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notes from the_

EDITOR

MINERALS OF CORNWALL

It is an honor indeed for the Mineralogical Record to be involved
in co-publishing a book with the British Museum: Peter Embrey and
Robert Symes’ Minerals of Cornwall and Devon. We received our
first complete copies by air freight just prior to the Tucson Show this
year, and sold most of them during the course of the week.

The idea for such a book arose several years ago. Peter Embrey,
curator of minerals at the British Museum, had long been planning
to compile a comprehensive, technical review of the mineralogy of
Cornwall and Devon. The original concept was similar to that of Greg
and Lettsom’s monumental Mineralogy of Great Britain and Ireland
(1958). However, it eventually became clear that such a thorough
compilation would necessarily run to several volumes and require far
more man-years than Peter had remaining before retirement. Following
discussions with the museum’s Publications Department it was con-
cluded that a less technically ambitious but more popular treatment
was both attainable and desirable.

Robert Cross, then the museum's head of publications, corre-
sponded with the Mineralogical Record to see if we would be interested
in taking part in the project. We were; and through the course of
several meetings and much correspondence we developed for them
an outline for the book which we thought would appeal to our market
of mineral collectors worldwide.

In many respects our recommendations followed the guidelines we
later published for authors assembling locality articles for the Miner-
alogical Record. It should have a thorough review of the history,
including many antique mining photos and engravings, and many
detailed maps showing the locations of all the important mines. The
geology should be covered briefly but intelligibly. Information on
early mineral collectors and dealers should be gathered, and of course
there should be a maximum amount of high-quality mineral photog-
raphy accompanied by informative, detailed figure captions. Finally,
a lengthy and thorough bibliography would be good to have.

Embrey set to work, Cross marshalled the museum’s staff of pho-
tographers to begin taking large-format transparencies of the best
specimens in the British Museum collection, and Robert Symes was
brought in to help with the history and geology sections. After several
years of labor and much mailing of photo proofs and manuscript pages
back and forth across the Atlantic, the job was completed late last
year and went to press. Although the copies which the museum planned
to sell through its own bookstore were all scheduled to be bound
softcover, we requested that all of ours be hardbound in recognition
of the high quality and lasting value which the contents would have
(the extra cost turned out to be very small).

When we finally saw the finished product, we were impressed with
how beautifully and expertly the British Museum publishing staff had
done their job; it is better than we had dared to hope, a first-class
production in every way, from the paper stock and color reproduction
quality to the layout and design.

It should come as no surprise, then, that we recommend this book
highly. It has been custom-tailored by the most authoritative and
competent authors, photographers and publishing staff to precisely
comprise all the things that Mineralogical Record readers enjoy most,
with the exception of hardcore technical mineralogy.
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In addition, the price is right; $28 for a large-size book of 154 pages
with color photography on practically every page, and hardbound as
well, 1s extremely reasonable.

We want to thank the authors and photographers, and everyone else
involved at the British Museum (including Clive Reynard who took
over for Robert Cross) for their excellent and highly professional work
on this project.

Copies of Minerals of Cornwall and Devon may be ordered for $28
plus $4 shipping and packaging (35 outside the U.S.) from the Min-
eralogical Record Bookstore, 1601 Fairview, Suite C, Carson City,
Nevada 89701. Satisfaction is guaranteed.

CALL FOR PAPERS

The tenth Symposium sponsored jointly by Friends of Mineralogy,
the Tucson Gem and Mineral Society, and the Mineralogical Society
of America will be held in Tucson, on February 12, 1989. The topic
of the Symposium will be Galena, the featured mineral of the 35th
Tucson Gem and Mineral Show. Papers are invited on topics in any
way related to galena, including its descriptive mineralogy, associa-
tions or paragenesis, classic localities, etc. An audience of knowledge-
able amateurs as well as professional geologists and mineralogists is
expected. The atmosphere of the meetings is informal.

If you feel you would like to present a paper please write imme-
diately to Henry Truebe, Chairman (Dallhold Resources, 2002 North
Forbes Blvd., Tucson, AZ 85745), with your topic, a few sentences
describing the paper, and an address or phone number at which you
may be contacted. Presentations will be 15 to 20 minutes in length
followed by a period for questions. Upon acceptance of topics all
authors will be required to submit a 200-word abstract by September
30, 1988. A camera-ready copy of the paper, 5 to 10 doubled-spaced
pages in length including illustrations, will be due on December 31,
1988.

Papers by students are encouraged and will be considered for the
“Best Student Paper™ award from Friends of Mineralogy. The award
1s intended to cover all or part of the expenses incurred by the student
while traveling to the symposium.

NEWS FROM JAPAN

The first Tokyo International Mineral Fair will be held June 2-8,
1988, at the Shinjuku Dai-Ichi Life Insurance Building in Tokyo.
Approximately 180 dealers are expected to take part, at a fee of 40,000
yen per booth. The sponsor is the Tokyo International Mineral Fair
Executive Committee, Yoneo Suzucki, Chairman (Planey Company
Ltd.) and H. Hori, Secretary (Hori Mineralogy). For more information
contact Hori Mineralogy, P.O. Box 50, Nerima, Tokyo-176, Japan—
phone Tokyo (03)-993-1418.

A society known as the Frnends of Mineral, Tokyo, is issuing a
new publication entitled Quartz, mostly in Japanese but with some
English translations of titles and captions. They sound interesting
. . . “More originality! At the starting of our society and journal”
(by Hidemichi Hori), “Past and today of famous Ichinokawa mine”
(by Shird Nagasaka), “Realgar and orpiment from the Suzukura mine”
(by Hiroyuki li), “Szaibelyite recently found at the Chichibu mine”
(by Kuniaki Kato and Hidemichi Hori), “Collecting report: Hikage-
zawa gold mine, Shizuoka Pref.” (by Hiroyuki li), “Some episodes
around amateur mineralogy” (by Kin-ichi Sakurai), and one that
piqued my interested in particular: “The relationship between sake
and radioactive minerals in brewing.” We wish the new society and
journal the best of luck! To arrange a subscription write to Friends
of Mineral, Tokyo, 4— 13, Toyotamanaka, Nerima, Tokyo 176.

COMPUTER MINERAL FILE
William B. Simmons, Jr., Professor of Mineralogy at the University
of New Orleans, is marketing a new PC-compatible computer program

(continued on page 207)
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THE

Tonopal-Belmont Mine

MARICOPA COUNTY, ARIZONA

George B. Allen
Route 6, Box 32
Golden, Colorado 80403

William Hunt
10350 Andover Avenue
Sun City, Arizona 85351

he Tonopah-Belmont mine is a micromounter’s paradise. An un-
common suite of base-metal oxides, carbonates, silicates, phos-
phates, arsenates, vanadates, sulfates, molybdates and chromates can
be found at the mine. The abundance of species makes it an ideal
introduction to the many mineral occurrences of the Big Horn Moun-

tains.

INTRODUCTION

The Tonopah-Belmont mine is the second largest producer of metals
in the aenally extensive Osborn Ag-Au distnict of Mancopa County
in west-central Arizona. The primary property in the district is the
U.S. mine, where a |.4-million-ton orebody is now under production
(Kerr, Dawson and associates, 1984). Mineralogically sigmficant
properties in the Osborn district include the Pack Rat, Moon Anchor
and the Potter Cramer claims. The Pack Rat is the co-type locality
for hemihedrite (Williams and Anthony, 1968), and the Potter Cramer
claim is the type locality for wickenburgite. The Tonopah-Belmont
mine is located in the southwest guarter of section 36, T4N, R7TW,
at the boundary between the Big Horm and Belmont Mountains of
west-central Arizona. The mine is approximately 40 km south of
Wickenburg. To get there drive south out of Wickenburg on the Vulture
Mine road until the Tonopah-Aguila Road is encountered. From there
continue south along a poorly maintained dirt road until Belmont
Mountain, the host for the Tonopah-Belmont mine is in view. Then
follow the obvious spurs toward the lone peak.

HISTORY

There are two conflicting accounts of the discovery of mineralization
at Belmont Mountain. Ramsing (1957) reports the occurrence was
discovered in 1904 and subsequently named the Belmont McNeal.
Wilson (1967) reports that the discovery was made by George Dillar
in 1907. In any event, the claims were sold in 1926 to the Tonopah-
Belmont Company of Nevada which renamed the claims the Tonopah-
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Belmont mine. The Tonopah-Belmont company sank a 155-meter shaft
and built a 50-ton bulk flotation plant (Ramsing, 1957). The mine
was operated from that time until the Depression, at which time low
metal prices forced closure. During the closure, some time between
1937 and 1939, a mine fire erupted. The rising hot gases from the
fire traveled to the main adit level and along it to the old shaft which
acted as a chimney. During the fire the roof of the tunnel melted to
slag and some of the minerals were altered to a depth of 8 cm

From 1941 until 1947 Emest Dickie owned the mine. He extracted
the high-grade pillars and reachable ore on each side of the shaft.
Consequently the stopes caved up to the adit level and the shaft imbers
collapsed.

The Arizona Bureau of Geology and Mineral Technology files report
total historic production of 450,000 kg of copper, 4250 kg of silver
and 240 kg of gold. Present mine workings consist of two steep inclines
on the north side of Belmont Mountain, a 20-meter shaft on the south
side which connects to a haulage adit, and numerous cuts and trenches
which circumscribe Belmont Mountain.

GEOLOGY

West-central Arizona is a region of varied, highly deformed Pro-
terozoic, Mesozoic and Tertiary crystalline and (rare) sedimentary
rocks. Our understanding of the geologic framework for this region
15 a product of a renaissance of regional and detailed geologic studies
of the past seven years (Reynolds, 1980; Rehrig and Reynolds, 1980,
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Figure 1. Belmont Mountain; mine dumps at center.

Rehrig er al., 1980; Reynolds and Spencer, 1985; Hardey, 1984; Capps
et al., 1985a and 1985b). These works have established that the
Harquahala Mountains to the west of the Big Hom Mountains and
the White Tank Mountains to the southeast of the Belmont Mountains
are metamorphic core complexes, raised segments of the middle crust
which are bounded by low-angle normal faults. These faults are major
structural discontinuities and are termed detachment faults. A de-
tachment fault probably underlies the Big Horm and Belmont Moun-
tains. Movement along the detachment fault and related faults in the
upper plate is probably the cause of widespread tilting of the Tertiary
rocks throughout the region.

Three major lithologic terrains crop out in the Big Horn and Belmont
Mountains: (1) Proterozoic amphibolite, phyllite, shist, gneiss and
granite, (2) Mesozoic monzonite to diorite intrusives, and (3) Cenozoic
maiic and silicic volcanic rocks and rare clastic sedimentary rocks.
The entire Big Horn-Belmont Mountains area is cut by and tilted along
north to northwest-trending low to moderate-angle normal faults that
in places are cut by east to northeast-trending strike-slip faults. Four
mineral districts occur in the Big Horn-Belmont ranges: the Tiger
Wash barite-fluorite district, the Big Hom gold district, the Aguila
manganese district, and the Osborne silver-gold-base metal district.
The Big Horn district is thought to be Laramide (early Tertiary) in
age (Allen 1985). The other three districts are likely to be mid-Tertiary
in age and of an interrelated genesis (Allen 1985).

The geologic setting of the Tonopah-Belmont mine is moderately
complex. The mine is hosted in a structurally isolated block of Miocene
rocks that are surrounded by Proterozoic phyllite on all sides except
to the southeast where the Miocene block is in fault contact with mid-
Tertiary Belmont granite (Capps er al., 1985a). The oldest rocks in
the mine are Proterozoic phyllites, which are laminated steel-gray
when fresh and brown to tan when weathered. Typically the phyllite
1s fine-grained and consists of 10% quartz and 90% muscovite. The
phyllite generally strikes northeast with highly varied dips that are
generally steep. Unconformably overlying the phyllite is a 26 to 40-
meter sequence of mid-Tertiary volcanic and volcaniclastic rocks.
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Clockwise from left:

Figure 2. Wulfenite crystal, 3 mm.
Figure 3. Brochantite crystals to 2.6 mm.
Figure 4. Willemite sprays, 1.3 mm, on
brochantite.

Figure 5. Caledonite crystals, 0.6 mm.
Figure 6. Linarite crystals, 1 mm.
Figure 7. Vanadinite crystal group, 3.5
mm, with descloizite.

Figure 8. Rosasite sphere, 3.5 mm.
Figure 9. Molybdofornacite crystals, |
mm

All photos by William Hunt.

Figure 10. (above) Plumbojarosite, 1 mm.
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From bottom to top the sequence is, (1) 10 to 13-meter basalt flow,
(2) 12 to 18 meters of dark gray to green laharic sedimentary rock
that has abundant phyllite clasts, (3) a thin flow of basalt, (4) 31
meters of rhyolite and wuff along with a flow-foliated rhyolite intrusive
named the Moming Star Rhyolite, and (5) rhyodacite dikes which
intrude each of the units in the section.

The major structure of the area is a N40"W-striking, southwest-
dipping, low-angle fault that drops out from 500 meters northwest of
Belmont Mountain for 2 km to the southeast where the fault changes
to a north strike and a west dip (Capps er al., 1985a). The low-angle
fault juxtaposes moderately northeast-dipping rocks in the hanging
wall against the Proterozoic phyllite. This major fault is offset by east-
northeast-striking cross faults that are loci of mineralization. The
N75°E to N65°E-striking, southeast-dipping normal faults are the lo-
calizing structures of the south and north Tonopah-Belmont veins. A
N20°W-striking, northeast-dipping normal fault cuts off both veins
on the west end of Belmont Mountain. On the east end of Belmont
Mountain the northern vein appears to die out whereas the southern
vein is offset by a N70°W-striking, southwest-dipping normal fault.
The structural relationships suggest that mineralization occurred during
low-angle faulting, but did not continue after tectonism. The fact that
the veins were cut off by a fault at the 130-meter level (AZBGMT
Files) supports a syntectonism age of mineralization.

The north vein trends N70°E and dips 60°SW. It is exposed along
strike for 120 meters, and ranges in thickness from | to 12 meters.
The vein is mostly banded milky quartz with lesser copper carbonates
as fracture fillings in a fault zone. The encompassing fault zone is at
the contact between the basal Morning Star rhyolite flow or intrusion
and a basalt low. Whether the Moming Star unit is an intrusion or a
flow determines the exact nature of the localizing contact. The char-
acter of this contact is obscured by the highly varied vertical flow
foliations in the rhyolite, the absence of demonstrable offset on the
north and south sides of the outcrop, and the unclear nature of the
contact between the Belmont Mountain massif and the Moming Star
tuff to the northeast.

The south vein trends N75°E, dips 80°NW, extends for 150 meters
and varies from 2 to 10 meters in thickness. The south vein is localized
at the contact of the basal laharic unit with the lowermost basalt, both
of which are in the hanging wall of the steeply dipping normal fault
of small displacement. This vein consists mostly of milky quarz
breccia and replacement textures in contrast to the banded fracture-
filling appearance of the northern vein.

Fluid inclusion studies were initiated with specimens from the Ton-
opah-Belmont veins, but a paucity of suitable calcite or quartz pre-
vented acquisition of thermometric or compositional data. Studies on
specimens from the geologically similar U.S. mine, however, were
successful. Homogenization temperatures and freezing point depres-
sions, which indicate the temperature and salinity of ore forming fluids,
suggest temperatures and salinities ranging from 190° to 225° C and
8 to 14% total salt (Allen 1985).

MINERALS

Even though 46 minerals have been found at the Tonopah-Belmont
mine, the micromount collecting potential has only begun to be probed.
The fact that most of the underground workings are inaccessible in
no way detracts from the collecting possibilities. Each of the identified
species has come from the dump samples and all but three are found
in euhedral microcrystals.

The large dump below the adit contains much barren rock but, with
some searching, mineralized material can be found. Fortun. eiy the
small dump above the adit mostly consists of mineralized rock.

Outcrops peripheral to the old workings include 5 to 50-cm mineral
veins that were ignored by the early miners. These small seams afford
good specimens for those willing to break bedrock.

Table 1 lists and describes minerals found to date and their asso-
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Table 1. Minerals found at the Tonopah-Belmont mine

Species/Composition  Habit and Associations

Location

Anglesite
PbSO,

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

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

Barite

BaSO,

Brochantite
Cu (SO NOH),

Calcite
CaCoO,

Caledonite

Cerussite
PbCO,

Chalcophanite

Chalcopyrite
CulFeS,

Chlorargyrite
AgCl

Chrysocolla

(Cu,Al).H,Si,0.(OH),

nH.,O

Coronadite
Pb(Mn** Mn*%),0,.

Mainly as a gray nnd

surrounding relict galena which
1S, In turn, surrounded by
cerussite, There is a second
generation of white, poorly
crystallized material associated
with linarite, brochantite,
caledonite and leadhillite.

Found sparingly as pearly blue-
green blades with malachite and

rosasite.

Represented by malachite
pseudomorphs after azurite to 6

mm.

Mainly as opaque white laths in 1|,
quartz; also as brilliant,

transparent, euhedral

microcrystals to 1.5 mm, with

descloizite.

Bright green microcrystals,
acicular to prismatic, with
linarite, caledonite, leadhillite

and anglesite.

Rare, opaque white

rhombohedrons on willemite

with hydrozincite.

Pale blue crystals to 2 mm with 1,
Pb.Cu.(CO,XS0O,),(OH), linarite, brochantite, leadhillite

and anglesite

White crystalline crusts on
anglesite rinds surrounding
galena cores, also transparent
euhedral crystals to 5 mm with

brochantite.

Found only in peripheral quartz 3
(Zn,Fe Mn)Mn,0,:3H,O veins outside the orebody, as
striated rhombohedrons (with a
brilliant ¢ face) to 1.5 mm,

with cryptomelane.

Weathered remnants, sometimes 1., 2, 3

covered by covellite.

Seen in a fragment of high
grade ore with gold and

willemite.

Cavity fillings and

pseudomorphs after an acicular

mineral.

