fri. 98, Sat. 91 p.m.
Downtown Munich near the
Stadtmuseum, 2 minutes from
the Marienplatz in the Dultstrasse

OBERANGER 6, D-8000 MONCHEN 2
Tel. 089-260-4018

The Minerglogwcal Record, volume |8, July-Auguss, |987

G. Carlp
Feoravant:

mincralogist

Val d Ala

19/20 Via Pie di Marmo
Rome, Italy

Located between Piazza
Venezia and the Pantheon

Mon. 5-8 pm; Thurs. & Fri.,
11-1 pm, 5-8 pm; Sat. 11-1 pm

Phone: 06-6786067

Mineral List Available

| (WHOLE EARTH MINERALS
P.O.BOX S0008
RENO, NEVADA B9513

San> Weller> Minerals

Mineral Dealer & Mine Agent

SCHNEIDER'S

rocks & minerals
13021 Poway Road
Poway, California 92064
619-748-3719
California benitoite,
tourmaline, spessartine,
morganite & minerals
from worldwide localities
EERES

NOW BY APPOINTMENT ONLY
OR SEE US AT THE SHOWS




Silver Sce ter |

minera

-
" * WE BUY COLLECTIONS *
= Fine Minerals
Oriental Carpets
Shown by Appointment

P.O. Box 1382
Richland, WA 99352
(509) 627-4163

&
A

VIDEO
MINERALS

A New Concept

Now be able to view beautiful
specimens in your own home.
Quality minerals $25-$1000.

Send for list and color videotape
(Beta or VHS); $25 deposit required,
refundable with return
of tape or towards purchase.

ART GRAEBER » PO. Box 252
Yucaipa, CA 92399 « 714-.797-2591, eves.

(see review, vol. 18, no. 2, p. 115)

K

X

Sierra Vista
MINERALS

2375 E. Tropicana, #186
Las Vegas, NV 89119
Tel: (702) 798-7271

finest worldwide microminerals
SATISFACTION GUARANTEED
FREE general & advanced
collector lists

| SMKEV MINERALS

942 Chevrolet,
Oshawa, Ontario, L1G 4H8, Canada

I

alfids

Specializing in
Opal *» Opal Specimens
Fine Mineral Specimens

——— e il P T —

5618 Odana Rd., The Afrium, suite 103
Madison, Wisc. 53719
Tel: (608) 2730399

Colorado
Gem and

Mineral
Company
Specializing In
Pegmatite Specimens
Jack Lowell

(602) 966-6626

Post Office Box 424,

Tempe, Arizona
85281

~ AUSTRALIAN
. MINERALS

Micros to Museum
Quality, Type Localities
& Rare Specimens from
Australia. Send Want
List or request our Price
_ List.

Cyril Kovac (Gemcraft P.L.)
1st Floor, 293 Wattletree Rd.
East Malvern, Melbourne,
Victoria 3145 Australia
Tel: (03) 509-1666

713-862-5858

ollector s

S("t" us at
hoice
Dallas Shows!

the 1987
Dalion & ConsicPrince

Houston,
5021-A Augusta, Houston, Texas 77007

THE CRYSTAL STORE
Elizabeth Main

Coleman’s McEarl Points

T |=!HL'“I1'“1—[MH

902% East 7 Street
NYC 10009 212 529-7575

We have fine Jacupiranga

mine specimens, Brazilian

minerals, excellent crystal
#A specimens, and rutilated

Visit our showroom in
Sao Paolo (by Appt.).
<
RUA ENG. AGENOR MACHADO,

108 CEP 04710 - S. PAULO - S.P. -
BRASIL. TELEPHONE (011) 521-0538

THE INTEANATIONAL HAND3OOK

ENGLISH
GERMAMN
FREMNCH

ITRLIAN
AUSSIAN
CHIME SE

DUTCH
SWEDISH
PORTUGESE

THE
INTEANATIONAL
SPAMISH . H'?IEE’.QE“. -
JAPANESE

NORWEGIAN

GARNET BOOKS
PO. BOX 294
|HAGAMAN, NEW YORK
12086

, 57:§“|-M..,f Fand \

‘ of By EA sNGuUARIE S WL COE |

A Multi-Lingual Reference Directory For Mineral Collectors
Covering Mineral Names...General Classifications.
and Relaled Terminologies....... in 12 Languages