Pitch-like botryoidal

incrustations with radial

structure.
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Covellite Iridescent purple coatings on 1, 2 Molybdofornacite Pale 1o dark green euhedral M
Cu$S chalcopyrite and sphalerite. Pb,Cul(As,P)O,] crystals to 1.2 mm, and rosettes
[{(Mo,Cr)O_ (OH) of subhedral microcrystals with
Creaseyite Pale green acicular crystals to  § willemite, wulfenite and
Pb,Cu,Fe, 51,0,,6H,0 0.8 mm with plumbojarosite. pyromorphite.
Cryptomelane Acicular crystals with 3 Murdochite Brilliant cuboctahedrons in a I
K(Mn**Mn*%),0,, chalcophanite, in peripheral PbCu O, .(Cl,Br),, single willemite pocket
quartz veins.
Plattnerite Tufts of brilliant black acicular |
Descloizite Spanngly as pale to dark brown |, 2, 7 PbO, crystals in oxide ore
PbZn(VO _NOH) crystals to 1.4 mm on barite
and vanadite. Plumbojarosite Pale to dark brown hexagonal §
PblFe (SO, (OH),. scales, some coated by
Epidote Pale green microcrystals in 7 creaseyite, at one location
Ca,(Al Fe),(5i0,),(OH) basalt.
Pyrite Represented only by 8
Galena Corroded cores mainly, but also 2 FeS pseudomorphs.
PbS in one small cavity as 0.1-mm
cubes. Pyromorphite Colorless to pale green 2,3.4,6
Pb.(PO,),Cl prismatic crystals, some
Goethite Thin inidescent to yellow b &0 33 tapered, 10 2.5 mm with
FeO(OH) velvety coatings. fornacite, vauquelinite and
wulfenite.
Gold In high grade ore with gypsum. 4
Au Quartz Mainly a gangue mineral but s & 3
: : S$10, also as druses on secondary 5.6
Gypsum “Ram's horn™ habit. 4 r—y
CaSO,2H,0
Manaie Bright red scales and botryoidal 1, 8 Rosasite “ Balls of acicular crystals 1o 4 Ly e 9
(Cu,Zn),(CONOH), mm; blue to green
Fe.O, masses.
Hemimorphite Locally abundant as rosettes of 1, 2, 3 Sphalerite Only as remnants in westhered |
Zn,Si.0,(OH).-H,0  5-mm crystals with most of the Zn3S ore, sometimes coated with
secondary minerals. covellite
Hydrozincite Pearly, matted crystals on one | Sulfur On one specimen with gypsum 5
Zn(CO,),(OH), specimen with calcite and S and gold.
willemite.
Vanadinite Orange to red prisms to S mm, 3, 6,7
Jarosite Pale to dark brown tabular 2. 5 Pb(VO,),Cl some with full or partial
KFe,(S0,),(OH), crystals to 2 mm. pyramidal terminations. Scarce
on the south side of the
Leadhillite Subhedral crystal crusts and 2, 3 mountain but plentiful on the
Pb (SO NCO,),(OH), also surface alteration coatings north.
on cerussite, intimately
associated with caledonite and Vauquelinite Greenish brown to brown &
linarite. Pb.Cu(CrO PO NOH) crystals to 2 mm in groups with
willemite, wulfenite and
Linarite Subhedral cryslal groups; by 3 P pyromorphite. Much rarer than
PbCu(SO_ )OH), occasional euhedral transparent fornacite
blue crystals to 1.5 mm with
brochantite, caledonite, Willemite Very plentiful as transparent, 1, 2, 3
anglesite and leadhillite. Zn,Si0, prismatic crystals to 3 mm,
Malachite Sprays of acicular crystals with 2, 8 :‘h"l‘; t:ci':i ;L"::i: sprays of
Cu,(CO,NOH), rosasite; less abundant than . '
o Waulfenite Pale to dark orange tabular 2, 3
Mimetite Sparingly as opaque, yellow LA PbMoO, crystals to 8 mm with
Pb,(AsO,),Cl 0.5-mm pyramidal crystals with pyromorphite, mimetite,
wulfenite. fornacite and willemite, fornacite and
willemite. wauquclinite.
Minium Bright red pseudomorphs after Zircon Dark brown crystals, less than |
Pb,0, cerussite on willemite. ZrSi0, 0.05 mm, in andesite
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ciations. The numbers at the right-hand coluinn are keyed to the list
directly below and indicate where the minerals are found.

| —Large dump below the adit

2—0ld dump above the adit

3—Outcrops above the old workings

4 —Underground on the adit level

5 —Dump on the north side of the mountain

6 — Outcrops on the north side of the mountain

7—Prospects on the north side of the mountain

8 — Prospects on the east side of the mountain

PARAGENESIS

The sequence of crystallization of the major phases, from early to
late, 1s: sphalerite-pynte-chalcopyrite-galena as primary sulfides plus
gold; quartz as primary gangue. Aurichaicite, smithsonite, azurite,
malachite and jarosite are secondary minerals. A detailed paragenitic
study based on microcrystals indicates early pyrite-galena-chalcopy-
nte-sphalerite-gold-hematte-native silver-barite and quartz. A second
generation of minerals include coronadite, goethite, covellite, an-
glesite, cerussite, brochantite, caledonite, leadhillite, linarite, auri-
chalcite, malachite, rosasite, chrysocolla, hemimorphite, pyromor-
phite, vauquelenite, molybdofornacite, wulfenite, mimetite,
descloizite, jarosite and chlorargyrite. The final generation includes
minor calcite and hydrozincite along with more abundant minium and
gypsum.

The chemistry of the paragenesis suggests some overall patterns:

Paragenesis EARLY

-
>
=
™

Galena
Chalcopyrite
Sphalerite
Gold
Hematite
Silver
Barite
Quartz
Coronadite
Goethite
Covellite
Anglesite

Willemite
Cerussite —
Murdochite —
Brochantite
Caledonite
Leadhillite
Linarite
Aunichalcite
Malachite
Rosasite
Chrysocolla
Hemimorphite
Pyromorphite
Vauquelenite
Molybdofornacite
Waulfenite
Mimetite
Descloizite
Jarosite
Chlorargyrite
Calcite
Hydrozincite
Minium

Gypsum
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primary introduction of metals and sulfur resulting in an early sulfur-
native element stability phase with barite-quartz gangue; a diverse
episode of oxide, sulfaie, carbonate and lesser silicate stability; an
episode introducing the heavy elements phosphorus, arsenic, molyb-
denum and vanadium; and a final episode with oxide-sulfate and lesser
carbonate stability.

As stated previously, complex variations in the water table and
limited accessibility of the lower workings have prevented determi-
nation of a definitive paragenesis. The paragenetic chart below was
worked out using only specimens from locations 1, 2 and 4. These
locations are all on the same zone of mineralization.

DISCUSSION

The stratigraphic, structural and geochronological framework es-
tablished by Capps er al. (1985 a and b), combined with the district-
wide fluid inclusion data of Allen (1985) and the paragenetic data
presented here, suggests an integrated geologic history for the Ton-
opah-Belmont mine mineral occurrence.

Mineralization at Belmont Mountain occurred between 21 and 16
million years ago during a period of widespread volcanism and block
tilting. The lower age is constrained by radiometric determinations
on biotite from the Morning Star Rhyolite host rock. The upper age
is constrained by the age of the fault that cuts the Tonopah-Belmont
vein at its eastern end. This fault is of a generation that regionally
cuts 16 m.y. basalt. The mineralizing fluids that formed the Tonopah-
Belmont deposit were probably dilute brines, having temperatures of
170° to 230° C. The range-wide similarity of fluid inclusions and
widespread occurrence of potassium-metasomatized rocks (Allen
1985) suggests that these fluids were regional in distribution and
manifest themselves only where local structures connect to deeper
seated conduits. The mineralization at the Tonopah-Belmont mine
may be a consequence of fluids rising along the conduits of the rhyolite
vent at Belmont Mountain, and subsequent cooling and dilution as
meteoric waters mixed with the hydrothermal fluids (Allen, 1985).
The fluid inclusion data from the U.S. mine permits cooling and
dilution as a mechanism of mineral precipitation.

The paragenetic sequence outlined combined with the historic record
of a mine fire suggest five mineral-forming episodes: (1) an early
base-metal sulfide, native precious metal, quartz, barite hypogene
episode which was caused by dilution and cooling of hydrothermal
waters by meteoric waters; (2) a series of oxide-silicate-hydroxide-
carbonate-forming episodes as a consequence of fluctuating watertable
levels; (3).a possible second phase of epithermally introduced elements
expressed by the appearance of phosphates, arsenates, molybdates
and vanadates; (4) a final dropping of the watertable and seasonal
formation of calcite, hydrozincite, minium and gypsum as a result of
descending perennial waters; and (5) an episode of high-temperature
low-pressure mineral stability resulting from the late 1930°s mine fire.
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In the years immediately following 1800, the study of mineralogy
and geology in America was off to a good start. This was inspired
by the increased formal study of these sciences in Europe, the in-
creasing need for industrial metals and minerals by the colonists, and
the gradual relaxation of religious prejudice against the teaching of
these subjects. Bowdoin® College is acknowledged as one of the lead-
ing centers of activity in the geological sciences during this time
(Frondel, 1970). Professor Parker Cleaveland, teaching these sciences
at Bowdoin, was the motivating force and he had a very complete
and valuable collection to work with, the James Bowdoin mineral
collection.

JAMES BOWDOIN

James Bowdoin III, son of Governor Bowdoin of Massachusetts,
being very well educated and scientifically inclined, was much in-
terested in the study of mineralogy and geology. He purchased nearly
everything in print on the subjects, including the works of Rene Haiiy,
Professor and Curator of minerals at the School of Mines, in Paris,
France, whose famous five volumes were published in 1801. Haiiy's
work so impressed Bowdoin that he negotiated for the purchase of a
mineral collection from him. In 1806, the collection was assembled
and catalogued by a Mr. Lucas. According to the catalog it consisted
of 449 specimens and 58 crystal models done in clay. Actually there
were 480 mineral specimens because Mr. Lucas had a propensity for
duplication of numbers. Bowdoin was apparently so impressed with
the ceramic crystal models that shortly afterward he purchased a more
complete set of some 300 pieces.

About 1806 Bowdoin obtained from William Maclure 119 speci-

"This article is published posthumously, and has been edited by
A. M. Hussey, II, Chairman, Department of Geology, Bowdoin Col-
lege.

‘Pronounced “Bod'n.”
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mens of rocks and minerals, mostly European, with a few from New
England. Maclure travelled extensively in Europe, visiting most of
the famous early localities. For his later extensive work in America
he became known as the father of American geology

To this fine collection Bowdoin added considerable scientific ap
paratus: an electrometer, a goniometer, a specific gravity balance,
chemicals and blow-pipes; so that at this early date he had a very fine
and complete collection composed primanily of early European spec
imens and instruments

Bowdoin's health was rather poor and later, in 1810, it became
quite serious, so much so that Benjamin Vaughn, M.D.. a friend of
both Bowdoin and Parker Cleaveland, addressed a letter (Cleaveland
papers, Bowdoin College Library) in which he discussed Bowdoin's
rapidly failing health and said among other things “
the same time have his collection of minerals " Just over a year
later, Oct. 11, 1811, James Bowdoin Il died at age 59. His will
bequeathed the mineral collection, scientific apparatus and his exten
sive library (James Bowdoin IIl Library, Bowdoin College Library)
to Bowdoin College. On Dec. 3, 1811, John Abbot received the
material on behalf of the college and recorded (Bowdoin College
Records, Bowdoin College Library) that it consisted of 623 mineral

vou will at

specimens, 385 crystal models, scientific apparatus and an extensive
library. Mr. Abbot placed a value of $400.00 on the mineral collection
and $200.00 on the crystal models. There is no record to indicate
whether or not this price had any relation to what Bowdoin may have
paid Haly.

In May, 1812, just a few months after arrival of the collection,
Parker Cleaveland made a report (College Records, 1812, Bowdoin
College Library) to the board of overseers of the college which stated
“The James Bowdoin Collection is very valuable both in regard to
variety and quality of specimens. In addition to the minerals there is
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Figure 1. James Bowdoin III (1752-1811), from
a painting by Gilbert Stuart in the Bowdoin
College Museum of Art.

also a very fine collection of crystallography consisting of 385 models.
This collection is composed of two parts: one containing 56 models
of crystals in porcelain clay designed to illustrate Haiiy's very beautiful
theory of the formation of crystals. The other part consists of 329
models of crystals in painted clay, designed to exhibit the various
primary and secondary forms natural crystals assume.” Cleaveland
made a new catalog for the collection (which included the Maclure
specimens and (.. the crystal models as well as the onginal Haiiy
specimens), written for the most part in French script.

It was most opportune for Cleaveland that this collection arrived
when it did, because he was already working on the manuscript for
his text, An Elementary Treatise on Mineralogy and Geology, the first
in America, which was published in Boston in 1816. The James
Bowdoin Collection is therefore unique historically for it tes together
the work of Rene Haiiy, father of crystallography; William Maclure,
father of American geology and Parker Cleaveland, father of American
mineralogy. It is doubtful if any other early American collection can
claim a similar distinction.

In 1872 Peleg W. Chandler, son-in-law of Cleaveland, decided to
establish a memorial to his famous father-in-law; Chandler financed
the rebuilding of the top of Massachusetts Hall on the Bowdoin College
Campus so that it became a fairly large museum. At the dedication
in 1873, Parker's nephew, Nehemiah Cleaveland, named it “The
Cleaveland Cabinet.” The Cabinet contained the James Bowdoin Col-
lection in two large showcases on the north wall; in other cases around
the room were Cleaveland’s private collection and the large college
collection he had assembled. In the center of the floor was the Shattuck
Shell Collection in glass-topped cases. For many years following, the
James Bowdoin Collection was often referred to as the Haiiy Collec-
tion. The Cleaveland Cabinet was quite an attraction into the early
1900°s. 1 remember seeing it many times as a small boy.

The college was expanding quite rapidly and therefore space for
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Figure 2. Parker Cleaveland (1780-1858).

classrooms and offices became a problem. It first resulted in selling
the Shattuck Shell Collection to clear the main floor, and next moving
some minerals and display cabinets to the Searles Science Building
where classes in mineralogy were being held. When more space was
required, during the teens and early twenties, it was decided to cull
the remaining specimens in Massachusetts Hall, eliminating what
appeared to be the least spectacular material. Well over a thousand
specimens were destined for the dump, including a considerable por-
tion of the James Bowdoin Collection. Samuel Furbish, then treasurer
of the college. asked for and was given the entire lot of culls which
he placed in storage in a shed back of his brother’s hardware store in
Brunswick, where it remained well into the 1930°s. In the spring of
1938 the brotker, Benjamin Furbish, contacted me, knowing my in-
terest in minerals, and offered the entire lot because he needed the
space it occupied. Again space problems were hounding the Cleave-
land Cabinet of Minerals. Needless to say the boxes and barrels of
specimens were accepted and placed in dry storage for examination
at leisure. What may have appeared dull and uninteresting to those
doing the culling, was often historically valuable. The years in the
shed back of the hardware store resulted in many labels falling off,
rotting or otherwise becoming lost so that tracing back to the original
collection is very difficult, involving much detective work and in-
genuity. However, some of the specimens have been identified and
returned to the collection at the college.

Even after the Cleaveland Cabinet had been rigorously culled it
occupied too much space and finally it was boxed and placed in the
basement of the college chapel, a humid and often wet place where
labels molded, fell oft and rotted. Some specimens were stolen. This
condition existed until 1956.

Bowdoin College had dropped mineralogy and geology from its
curriculum following Professor Meserve's death in 1941 and did not
reinstate the course until 1956 when Professor M. W. Bodine was
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appointed. The intervening fourteen years were particularly hard on
the collections, as almost no interest in the specimens existed. Pro-
fessor Bodine, realizing the historic value of this mass of specimens,
immediately began attempts to salvage it. Because of so many labels
being lost he started a new general catalog, listing specimens by an
assigned number and species name. Some twenty to thirty percent of
the specimens had enough of the original labels to identify them
positively to belong in a definite collection. The others were listed
only by number and species name. The work was not completed when
Professor Bodine went on to another college and Dr. Arthur M. Hussey
Il came to take over the department. Dr. Hussey continued the work
as time permitted, and much labor with ingenuity, as well as detective
work, resulted in some 4500 specimens being tentatively cataloged.
Of these over a hundred specimens were of the James Bowdoin Col-
lection. | have continued the work, as a volunteer curator, and today
there are just over 170 of the James Bowdoin specimens accounted
for. The remainder of the original 599 specimens which included Haily
and Maclure material will probably never be positively identified
because of the loss of their original labels. The Haily crystal models,
on the other hand, have been much easier to properly identify, and
now 254 out of a possible 385 have been located.

The idealized geometric forms that minerals assume when crystal-
lized constitute the bulk of Haily's models. (Originally each model
had a small paper label cemented to it giving a number, name and
crystalline form. Unfortunately, most of these labels have become
illegible or detached and lost. With Haiiy's atlas of crystal model
drawings in volume 5 of his Traité de Mineralogie, it is nevertheless
not difficult to assign to each the number, name and form originally
designated on the labels. Some of the models show the effect of age,
wear and actual abuse. Comners are knocked off and occasionally
fractures of considerable consequence exist.

The whole collection is being recataloged, minerals and crystal
models, using a card index in such a manner that the original catalog
applies, and Haiiy's system of classification is preserved for historical
reasons. Hally had four classes for minerals as follows: Substances
Acidiferes, Substances Terreuses, Substances Combustibles, Sub-
stances Metallique. He used a numbering system for specimens that
ran consecutively through all four classes. A cross reference is being
set up listing mineral and petrology specimens by present-day names
and classification. It is divided into three parts; mineralogy. petrology
and curios. At the time when Haily made up the collection for James
Bowdoin it was common practice to include rocks under the general
heading of minerals and to add a few curiosities and man-made sub-
stances as one's fancy dictated. This is true of the James Bowdoin
collection, which lists under minerals quite a few rocks and curios
such as a calcified bird's nest, an asphalt-saturated piece of linen from
an Egyptian mummy, cast pieces of tin, lead, bismuth, antimony and
chemicals made in the laboratory, such as salammoniac and blue
vitriol. The number of these curiosities is not great, being well under
five percent. One amusing example is specimen No. 249, classed
under “substances metallique.” It is a lump of melted and oxidized
lead, the result of a bolt of lightning striking a lunatic asylum in Paris,
France. The following is a translation of the French under specimen
No. 249 in the original catalog.

Lead melted and oxidized by the fluide electric, coming from
the ball of the dome of the Salpetriere.' when it was thunder-
struck by the thunder. From Paris.

The James Bowdoin Collection is predominantly European with the
exception of a very few New England specimens obtained from Wil-
hham Maclure. Of the 119 Maclure specimens, the most part are

‘Salpetriere = Alms House and Lunatic Asylum.
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Figure 3. A typical page from the original Haily
catalog.

European because he travelled extensively in Europe, collecting from
many famous early localities before settling down to his famous early
geological work in America. The Bowdoin Collection represents a
broad overall coverage including some original localities frem which
minerals received their names and other localities long since exhausted
There are beautiful small crystals of cobaltite from Tunaberg, Sweden,
and splendid crystals of malachite and azunite from the Baron Demidoft
mine, Nizhne Tagilsk, Siberia.

A careful study of the specimens in the Bowdoin Collection should
reveal minerals other than Haily's listing, as it is evident in many
cases that there are associated minerals on specimens named only for
the major constituent. One example is Hally's specimen No. 193 which
he designated as “Cocolithe ou pyroxene, granular.” Examination
reveals it to be clinochlore, grossular and diopside quite defimitely
from Ala Valley, Piemonte, ltaly, although Hally gave no locality

Mineral names have changed since Hailly's ime, and a copy of a
typical page of his catalog (Fig. 3) illustrates this; “disthene ™ is the
old name for kynaite and “grammatite” that for tremolite. The catalog
generally uses the nomenclature of Kirwan and Wemer
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PARKER CLEAVELAND

The first recorded Cleaveland in America was Moses Cleaveland,
who settled in Woburn, Massachusetts, in 1635. Parker Cleaveland
1s descended from him. Parker’'s grandfather was Rev. John Cleave-
land, and his father was Parker Cleaveland, M.D ., a doctor at Byfield,
Massachusetts. Parker Cleaveland, the mineralogist, was therefore
really Parker Cleaveland 1l, although he seems never to have used
the designation. He was born at Byfield, January 15, 1780, during
the worst blizzard of a rugged New England winter. He attended the
usual elementary school of the time and early transferred to Dummer
Academy, 4 km from his home, the distance he walked both ways
each day. At sixteen he entered Harvard and graduated in 1799 with
an A.B. Degree, attaining the highest honors of his class. College
education fitted him for any of three things: the ministry, law or
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Figure 4. Specimens from the Bowdoin Collec-
tion: (left to right) amethyst (7 cm) from Hun-
gary, agate from Russia, and quartz with chlor-
ite from Switzerland (7).

Figure 5. Calcite crystal group (15 cm) from
St. Andreasberg, Harz Mountains, Germany.
Cleaveland Collection.

teaching. Almost no emphasis was placed on natural sciences at this
time, so upon graduation he had absolutely no contact with or knowl-
edge of mineralogy and geology. Parker tried schoolteaching: first at
Haverhill, Massachusetts. and then at York, Maine. At both places
he was highly successful and most popular. While at York, being
undecided between the ministry and law as a profession, he served
as a part-time assistant to Mr. Daniel Sewall, Clerk of Courts, to see
what the law profession was like

When later he returned to Harvard as a wtor, many said they would
rather lose their minister than their schoolteacher. It was November
23, 1803, that he became tutor of mathematics and natural philosophy
at Harvard. As late as 1804 he leaned strongly toward the ministry.

In the spring of 1805 he definitely gave up ideas of the ministry and
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Figure 6. Chalcopyrite with calcite, 11 cm, from the Ecton mines,
Ecton, England (left; Parker Cleaveland collection); siderite crys-
tal group, 5.7 cm, from Cumberland, England (right; Bowdoin
collection).

Figure 7. Cobaltite crystals in glass vial (left) from
Tunaberg, Sweden, a gift to Parker Cleaveland from
Alexandre Brongniart. “ Ytterocite,” probably yttro-
cerite (center) from Fahlun, Sweden, a gift to Parker
Cleaveland from J. J. Berzelius. Clay crystal models
(right) purchased from R. J. Haiiy by James Bowdoin
around 1806.
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law, because Professor John Abbott of the three-year-old Bowdoin
College in Brunswick, Maine, strongly persuaded him to accept the
position of professor of mathematics and natural philosophy at Bow
doin. To reach the town of Brunswick, Maine, required a journey of

some 240 km by stagecoach. He disliked travelling very much, espe

cially by water, and dreaded crossing large bridges, so his trip was a
rather temble expenence, requinng hve days, one of which was the
Sabbath spent at Portsmouth, New Hampshire, for rest religious ob
servance. He was publicly inducted into the position at Bowdoin on
October 23, 1805. There was no mention whatever regarding any
duties required of him to teach or lecture on the subjects of chemistry,
mineralogy or geology. Some writers have said or implied that Parker




Cleaveland was professor or lecturer on these subjects beginning with
his appointment to the faculty in 1805; this is not so. It was not until
the spring of 1808 that he voluntarily started a series of lectures on
chemistry and mineralogy.

During his first year at Bowdoin he built a large house on Federal
Street, a short walk from the college. The next year he married Martha
Bush and became well established in the community. They had eight
children, two eventually graduating from Bowdoin. Not long after his
arrival in Brunswick, there occurred a series of bad fires. Parker
instigated the formation of a volunteer fire company and was made
chief. He was present at all fires day or night for years thereafter,
taking his place at the front line of activity.

Cleaveland's interest in mineralogy was not awakened until two
years after being appointed to the faculty of Bowdoin. He later jokingly
told his classes that when he graduated from Harvard he assumed that
there was only one kind of rock in the world. Later in the fall of 1807
workmen blasting ledges at the falls of the Androscoggin River be-
tween Brunswick and Topsham, Maine, to construct a sluice-way for
lumber, exposed some interesting minerals. They imagined they had
found diamonds, gold and silver, so they hastened to the new professor
at Bowdoin, whom they assumed knew everything. The minerals were
clear quartz crystals, pyrite and molybdenite. Parker Cleaveland was
not quite sure what they were but assured the workmen that they were
not diamonds, gold or silver. Even reading the last chapter in Chaptal’s
Chemistry left him uncertain about the specimens so he packed them
and sent them to Professor Dexter of the chemistry department at
Harvard for confirmation of his tentative identification. A prompt reply
came stating that Cleaveland’s identification was correct and the Pro-
fessor Dexter was forwarding a box of named minerals for study. A
cousin, Nehemiah Cleaveland, was living with Parker at the time and
later said, “I accompanied him on his first visit to the falls and helped
him bring home the first basket of stones he ever collected.” The
basket contained much more than the quartz, pyrite and molybdenite
the workmen had earlier brought to him. He became completely fas-
cinated with what he had found and began an intensive study of
minerals. Books were hard to come by on the subject in America at
that time, however his friend Benjamin Vaughn, M.D., of Hallowell,
Maine, a mineral collector, passed on to him a first edition of Robert
Jameson's System of Mineralogy (1804-1808) and a French copy of
Werner's monograph on the external characteristics of minerals (pub-
lished in 1795). These, with the help of Professor Dexter at Harvard,
made it possible for Cleaveland to rapidly become quite versed on
the subject by the spring of 1808, when voluntarily he started a series
of lectures on mineralogy. The first lectures were held in the college
president’s laundry for lack of other space. So much interest in the
lectures was expressed that by September, 1808, the College Board
voted to increase his salary by $200 for the extra effort. From this
time on, in addition to being professor of mathematics and natural
philosophy, he was listed as lecturer of chemistry and mineralogy.
Later, in 1828, he became full professor of these subjects. Cleaveland
was not quite the first professional lecturer on mineralogy in America;
Benjamin Silliman at Yale had preceded him by four years, starting
his lectures in 1804.

From his first interest in mineralogy he read practically everything
in print on the subject. He made summaries and balanced one theory
or system against another, compiled much data about mineral localities
and gathered the information into manuscript form. In his corre-
spondence with Professor Silliman, he was urged to put this into a
text that could be used in mineralogy classes.

As Cleaveland worked on his manuscript, mineralogy and geology
were becoming more popular subjects of study. Several large and
beautiful collections were being made, such as those of Archibald
Bruce and Col. George Gibbs. There was a great need for a systematic
American treatise on mineralogy and geology, written in English.
Parker Cleaveland was about to produce this; in Novemoer, 1815, he
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advised Professor Silliman that the manuscript was in the hands of
the printer, Hilliard and Metcalf at the University Press, Cambridge,
England, and that it would be published by Cummings and Hilliard
of No. 1, Comhill, Boston, Massachusetts. The book, An Elementary
Treatise on Mineralogy and Geology, was published in 1816. It was
bound in a gray paper cover. Most libraries and private collectors have
full or half bound leather copies which were custom-bound after the
original purchase.

During February, 1817, Professor Silliman advised Cleaveland that
he had his copy stitched over with blank sheets interleaved, for notes,
and was using it regularly in his classes at Yale. In Europe Professor
Clarke, of Cambridge University, used no other with his lectures.
Mineral collectors began to arrange their specimens according to the
new book. At exactly the right time Cleaveland had furnished the
needed work. Earlier or later it might not have met with such a flattering
reception. Its appearance placed him in the front rank of mineralogists
of the world. The book was immediately given notice in terms of high
commendation by literary and scientific journals in America and Eu-
rope. Silliman’s Journal of Science and Arts sums up quite well the
reception of the book: “In our opinion this work does honor to our
country, and will greatly promote the knowledge of mineralogy. be-
sides aiding in the great work of disseminating a taste for science
generally.” So well was it received that soon it was adopted as a text
in many colleges. both in American and Europe.

At the time of the appearance of Cleaveland’s text there were two
principal schools of thought regarding mineral classification. One
maintained the classification should be determined by external char-
acteristics (Werner's system), and the other based insofar as possible
on the chemical composition (Haily's system). Brongmiart had made
an attempt to combine the two, as Cleaveland gives him credit in the
preface of his book. Cleaveland followed Brongniart's lead but ex-
ecuted it in a manner entirelv his own. Cleaveland placed the work
of great European mineralogists as well as his own ideas before the
public in an accessible and attractive form, adding new species and
new localities, all done in simple clear English.

A second edition, enlarged to two volumes, was published in 1822.
Even this was soon exhausted, so great was the demand. The text by
then had become the standard college textbook on the subject in
America and was used in many European colleges and universities.
A third edition was in demand and Cleaveland, although overloaded
with work in connection with the new Maine Medical School, some-
how found time to prepare an extensive manuscript, complete even
to an index. This manuscript gave crystal structure and interfacial
angles for most minerals and used for the first time a numbering
system somewhat like that later introduced by Dana. The species
numbers in this manuscript range from | to 1228. For some reason
it was never published and today it is in the Special Collections Section
of the Bowdoin College Library.

In honor of Cleaveland's remarkable work. H. J. Brooke of London,
England, having determined the angles of a platy variety of albite
feldspar supplied to him, proposed the name of “cleavelandite™ in
1822. This name was accepted and is still in common use today.
Cleaveland’s name was also given to a compartment of Mammoth
Cave in Kentucky. It is reached by a passage through Silliman Avenue,
and contains beautiful forms of gypsum.

Cleaveland rarely found time away from his college duties to visit
his folks at Byfield and do a little prospecting for minerals. For such
a trip he had to hire a chaise from William Alexander of Brunswick,
one of only three in the whole town. After a long journey inland to
avoid ferries and large bridges over the principal rivers along the coast
he armved in Byfield and found time for quite fruitful prospecting.
According to his half brother, Reverand John Cleaveland, related forty
eight years after the event:

| helped him in breaking open several composite rocks in the
street wall opposite our door, that he might get fresh fractures.

The Mineralogical Record, volume |9, Mav-June, |98
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| well remember the forenoon of a warm day in the first week
in June, 1811, when he made his first trip to the “Devil’s Den”
in Newbury. This was a small cavity on the right of the old
road from Dummer Academy to Newburyport, four miles from
the house where the professor was born. It had been visited
once before by a professor from Harvard, and once by some
professor from foreign parts; but it's riches were reserved for
my brother’s eye. He returned to my father's house with one
or two candle boxes filled, and my mother's kitchen was al
once turned into a laboratory, and the floor strewed with frag-
ments of every variety which the den had yielded. Serpentine,
greenstone, pure homblende, simple feldspar, asbestos, quartz
and black tourmaline were a part of the day's spoils. No miser
ever worshipped his money as he did these specimens. Many
of them which | helped him pack up on that day, have long
had a place in French, German and Russian cabinets. (Cleave-
land Papers, Bowdoin College Library).

Parker Cleaveland was somewhat timid by nature in regard to certain
things, such as crossing bridges, as before mentioned. He also con-
sidered stagecoaches a most dangerous means of travel, and when
steam trains appeared he regarded them even more so. Summer thunder
showers with their lightening he feared most of all. If it were at all
possible he would head for home at the approach of a shower, to lie
in the center of a large feather bed well away from the walls of the
room. After lightening rods came into being he had them installed on
his buildings and became more tranquil.

In his college work he was punctual to the extent that year in and
year out he entered the lecture hall at the exact appointed hour, fair
weather or foul, often suffering from some illness. Seven minutes
after the scheduled hour of his lecture, usually two o'clock in the
afternoon, he had the door closed and demanded silence. He instilled
and kept strict discipline in his classes, however his stern features it
up with a glow of enthusiasm, forgetful of himself, as he launched
into his subject and every student became fascinated; listlessness and
inattention were nonexistent. He mixed a little wit and humor with
his discourse, much to the pleasure of the students.

His ability as a lecturer became known beyond the college and
people in nearby towns desired to hear him. One amusing lecture he
gave before the Brunswick, Topsham and Harpswell Temperance So-
ciety, on April 27, 1814, is worth quoting from. In days when preach-
ing “hell-fire and damnation™ was popular he fell in line and gave
them a lunid if somewhat imaginative picture of the dangers of being
an alcoholic. Regarding the consumption of beverages high in alco-
holic content he warned:

. . and the whole body thus gradually becomes impregnated
with an alcoholic substance which is highly combustible. It is
an undoubted truth that in a number of instances the bodies of
intemperate persons, on approaching a lighted candle or some
other burming substance have actually taken fire and been en-
tirely consumed in a very short time. This has been communi-
cated to the Medical Journmal. (Cleaveland Papers Bowdoin

College Library).

In 1818 Cleaveland gave a few public lectures on chemistry and
mineralogy in Hallowell, and Portland, Maine, and in Portsmouth,
New Hampshire. All specimens for his demonstrations during each
lecture had to be transported by ox team. Because of the pressure of
the college work and the time consumed in travelling to the place of
lecture he soon realized that he could not continue lecturing in public.

From the first contact with minerals in the fall of 1807, he started
a private collection which rapidly grew. He cataloged them in nu-
menical order, applying small square paper tags bearing red numbers
on white paper. The name, locality and donor, if any, were written
only in the catalog. No attempt was made to group specimens according
to any system other then numerical. There were specimens donated

The Mincralogical Record, volume |9, Mav-June, |988

by nearly one hundred early collectors both in America and Europe,
some of them outstanding scientists and mineralogists, such as J. J
Berzelius, the Swedish chemist of renown, Alexander Bronginarn of
Pans, France, Col. George Gibbs, of America, and others. The spec
imens accumulated during his life amounted to nearly 3,000 in his
private collection.

Exchange material used by Cleaveland was for the most part col-
lected by him within a radius of about 40 km of the college. Pegmatite
minerals were plentiful and handy, even within walking distance of
the college. Molybdenite was quite abundant at the falls of the An-
drosgoggin River between Brunswick and Topsham, Maine. Fuchsite,
a green mica, was obtained in quantity from a large erratic boulder
sitting high on the river bank, on the Brunswick side. Kyanite occurred
in beautiful blue blades along with staurolite at Dundee Falls in Wind-
ham, Maine, about a day's journey from the college. These three
munerals he traded all over Europe and America, which built up both
his private collection and one for the college.

The college collection was distinguished by the use of small square
paper labels with black numbers on white. When, as often happened,
a fairly large collection of minerals was donated 1o the college, such
as the James Bowdoin collection, he kept the original labels and
catalogs as they were. To this day the James Bowdoin collection has
the small oval, yellow labels bearing black numbers and is accom-
panied by a catalog done in French as supplied by Haily when he sent
the collection from Paris to Bowdoin, then living in Boston, Mas-
sachusetts. Cleaveland was a pioneer in listing the localities of minerals
in his textbook, but often omitted the locality and even donor in the
catalogs he prepared for his private collection and that for the college

He tells of one collecting trip to nearby Bowdoinham, Maine, where
over a bushel of “emeralds™ (beryl crystals) were taken from the soil
at the foot of a large ledge containing more. Some of these he sent
to Professor Silliman at Yale and on June 28, 1811, Silliman wrote
him saying among other things, 1 was especially gratihed with the
emeralds (beryls), feldspar, graphic granite, molybdena, magnetite
crystals, mica and gamets.” (Cleaveland Papers, Bowdoin College
Library). This is typical of his generosity, whenever he found some-
thing of interest in any quantity he passed some of it on to those he
knew would be interested.

Some early American and European collectors made trips to Bruns-
wick to see Cleaveland personally; the following are just a few ex-
amples: William Maclure, Col. George Gibbs, and Charles Cramer.
There is an abundance of correspondence from collectors in Europe
and America, now on file with the Cleaveland Papers in the Special
Collections Section of the Bowdoin College Library. For example,
the following are just a very few of the early correspondents (before
1858), giving the number of their letters on file; Professor Benjamin
Silliman, (20), Charles Cramer, St. Petersberg, Russia (8), Col.
George Gibbs, Newport, Rhode Island (5), Mr. Gilmor, Baltimore,
Maryland (4), Dr. H. H. Hayden, Baltimore, Maryland (2), James
Pierce, New York City (6) and Professor John W. Webster of Harvard
University (41). The number of correspondents is about a hundred.
One interesting letter from Dr. David Hunt, Northampton, Massa-
chusetts, dated August 12, 1812, is quoted as follows; “Our friend
Col. Gibbs and myself at last blasted the interesting tourmaline rock
at Chesterfield, Hampshire County, Massachusetts, and have obtained
the red, green and blue in large quantities. | transmitted 1057 pounds
of the Goshen and Chesterfield rocks to Boston for him.” Hunt con-
cludes by asking Cleaveland if he would like some of the specimens.
As a result of this, a few good specimens from this first significant
working were placed in Cleaveland’s collection.

In 1820 the Medical School of Maine was established at Bowdoin
College, occupying the third floor of Massachusetts Hall on the college
campus. At the same time Cleaveland was appointed professor of
chemistry and materia medica with the additional duties of secretary
to the faculty of the new school, all of which greatly reduced the time
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Figure 8. Parker Cleaveland’s personal book
plate and signature, from his copy of Jameson’s
System of Mineralogy (1816).

he could devote to his beloved minerals. It is rather interesting to note
that he was professor of materia medica in the new school in 1820,
three years before he had an M.D. degree, which was awarded by
Dartmouth College as an honorary degree in 1823,

In the face of all this extra work he never lost interest in minerals,
continuing to teach and write on the subject with great interest. To
within a few weeks of his death on October 1, 1858, he was almost
as active as at any time during his life of 78 years. When, at last, too
weak to walk to his classes, he conceded to be conveyed by chaise.
The day before he died was the only day he ever missed a class. His
obituary in the American Journal of Science was written by Silliman.
During his life he received the following degrees: A.B. from Harvard,
1799; M.A. from Harvard, 1802; Honorary M.D. from Dartmouth,
I1823; and an honorary LLD from Bowdoin, 1824. He was a member
of some sixteen scientific societies including the principal ones in
Europe.

CONCLUSION

With the number of Cleaveland, Bowdoin and Haily specimens
already identified, cataloged and in part displayed in well-lighted
cabinets, plus the material preserved in the Cleaveland Papers in the
Bowdoin College Library which consists of a vast amount of corre-
spondence, manuscripts, sketches, books and other material, this may
be one of the most historically important collections in America.
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EDITOR’S NOTE: _

Parker Cleaveland's personal library remained more or less intact
in the Cleaveland home until the early 1950's. Mrs. Slater Quinn,
Cleaveland’s great-granddaughter, finally liquidated the family an-
tiques, books and papers through some private sales and an auction
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around 1951. Portland book dealer Francis O'Brien attended the auc-
tion and purchased over 1,000 books from Cleaveland’s library, not
to mention hundreds of pounds of correspondence and paperwork of
all sorts. Of course the library contained not only mineralogical works
but also volumes on travel, natural history subjects and religion. At
least a dozen of the more important mineralogical works are now in
the library of Herbert Obodda. The Cleaveland home has been restored
and is today still a great house. (My thanks to Francis O’Brien for
much of the above information.)
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Z.EOLITES AND RELATED MINERALS FROM THE
TABLE MOUNTAIN LAVA FLOWS

near Golden, Colorado

Daniel E. Kile and Peter J. Modreski
U.S. Geological Survey
Denver Federal Center, Box 25046, MS 408
Denver, Colorado 80225

eolites and related minerals have been found in the Table Mountain

lava flows near Golden, Colorado, for more than 100 years; speci-
mens are present in many major museum collections. Fourteen zeolite
species, as well as fluorapophyllite, calcite and other associated min-
erals, are known to occur at this Dana locality. The Table Mountains
are a significant North American occurrence of zeolites, noteworthy
Jor the exquisite beauty and morphological variations of thomsonite.

INTRODUCTION

The excellence and abundance of the zeolites occurring at the Table
Mountain locality have been well documented. However, these de-
posits have received little attention of late because of an absence of
recent comprehensive work relating either to the geology of the locality
or to the descriptive mineralogy of the zeolite species, and because
of the relative unavailability of older literature. This neglect has re-
sultec in some of the more significant minerals being misidentified in
private and museum collections. The geology and mineralogy of this
area are reviewed here with an emphasis on those species occurring
in specimens of significant size and quality.

LOCATION

The Table Mountains are situated immediately east of Golden,
Colorado, which is about 21 kilometers (13 miles) west of Denver
(Fig. 1). Golden has an elevation of approximately 1,729 meters, and
is the home of the Colorado School of Mines. The Table Mountain
locality is actually composed of two mesas, designated as North and
South Table Mountains. These are typical mesas, formed by a resistant
capping-layer of Tertiary lava protecting softer underlying sedimentary
rocks from erosion. The lava was onginally a continuous sheet that
was subsequently divided by Clear Creek to form the two mesas present
today (Fig. 2). The tops of these mesas are relatively flat, with the
lava flows forming prominent vertical cliffs overlying steep-sided
slopes. North Table Mountain, rising 244 to 305 meters above Clear
Creek ., has a maximum elevation of approximately 2,003 meters, while
the maximum elevation for South Table Mountain is 1,927 meters.
The combined area of North and South Table Mountain i1s about 10
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to 12 square kilometers (4 1o 5 square miles).