MINERALS

Just Acquired! Ray Thompson Coilection,
(Denver), Winner 1979 Lidstrom & McDole Trophies
Fine mineral specimens from worldwide locations
[Thumbnails 10 Large Museum Pieces
Zuber Hvdraulic Rock Splitters

i ——
STEVE ROSE » HARVEY GORDON

N2 5 WELLS AVE., RENO., NFV ADA BO9507
FEL 702-329-8765 (0O}, 702-129-4866 (H
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N va & Celia Lare —I /mm
_ fural Connection

.

L
J"b’]lrhlgﬂﬂ Copper Country Minerals! : Specializing in Quartz and WHOLESALE Con MINERALS
Copper, Silver & Associated Species | Other fine minerals. See us

No Lists ® Send phone no. at Spruce Pine, NC. and @

and we'll contact you \ the Denver indep. Shows!/

with informats A ;
—pn Al MP'O&B“‘T,: ‘35;31"“ BY APPOINTMENT ONLY
P.O. Box 198 11 emphis, 520 MARTHMONT WAY
Mohawk, Michigan 49950 ' (901) 358-1600 EL PASO, TEXAS 79912

MICROMDI INTS, THUMBNAILS,
MINIATURES & CABINETS

. C,
F|SHED b ‘_%'Mfy Specializing in Arsenates,
ceo Benitoite & Associated Minerals
il /MlNEDALS in Idaho Aquamarine, Micromount List, $2, refundable

and Fine Worldwide

 fine British & Worldwide Specimens — EpedeS B ruce (9 ] O Run ner

Mineral Photographs - Devon Gold
L]

628 Whittier Street - _

Trewellard Cottage, Lower Trewellard W/ Idaho Falls, Idaho
Penzance, Cornwall TR19 7SU, England L i 83401 13526 South Ave., Delhi, CA 95315
Tel: 0736-788305 ¥/ ® Showroom by Appt. (209) 634-6470

==

I \G ... ... FineMinerals
| O\Dimion

—
|

|
|

I arrison
- | CMinerals
Tom Palmer ’ 15 Queenwood Avenue
1800 Arnold Palmer Dr. v Al V7 M Il Fairfield Park
El Paso, Texas 79935 NG DN g JB || Bath, Avon

' ¥ BA1 6EU ENGLAND
915-593-1800 e SAMAE O | Tel: 0225-312-835

100% NYLON MINERALS

HIE MINERALS Pocket Excavator METEORITES
Uil TEKTITES...
—$21.00. 36"~ postpai
Hm] ... for Research and
. T — Reference Collections

115 Coleridge St. :
GEmS"]nES East Boston, Mass. 02128 Mljtrg to Cabinet Sizes
— List on Request —

Direct from Brazil el e

mEH]Sﬂ.}E GEm "mms,“: Donald A. Zowader DAV'D NEW

P.O. Box 222 Write for list.

Oceanside, N.Y. 11572 MOUNTAIN GEMS P.O. Box 278. Anacortes, WA 98221

Phone (516) 678-3473 AND MINERALS (206) 293-2255

: 97 Lamington Rd.
Hours by Appointment Somerville, New Jersey 08876 ® SINCE 1954 »
201-526-1183
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Ilinors-

\5 f‘b
$

Appleton
]

Cedarburg
Germantown @
Milwaukee

-

Hillside ®

Springfield
-~ ®

¢
<,

4/0!3

Mike Bergmann
919 Northwoods Dr.
Deerfield, Illinois 60015
(312) 945-0772

Fine Mmemal Specimens

David M. Crawford
1808 Harlem Blvd.
Rockford, Illinois 61103
(815) 962-5286

Quality Mineral Specimens

Dave’s “Down to Earth”
Rock Shop

1312 Chicago Ave.
Evanston, Illinois 60201
(312) 866-7374

Fine Minemals & Fossils

Waukegan

e @\ Deerfield
HOOkESe Highland Park
Chicago

ISConsin

muneral dealers

MAKE CONTACT!

. . with a great source for fine mineral

specimens from

Midwestern and

Waorldwide sources. We have everything
from top-quality display preces to

affordable beginner specimens,
thumbmails to cabinets. Give us a call!
Many of us have lists, others are open by

appointment or attend shows where you
can see our stock. Yow’ll enjoy seeing our
material, and we'll enjoy meeting

another collector!

Earth Resources

F. John Barlow

P.O. Box 576

Appleton, Wisconsin 54912
(414) 739-1313

Grayson Lapudary, Inc.
Roy Grayson

5135 Washington

Hillside, Illinois 60162

(312) 449-1399

Wholesale & Retasl, Appt. only

Donald K. Olson

Gemstones & Minerals
P.O. Box 766

Cedarburg, Wisconsin 53012

(414) 377-5844

See us at Mayjor Shows

Mineral Miner

Henry Schmdt

177 Blackhawk Rd.

Highland Park, Illinois 60035
(312) 433-2413

Worldwide Minerals, Appt. only

The Outcrop

Pete & Nancy Olson

P.O. Box 2171
Springfield, Illinois 62705
(217) 787-6149

By Appt.; List Available

Reo N. Pickens

610 N. Martin Ave.
Waukegan, Illinois 60085
(312) 623-2823

Precious Earth Co.

Lance T. Hampel

i The Gold Mine Shops
W156 N9666 Pilgnm Rd.
Germantown, Wisconsin 53022
(414) 255-4540

Fine Minerals; Open Dasly

The Mineralopical Record, volume |8, July
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INDISPENSABLE!

The Glossary of Mineral Species, now in its fifth edition, is
the most up-to-date compilation of all currently accepted
mineral species (3,201 of them!), their chemical formulas,
crystal system, and references. Also tabulated are the minerals
arranged according to groups, and a listing of several hundred
common species with their chemical formulas given in words
rather than chemical symbols. The Glossary is a standard
mineralogical reference used throughout the world. Unbound
copies also available for ring-binder punching or hard binding.

$14.50 postpaid (Softcover or unbound)

Glossary
of

MINERAL
SPECIES

T NN V.¥F.V.2.0D

e LG @t BT & s .
Y Y Y Y Y YRR E R R R R R

R

Fitth Ecidww

Muchae! Herscher

UNIQUE!

There has never been a book for the mineral collector like
Peter Bancroft’s Gem & Crystal Treasures. Hundreds of
superb mineral photographs and hundreds more fascinating
photos of mines and miners illustrate this study of 100 famous
gem and mineral localities around the world. Bancroft has
exhaustively research the colorful history and lore surrounding
the most important occurrences of crystal specimens including
Chanarcillo, Boleo, Kongsberg, Mogok, Freiberg, Virgem da
Lapa, Zacatecas, Franklin, Potosi, Panasqueira, Transylvania,
the Ural Mountains, Tsumeb, Cripple Creek, Bisbee, Butte,
Pala, Naica, Mibladen, and many, many more. Essential
reading for every serious mineral collector, and already
considered a major classic.

$65 postpaid (Hardcover)
*Special Leatherbound Edition: $230 postpaid

Mineral
Musecums

of Eurepe LIMITED EDITION!

This unique book documents the histories and the collections
of 80 Western European mineral museums. Superb color
photography throughout shows some of the finest specimens
in famous institutions such as the British Museum of Natural
History, the Sorbonne in Paris, the Kongsberg Mining
Museum, the Vienna Natural History Museum, and dozens
more. The informative text illuminates not only these
interesting museums but also the history of the development

of mineralogy in Europe. This book receives our highest
recommendation.

$53 postpaid (Hardcover)
*Special Leatherbound
Edition: $175 postpaid

ORDER FROM: The Mineralogical Record Book Department
P.O. Box 1656, Carson City, Nevada 89702 (Tel: 702-883-2598)

Prepaid orders only, except by previous arrangement. Allow 4-6 weeks for delivery. Foreign orders add 51 per book.