Ralston dike, located about 3.2 kilometers north of North Table
Mountain, is a body of intrusive monzonite, and probably represents
the vent from which the Table Mountain lava originated (Emmons
and others, 1896, Waldschmmidt, 1939; Van Hom, 1976). This dike
consists of two ndges, separated by a dammed valley occupied by
Long Lake. The western ridge is the most prominent, rising 202 meters
above the surrounding terrain. Green Mountain is situated about 3.2
kilometers south of South Table Mountain and rises about 305 meters
above the surrounding terrain. This mountain is composed primarily
of Tertiary sediments, and is capped by a coarse conglomerate. A
small rock outcrop on a knoll located near the northern flank of Green
Mountain is presumed to be a remnant of a lava sheet that represents
the southernmost limit of the Table Mountain lava flows (Van Tuyl
and others, 1938; Waldschmudt, 1939; Reichert, 1954; Scou, 1972)
The topography immediately west of the Table Mountains is char
acterized by steep hogbacks formed by resistant uptumed Trnassic,
Jurassic and Cretaceous sedimentary rocks; these hogbacks are absent
in the vicinity of Golden due to reverse faulting. West of the hogbacks
are abruptly rising foothills composed of Precambrian schists and
gneisses, and the region east of the Table Mountains 1s part of the
Great Plains physiographic province

The climate in this area 1s semiand and mild, with an annual average
precipitation of about 38 cm (15 inches), most of which falls in Apnl,
May and August. The collecting areas are entirely on private property
and, although access in some areas has been unrestricted, permission
must be obtained when entering fenced or posted areas
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Figure I. Location map of the Table Mountain
locality (adapted from Modreski er al., 1984,
and Trimble and Machette, 1979).

HISTORY

Geologic observations of this region were reported as early as 1869

by the Hayden Survey (Hayden, 1869), and a preliminary review of

the area mineralogy was recorded by Endlich (1878). Cross and Hil-
lebrand (1882a, 1882b, 1885) subsequently provided the first detailed
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Figure 2. North and South Table Mountains,
as viewed toward the northeast from Lookout
Mountain. The city of Golden lies at the western
base of the mesas; buildings at right center are
part of the Colorado School of Mines. All pho-
tographs by the authors unless otherwise noted.

account of the minerals occurring at the Table Mountains, and the
classic monograph on the geology of the Denver Basin in Colorado
by Emmons and others (1896) was published shortly thereafter. This
comprehensive monograph summarized the geology and mineralogy
of the Table Mountain locality known to that time, and has served as
the foundation for subsequent studies of the area. An excellent miner-
alogical study was written by Horace Patton (1900), who at that time
was the curator of the Geology Museum at the Colorado School of
Mines. There has been little comprehensive work published regarding
the minerals of this locality since then, except for brief reviews by
Johnson and Waldschmidt (1925) and Waldschmidt (1939), and a short
article by Ellermeier (1947). Literature published since the early
1900°s concerning the geology and stratigraphy of the area is con-
siderably more prolific, and includes a senes of Colorado School of
Mines publications (Johnson, 1930, 1934; Van Tuyl and others, 1938;
Waldschmidt, 1939; LeRoy, 1946; Reichert, 1954) as well as other
works (Brown, 1943; Van Horn, 1957 and 1976; Ahmad, 1971).
Collecting and mining activity dates back to the nineteenth century,
with the recovery of mineral specimens from the south side of North
Table Mountain having been documented prior to 1882 (Cross and
Hillebrand, 1882a). Much of the material used for later mineralogical
studies was acquired prior to 1900 from various localities on North
Table Mountain by students from the Colorado School of Mines. The
specimens used by Patton (1900) in his study of Table Mountain
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minerals originated from an area located on the east side of North
Table Mountain; other mineral-producing quarries were subsequently

operated during the early to mid-1900’s by the Colorado School of
Mines at sites located on the eastern and western sides of North Table
Mountain. However, most of the early activity here was ol a more
practical nature, with numerous mining companies quarrying the cap-
rock lava that was useful for a wide variety of applications because
of its durability and weather resistance. Quarries, maintained during
the early to mid-1900’s on North and South Table Mountains by the
City of Denver and others, produced paving blocks for street surfacing,
as well as crushed rock for concrete aggregate and railroad ballast

Later operations provided large tonnages for damsite fill and ballast.
The Wunderlich quarry, with a production of 900 to 1,000 tons per
day, was located on South Table Mountain and provided the fill for
Cherry Creek Dam (near southeast Denver) during 1948 and 1949,
while a large quarry and crushing plant located on North Table Moun-
tain, operated by the Indianapolis-based Rogers Company. produced
up to 3,500 tons per day of fill from 1949 1o 1951; this matenal was
used at the Harlan County Dam in Nebraska (Argall, 1949; Reichert,
1954). Many of these quarries used aenal tramways to transport the
rock to crushing plants located at the base of the mesas. Other ap-
plications for this lava included ornamental and monument stone, and
building and landscaping stone. However, many of these uses (such
as paving blocks and building-facing stone) have become outmoded
in the past 20 to 30 years, and thus the quarries are now inactive or
abandoned, providing collectors with productive areas from which to
obtain zeolite minerals.

GEOLOGY

The geologic history of the area is characterized by a series of
regional uplifts followed by successive erosion and sedimentation
cycles. These mountain building episodes produced the Front Range
of the Rocky Mountains west of Golden, which, in this vicinity, is
composed largely of Precambrian schist and gneiss (1.7 10 1.8 b.y.
and older) formerly known as the Idaho Springs Formation. The sed-
imentary rocks derived from these erosion cycles overlie the Precam-
brian formations: the sequence of deposition in the Golden area is
shown in Figure 3. Some of these sedimentary rocks (with gently
southeastward-dipping strata) compose the base of the Table Moun-
tains and form other prominent topographic features in the area. An
intense uplift of the Front Range, known as the Laramide orogeny,
that began at middle Pierre time (in the Cretaceous Period, about 80
m.y. ago) and continued until early Tertiary time (about 40 m.y. ago)
resulted in the eastward tilting and faulting of flat-lying Paleozoic and
Mesozoic rocks. Differential weathering of these upturmed strata
formed the prominent hogbacks located northwest and southeast of
Golden: significant movement along the Golden fault during the late
stages of the Laramide orogeny accounts for the absence of these
hogbacks in the immediate vicinity of Golden. Regional orogenic
acuivity and associated volcanism commencing near the end of the
Cretaceous Period resulted in the extrusion of the Table Mountain
lavas in Tertiary (early Paleocene) time; this sheet of lava covered the
sediments of the Denver Formation that form the base of North and
South Table Mountains (Figs. 4 and 5). During the Quaternary Period
alluvial gravels were deposited on top of the older sedimentary rocks:
these are locally preserved on Green Mountain and elsewhere in the
area.

The Denver Formation is of Late Cretaceous to Tertiary age, and
the Table Mountain lava flows (which are considered to be a separate
formation) occur within the upper part. In the Golden area, the part
of the Denver Formation that originally covered the Table Mountain
lava flows has been removed by erosion. This formation is charac-
terized by poorly consolidated. nearly flat-lying sandstones, clay-
stones, siltstones and conglomerates that are composed primarily of
altered andesitic debris containing locally abundant fossilized leaves
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and twigs. These plant remains, representing about 225 species, are
particularly abundant on the south side of South Table Mountain
(Emmons and others, 1896; Knowlton, 1930). Dinosaur remains (Tri-
ceratops) have been noted from the slopes of South Table Mountain
in the lower (Cretaceous) part of the Denver Formation (Johnson.
1931 Brown, 1943, 1962), and poorly silicified petrified wood., in
stumps as large as 60 cm in diameter, is locally abundant on the lower
slopes of North Table Mountain. Sediments of the Denver Formation
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were derived from eastward-flowing streams carrying volcanic ma-
terial that originated from an area west and northwest of Golden (Van
Horn, 1976). These clastic sediments were deposited as alluvial fans
that spread over the plains east of Golden 60 to 80 million years ago,
during Late Cretaceous and early Paleocene time (LeRoy. 1946; Reich-
ert, 1954; Van Horn, 1976). Although the Denver Formation has been
reported to vary from 213 to 457 meters in thickness in the Denver
area, the thickness remaining in the vicinify of Golden is less than
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Figure 5. Geologic section of the North Table
Mountain area (adapted from Van Horn, 1957).

244 meters (Van Horn, 1976), with an estimated 40 meters having
been eroded from the top of the lava flows (LeRoy, 1946; Reichert,
1954).

Because of the relatively poor exposures of sedimentary rocks in
the area, and an apparent intermingling of Late Cretaceous vertebrates
with Tertiary (Paleocene) flora, an intense controversy has continued
over the past 90 years concerning the exact placement of the Creta-
ceous-Tertiary age boundary, as well as the nomenclature and bound-
aries for the Laramie, Arapahoe and Denver Formations. Recent stu-
dies (Van Hom, 1972, 1976: Scott, 1972) have concluded that the
original distinction between the Denver and Arapahoe Formations, in
which the first appearance of andesitic material defines the base of
the Denver Formation (Emmons and others, 1896), was essentially
correct. as was Brown's (1943) placement of the Cretaceous-Tertiary
boundary at the 1,768 meter elevation near the southeast side of South
Table Mountain. This age boundary was based on paleontological
evidence: recent work by Newman (1979), based on palynological
(pollen) studies, indicated this boundary to be located approximately
14 meters below Brown’s boundary on South Table Mountain. As
projected onto the south side of North Table Mountain, the Cretaceous-
Tertiary boundary would be located approximately 61 meters below
the outcrop of the first lava flow (Tvl), which is at a point about
halfway between this outcrop and the road (Highway 58) at the base
of North Table Mountain (Fig. 6). Based on these age and formational
boundaries, the Table Mountain lavas are considered to have been
extruded in the upper part of the Denver Formation during early
Paleocene time. Scott (1972) recently computed the age of the middle
(second) lava flow, based on a radiometric determination, to be 63 to
64 m.y.

Three distinct flows occur on North Table Mountain, each represent-
ing a successive period of extrusion (Figs. 7 and 8); two form the
protective cap, and one less prominent earlier low (which does not
appear on South Table Mountain) occurs farther down the slopes of
North Table Mountain (Figs. 9 and 10). One investigator (Ahmad,
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1971) suggested that the uppermost capping flow was actually com-
posed of two flows, thereby creating a total of four distinct flows at
the Table Mountains; this conclusion, however, has not been widely
accepted inasmuch as all other authors have defined only three flows.
Cross first named and described this dark gray lava as the “Table
Mountain Basalt” (Emmons and others, 1896). Van Horn (1957, 1972,
1976) subsequently considered it to be a latite, but others (Scott, 1972,
Trimble and Machette, 1979) have more recently classified it as a
shoshonite, which 1s a basaltic rock rich in potassium feldspar. Thus,
these flows are formally known as the Table Mountain Shoshonite
(Scott, 1972). This shoshonite is coarsely crystalline in the lower to
middle portions of the two capping flows, whereas in the more ve-
sicular upper parts of the flows the groundmass is finer grained. The
essential minerals include augite and plagioclase (andesite-labrador-
ite), which compose part of the groundmass and also occur as well
defined 4 to 5-mm phenocrysts, and olivine, which has been mostly
altered to serpentine and is noted as small, irregular, yellow-brown
to green phenocrysts. Small (4 to 8 mm) euhedral black crystals of
augite are particularly evident at an exposure along the road leading
up the west side of North Table Mountain, where they have weathered
out of a poorly consolidated, sandy-textured sediment layer at the
base of the second (Tv2) lava flow. Accessory minerals in the Table
Mountain Shoshonite include minor amounts of either sanidine or
orthoclase (as small, clear, poorly defined grains), apatite (as small
grains or stubby crystals), magnetite (abundant as uniformly distrib-
uted, irregular black grains) and biotite (uncommon, as small anhedral
brown grains). Alteration of the iron-bearing minerals leaves a locally
conspicuous limonite coloring on the rock. Although Johnson (1930,
1934) and Ahmad (1971) postulated that the Table Mountain lava was
extruded from a point located near the northwestern corner of North
Table Mountain, most writers (Emmons and others, 1896; Wald-
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schmidt, 1939; Van Hom, 1976) have suggested an origin at or near
Ralston dike because of the similar petrography and age of these two
occurrences. The age of Ralston dike has been given as 63 =2.5 m.y.
(Scott, 1972). This dike, which intruded the Cretaceous Pierre Shale,
has been classified as a mafic monzonite, and is a dark, coarse-grained
rock showing poor columnar jointing (Van Horn, 1976).

The two capping flows are much more extensive than the first flow,
and overlie most of North and South Table Mountains with a combined
thickness of up to 76 meters. The thickness of these flows is greatest
on North Table Mountain, decreasing to the east and south (presumably
due to thinning as the lava spread southward) until in places at the
southern end of South Table Mountain only about 3 meters of the
flows remain. Waldschmidt (1939) estimated the original extent of
the Table Mountain flows to be up to 16 kilometers in length, measured
from the center of Ralston dike to the north slope of Green Mountain.
Although a jagged and cinder-like surface between the two capping
flows, showing no evident erosion, indicates a short time interval
between their deposition, an exposure of conglomerate that lies in a
small stream channel between these flows (which is located in a roadcut
on the west side of North Table Mountain) suggests that a more
substantial period of time may have elapsed between the emplacement
of the capping flows.

Of the three lava flows, the first (Tvl) is the earliest, and with a
southern limit not much farther than the southernmost edge of North
Table Mountain (Waldschimidt, 1939), it is also the least extensive.
This flow, seen only on North Table Mountain, is exposed sporadically
in at least six places around the perimeter. These small outcrops form
irregular benches about two-thirds of the way up the slopes, and have
a maximum thickness of 15 to |8 meters at a site on the northeast
side of the mesa (Fig. 9). They were apparently deposited as small
“tongues” or lava streams, occupying stream channels or shallow
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Figure 8. South side of North Table Mountain,
with highway 58 at base (refer to Fig. 6). Two
capping flows (Tv2 and Tv3) are distinguishable
at the top, and an abandoned quarry can be
seen in the lowermost capping flow, near the
middle of the photograph. A conspicuous bench
between the two capping flows is visible at the
upper left. Small outcrops of the earliest (Tvl)
lava flow can be seen just above the apex of the
terraces cut into the side of the mesa, which
have exposed the Denver Formation.

Figure 9. Northeast side of North Table Moun-
tain showing a prominent outcrop of the earliest
(Tvl) flow, and the two capping flows (Tv2 and
Tv3), which are distinguishable by a conspic-
uous bench between them.

depressions in the original landscape that now constitutes part of the
Denver Formation. This flow has a structure similar to that of the
capping sheets described below, with a dense, compact central core
and a more vesicular zone at the outer margins. Augite is more abun-
dant here than in the two capping flows; zeolites are practically non-
existent, with calcite typically being the only prominent cavity-filling
mineral observed. This earliest flow (Tvl) occurs 31 to 46 meters
below the base of the second flow (Tv2), and is overlain by sedimentary

rocks of the Denver Formation. indicating that a substantial period of

time elapsed prior to the extrusion of the capping sheets

The second and lowermost capping flow (Tv2) varies in thickness
from 23 to 35 meters on North Table Mountain, and from 12 to 23
meters on South Table Mountain. This was the most extensive of the

three flows, with a remnant being found on the northern slope of

Green Mountain (Emmons and others, 1896; Waldschmidt, 1939).
The base of this flow rests directly on the Denver Formation, with
what appears to have been charred vegetation evident along some
places of the contact. This second flow is particularly well exposed
at the head of the large southeast-facing gully on North Table Moun-
tain, where the uppermost capping flow (Tv3) has eroded back from
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the top of the lower flow. The bottom 30 to 60 centimeters of the

lower flow are characterized by a very porous zone, while the next
20 meters, or middle part of the flow, consists of a more massive and
dense zone that shows prominent cliff-forming columnar jointing (with
column diameters ranging from | to 6 meters) and locally conspicuous
spheroidal weathering. The upper third of the second flow (12 to 15
meters) is highly vesicular and contains numerous oval to elliptical
cavities that are partly or completely filled with zeolite minerals (Fig
11). Areas toward the bottom part of this upper zone (which also
exhibits columnar jointing) contain cavities of modest size, averaging
5 to 8 cm but which can be as much as 31 cm in length, whereas
areas in the uppermost part of this zone (forming the top 8 meters of
the second flow) are much more porous and vesicular, and may contain
much larger cavities. The larger cavities in this portion of the flow
can be quite substantial in linear dimension, being up to 1.8 meters
in length and 90 cm across, but smaller cavities in this zone may have
an overall length of only 2.5 to 5 cm. These larger cavities are
horizontally elongated (possibly in the direction of flow), and generally
are not as symmetrical or oval in shape as are the smaller cavities
located farther down. Shoshonite nearest the contact with the overlying
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(Tv3) flow is scoriaceous, containing small, irregular cavities. The
uppermost vesicular and scoriaceous zone of the second flow is less
weather-resistant and has eroded back to form a conspicuous bench
that serves as a distinct boundary distinguishing this flow from the
one directly above (Figs. 8, 9 and 10). A lighter color is evident in
this upper zone, indicating some degree of alteration.

The third, or last flow (Tv3) is similar in structure to the lower
parts of the second flow, being characterized by prominent cliffs
showing columnar jointing. Approximately 52 meters of this flow
remain on the west side of North Table Mountain, but it is generally
only 15 to 27 meters thick elsewhere, thinning to the southeast and
presently covering only the western two-thirds of South Table Moun-
tain, where it attains a maximum thickness of 15 to I8 meters. A
comparison of the type and distribution of vesicles in the second and
third flows has led some authors to conclude that the third flow may
originally have been as much as 61 meters thick (Emmons and others,
1896). A considerable part of this flow has apparently been eroded,
and the upper and middle-level vesicular zone is now absent. The
cavities present tend to be similar to those in the lower parts of the
second flow, being rather small and containing few minerals. Although
the third flow is not generally noted as a source of mineral specimens,
a small area located in a roadcut on the west side of North Table
Mountain contains euhedral crystals of pale salmon-colored chabazite.
These crystals occur in a brecciated zone at the base of the third flow,
near the contact with the underlying Tv2 flow, where they formed
within angular spaces between fragments of breccia.

MINERALOGY

The minerals from the Table Mountain locality, particularly thom-
sonite, are noteworthy for their beauty as well as for their unique
habits and associations. However, in recent vears a great deal of
confusion has persisted concerning the identity of these minerals.
Much of this i1s the result of a relative unavailability of earlier pub-
lications describing these species, and also to an absence of recent
comprehensive literature relating to the locality.

The descriptive mineralogy that follows is compiled from earlier
Iiterature and from more recent studies by the authors and others
Most of the reported descriptions are based on material collected from
North Table Mountain. Although in most cases the individual species
description and occurrence does not differ significantly between lo-
calities on North and South Table Mountain, minor locality-dependent
vanations have been observed. For example. natrolite is generally
restricted to South Table Mountain, whereas the crystal habits of
chabazite and thomsonite are noted to vary between several localities
on North Table Mountain. Analogous regional variations in zeolite
distnbution have been noted in Iceland (Walker, 1960a), Ireland
(Walker, 1960b), the Faeroe Islands (Betz, 1981), India (Sukheswala
and others, 1974), and Brazil (Murata and others, 1987), while a
regional vanation in the crystal habit of chabazite was noted at a
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Figure 10. Two capping flows (Tv2 and Tv3)
on the south side of North Table Mountain.
Prominent cliffs showing columnar jointing and
the conspicuous bench separating the two cap-
ping flows (caused by erosion of the less resis-
tant vesicular zone of the upper part of the
second flow) are readily distinguishable fea-
tures.

locality in Ireland (Walker, 1951). Such vanations in species distri-
bution and crystal habit are presumably the result of slight differences
in environmental conditions, such as temperature and solution com-
position, during crystallization. Unfortunately, a lack of complete
locality information for many specimens from the Table Mountains
has made a comprehensive evaluation of regional variations at this
locality somewhat uncertain. The relative abundance of the principally
occurring minerals at the Table Mountains can also vary considerably
from one area to another, but in general, thomsonite, analcime, cha-
bazite, mesolite and calcite are relatively common, while fluorapo-
phyllite, levyne, garronite, and cowlesite occur less frequently. and
natrolite, gonnardite and euhedral laumontite and stilbite crystals are
uncommon.