The Minerological Record, volume |8, Julv- August, [987




MINERALS
OF MEXICO

Species Mineralogy

Glossary of Mineral Species 1987!

Comprehensive catalog of the names and
compositions of all known species.

Bound or Unbound: $14.50 postpaid (S)

Gold, History and Genesis

of Deposits
R. W. Boyle's new (1987), compre-
hensive, 676-page, technical review

$54 postpaid (H)

( o pIIHIH\].

Mineral Names: What Do They Mean?

R. S. Mitchell's unique compendium of
D the ongins of mineral names

$20 postpaid (H)

Collector’s Book of Fluorescent
Minerals
The definitive study of mineral fluores-
cence, by M. Robbins.

$50 postpaid (H)
The Tourmaline Group

Dietrick’s modern classic on tourmaline,

an important work. $38 poestpaid (H)
Field Guide to Rocks & Minerals

Great for beginners, one ol our
favorites $14 postpaid (S)
$20 postpaid (H)
The Sulfosalts
Fine, well-illustrated review of the
D sulfosalt group
In Italian $25 postpaid (H)

The Radioactive Minerals
Fine, well-illustrated review of the
D radioactive minerals
In Italian $25 postpaid (H)

The Phosphates

Fine, well-illustrated review of the
phosphate-group minerals

In Italian $29 postpaid (H)

Natural Zeolites
1 1'1uln111._';]'| techmical review ol all the
zeolite species (1985), 409 P

$71 postpaid (H)

Foreign
Mineralogies

Minerals of Mexico
Owver 600 species from over 4,500 local-
ities, plus fascinating history & color
photos; 480 pages! Not a “coflee table”
book but a catalog of occurrences by

.‘\iﬂ" €5

$48 postpaid (H)

Mineralogy of Great Britain & Ireland
Reprint of the 1858 classic by Greg &
Lettsom; 550 pages' $49 postpaid (H)

Minerals and Gemstones of Tasmania

Basic reference to the minerals and

[:] localities of Tasmama. $7 pﬂstpaid (S)

Catalogue of South Australian Minerals
Describes over 400 species; 169 color
$21 postpaid (S)

Mineralogy of Llallagua, Bolivia

Reprint of Bandy's 1944 classic
D monograph on Llallagua

$5 postpaid (S)

photos, maps

Minerals of Western Austraha
Reprint of the 1948-1951 classic by

E. S. Simpson, three volumes, hard-
bound

$106 postpaid (foreign add $3) (H)

Rocks & Minerals of Ontario (1978)
Hewitt $6 postpaid (S)

Collecting

Encyclopedia of Antique Scientific
Instruments
Ower 700 entries, 150 llustrated
instruments; a valuable reference on the

$17 postpaid (H)

history of science

Billings Microscope Collection

244-page :mnprmimm Oon an important

[___] collection; 475 photos. $20 po;lpaid (S)

World Directory of Mineral Collections
|].|l.| on 455 1r1|h|i1 Hilrh'l.!] rH”H Lions

worldwide. 2nd editwon (1977)

$23 postpaid (S)

IMlustrated
Mining Histories

The Monster Mine, Burra Burra

One of Australia’s truly great mines; a
well-illustrated history

$40 postpaid (H)

De Re Metallica

Reprint of the 1912 English edition of
Agnicola’s 1556 classic on mining

$18.50 postpaid (S)

Empire of Silver

llustrated mining history: San Juan

D Mountains of Colorado
$42 postpaid (H)

The Cliff: America's First Great
Copper Mine
Hlustrated mining history: the Chff mine

D and others, Upper Michigan
$23 postpaid (H)

Pikes Peak Gold
lllustrated mining history: Cripple

$9 pustpaid (S)

Creek, Colorado

The Last Gold Rush

[Hustrated mining history: Cnpple Creek

and Victor, Colorado. $14 PO![Pﬂid (S)

Mining History in South Australia
Nlustrated mining history: South

$23 postpaid (H)

Austraha

Mining Town
Nustrated mining history: Coeur

d'Alene, Idaho $28 postpaid (H)

Gold Camps & Silver Cities

IHlustrated mining history: the famous

D mining districts of ldaho
$16 postpaid (S)

Letters to George F. Kunz

Fascinating historical document on
D promiment collectors and dealers around

the turn of the century

Half-Leather, $150 postpaid (H)
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“Coffee Table”
Books

Mineral Museums of Europe

Unique and interesting review of 80
E] Western European mineral museums.

$53 postpaid (H)
Leatherbound: $175 postpaid (H)

The Magic of Minerals

Gorgeous “coffee table” book, Olaf
L] Medenbach photography. 110 oversize

color photos $49 postpaid (H)

Gem & Crystal Treasures

Fascinating background on 100 famous
[:l localities, over 300 color photos.

$65 postpaid (H)
Leather Edition
$230 postpaid (foreign add $35) (H)

Color Encyclopedia of Gemstones

Concise and accurate data plua over 300

I:, color photos by Joel Arem
$53 postpaid (H)

Brazil, Paradise of Gemstones

Superb color photography of many fine
D Brazihian crystal specimens by the

Van Pelts $25 pOllplld (H)

Gemstones

Time-Life’s excellent review of the major
gem minerals, well illustrated

$15 postpaid (H)
Noble Metals

Time-Life’s excellent review of gold,
silver and platinum. well illustrated

$15 postpaid (H)

The Jade Kingdom

Paul Desautels’ long-awaited work on
Jade

$38 postpaid (H)

1l

State
Mineralogies

Mineralogy of Alabama (1982)
Cook & Smith $20 pOIlPlid (S)

Mineralogy of Arizona (1977)
Anthony et al $17 pOIlplid (S)

Mineralogy of the Black Hills
(1965) Roberts &
Rapp $18 p(:rstpaid (H)

$12 postpaid (S)

Minerals of California (1983)
D Pemberton $36 pOllpiid (H)

Minerals of Georgia (1978)
Cook $12 postpaid (S)

Minerals of Maine (1958-59)
Merrill $9 postpaid (S)

Mineralogy of Michigan (1976)
Heinnich $9 pﬂltplid (S)

Minerals of New York State (1978)
Jensen

$10 postpaid (S)
$15 postpaid (H)

Mineral Sites in North Carolina
(1978) Wilson $12 pOIIPiid (S)

Minerals of Utah (1981)
D Bullock $20 poﬂpaid (S)

Minerals of Virginia (1970)

El Dhetrich $10 pﬂll‘.pﬂid (3)

Minerals of Washington (1975)
$7 postpaid (S)

Cannon

Gems & Minerals of Washington
{1985 Ream { New Edition)
$9 postpaid (S)

Minerals of Washington, DC (1980)
Bernstein $9 poltpaid (S)

Return any book for
a full refund if not
completely satisfied

All Foreign Orders Add
$1 per Book except as noted
H = Hardcover; § = Softcover

ATLAS
KRYSTALLFORMEN

VICTOR GOLDSCHMID

MLATES A% TENXRT
VML R

LIRS AT B STkl FFEEFERFT
CTIERINE. HipEsI1T}

vigamal Primting i

b Vaoamily Hoprimd s “Sins Y olamrs
B Bl
Bid MEsIEE SIISERALIEE AL SYMPAIL W
@ by ol Na
s M STPRE 0 S06F WY 000 SO 0k Sk
IR1TY

Goldschmidt’s Atlas!

Limited edition reprint

All nine volumes: $350 postpaid (S)

Limited Quantity!

Indexes

Index to the Mineralogical Record

A l4-year cumulative index for vol
1-14. Extremelv handy

$21 postpaid (S)

Prepaid orders only except by
previous arrangement. Allow
4-6 weeks for delivery.
SORRY— credit cards not
accepted. Return any book
for refund if not completely
satished.

-
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ELTHNYM: Oh no! Our zzzymm crystals are de-
pleted and we’re stuck somewhere between
Jyggplux and a hard place!