Most of the described minerals occur within amygdaloidal or ve-
sicular cavities in the upper part of the lower capping flow (Tv2), but
several species are found within fractures in the shoshonite. The
minerals within the cavities can be divided into two groups which
appear to be controlled partly by cavity size. The first group of rner-
als, consisting of the dominant species at the Table Mountains. are
found primarily in the medium to larger-size cavities (those greater
than about 2.5 cm), but can be noted in smaller cavities as well. The
second group consists of fewer mineral species: these are relatively
uncommon and mostly restricted to the smaller cavities (generally
those less than 2 c¢cm), and they have few associated minerals. A
comprehensive list of the confirmed minerals in these two groups 1s
presented. in Table 1. Minerals within a given group are seldom as-
sociated with species in the other group. The random distribution of
the various sizes of cavities within a given area of the Tv2 lava flow
does not indicate a complete vertical size segregation; the smallest

Table 1. Alphabetical list of mineral species occurring at the
Table Mountain locality

Analcime

Levyne (¥)
Aragonite Limonite (pseudomorph)
Calcute Mesolite
Chabazite Natrolite

Chlonite [group]| (*) Nontronite (%)
Chrysocolla (7) Offretite (*)
Cowlesite (*) Opal
Fluorapophyllite
Garronite (%)
Gonnardite (*)
Heulandite (*)
Laumontite

Phillipsite (*)
Phlogopite
Smectite [group|
Stilbite

Thomsonite

(*) = species occurs primarily in small cavities

() = species occurs as fracture filling

(¥) = species occurs-in shoshonite as an alteration product of
phenocryvst minerals
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Table 2. Summary of published analytical data

Mineral SiO, AlLLO, Fe O, CaO MgO K.,O Na, O F H,O Reference
Large-cavity minerals

Analcime 55.78 22.64 - 13.13 8.33 2.3
Chabazite 47.52 19.49 — 9.74 0.36 0.52 22.11 2
Fluorapophyilite 51.89 1.54 0.13 24 .51 3.8] 0.59 1.70 16.52 2
“Albine” 67.96 K.48 1.04 5.47 0.53 1.23 .74 14.55 2
Laumontite 51.44 20.96 1.04 11.75 0.33 0.33 14.42 2. 4
Laumontite — stratified layers:

yellow crystals 51.12 20.79 1.56 12.01 0.01 0.29 0.25 14.34 2 4

white crystals 52.07 21.30 ~ 11.24 0.42 0.48 14.58 2
Mesolite 45.88 26.03 8.85 6.92 12.42 2.5
Natrolite 43.66 24 .89 4.87 14.66 8.09 2
Stilbite (euhedral) 54.67 16.78 7.98 |.47 19.16 2
Stilbite (stratified) 55.09 17.60 0.77 8.47 0.12 |.47 16.66 |
Thomsonite-1 39.53 29.15 .34 12.28 0.02 0.22 4.34 13.4] 1. 4
Thomsonite-11 40.77 29 85 11.99 4.6] 12.77 2,
Thomsonite-111 41.40 29.49 - 11.16 5.27 12.72 2.5.6.7

Small-cavity minerals

Cowlesite 43.52 23.74 0.00 10.84 0.04 0.62 NR ~
Levyne 46.76 21.9] - 11.12 0.21 1.34 18.65 2
Garronite (7)¥ 46.97 23.39 — 10.85 1.17 0.79 18.03 2
Scolecite* 46.03 25.28 0.27 12.77 0.13 | .04 14.48 2

* = Designated as scolecite by Cross and Hillebrand (1885); their analysis (no. 20) probably represents cowlesite (see text)
¥ = Described by Cross and Hillebrand (1885) as an unnamed fibrous mineral (analysis no. -22: see text)

NR = not reported

References
1. Cross and Hillebrand, 1882b 5. Patton, 1900
2. Cross and Hillebrand, 1885 6. Hey, 1932
3. Clarke and Steiger, 1900 7. Clarke and Steiger, 1902
4. Henderson and Glass, 1933 8. Wise and Tschernich, 1975

cavities, with their unique set of minerals, can be situated immediately
adjacent 1o large cavities containing a completely different set of
minerals.

A summary of the early analytical data on Table Mountain zeolites
was provided by Clarke (1903) and Waldschmidt (1939). These data
(shown as composite averages where multiple analyses were done).
as well as more recently published analyses, are presented in Table
2: designation of a specific generation was inferred from the original
descriptions provided. Microprobe analyses by the authors are given
in Tables 3 through 7. most analyses in these tables are averages of
three analytical points. Electron microprobe analyses of the zeolite
minerals were made on an ARL-SEMQ microprobe. Decomposition
of these highly water-bearing minerals was minimized by using low
voltage and current operating conditions (10 kV accelerating potential,
5 nanoamp sample current), and analysis of most mineral grains was
made with a beam defocused to a 20 micron diameter spot. Counting
times were 40 seconds on element peaks and 10 seconds on high and
low background positions. As a check on analytical accuracy, most
minerals were analyzed with two independent matrix correction pro-
grams and sets of standards: (1) MAGIC-IV, using as standards albite
(Na. Al, Si). orthoclase (K), diopside (Ca, Mg), spessartine (Mn),
hematite (Fe), SrThO, (Sr, Ti), and BaF, (Ba). and (2) Bence-Albee,
using as standards plagioclase (Na, Ca, Al, Si), orthoclase (K), and
olivine (Mg, Fe). The two methods usually agreed to within = 2%
for major oxide components; Tables 3 through 7 include analyses
obtained by both methods.

A detailed review of the structure, chemistry and historical back-
ground of the zeolite species described here is provided by Gottardi
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and Galli (1985). Although the formulae shown following the species
designations were taken from Fleischer (1987), the atomic proportions
for some of the minerals in Tables 3 through 7 were calculated based
on the ideal formulae given by Gottardi and Galli (1985). This was
done for garronite, phillipsite and offretite to permit a direct com
parison of the composition of related minerals; in the case of stulbite
the analytical data more closely matched the ideal formula given by
Gottardi and Galli (1985).

Many of the minerals described below crystallize in more than one
generation of growth. This is particularly noted for analcime, thom-
sonite and calcite, each of which show four generations of deposition
The physical descriptions given below are based on distinctive mor-
phological characteristics of a given generation; these generations are
shown in Tables 8 and 9. A complete discussion of these tables is
provided in the Paragenesis section.

Confirmed Mineral Species

Analcime NaAlSi,OH.,O

Endlich (1878) reported leucite from the Table Mountains, but this
was later determined to be an erroneous identification of analcime
Cross and Hillebrand ( 1 882a) first described analcime from this locality
and provided analytical data; Clarke and Steiger (1900) gave additional
analytical data, and Clarke (1903) subsequently compiled the analyses
known to that point. Analcime is one of the more abundant minerals
occurring here, with fine examples commonly noted. This species can
occur as large, euhedral crystals in the larger cavities, or as minute,
transparent microcrystals, | to 2 mm in size, lining the walls of small
(less than 1 cm) cavities, where they are typically the only mineral
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Table 3. Electron microprobe analyses of Table Mountain zeolites

Analcime

(third generation) Chabazite Cowlesite Garronite (#1) Garronite (#2) Gonnardite
Na.O 12.81 0.24 .66 0.43 .81 6.39
K.O 0.02 0.19 0.11 0.30 0.63 0.00
MgO 0.00 0.00 0.09 0.02 0.00 0.00
CaO 0.04 10.24 13.21 12.66 10.94 8.51
SrO 0.00 0.66 0.00 0.00 0.00 0.00
BaO 0.14 0.09 0.00 0.01 0.00 0.00
MnO 0.00 0.00 0.00 0.00 0.00 0.00
FeO 0.01 0.01 0.02 0.05 0.08 0.05
AlO, 21.64 20.94 23.86 22.10 23.27 26.33
Si0, 53.28 51.59 42.46 46.53 45.57 42.94
TiO, 0.00 0.02 0.02 0.04 0.02 0.00
Total 87.94 83.98 80.43 82.14 8£1.32 84.22
H.O (c) 12.06 16.02 19.57 |7.86 | 8.68 15.78
H.O (theor) 8.18 21.34 24.22 18.41 18.41 15.60
Cation Proportions per Formula Unit:
Na 0.947 0.073 0.090 0.183 0.346 1.677
K 0.001] 0.038 0.010 0.084 0.177
Mg - - 0.009 0.006
Ca 0.002 1.733 0.996 2.802 2.582 1.234
Sr — 0.060
Ba 0.002 0.006 0.001
Mn — —
Fe 0.001 0.00] 0.009 0.015 0.006
Al 0.947 3.897 1.978 5.724 6.041 4.200
Si 2.032 8.147 2.987 10.225 10.037 5.811
Ti — 0.002 0.001] 0.006 0.003 -
" 6.000 24.000 10.000 32.000 32.000 20.000
2.. = number of oxygen atoms in assumed stoichiometric formula

Note: Data in weight-percent oxides. Total Fe expressed as FeO. Total
content, calculated by difference of analytical total from 100%: H.O (theor)

the mineral species.

present. The crystals have sharp trapezohedral faces that often have
a glassy luster, and when unweathered they can be quite transparent
(Figs. 12, 13 and 14). Analcime varies from milk-white in the larger
crystals to transparent in the smaller crystals. Analcime crystals at
this locality can range up to 5 ¢cm in size, but they seldom exceed
2.5 cm. Large plates of intergrown analcime crystals up to 36 ¢cm
across have been documented by Reese (1936).

Crystallization of this species within the larger cavities occurred in
four generations of growth. The first two generations appear to have
commenced earlier than was previously reported. First-generation
crystals are rarely noted as minute (less than 1| mm) orange-colored
trapezohedrons associated with the stratified layers of laumontite and
stilbite, discussed below. The second-generation crystals are typically
quite small (less than 2 mm) and are noted as thin layers of intergrown
crystals lining cavity walls; they are usually overgrown by second-
generation thomsonite. The most prominent deposition of analcime
occurred in the third generation; these crystals become progressively
larger, and can occur either as intergrown crystals lining cavity walls
or as individual crystals isolated on other minerals, such as thomsonite
or smaller analcime crystals. Although the apparently continuous for-
mation of this generation throughout most of the second and third
generations of thomsonite (discussed below) indicates a prolonged
period of crystallization, growth seems to have temporarily diminished
during the deposition of thomsonite. A fourth generation within the
larger cavities is represented by nearly perfect microcrystals (approx-
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total of metal oxide components. H.O (¢) = estimated H.O

= theoretical H.O content. based on the ideal formula of

Figure 11. In-place cavities in the upper part
of the lowermost capping flow (Tv2); prominent
cavity on left is approximately 8 cm across and
contains third (Illa) generation thomsonite.
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Tcble 4. Electron microprobe analyses of Table Mountain zeolites

Heulandite Laumontite Levyne (#1) Levyne (#2)* Levyne (#3)1 Mesolite
- Na.,O 0.27 0.19 | .90 (.59 .43 4 OR
K.O 1.72 0.53 0.18 0.10 0.10 0.03
MgO 0.39 0.04 0.00 0.01 0.00 0.00
CaO 4.60 12.25 8.17 10.32 10.68 R.76
SrO 0.53 0.03 0.00 0.01 0.14 0.04
BaO 0.63 0.01 0.00 0.00 014 0 06
MnO 0.00 0.00 0.00 0.00 0.01 0 00
FeO 0.04 0.60 0.00 0.00 0.00 0.04
AlO. 14.64 21.33 19.49 22.38 20.45 24.69
510 57.53 51.63 45.01 47.56 48.59 42.64
TiO 0.03 0.14 0.02 0.00 0 .00 0 00
Total B0 .38 86.75 74.77 80.97 80.54 8118
H.O (¢) 19.62 13.25 25.23 19.03 19.46 18.82
H.O (theor) 15.71 15.32 21.30 21.30 21.30 12.37

Cation Proportions per Formula Unit

Na 0.125 0.028 098] ().281 0.206 2.023%

K 0.526 0.052 0.061 0.031] 0.012 0.008

Mg 0.139 0.005 0.004

Ca 1.181] 1.013 2.331 2.719 2. 832 | . 966

Sr 0.074 0.001 0.00] 0.020 0.005

Ba 0.059 0.014

Mn - - 0.002

Fe 0.008 0.039 0.019 0.007

Al 4.422 1.94] 6.116 6.486 5.964 6.095

Si 13.785 3.987 11.983 11.695 12.024 8.932

Ti 0.005 0.008 0.004

. 36.000 12.000 36.000 16.000 6000 30 .000
. 2. = number of oxygen atoms in assumed stoichiometric formula

Note: Data in weight-percent oxides. Total Fe expressed as FeO. Total = total of metal oxide components. H,O (¢) = estimated H.O

content, calculated by difference of analytical total from 100%: H.O (theor) = theoretical H.O content, based on the ideal formula of
the mineral species.

coarse-bladed, euhedra. crystals

= thin “boxwork-like™ plates with offretite

imately | mm in size), which are often found as “foater crystals
(showing no point of attachment) within aggregates of delicate mesolite
fibers, or situated on earlier-formed generations of minerals (Figs. 15
and 16)

Aragonite CaCO

Aragonite was first reported from the Table Mountain locality by
Endlich (1878), and later described by Cross and Hillebrand (1882b);
the authors have confirmed this species by X-ray diffraction (XRD)
This is a late-stage secondary mineral that is observed as a thin bo
tryoidal crust which resembles a caliche-type deposit with little visible
crystal structure; optical and XRD examination shows that most ar
agonite is also intergrown with opal and calcite. Aragonite can be
either white or stained orange to yellow by iron minerals. A white
fluorescence under shortwave ultraviolet light 1s a distinctive char
actenistic of this mineral

Calcite CaCoO,

Figure 12. Analcime trapezohedron with sec- Endlich (1878) first noted calcite from the Table Mountains, and
ond and third (IIlb) generation thomsonite. Cross and Hillebrand (1882b) subsequently provided a detailed de
Analcime is 2 cm across; overall length of the scription. Calcite is found as well formed crystals within the larger
specimen is 6.5 cm. All specimens shown are cavities at this locality, often in attractive associations with other
from the south side of North Table Mountain minerals. Four periods of deposition are noted. The earliest generation
and are in the authors’ collections unless other- is characterized by small (less than 1.3 cm) orange-yellow scaleno
wise noted. hedral crystals that have terminations modified by the rhombohedron
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Table 5. Electron microprobe analyses of

Table Mountain zeolites

Stilbite
Natrolite Offretite Phillipsite (second generation)
Na.O 15.27 0.19 (.54 0 70
K.O 0.00 2.11 4.32 0.20
MgO 0.01 0.23 0.00 0.00
Cal) 0.02 5.4 8.10 8.16
SrO 0.0] 0.05 0.00 0.00
BaO 0.00 0.00 0.26 0.05
MnO 0.0] 0.02 0.06 0.00 V
FeO 0.00 0.07 0.00 0.04
AlLLO, 26.60 19.38 21.82 17.09
s 45.36 2150 'ﬁ'hl_ 38.76 Figure I4. Analcime crystal drawing showing
o e 0.0 0.5 0.0 trapezohedron form present at the Table Moun-
Total 87.28 82.43 80.96 85.00 tains (from Goldschmidt, 1913).
H.O (¢) 12.72 | 7.57 19.04 15.00
H.O (theor) 9 48 |8.28 16.19 17.62
Cation Proportions per Formula Unit
Na 1.940) (.0%9 0.235 0.621]
K 0.650 1.239 0.117
Mg 0.001 (.083
Ca 0.001] 2.183 1.95] 4.001
ST 0.007
Ba 0.023 0.009
Mn 0.001 0.004 0.011
Fe 0.014 0.015
Al 2.054 5.513 5.780 9.217
Si 2.973 12.528 10.296 26.890
Ti 0.007 0.008
- 4 10.000  36.000 32.000 72.000
2 . = number of oxygen atoms in assumed stoichiometric formula

Notes: (1) Data in weight-percent oxides. Total Fe expressed as FeO
Total = total of metal oxide components. H.O (¢) =
estimated H,O content, calculated by difference of
analytical total from 100%; H.O (theor) = theoretical H.O
content. based on the ideal formula of the mineral species

(2) K,O data for offretite is lower than expected: it is probable
that the matenal analyzed was a mixture of offretite

intergrown with levyne.

Figure 13. Amygdaloidal cavity showing anal-
cime (white trapezohedrons), second-genera-
tion thomsonite (isolated hemisphere), and cal-
cite. Calcite is seen here as a pale vellow,
second-generation scalenohedron and as
orange, first-generation crystals located on sev-
eral areas of the cavity wall and covered by
later-formed minerals; cavity is approximately
6 cm across.,
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Figure 15. Fourth-generation microcrystal of
analcime on third-generation calcite and thom-
sonite. Overall specimen length is 6 mm.
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Table 6. Electron microprobe analyses of Table Mountain zeolites

Large-cavity thomsonite

fourth

first generation third generation generation

second generation

#1 #2
#1* #2%* §Ie #47 base tip hase tip i+ i Ila b b "

Na.O 4.15 3.73 3.46 3.95 1,91 5.12 4.23 5.18 5.35 4.65 5.18 §.27 5§ 53 § 1
K.O 0.03 0.03 0.23 0.07 0.02 0.00 0.00 0.01 0.0] 0.00 0.00 0.02 0.00 003
MgO 0.67 0.43 0.38 0.01 0.00 0.02 0.01 0.00 0.00 0.00 0.00 0.0] 0.00 0.02
CaO 10.82 12.54 11.9] 11.80 12.01 10.77 12.03 10.85 10,30 11.49 10.89 10.16 11.18 10.64
Sr0) 0.20 (.00 0.11 0.14 0.08 0.18 0.10 0.11 0.06 0.05 0.08 0.29 0.21 0.16
BaO 0.06 0.07 0.04 0.00 (.00 0.22 0.00 0.01 0.00 (.01 0.00 0. 18 0.00 .06
MnO 0.06 0.11 0.02 0.03 0.00 0.11 0.00 0.02 0.0] 0.08 0.00 0.00 (.00 0.00
FeO .06 0.31 .15 .50 0.09 0.00 0.09 0.00 0.05 0.00 0.00 0.02 0.01 0.04

S10, 37.55 39.38 37.68 38.19 18.26 40.36 18.51 19 96 19 .08 40 .62 40 83 1914 18.35 4].64

-

o 0.00 0.03 0.11 0.00 0.02 0.00 (.00 0.00 .03 0.12 0.04 0.01 (.00 0 00

-

AlLO. 28.77 27.66 27.65 28.68 20 46 29 55 29 B6 29 .65 28.00 9 79 30.17 8. 14 R 14 9 R0

Total 83.37 84.32 82.74 83.37 83.85 86.33 84 .83 85.79 82.89 86.81 87.19 83.24 831.42 87.70

H.O

(C) 16.63 15.68 17.26 16.63 16.15 13.67 15.17 14.21] 17.11 13.19 12.8] 16.76 16.58 12.30
H.O

(theor) 13.40 13.40 13.40 13.40 1 3.40 13.40 13.40 | 3.40 13.40 |3.40 13.40 13.40 13.40 13.40
Cation Proportions per Formula Unit:

Na 1.134 0.992 0.943 1.063 1.042 1.326 1.116 1.347 | .440 1.193 1.323 1.416 | .490 | .348
K 0.005 (.005 0.041 0.012 0.004 - 0.002 0.002 0.004 0.005
Mg 0.141 (0.088 0.080 0.002 0.004 0.002 0.002 0.004
Ca 1.633 1.842 1.793 1.754 1.770 1.54] 1.754 1.560 1.532 1.630 1.537 | .S508 1.665 1.493
Sr 0.016 —_ 0.009 0.011 0.006 0.014 0.008 0.009 0.005 0.004 0.006 0.023 0.017 0.012
Ba 0.003 0.004 0.002 0.012 0.001 0.001 0.010 0.003
Mn 0.007 0.013 0.002 0.004 — 0.012 0.002 0.001 (0.009

Fe 0.125 0.035 0.135 0.058 0.010 - 0.010 0.006 0.002 0.001 0.004
Al 4.591 4.475 4.580 4.690 4.755 4.650 4.790 4.688 4 582 4.647 4 684 4.596 4.609 4.600
Si 5.309 5.400 5.296 5.299 5.261 5.389 5.241 5.36] 5.426 5.377 5.379 5.424 5.330 5.454
T ~ 0.003 0.012 — 0.002 : 0.003 0.012 0.004 0.001]