PFYZX: | knew it! We should have brought along
our mineral list from Grayson Lapidary!

So far, we’ve never shipped a life-or-death miner-
al order, but we do work fast, and we’ll make
sure those zzzymm crystals suit your Mobius
flanger or return them for a refund. Zzzymm not
your style?

Micromounts T/N to Cabinet

US., haly, Germany, U.S., India, Russia,
Tsumeb, South Africa, Norway, England,
Greece & others. Scotland & others.

GAYYON
LAPIDARY

Incorporated

5135 Washington Street
Hillside, lll. 60162
(312) 449-1399

RN

* NEW CATALOG $2 »
We have finally done it! We are overstocked. We will be
giving discounts of up to 50% on minerals, fossils, and
cutting rough.
See us at the shop or at the following shows:

Raleigh, NC April 3-5
Houston, TX Sept. 25-27
Detroit, MI Oct.

ROUTE 4, BOX 462, HIGHWAY 270 WEST
HOT SPRINGS, ARK. 71913 * 501-767-4800

WEEEEEEEEEER T e e v rre e o b0 ErEEE

DLRLRLL I

Added attraction to
Florida's sun & fun:

FINE
MINERAL
SPECIMENS!

#" Cheertful transportation from
Miami, Ft. Lauderdale, Palm Beach

See us at the Houston Show— Sept. 25-27 Airports
*We are interested in acquiring collections

MIRIAM & JULIUS ZWEIBEL
812 N. Ocean Blvd., Suite 204 ® Pompano Beach, FL. 33062 ¢ (305) 781-9860
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fine selected specimens
o

Cubes, Octahedrons, Twins
-
Interesting surface features

GE ﬁAURA

JACK & ELAINE GREENSPAN

P.O. BOX 4162 * W. SEDONA, AZ 86340
602-282-7828

MINERALOGISTS & GEOLOGISTS - ESTABLISHED 1850

8-12 RICKETT STREET, LONDON SWé6 1RU
TELEPHONE 01-381 5522: TELEGRAMS METEORITES LONDON SW6

Brian Lloyd looks forward to seeing you when you are next in
London. We are open weekdays 9:30 to 5 pm — evenings and

weekends by appointment.

TOPAZ-MINERAL EXPLORATION
DEPT. M
1605 HILLCREST
GRAND HAVEN, MI. 49417
WORLD-WIDE MINERALS
PSEUDOMORPHS

LIST

CRESTMORE / JENSEN
QUARRY MINERALS

75 Species, Crestmore Quarry
25 Species, Jensen Quarry
Sent $1 for catalog to:
.Iunlga Mtns. Cultural Center

21 Granite Hill Drive

NICK CARRUTH
Specializing in British Minerals
Fornish Classics and Hope's Nose Golds in stock

OLDTIME BRITISH ALWAYS WANTED

el Foriodic List g
Copse Cottage, Delaware Road
Drakewalls, Cornwall PL18

England (0822) 832530

| RARE & EUROPEAN MICROMOUNTS
(Laurion, Cornwall, USSR Kola, etc.)
free list available.

M. Hettinga, Lootsstraat 20™
1053 NX Amsterdmnﬂolland

7
L_Riverside, CA 92509 (714-685-5818)____

RED METAL MINERALS

Newly Mined Copper Country Minerals
For Price List Write to:
RICHARD WHITEMAN

P.O. Box 45
Hancock, Ml 49930 (906) 482-9560

8th Edition Standard
Mineralogical Catalogue

This useful price reference guide aids you in establishing values of
specimens / collections and sids in intelligent buying, selling,
trading. Over 32,000 prices, evaluation hints, special sections and
more. Absolute necessity for collectors, beginner to sdvenced.
Thousands sold. $6.00 plus 75C shipping. Mineralogical Studies,
1145 Foxfire Road, Kernersville, NC 27284,

A. L. McGuinness

WHOLESALE MINERAL SPECIMENS

DEALER INQUIRIES INVITED
By Appointment Only — Lists $1.00
4305 Camden Ave., San Mateo, CA 94403
Tel: (415) 345-2068

THE OUTCROP

"MINERALS FOR THE COLLECTOR"
Send stamp for current list.
Satisfaction guaranteed.