> . 20000 200000 20,000 20000 20000 20000 20000 200000 20000 20000 20000 20000 20,000y 0 20.006)
2. = number of oxygen atoms in assumed stoichiometric formula

Note: Data in weight-percent oxides. Total Fe expressed as FeO. Total = total of metal oxide components. H,O (¢) = estimated H,O

content, calculated by difference of analytical total from 100%; H.O (theor) = theoretical H,O content, based on the ideal formula of
the mineral species.
* = boxwork-like layers

** = brown spherules
= tan microspherules within stratified layers of laumontite and stilbite
¥+ = small group of radiating “pincushion™ crystals

T = base of large (2 cm diameter) radiating third-generation hemisphere

[ NN

These crystals precede the second generation of thomsonite, and are
almost invariably covered by succeeding generations of minerals (Fig.
13). Although the authors have not observed this form of calcite to
be associated with chabazite, such an association was previously re-
ported by Cross and Hillebrand (1882b, 1885). Second-generation
calcite represents the major deposition of the species; crystals typically
form sharp scalenohedrons, and can be either pale yellow or colorless
(Figs. 17, 18 and 19). Terminated crystals have been observed up to
6 cm in length, but they seldom exceed 4 centimeters. Inclusions
which impart a brown color to the crystals are occasionally noted.
These inclusions are composed of a manganese oxide, and have a
botryoidal form that is evident under scanning electron microscopy
(SEM); the mineral species has not as yet been determined. Second-
generation calcite succeeds the third generation of analcime and is
contemporary with late third-generation thomsonite. Later-formed,
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third-generation transparent microcrystals of calcite have also been
noted: these crystals were deposited concurrently with mesolite and
the last generations of chabazite, analcime, fluorapophyllite and thom-
sonite. A final, fourth-generation deposition (confirmed by XRD) 1s
noted as thin layers coating earlier-formed minerals such as chabazite:
this generation may be concurrent with aragonite, and has a distinct
bluish fluorescence

Fluorescence of calcite from this locality (which is strongest under
shortwave ultraviolet light) is related to the content of MnO. Micro-
probe analysis shows 0.05 weight % MnO in first-generation caicite,
which exhibits a patchy white fluorescence, while second-generation
calcite, containing 0.21 100.41 weight % MnO, has a weak to moderate
red fluorescence. Fourth-generation calcite intergrown with aragonite
and opal contains 0.00 weight % MnO, and up to 6.38 weight %

).27

MgO (first and second-generation calcite contains 0.00 and (
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Table 7. Electron microprobe analyses of
Table Mountain zeolites

Small-cavity thomsonite

early generation late generation

#1 #2 #3 #1 #2

Na.O 4.39 4.36 4.40 5.36 4.84
K.O 0.02 0.01 0.01 0.07 0.01
MgO 0.0} 0.02 0.00 0.01 0.01
CaO 13.27 13.07 11.99 10.38 11.01
Sr0O 0.07 0.11 0.14 0.05 0.10
Ba(Q) 0.06 0.01] 0.05 0.00 0.00
MnO 0.03 0.04 0.01 0.03 0.01
FeO 0.04 0.03 0.00 0.00 0.00
AlO, 28.24 28.86 28.53 28.55 20 .48
Si10 39.60 40.10 318.25 40.32 40.36
o 0.00 0.00 0.02 0.00 0.03
Total 85.73 86.61 £3.40 84.77 85.85
H.O (¢) 14.27 13.39 16.60) 15.23 14.15
H.O (theor) 13.40 13.40 13.40 13.40 13.40

Figure 17. Translucent, second-generation cal-

Cation Proportions per Formula Unit: cite scalenohedrons, up to 3 cm in length, on

Na 1.152 1.130 1.183 1.404 1.256 analcime.
K 0.004 0.002 0.002 0.012 0.002
Mg 0.002 0.004 0.002 0.002
Ca 1.925 1.872 1.782 |.502 |.578
Sr 0.006 0.008 0.0]1] 0.004 0.0
Ba 0.003 0001 0.003

Mn 0.003 0.005 0.001 0.003 0.001
ke 0.004 0.003

Al 4.505 4.547 4.664 4.594 4.649
Si 5.360 5.360 5.305 5.445 5.400
T - - 0.002 —~ 0.003
. 20.000 20.000 20.000 20.000 20.000
- e — - i

=, = number of oxygen atoms in assumed stoichiometric formula
Note: Data in weight-percent oxides. Total Fe expressed as FeO.
Total = total of metal oxide components. H.O (¢) =
estimated H,O content, calculated by difference of analytical
total from 100%; H.O (theor) = theoretical H.O content,
based on the ideal formula of the mineral species.

Figure 18. In-place amygdaloidal cavity with
sharp scalenohedral second-generation calcite
on analcime; cavity size approximately 6 cm.

weight % MgO, respectively). Euhedral second-generation crystals
also display a pronounced phosphorescence. Seaman (1936) described
a yellow-green to yellow fluorescence from “brown” calcite from
North Table Mountain, and observed no fluorescence from the color-
less calcite

Chabazite CaAlSi,0,,6H.O

Chabazite was first documented from the Table Mountain locality
by Endlich (1878). Cross and Hillebrand subsequently provided a
description (1882a) and an analysis (1885), and Gude and Sheppard
(1966) more recently gave X-ray powder diffraction and optical data
This mineral is most commonly found within the larger cavities, where

Figure 16. SEM photograph showing the con- it is generally the first zeolite species that formed euhedral crystals;
temporary deposition of fourth-generation it is also noted within small cavities as microcrystals lining the cavity
analcime, fourth-generation thomsonite, and walls. Crystals occurring in the large cavities are usually less than 6
mesolite. Scale: 780X. mm on edge. but they can range up to 12 mm. Although chabazite
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Figure 19. Calcite crystal drawings showing
scalenohedral forms present at the Table Moun-
tain locality (from Goldschmidt, 1913).

Figure 20. Rhombohedral chabazite, associated
with third (IIIb) generation thomsonite. Chab-
azite crystals are gray in color and range in
size to 8 mm on edge.

at this locality typically occurs in well defined simple rhombohedral
crystals or as penetrating twins (Figs. 20, 21 and 22), more complex
forms have been noted from a locality on the east side of North Table
Mountain (Patton, 1900), and recently from an area on the south side
of North Table Mountain, where the crystals exhibit modified corners
(Fig. 22). A later (second) generation of transparent microcrystals is
evident in some cavities. Chabazite typically has a gray to white color,

but it also occurs with a tan to pink coloration in an exposure of

brecciated lava at the base of the uppermost capping flow (Tv3) located
along a roadcut on the west side of North Table Mountain. Crystals
from this last locality have been found up to 9 mm in size.

Chlorite

A mineral presumed to be in the chlorite group is noted as a gray
to greenish gray coating which lines vesicle walls, and sometimes
forms a thin coating on phlogopite or other early-formed minerals
(Fig. 23). Analysis by SEM shows it to be an Fe-Mg-Ca-K-Al-silicate;
the exact identity of the species within the chlorite group has not been
determined.

I Mimneralogwal Record, volume 19 Mav-June, 985

Figure 21. Transparent microcrystals of chab-
azite surrounding an acicular limonite nucleus,
within a cavity containing thomsonite; cavity
size approximately 5.5 mm.

Figure 22. Chabazite crystal drawings showing
rhombohedral forms present at the Table
Mountains (from Goldschmidt, 1913).

Figure 23. SEM photograph showing a layer
of a chlorite group mineral on phlogopite.
Scale: 178X.
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Chrysocolla (Cu,Al).H.Si.0,(0OH),nH.O

Chrysocolla, noted earlier by Robert Cobban (personal communi-
cation, 1986) and also represented by a Colorado School of Mines
specimen that was collected in the late 1940’s (no. TM 9500), appears
as thin bluish green layers coating fracture surfaces in shoshonite
(Tv3) at the southern end of a large quarry which is located on the
southwest side of North Table Mountain. The authors have confirmed
this species by SEM.

Figure 24. Cowlesite, in typical cream-white
spherules (largest spherule approximately 2
mm in diameter) within a small vesicle.

Cowlesite CaAl.$1,0,,5-6H.0

This mineral was probably misidentified as scolecite by Cross and
Hillebrand (1885); their analysis XX was interpreted by them to be
scolecite, but the data nearly fit cowlesite, which was not known as
a mineral species at that time (the compositions of these two minerals
differ only in their water content). Specimens matching Cross and
Hillebrand's original description of scolecite (1885) have been con-
firmed by the authors (using XRD) as cowlesite: additionally, *sco-
lecite” specimens in the U.S. National Museum (USNM) that were
collected by Whitman Cross were identified, by XRD, as cowlesite
by Pete J. Dunn (personal communication, Paul W. Pohwat, USNM,
1987).

This species was first identified as cowlesite from the Table Moun-
tain locality by Wise and Tschernich (1975), who described it as
minute, white, lath-shaped crystals (to 1.5 mm) occurring in small
rosettes with an appearance similar to thomsonite:; analytical and opti-
cal data were also given by these authors. Cowlesite more typically
occurs here either as small (0.5 to | mm) intergrown spherules with
a white-to-gray satin luster (Fig. 24), or as slightly larger (2 to 3 mm)
spherules that have a pale vellow color and a radiating fibrous habit
with a vitreous luster. These two habits can be found within the same
cavity, and may in fact indicate two generations for this mineral. The
spherules occasionally have a green spot in the center, which may be
chlorite. Cowlesite also commonly occurs as radiating fibers that
completely fill minute (less than 8 mm) cavities. This mineral is
generally restricted to small cavities that are less than 2 cm in diameter:
although 1t is usually the only species within the cavity, it has been
observed associated with biotite, levyne and the early generation of
small-cavity thomsonite, as well as either gonnardite or garronite
Cowlesite can closely resemble small thomsonite spherules, but its
much lower hardness (about 2, compared to 5 for thomsonite) can be
used to distinguish it

Fluorapophyllite KCa,Si,0.(F.OH)8H.O
This species (which 1s not a zeolite) was first described from the
Table Mountain locality as apophyllite by Cross and Hillebrand
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Figure 25. White fluorapophyllite crystals
showing prominent first-order prism and sec-
ond-order pyramid faces, associated with third
(IIIb) generation thomsonite; specimen is 3 cm
ACTOSS.

Figure 26. White prismatic fluorapophyllite
crystals associated with second and third (IIlb)
generation thomsonite; specimen is 10 cm in
length.

Figure 27. Prismatic, white fluorapophyllite
crystal associated with trapezohedral analcime:
specimen size is 4.7 cm across.
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Figure 28. Apophyllite crystal drawing showing
the characteristic first-order prism and second-
order pyramid form present at the Table Moun-
tain locality (from Goldschmidt, 1913).

(1882b, 1885). who included analytical data with their description.
The reported content of fluorine in their analysis, however, (1.7% by
weight, which equals 0.80 F atoms per formula umit), warrants a
species designation of fluorapophyllite. This mineral, which is one of
the less common species at the Table Mountains, appears to have
crystallized in three generations. The earliest (first generation) dep-
osition occurs as anhedral interstitial grains within the yellow-orange
honizontally stratified laumontite and stilbite layers (described below)
that are found in some cavities located in the upper part of the lower
(Tv2) capping flow. Second-generation fluorapophyllite represents the
most prominent crystallization of this species; crystals typically occur
in the large cavities as first-order prisms that are terminated with
steeply inclined, multiple second-order pyramids (Figs. 25 through
28). The larger crystals are opaque and snow-white, and rarely exceed
19 mm in length. Smaller crystals are more prismatic and translucent;
they are occasionally pale green and are seldom longer than 6 mm.
Because of the extreme brittleness and perfect basal cleavage of this
mineral, the recovery of intact specimens on matnx is difficult, and
good examples are scarce. Second-generation fluorapophyllite pre-
cedes the third generation of analcime, and appears to have started
crystallizing as early as the later stages of second-generation thom-
sonite. The final (third generation) deposition of fluorapophyllite is
characterized by transparent microcrystals that are often found on
terminations of earlier-generation crystals, or associated with mesolite.

A pearly white, finely foliated alteration product of fluorapophyllite.
appearing in fissures parallel to the basal cleavage plane of that mineral,
was analyzed and described by Cross and Hillebrand (1882b, 1885),
who noted a resemblance to a material previously designated as “al-
bine.” Although they determined it to be an alteration product rich
in silica and alumina, and depleted in fluorine, alkalies and calcium,
they concluded that the altered material was not albine. A recent
petrographic examination of several specimens of snow-white fluor-
apophyllite indicated only the presence of fluorapophyllite containing
numerous inclusions of unknown composition; XRD patterns of these
specimens show only apophyllite. More work will be required to
clearly establish the identity of the alteration product described by
Cross and Hillebrand, as well as to characterize the inclusions within
the fluorapophyllite.

(Garronite Na,Ca,Al,.S1,0..2TH,O

Garronite was reported to occur at the Table Mountains by Wise
and Tschernich (1975), who based their dentification on external
morphology (William Wise, personal communication, 1987). Gar-
ronite at this locality has been confirmed by the authors by XRD and
microprobe. This species may actually have been described. but not
identified, by Cross and Hillebrand (1885), who noted “a fibrous
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Figure 29. Garronite, at the bottom of an amyg-
daloidal cavity, showing characteristic concen-
tric fractures; it is overgrown by subhedral
chabazite. Specimen is approximately 4 cm
high.

mineral, dull white in color and never showing any crystal faces

. associated with the levynite i some cavities or appearing in-
dependently in adjoining ones.” Their analysis (no. XXII) of this
mineral i1s very close to our analysis of garronite in composition and
atomic proportions, and their description suggests garronite. Garronite
1s typically an inconspicuous white mineral that occurs only in the
smaller cavities (generally those less than 2 cm), often completely
filling them with solidly intergrown and compact radiating fibers (Fig
29). Although this species can closely resemble thomsonite, it can be
distinguished by concentric fractures that are perpendicular to the
fibers; these distinctive fractures and an absence of the satin luster
that is typical of thomsonite differentiates these two minerals. Gar-
ronite 1s apparently an early-formed mineral in the small cavites;
although it is seldom associated with other species, it has been noted
to form concurrently with the early generation of small-cavity thom-
sonite, and to precede chabazite, analcime and the later generation of
small-cavity thomsonite. X-ray diffraction shows that much of the
Table Mountain garronite is intergrown with phillipsite (described
below), which is apparently an alteration product. It 1s difficult to
visually determine the degree of intergrowth of the two minerals but,
in general, pure garronite is somewhat transparent, whereas garronite
altered to phillipsite has more of a white, chalky and porcelaneous
appearance, and its fiibrous character 1s less evident

Gonnardite Na.CaAl S0, TH.O

Gonnardite was identified from the Table Mountain locality by XRD
(Robert R. Cobban, personal communication, 1986) and confirmed
by XRD and microprobe analyses by the authors. This is an incon-
spicuous white mineral that occurs only in small (less than 2 cm)
cavities, filling them completely with compact radiating fibers. Gon-
nardite typically has a silky, bluish white. almost opalescent luster,
and it may exhibit a faint concentric banding. It resembiles garronite,
but lacks the pronounced concentric fracturing of that species. Gon-
nardite is quite uncommon in the small cavities. Although seldom
associated with other minerals, it has been observed to occur with
cowlesite, and with both the early and late generation of small-cavity
thomsonite (Robert R. Cobban, personal communication, 1986)

Heulandite (Na,Ca),_,Al(AlSi),S51,,0.,12H,0

Heulandite was reported by Pearl (1972) as being present at the
Table Mountains, but it has not been confirmed from either North or
South Table Mountain. The authors have recently confirmed heulandite
(by XRD and microprobe analyses) in cobbles of vesicular lava found
below the outcrop of Table Mountain Shoshonite that 1s located on a
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small knoll on the northeast side of Green Mountain; there is some
doubt, however, as to whether or not these cobbles are part of the
Table Mountain lava flows. Heulandite at this locality occurs within
small cavities as transparent | to 2 mm crystals, and has not been
observed associated with other minerals. Microprobe analysis (Table
4) shows that the heulandite plots within the field of “heulandite type
1,” as defined by Alietti (1972), distinguishing it from “heulandite
type 2" and the closely related mineral, clinoptilolite. Recent con-
struction activity at this knoll has obliterated much of the exposure;
further work could render the area inaccessible, or even completely
remove the remaining shoshonite. Heulandite has also been noted as
euhedral crystals within fossil plant material in sediments of the Denver
Formation at several sites within a few kilometers cf Green Mountain
(Modreski and others, 1984), and within cobbles of lava in Quaternary
gravels on Green Mountain.

Figure 30. Laumontite crystal drawing showing
characteristic prismatic form present at the
Table Mountains (from Goldschmidt, 1918).

Laumontite CaAl.$1,0,,4H.O

Cross and Hillebrand (1882b, 1885) provided the earliest description
and analytical data for laumontite from the Table Mountain locality,
and additional analytical and optical data were given by Henderson
and Glass (1933). Laumontite is an early-formed mineral that most
commonly appears as transparent, microscopic, subhedral to euhedral
grains which are usually intergrown with microscopic grains of stilbite,
forming yellow-orange, horizontally bedded and stratified layers that
have the texture of friable sandstone. These layers are generally found
in irregular cavities in the uppermost part of the second (Tv2) flow.
The ratio of laumontite to stilbite in these layers appears to be vanable,
with the composition varying depending on the “stratgraphic po-
sition within the layer. An analysis of one sample by XRD indicated
approximately 95% stilbite and about 5% laumontite; another sample
was found to contain mostly laumontite and minor fluorapophyllite.
The orange color of the laumontite appears to be due to the presence
of iron (0.6% by weight as FeO, or 0.67% as Fe.O,, according to
microprobe analysis).

A second generation of laumontite 1s noted as euhedral, prismatic
microcrystals that range from 2 to 10 mm in length; these crystals
may be opaque and white or transparent and colorless (Fig. 30). Patton
(1900) observed crystals of this generation situated on an early (sec-
ond?) generation of thomsonite, and a Colorado School of Mines
specimen shows euhedral laumontite crystals resting directlv on top
of the stratified laumontite-stilbite layers (Fig. 31). Although the crys-
tallization of second-generation laumontite appears to follow that of
chabazite and the second generation of stilbite, it is too infrequently
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observed 1n association with other minerals to allow a precise as-
signment in the paragenetic sequence. “Leonhardite,” a partially de-
hydrated variety of laumontite, is probably present at the Table Moun-
tain locality but has not been confirmed; the accuracy of the totals in
the the microprobe analyses (the observed range of water content,
estimated by difference, is 14 =2 weight % in six analyses) is in-
sufficient to discriminate between laumontite and its partially dehy-
drated equivalent. It is likely that clear crystals are unaltered lau-
montite, and opaque white crystals are somewhat dehydrated

Levyne (Ca,Na, K.,),ALSi .0, 18H.O

The earliest report of this species (formerly called levynite) from
the Table Mountains was given by Cross and Hillebrand (1885), who
also provided analytical data. Levyne is one of the less frequently
noted minerals from this locality, and has been confirmed by XRD,

Figure 31. White laumontite prisms showing a
characteristic monoclinic habit and associated
with stilbite; crystal size is approximately 3
mm. Colorado School of Mines specimen no.
TM 5579; specific locality unknown.

Figure 32. Intergrown, white, translucent, hex-
agonal plates of levyne standing on edge; crys-
tals are approximately 3 mm across.

SEM. and microprobe analyses. This mineral is characterized by
translucent. colorless to white hexagonal plates standing on edge
within the smaller cavities; the crystals are generally less than 5 mm
in diameter (Fig. 32 and 33), and are typically intergrown into friable
groups. Levyne also occurs as thin plates that are tightly intergrown
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Figure 33. Levyne crystal drawing showing
characteristic hexagonal form at the Table
Mountains (from Goldschmidt, 1918).

in a boxwork-like arrangement. Crystals showing this latter habit are
found within much smaller cavities (generally those less than 2 cm);
they are never completely formed, and are invariably coated or in-
tergrown with a thin layer of offretite, imparting a “sandwich-like”
appearance. Although levyne has been observed overgrown with cal-
cite and preceded by analcime, cowlesite and possibly chabazite, it
1s usually the only mineral within the cavity

Figure 34. Acicular limonite surrounded by a
second generation thomsonite spherule; spher-
ule is approximately 8 mm in diameter.

“Limonite™

Small, brown acicular needles occasionally noted within vesicles
or amygdaloidal cavities are, for lack of positive identification, referred
to as limonite. These early-formed needles (observed up to about 5
mm in length) often serve as nuclei for the stalactitic growth of other
minerals, usually thomsonite, analcime or chabazite (Fig. 34). Semi-
quantitative analyses (SEM/energy-dispersive X-ray) of several spec-
imens has indicated the range of constituents, on a weight % basis,
to be Fe.O, = 32-96%. Si0, = 2-44%, ALLO, = 0.5-11%, CaO
= 0.3-6%, MgO = 0-7%, MnO = 0-0.7%. TiO, = 0-0.1%, and
K.O = 0-0.1%. This material may be a pseudomorph replacing or
coating an earlier mineral.

Mesolite Na,Ca,AlS1,0,,8H.,0

Mesolite was first reported from South Table Mountain by Endlich
(1878), and later described and analyzed by Cross and Hillebrand
(1882b, 1885). Additional data and a detailed description for mesolite
from the Table Mountains was provided by Patton (1900). This dis-
tinctive mineral usually occurs within the larger cavities as flexible,
slender microscopic crystals arranged either into delicate, colorless
to white hairlike fibers (Fig. 35), or into loosely felted masses with
a cobweb or gauze-like appearance (Figs. 16 and 36). Mesolite appears
o represent one of the later stages of cavity mineralization, having
been found on all other major species except aragonite. This mineral
1s typically associated with third and fourth-generation thomsonite,
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Figure 35. Acicular mesolite crystals, approx-
imately 2.5 cm in length, radiating from a base
of intergrown thomsonite (third-generation)
and mesolite. Specimen is 9 cm across.

Figure 36. Delicate white mesolite “cobweb,”
approximately 3 cm high, extending from late
third-generation thomsonite that is resting on
a bed of second-generation thomsonite.

where it forms some of the more attractive specimens at the Table
Mountain locality

Natrolite Na. ALSILO 2H.O

Natrolite was noted at this locality by Endlich (1878), and specimens
collected from South Table Mountain were later described by Cross
and Hillebrand (1885), who also included analytical data with theu
report. This mineral typically occurs as transparent, white to colorless
slender radiating needles, or as stubby bristle-like prisms (Fig. 37)
The macroscopic appearance of natrolite from the Table Mountains
can be similar to that of third-generation thomsonite (which has often
been mislabeled as natrolite), however ils miCroscopic appearance as
elongated prisms with nearly square, pseudotetragonal cross sections
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Figure 38. Transparent, acicular natrolite crys-
tals, approximately 4 to 5 mm in length, show-
ing a typical nearly square (orthorhombic)
cross section. Colorado School of Mines spec-
imen no. TM 12213-1-2; specific locality un-
known.

its identity (Figs. 38 and 39). Natrolite is an uncommon mineral at
this locality; it 1s most prevalent on South Table Mountain, and is
seldom observed on North Table Mountain. Although this species has
been noted to crystallize earlier than calcite, its uncommon occurrence
and infrequent association with other minerals makes assigning an
exact place in a paragenetic sequence uncertain,

Nontronite Na, ..Fe. '(51,A1),0,,(OH),,nH.,O

Nontronite has been reported as occurring on basalt (shoshonite)
from South Table Mountain, where it is noted as an alteration of
phenocryst minerals (Schlocker, 1947); it is not found within amyg-
daloid.l or vesicular cavities. This mineral is an iron-bearing member
of the smectite clay group. All clay minerals thus far examined by
the authors have been found to be in the smectite group: they are
moderately iron-rich (0.4 to 3 weight % Fe,O,) but do not contain
sufficient iron to warrant designation as nontronite, which has an 1deal
Fe.O, content of about 36 weight %
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Figure 37. Acicular, colorless natrolite crystals
showing a characteristic radiating habit. Spec-
imen is approximately 11 cm high. Colorado
School of Mines specimen no. T™M 12213-1-2;
specific locality unknown.
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Figure 39. Natrolite crystal drawing showing
orthorhombic (pseudotetragonal), prismatic
form present at the Table Mountain locality
(from Goldschmidt, 1920).

Figure 40. SEM photograph showing the char-
acteristic fibrous habit of offretite, situated per-
pendicular to {0001} of levyne; scle: 850X.

Offretite (K,.Ca).Al,S1,,0,,-30H.0

Cross and Hillebrand, in their report on the Table Mountain minerals
(1885), gave a brief description and analysis of an unidentified fibrous
zeolite that was associated with levyne; Sheppard and others (1974)
subsequently presumed this umidentified mineral to represent an oc-
currence of offretite analogous to a Grant County, Oregon, locality
(the offretite from Grant County was later identified by Bennett and
Grose, 1978, as erionite. a closely related zeolite). However, the
composition reported by Cross and Hillebrand (1885) closely matches
that of garronite, which was not known as a mineral species at that
time. Garronite has been confirmed to occur in cavities at the Table
Mountain locality, and could thus correspond to the rather general
physical description given by Cross and Hillebrand

The description of the Oregon offretite given by Sheppard and others
(1974) indicates a thin, white, fibrous “sandwich coating™ on levyne,
with the fibers having an orientation perpendicular to the levyne
face. A recent examination of material (by SEM and microprobe
analyses) from North Table Mountain showing a similar association
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and fibrous habit (Fig. 40) confirms its identity as offretite, although
XRD results have been inconclusive because of the large amount of
intergrown levyne. The fibers are optically length-fast (negative elon-
gation), which differentiates it from erionite. Microprobe analyses of
offretite given in Table 5 are of the purest layer of offretite that could
be found, but it may, in fact, be intergrown with some levyne.

Opal $10,mH.,0

A thin, translucent, colorless, and glassy secondary coating noted
on other mineral species or interlayered with aragonite has been con-
firmed by optical and SEM analyses as opal. This mineral has an
intense yellow-green fluorescence under shortwave ultraviolet light,
which is due to the presence of the uranyl ion.

Phillipsite (K.Na.Ca), _,(51,A]),0,6H,0

Phillipsite has been identified by XRD and microprobe analyses as
an apparent alteration product of garronite within the small cavities
Much of the garronite found at North Table Mountain shows some
degree of alteration to phillipsite when examined by XRD: the external
appearance of this phillipsite closely resembles the garronite it has
replaced, but the phillipsite is more opague and chalky white, and
has a porcelaneous luster. Although XRD indicates essentially pure
phillipsite, there is no evident development of crystal faces, even
under SEM. The absence of euhedral crystals of phillipsite suggests
that the alteration occurred after the cavities were filled by the late
generation of small-cavity thomsonite. This appears to be the first
report of this type of alteration (or pseudomorphism). Natural phil-
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Figure 41. Transparent light brown phlogopite

crystal, showing characteristic hexagonal form;
crystal is approximately 1| mm across.
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lipsite can exhibit a considerable range in composition; the Table
Mountain phillipsite is relatively high in Ca and low in Na. lts for-
mation by alteration of garronite requires an addition of K and a slight
loss of Ca.

Phlogopite K(Mg,Fe*?*) (Al Fe* ")81,0,,(0OH.F),

This mineral was first described by Emmons and others (1896),
who referred to it as biotite. However, it has recently been identified
by the authors as phlogopite, which, on the basis of optical mea-
surements (B = 1.586, and vy = 1.588), has a composition inter-
mediate between biotite and phlogopite, but closer to that of phlog-
opite. Semiquantitative analysis by SEM/energy-dispersive X-ray
analysis confirms it as an iron and titanium-bearing phlogopite; elec-
tron microprobe analysis showed one crystal to contain about |% by
weight FeO and 2% by weight T10,. This species is occasionally noted
as isolated, pale brown, transparent crystals on the walls of larger
cavities where it is invanably overgrown by later-formed zeolite min-
erals. It also appears as free-standing, thin hexagonal plates (to 2 mm)
situated on edge within small cavities (Figs. 23 and 41); these delicate
crystals are usually coated by a chlonte group mineral.
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Smectite

Light to dark brown clays are commonly noted in cavities containing
the earliest (first) generation of thomsonite. The exact species have
not been determined, but XRD shows them to be impure smectite
clays; semiquantitative microprobe analysis (on unpolished samples)
shows, on a weight % basis, about 0.4% Na,O, 8-10% MgO, 3-4%
Ca0, 0.2 10 3% Fe,0,, 20% AlLO,, and 50% SiO

Stilbite NaCa,AlLSi,, 0. 14H.0

Cross and Hillebrand (1882b, 1885) provided the earliest description
and analysis of stilbite from the Table Mountain locality. This mineral
most commonly occurs as transparent, microscopic, subhedral grains
associated with laumontite in the early-formed, stratified yellow
orange layers; these layers are seen in the bottom of some of the
wregular cavities that are located in the upper part of the lower (Tv2)
capping flow. Stilbite also occurs in a later generation of growth as
larger, euhedral crystals that are translucent and colorless. A Colorado
School of Mines specimen (TM 5580) shows these crystals situated
directly on top of the stratified sandy layer of laumontite and stilbite;
they range from 2 to 10 mm in length and have the typical habit of
this species (Fig. 42). Stilbite can also occur in a more densely i
tergrown habit, characterized by sheaves of euhedral white crystals

Figure 42. Stilbite, associated with chabazite
and situated on top of a stratified layer of lau-
montite and stilbite. The crystals are approx-
imately 6 mm in length. Colorade School of
Mines specimen no. TM 5580; specific locality
unknown.

that display a pearly luster and lamellar structure. This last habit was
noted from a locality on the east side of North Table Mountain, with
the crystals being approximately |3 mm in length

Thomsonite NaCa,AlLSi 0, 6H.0

Cross and Hillebrand (1882a, 1882b, 1885) gave the carhest de-
scription and analytical data for thomsonite from the Table Mountain
locality. Additional data were provided by Patton (1900), and Clarke
and Steiger (1902), while Clarke (1903) summarized the analytical
data for thomsonite known to that point. Subsequent analytical and
optical data were given by Hey (1932), and by Henderson and Glass
(1933).

Thomsonite from the Table Mountains may be present within either
large or small cavities. In the large cavities it shows an extreme
variation in morphology. with each vanant likely being a manifestation
of a changing environment throughout successive periods of crystal-
lization. The unique and varied habits of this species, as well as the
beautiful associations with other minerals found here, qualify the Table
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Mountains as one of North America’s most noteworthy zeuiite oc-
currences. However, this diversity in form has also led to the frequent
misidentification of the species.

Patton (1900) suggested three morphological types for Table Moun-
tain thomsonite, based on the presumed sequence of deposition. Two
of these types were further divided into subtypes, creating a total of
five categories of thomsonite habits. Patton’s original categories are
here redefined into four generations of thomsonite occurring within
the larger cavities, and two generations occurring within the smaller
cavities. Small-cavity thomsonite appears to be paragenetically un-
related to the minerals occurring within the larger cavities. For the
large-cavity thomsonite, a newly defined first generation i1s added,
Patton’s types I, II, and lla are reorganized into a second and third
generation (with the third generation including several variants), and
a fourth generation is identified. Thomsonite occurring within the
small cavities includes an early-formed generation, and a later-formed
generation which incorporates Patton’s earlier-described types III and
I1la thomsonite. These redefined generations appear to better account
for the multiplicity of forms noted within the large and small cavities,
and they more closely fit the observed mineral associations as well
as the sequence of mineral deposition and concomitant morphological
changes noted at different locations on North and South Table Moun-
tains. The descriptions of the various habits of thomsonite presented

Henderson and Glass (1933) provided analytical data on the com-
position of first-generation thomsonite (Table 2). and new data by the
authors is included in Table 6; this data shows that first-generation
thomsonite has a higher content of iron and magnesium relative to
the later generations.

Several interesting vanations of early-formed thomsonite are worth
noting. One such variation is exemplified by a specimen from South
Table Mountain, in which a massive form of thomsonite with an
opaque, light tan color and porcelaneous texture nearly fills a small
(approximately 5 cm) irregular cavity. This thomsonite exhibits dis-
tinctly stratified layers, and the uppermost surface is overgrown by a
later (second) generation of thomsonite, and analcime. Another un-
usual variation of early (first-generation) thomsonite can be found at
a small outcrop on the northeast side of South Table Mountain, where
the shoshonite appears as a scoriaceous, coarse flow breccia composed
of angular and slightly rounded fragments. The thomsonite at this and
other similar but less prominent exposure on North and South Table
Mountain does not occur within cavities, but is instead found as thin
layers that form a boxwork-like network partly filling interstitial areas
of the breccia. These layers have an off-white color on external sur-
faces, and a reddish brown color and vitreous luster on broken surfaces.
Emmons and others (1896) speculated that the occurrence of brecciated
shoshonite was caused when the uppermost (Tv3) flow encountered

Figure 43. Drawing of idealized morphology of
successive generations of thomsonite as found
in the larger cavities at the Table Mountains.

below are divided into two sections based on cavity size. A drawing
depicting the idealized morphology of the successive generations of
large-cavity thomsonite is shown in Figure 43.
Thomsonite Occurring in Large Cavities

The first generation of large-cavity thomsonite is characterized either
by small, dense spherules that have a waxy-appearing reddish brown
interior and an off-white to tan exterior, or by a massive form that
has a translucent, reddish brown vitreous luster. This massive form
often appears as thin layers (that are an off-white color on external
surfaces) which have a boxwork-like structure. The spherules, which
may show an indistinct radial structure, range from 2 to 5 mm in
diameter (Fig. 44) and are generally found in irregular cavities within
the uppermost parts of the second (Tv2) shoshonite flow, where they
are usually situated on a massive form of thomsonite of the same
generation. This generation of thomsonite is seldom associated with
other zeolite minerals; it often occurs in cavities that are partly filled
with a smectite clay mineral. A slightly later-formed variation of this
early generation may be found as minute white spheres (approximately
| mm in diameter) intergrown with laumontite and stilbite within the
stratified layers. It is uncertain whether this habit and the larger spher-
ules described above represent two different generations, but based
on chemical composition and an apparently continuous gradation of
form, it appears that these two habits were deposited at approximately
the same period of time. Cross and Hillebrand (1882b, 1885) and
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Figure 44. First-generation thomsonite, as
spherules (1 to 2 mm in diameter) situated on
top of a layer of reddish brown massive thom-
sonite. Specimen in 8 cm wide.

uneven terrain as it flowed over the underlying (Tv2) surface, resulting
in a broken and jumbled lava.
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Figure 45. Second-generation ivory-colored
thomsonite showing a prominent stalactitic
form; stalactites surround a limonite nucleus.
Specimen size approximately 8 cm across.

The second generation of large-cavity thomsonite is represented by
larger hemispheres that are composed of minute subparallel rectangular
blades radiating from a central point. These crystals are sufficiently
compact to impart a satin luster to unweathered hemispheres. Thom-
sonite in this generation can be seen in a stalactitic form, as crusts of
intergrown hemispheres that line cavity walls and exhibit an undulating
surface, or as isolated hemispheres that are often situated on top of
an earlier generation of analcime (Figs. 13, 34 and 45). The hemi-
spheres range from approximately 3 to 16 mm in diameter, and their
color varies from off-white to shades of gray or tan. lsolated hemi-
spheres can make attractive specimens because of their contrast in
color and form with other minerals. They may be “extended™ by a
continuation of growth consisting of a slightly later stage of thom-
sonite, which appears as a thin, white “mealy™ crust composed of
densely intergrown and poorly defined crystals (Fig. 46). The mor-
phology of the second generation may be controlled by previous
mineralization in the cavity, as evidenced by the observation that
thomsonite deposited in vesicles without prior mineralization tends to
form a continuous layer of undulating hemispheres, whereas thom-
sonite deposited in vesicles with prior analcime crystallization typically
forms isolated hemispheres.

The third generation of thomsonite is characterized by more isolated,
rectangular and tabular crystals (Fig. 47). These crystals vary from
| to 2 mm in length, and can be organized into a variety of extended
or diverging forms. This generation appears to have had a prolonged

Figure 47. Crystal drawing of thomsonite show-
ing tabular (orthorhombic) and prismatic form
present at the Table Mountain locality (from
Goldschmidt, 1922).
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Figure 46. Second-generation ivory-colored
hemispherical thomsonite showing an extended
growth; specimen is 6.5 cm across.

period of deposition, which both preceded and followed the major
crystallization (third generation) of analcime; there appears to have
been an interval of diminished growth of thomsonite during the de-
position of analcime. Thomsonite crystallizing before and after the
deposition of analcime has not been designated as separate generations
since the change in morphology throughout the period of crystallization
appears to have been gradual. Early third-generation thomsonite (here-
after designated as IlI) is generally organized into relatively small
hemispherical aggregates which terminate as individual extended crys
tals. These forms have compact interiors and a radiating structure
similar to that of second-generation thomsonite; their textures, how
ever, differ in that the third-generation thomsonite does not possess
the compactness and satin luster that 1s charactenstic of the second
generation. Thomsonite which formed early in the third generation
(L1I) 1s differentiated from that formed later in the third generation in
that the hemispherical forms are relatively smaller, and they precede
the major deposition (third generation) of analcime. The later third
generation thomsonite (succeeding the major deposition of analcime)
appears to have followed two independent lines of crystallization, as
manifested by two different habits (which may infrequently show
intermediate forms) that have a similar paragenetic position relative
to analcime and mesolite. These two habits, hereafter designated as
Illa and IllIb, appear to be contemporary (a point that is substantiated
by their similar chemical compositions), but since they have not been
observed to occur together, it is not possible to assign a sequential
paragenetic position. The occurrence of these vanants appears to be
locality-dependent. suggesting that environmental factors controlled
the morphology. It is these late third-generation forms of thomsonite
that, because of their size and unique associations with contrasting
minerals, provide some of the most outstanding specimens from the
Table Mountain locality

The first habit of this late third-generation thomsonite (Illa) is
characterized by compact radiating hemispheres, which appear to be
an extended growth of the earlier-formed third (IlI) generation thom
sonite. These hemispheres may range in size from | cm to over 3 cm
in diameter, and are terminated by tapering bundles of parallel rec-
tangular crystals, giving the hemispheres a “pincushion ™ appearance
(Figs, 48, 49 and 50). Such aggregates often grade imperceptibly into
delicate mesolite fibers. This habit seems to be prevalent at a locality
on the east side of North Table Mountain, and at an area west of the
quarry on the south side of North Table Mountain
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Figure 48. Third (Illa) generation tan-colored
thomsonite, showing extended bundles of par-
allel tabular crystals in a form characteristi-
cally found at a site on the eastern side of North
Table Mountain. Colorado School of Mines
specimen no. 456:1:3; field width of photograph
is approximately 6 cm.

Figure 49. Third (Illa) generation tan-colored
thomsonite in prominent hemispherical form,
on analcime. Hemisphere is 2.5 cm in diameter.

The second late third-generation morphology (Illb) is characterized
by a more arborescent habit that is composed of individual rectangular

crystals. These crystal aggregates, which are often extended from the
more compact, earlier third (111) generation thomsonite, form delicate,
radiating arborescent patterns or hemispherical branching structures
that can range in size to over 2.5 cm in diameter. They are snow-
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Figure 50. Hemispherical, cream-colored
thomsonite showing elongated, rectangular
crystals characteristic of the later stages of the
third (I1la) generation. Associated with second-
generation thomsonite and calcite; specimen
size approximately 13 cm wide.