PETE & NANCY OLSON
(217) 787-6149

P.O. BOX 217
SPRINGFIELD, IL 82705

Gem Pegmatites
of the World

Friends of Mineralogy
Pacific Northwest Chapter
. 13th Annual
Symposium *
September 25-27,1987
Doric-Tacoma Motor Hotel
Tacoma, Washington
Speakers, Dealers, Exhibits,
Trading, Auction, Micro Worksho
Contact: John Sobolewski

18722 56th N.E.
Seattle, WA 98155

1300k Dealers
BOOKS

Send $1.00 for latest catalog
listing 100's on minerals, min-
ing, geology, fossils, gems

Tel.: 619-488-6904

PERI LITHON BOOKS
P.O. Box 9996

5372 Van Nuys Court

San Diego, Calif. 92109

——— m—\ o
Sine Rare Books

Geology, Mineralogy, Paleontology,
Mining, Gemology, and Jewelry

Send $1.00 for Catalog
THE GEMMARY, INC.

— P.O. Box 816, Redondo Beach, Ca. 90277 _

{mooks 11

& SECOND-HAND i
Geology Cartalogs-$1 :
3 Mineralogy, Natural History
4 R.V. Merritt, 174 Old Bath Rd.

Cheltenham, GL53 7DR, England

THE BOOK LODE

Rare & Out-of-Print

Publications on Geology, Mining,
Milling, Prospecting, Mining History.
Catalog: $2

3066 15th St., Boulder, CO 80302
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Mineralogical Record

$27 per year (individuals, U.S.)

$52 for 2 years (individuals, U.S.)

$30 per year (individuals, non-U.S.)

$58 for 2 years (individuals,
non-U.S.)

$45 per year (institutions, libraries
and companies)
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S Sty

Dates subject to change and error. Confirm be-
fore travelling.

Las Vegas _______________ May 15-17
Elko (NV) Mining Expo June 11-13
New England Micromounters
Cal. Fed. Show Turlock __ June 26-28
Reno, Nevada __________ Aug. 1-2
Denver ______________ Sept. 18-20
The Hague, Netherlands __ Sept. 26-27
Torino, Italy ____________ Oct. 3§
Maastricht, Netherlands Okct. 11
Munich, W. Germany __ Oct. 30-31
& Nov. 1
Amsterdam, Netherlands _ Nov. 29




Searching the Worl

to bring you the finest in

Mineral Spemmens

at competitive prices

* FIRST QUALITY MINERALS
for collection & display

* RARE SPECIES
for systematic collection, reference, reseorch

Send for our bimonthly mineral lists of thumbnail, miniature, and cabinet specimens. First quality mineral
specimens for collection and display, plus rare species for systermnatic collection, reference, and research.
Send large SASE for lists. Non-USA, send two International Reply Coupons.

Boxes: A separate listing is available detailing prices and sizes of mircomount. Perky Boxes, plastic magnifier
boxes, white cofton-lined specimen boxes, display stands, efc. Send large SASE for lists. Non-USA, send ftwo
Infernational Reply Coupons.

Send for our separate price list with information covering stereo microscopes and accessories for gem and
mineral use. Send large SASE for lists. Non-USA, send two International Reply Coupons.

MINERAL
usts:

LOOK FOR OUR BOOTH AT MAJOR WESTERN U.S.A. SHOWS

MINERALOGICAL RESEARCH CO.

- ' I| CAu

Now dealing in out-of-print copies of the

Miineralogical Record

+ Send us your want list
* Let us know if you have copies to sell

+ Ask for listing of copies in stock

ADVERTISERS INDEX
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Arizona Dealers
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Book Lode ... ...
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Lyon Show
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Outcrop

Pala International
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Pearce, Don

Peri Lithon Books
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Rhode Island Show
Richerson, Dave
Rocks & Minerals Index
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Runner, Bruce & Jo
Schnieder's Rocks & Minerals
Shannon, David

Sierra Contact
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Silverhorn
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