Figure 51. Arborescent, radiating form of third
(ITTb) generation thomsonite (2.5 cm in diam-
eter), on second-generation thomsonite, and as-
sociated with chabazite; specimen width is 9.3
cm.

white in color and constitute exquisite specimens when associated
with contrasting minerals (Fig. 51). Smaller and more isolated crystal
sheaves or fans are commonly noted: they are often situated on other,
earlier-formed minerals, and may closely resemble stilbite (Fig. 52)
The arborescent habit of thomsonite deposited later in the third gen
eration shows a transition from stout, diverging crystal bundles to a
progressively more extended and elongate morphology composed of
more isolated crystals that exhibit less of a branching structure. This
progression culminates in a habit characterized by a loosely interwoven
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Figure 52. Microcrystals of third (IIlb) gener-
ation thomsonite organized into delicate ra-

diating sheaves; specimen size approximately
4.5 mm across.

network of randomly interlocking microcrystals that often completely
fill a cavity, and which are almost invariably associated with mesolite:
such aggregates may also constitute a more consolidated mass that
has a porous texture. The late third-generation crystals possess a dis-
tinct tabular habit and rectangular (orthorhombic) cross section (Fig.
47). Extended and branching forms of thomsonite are frequently mis-
labelled as natrolite because of the elongate nature of the crystal
aggregates. However, these two species can be microscopically dif-
ferentiated by comparing the nearly square cross section of the pseudo-
tetragonal natrolite to the more rectangular cross section of thomsonite.
Thard (I1Ib) generation thomsonite showing a pronounced arborescent
morphology is predominant in an inactive quarry located on the south
side of North Table Mountain.

A fourth generation of thomsonite is characterized by isolated,
elongated rectangular microcrystals that typically occur intertwined
with mesolite fibers (Fig. 16). These crystals were formed concurrently
with microcrystals of analcime, chabazite, fluorapophyllite and calcite.
Thomsonite crystals in the fourth generation differ from those of the
late third (Illa or IIIb) generation in that they are more delicate and
transparent, and have a greater degree of elongation with almost no
branching structure.

Thomsonite showing an unusually high silica content has often been
referred to in earlier literature as “faroelite.” The first reference to
“faroelite™ from the Table Mountain locality was given by Cross and
Hillebrand (1882a and 1885), who referred to it by its former name
of “mesole.” Their analyses of thomsonite approximated that of the
earlier-described “faroelite™ (Dana, 1884); they presumed the high
silica content to be a result of contamination by mesolite fibers, but
were unable to completely resolve this discrepancy. Although “far-
oelite” was classified as a variety of thomsonite by Dana (1892),
Wherry (1923, 1925) attempted to define it as a distinct mineral
species, whereas Winchell (1925, 1926) considered it a silica-rich end
member of an isomorphous thomsonite series. “Faroelite™ was later
discredited as a species (Hey, 1932): use of this term as a variety of
thomsonite is for the most part obsolete, but it is used here to maintain
continuity with earher descnptions.

The brief physical description of “faroelite™ given by Dana (1884,
1892) suggests an early generation of hemispherical thomsonite (either
the second generation in large cavities or the early small-cavity gen-
eration, discussed below). However, some of the analytical data re-
ported by Cross and Hillebrand (analyses no. Xl and XII, 1885) were
derived from samples whose physical descriptions most closely
matched a later (third) generation of large-cavity thomsonite, and
subsequent optical data provided by Wherry (1923, 1925) were ob-
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Figure 53. Single bluish gray hemisphere of
early-formed small-cavity thomsonite, showing
characteristic satin luster; it is overgrown by
massive, late-formed small-cavity thomsonite
which had completely filled the cavity. Speci-
men width approximately 3 cm.

tained from the same third-generation sample (no. XI) used by Cross
and Hillebrand (1885). It therefore appears that some of the above
studies were based on samples from the Table Mountain locality that
did not correspond to the description of “faroelite™ as originally given
by Dana (1892). Our study of spherules having the physical char

acteristics attributed to “faroelite™ confirms (by XRD) that they are
thomsonite, but microprobe analyses do not show a significantly higher
silica content in this matenal compared to later-formed thomsonite in
either large or small cavities (Tables 6-7). In light of these data, the
vanetal designation seen in earlier literature for this habit of thomsonite
does not seem useful with respect to thomsonite occurring at the Table
Mountain locality.

Thomsonite Occurring in Small Cavities

The early-formed generation of thomsonite in the small cavities has
a distinctive appearance, being charactenized by bluish gray spherules
up to | cm in diameter, which are invanably overgrown by later-
formed minerals (Fig. 53). These spherules have a waxy luster and
radiating habit, and are composed of indistinct, ughtly intergrown
crystals. Early-formed small-cavity spherules are similar in appearance
to second-generation thomsonite in the larger cavities, but they can
be distinguished by their bluish color, and by the fact that they occur
within relatively small cavities as single, isolated hemispheres (never
as intergrown hemispheres lining cavity walls) that are often associated
with minerals such as garronite, which are not typically found in large
cavities. This early generation of thomsonite has been noted to form
concurrently with garronite (and possibly analcime), and to precede
gonnardite, analcime, chabazite and the later generation of thomsonite
The composition of early-formed small-cavity thomsonite is very com-
parable to that of second-generation thomsonite found in larger cavities
(Tables 6 and 7).

The later generation of thomsonite in the small cavites can be
characterized by either a chalky white massive material without any
visible external structure (Fig. 53), or by a compact, intergrown,
radiating form that typically nearly fills an entire cavity, but which
develops a rough hemispherical surface when the cavity i1s not com-
pletely filled. This habit of thomsonite is seldom seen associated with
the more common large-cavity-filling mineral species; it is usually
observed in smaller cavities, succeeding the earlier generation of small-
cavity thomsonite (described above), garronite or chabazite. Patton
(1900) considered this form as a later generation of thomsonite (types
[1I and Illa, by his definition) that represented a paragenetic contin-
uation of the minerals filling the larger cavities. However. although
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this compact habit of thomsonite is very similar in composition to the
third-generation thomsonite in the larger cavities, and can occasionally
be found in larger cavities, its relative absence of association with
the more common species, predominant occurrence in smaller cavities,
and atypical, less structured morphology, suggests that it represents
a separate group altogether, with a paragenesis that is independent of
the large-cavity minerals.

Unconfirmed or Discredited Species

Halloysite AlS1,0,(0H),

Halloysite was first described as “bole™ by Cross and Hillebrand
(1885); they included an analysis with their description, but did not
further identify the species. Although Eckel (1961), based on the
description given by Dana (1892), subsequently designated this ma-
terial as halloysite, there has been no confirmation of this species at
the Table Mountain locality. None of the clay samples thus far analyzed
by the authors have an aluminum content that is sufficiently rich to
approach the composition of halloysite. Cross and Hillebrand (1885)
described this matenal as a light to dark brown clay mineral occurnng
principally on the north side of South Table Mountain, where it com-
pletely fills some of the cavities in the scoriaceous crust of the lower
(Tv2) capping flow.

Leucite  KAISi,O,

Leucite was reported by Endlich (1878), and discredited by Cross
and Hillebrand (1882a), who identified it as analcime.

Mordenite  (Ca,Na,.K,)ALSi 0, 7H.0

Mordenite, referred to as “ptilolite™ in earlier literature, was re-
ported as occurring at the Table Mountains by Pearl (1972); this is
probably an erroneous description referring to an occurrence of mor-
denite (“ptilolite™) on Green Mountain that was noted by Cross and
Eakins (1886, 1892). Mordenite has recently been confirmed by the
authors (by XRD) from sedimentary rocks of the Denver Formation
in an area near the northeast side of Green Mountain, where it occurs
as delicate white acicular fibers lining walls of irregular cavities that
are bordered by a layer of anhedral gray heulandite. The mordenite
is associated with a hemispherical habit of pale yellow calcite and
cubic pyrite.

Scolecite CaAl,Si,0,,3H,0

The material described as scolecite by Cross and Hillebrand (1885)
was probably cowlesite; the chemical compositions of scolecite and
cowlesite differ only in the water content, and except for that con-
stituent the data provided by Cross and Hillebrand (1885) closely
match the ideal composition for cowlesite. Material matching the
description of scolecite as given by Cross and Hillebrand (1885) has
been identified as cowlesite by XRD; additionally, the original spec-
imens collected by Whitman Cross, which were provided to the authors
by the National Museum of Natural History (NMNH numbers 80462,
83272, and 83274), proved to be cowlesite.

Wavellite Al,(PO,),(OH, F),"5H.0
Wavellite was reported by Endlich (1878) and never confirmed by
subsequent studies; it was probably erroneously identified thomsonite.

PARAGENESIS

The Table Mountain locality is a unique area in which to study
zeolite paragenesis and crystal growth because of the many diverse
habits of a given species (particularly thomsonite) that may be found
within a single cavity. Several comprehensive studies have been pub-
lished since the early I880°s which listed a sequence of mineral
deposition (Cross and Hillebrand, 1885; Patton, 1900). The most
extensive of these was written by Patton (1900), who indicated 15
separate periods of deposition in a linear sequence of paragenesis.
This may in fact be an accurate representation of the total number of
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mineral species and varieties that occur here, but it nevertheless gives
the impression that the periods of crystal growth occurred at discrete
intervals. Although in some cases this is true, most minerals appear
to be intergown with other species, indicating more or less continuous
crystallization over a period of time. For example, although the first
and second generations of thomsonite appear to have formed at discrete
intervals, the third generation seems to have had an extended period
of concomitant deposition with other mineral species. Thus, estab-
lishing a sequence of mineral deposition at this locality is difficult
because of the overlapping and concurrent growth of the various
mineral species. Another problem results from the possible occurrence
of divergent or independent lines of paragenesis within the larger-size
cavities; this is evidenced by certain mineral associations being com-
monly noted, whereas others are rarely seen at all. As an example,
the first generation of calcite seems to occur only with analcime, and
seldom or never with chabazite. Finally, the relative scarcity of spec-
imens showing certain mineral associations often renders a definitive
interpretation of some segments of the paragenetic sequence uncertain.
Extensive work will be required to resolve these problems, with the
lack of accurately labeled material in older collections being a primary
obstacle.

Although cavity size appears to be the dominant factor controlling
mineralogy and paragenesis, other variables such as temperature and
fluid composition may also be important. This is suggested by dif-
ferences in mineralogy and crystal habit noted between various lo-
calities on North and South Table Mountain (this locality dependence
can in itself lead to apparent contradictions in interpreting the order
of deposition). In fact, the paragenetic sequence and mineralogy within
individual cavities may even be controlled by the vertical position
(height) of the cavity within the flow at a particular location. Several
studies at other localities have reported distinct vertical zones of zeolite
species within lava flows. Walker (1960a) described three such zones
in the basalts of eastern Iceland, with mesolite and scolecite being
the dominant zeolites in the lowest zone, followed by an analcime
zone, and then an uppermost zone rich in chabazite and thomsonite.
A similar vertical zoning, but with different mineral assemblages, was
also noted in the zeolites of the Faeroe Islands (Betz, 1981). Such
variations are presumably the result of slight differences in environ-
mental conditions during crystallization. Temperature is one likely
factor controlling such vertical zoning, with rock buried at increasing
depths having been subjected to correspondingly higher temperatures.
Kristmannsdoéttir and Témasson (1978), in a study of zeolite depo-
sition in an Iceland geothermal area, found a correlation between
zeolite zones and the temperature at which they formed, with the first
zone (lowest-temperature) minerals dominated by chabazite, followed,
in order of increasing temperature, by a mesolite/scolecite zone, a
stilbite zone, and finally a laumontite zone. Temperature-controlled
regional zoning has also been documented in zeolite occurrences in
Ireland (Walker, 1960b), India (Sukheswala and others, 1974), and
Brazil (Murata and others, 1987). Heat may have been derived from
regional heat flow from depth, or from emplacement of subsequent
dikes or flows.

In contrast to the above studies that show a temperature-controlled
vertical zonation of zeolite minerals, Keith and Staples (1985) found
no regional pattern of zoning in the Siletz River Volcanics, Oregon.
They presumed that the completely different mineral assemblages
within cavities in close proximity to one another were accounted for
by the high degree of sensitivity of zeolite minerals to slight changes
in physical and chemical conditions, including fluid composition, pH,
temperature and cavity size. A preliminary evaluation of the mineral
distribution at the Table Mountains does not indicate any clearly de-
fined vertical zoning of the large-cavity minerals, although, as stated
earlier, differences in mineralogy and crystal habit (such as seen in
chabazite and thomsonite) are noted between widely spaced localities
on North and South Table Mountain; this lateral zonation is undoubt-
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edly a result of variations in environmental conditions such as have
been noted by other authors. Furthermore, there does not appear to
be any vertical zonation of the small-cavity minerals. The apparent
absence of vertical zoning in either large or small-cavity minerals at
the Table Mountain locality may be due, in part, to the relatively thin
deposit of lava, which would not permit a significant temperature
gradient. Further study will be necessary to clearly establish the pres-
ence or absence of such vertical zoning at the Table Mountains, as
well as to facilitate a better understanding of regional (lateral) vari-
ations in mineralogy and crystal habit.

Temperature may have been an important factor controlling not only
the mineralogy, but also the paragenetic sequence within an individual
cavity. This was pointed out by Kleck (1972), who, in a study of
zeolite localities in the southern Willamette Valley, Oregon, suggested
that the sequence of minerals was controlled by decreasing temper-
ature, as indicated by the progressively increasing water content of
the zeolite species throughout the period of cavity mineralization. A
similar relation of water content and paragenetic sequence was also
noted in an area of western India by Sukheswala and others (1974).
An evaluation of mineral paragenesis at the Table Mountains does not
show any consistent trend in water content. Nevertheless, temperature
appears to have controlled the order of deposition to a limited extent.
Although the observed mineral assemblages allow no specific con-
clusions about the temperature of deposition at any time during the
sequence of crystallization, it is likely, and consistent with known
data, that the first generation of thomsonite and the associated early
laumontite and stilbite formed at relatively higher temperatures than
did the later-formed cavity minerals which are presumed to have been
deposited at or near normal groundwater temperatures. A higher tem-
perature of deposition for the early minerals is evidenced by the higher
content of iron and magnesium in the first-generation thomsonite, and
of iron in the laumontite (Tables 2, 4, and 6). This supposition is in
agreement with the study by Knistmannsdéttir and Témasson (1978),
who found relatively higher temperatures of formation for laumontite
and stulbite relative to that of chabazite and mesolite. Murata and
others (1987), using fluid inclusion studies of calcite from the south-
eastern Parana Basin in Brazil, confirmed the higher temperatures of
formation for laumontite and stilbite. These data are consistent with
the observed paragenetic sequence at the Table Mountain locality.
Based on the above information, it is probable that the minerals in
the vesicular cavities were derived from an alteration of the surround-
ing shoshonite by low temperature meteoric or hydrothermal water
(this point is substantiated by the presence of a zone of lighter-colored
shoshonite surrounding some of the cavities), and that temperature
controlled, to some extent, the early paragenetic sequence and possibly
also regional vanations in crystal morphology as noted earlier.

The minerals found at North and South Table Mountain comprise
a suite of generally low-silica zeolites, reflecting their occurrence in
a host rock which contains no free quartz. The shoshonite contains
slightly more silica (the average of published analyses is about 52
weight % Si10,) than average basalt, but the high content of alkalies,
especially potassium, in the shoshonite (about 4 weight % K,O and
3 weight % Na,O) results in a low activity of silica in the rock and
consequently an absence of quartz. Zeolites commonly found coex-
isting with quartz, such as erionite, epistilbite, stilbite and heulandite
(Coombs and others, 1959), are uncommon or absent at the Table
Mountains. The data presented in Tables 2 through 7 suggest no general
paragenetic trends among the Table Mountain zeolites with respect 1o
change in the content of silica, water or other oxides during the course
of crystallization, although some individual minerals may show such
trends. Thomsonite, for example, shows an increase in the Na:Ca and
Si:Al ratios throughout its deposition (Fig. 54 and 55).

An apparent relation between cavity size and mineralogy has re-
sulted in two distinct groups of minerals (large and small cavity), and
consequently two independent lines of paragenesis. The paragenetic
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Figure 54. Na,O content of thomsonite vs. mor-

phological generation. Each point represents a
microprobe analysis of one specimen. Desig-
nation of generations I, II, III, Illa, IIIb, and
IV follows text description. I’ = spherules
within stratified laumontite layer, II' = tips of
second-generation hemispheres; E and L. =
early and late small-cavity thomsonite, respec-
tively.

sequence of the Table Mountain minerals is therefore divided into two
groups of species that predominately occur in either large or small
cavities. These groups are not completely exclusive, inasmuch as some
minerals that typically occur in large cavities (such as analcime, chab-
azite and thomsonite) may in fact occur in small cavities as well; the
major crystallization of each species, however, is within one or the
other cavity size.

The sequence of mineral deposition presented here is the result of
extensive field studies at a number of localities on North Table Moun-
tain, preliminary work on South Table Mountain, and an examination
of private and museum collections of specimens originating from both
North and South Table Mountain.

Minerals Occurring Primarily in Larger Cavities

The chronology of mineralization within larger cavities can be
divided into five periods of deposition, which are defined by the similar
characteristics of the species within each period. It is important to
note the distinction made between the term “ generation,” which relates
to morphological differences within a given species, and the term
“period,” which relates to comparable characteristics between dif-
ferent species that formed at approximately the same time. The first
and highest temperature period consists of phlogopite and limonite
(the latter possibly being a pseudomorph of a silicate). The second
period is represented by the earliest generations of thomsonite, lau-
montite and stilbite. Thomsonite was the earliest of these minerals,
appearing as massive, vitreous, reddish brown layers or spherules;
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this deposition was immediately followed by the formation of orange-
yellow stratified layers composed primarily of interlocking micro-
crystals of laumontite and stilbite. These layers often contain micro-
spherules of thomsonite, and more rarely microcrystals of analcime
or interstitial, anhedral fluorapophyllite. The higher Fe and Mg content
and Ca/Na ratio in the second-period thomsonite compared to that of
later generations of the same species indicate a distinctly different set
of environmental conditions in which the second-period minerals were
formed. For example, the temperature was probably somewhat higher
during this period, as suggested by the presence of laumontite and
stilbite, which have been shown to crystallize predominately at ele-
vated temperatures. Emmons and others (1896) presumed that the
stratified layers were deposited by water percolating through open
fractures in the upper zones of the lava, which would have resulted
in the formation of subhedral crystals as a consequence of a rapid rate
of growth.

The second-period minerals were followed by the prominent crys-
tallization of colorless to white, euhedral mineral species in the third
period. The formation of euhedral minerals in those cavities containing
the earlier-deposited stratified layers presumably commenced either
when fissures leading into the cavities became sealed, or when cavity
permeability was reduced by cumulative mineral deposits, permitting
a slower rate of crystal growth. The fourth period is characterized by
microcrystals signifying the final generation of many of the earlier-
formed mineral species. These minerals represent the culmination of
a general trend that shows a transition to progressively smaller and
more isolated crystals throughout the later periods of deposition. This
tendency is possibly a manifestation of a gradual depletion of dissolved
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Table 8. Paragenetic sequence of the minerals occurring primarily
within large cavities (roman numerals indicate generation)

Period o) =8 | 3 lals

Phlogopite

Limonite*

HE

I | Il @ V

Thomsonite |

Laumontite

Ll [
—
e

Stilbite l —_—)
_ 1 | T |

Apophyllite S—— -

Analcime [ pppo —

I 1l I} v
Calcite It a5

11-—

Chabazite i
Natrolite e (')
Mesolite e
Aragonite

Opal

* = probably a pseudomorph after an earlier, higher-temperature
mineral

components in the fluids from which the crystals formed. The last,
or fifth period consists of anhedral minerals, which are aragonite,
calcite and opal. It 1s important to recognize that these five penods
are not separate or isolated events, but are best considered as a con-
tinuum, or a progressive change in crystal form and size, as controlled
by a gradually changing environment during crystallization.

The gradual transition in crystal habit at the Table Mountain locality
suggests a declining rate of growth throughout periods one through
four. Thus, the fastest growth presumably occurred during the de-
position of the massive, vitreous thomsonite (and the stratified layers
composed of laumontite and stilbite microcrystals) and likely gradually
declined throughout periods two and three, where larger crystals and
crystal aggregates are predominant. The transition toward smaller and
more isolated crystals in the fourth period suggests a depletion in the
mineral-forming elements of the cavity fluids as discussed above, and
possibly a continuing reduction in the rate of growth; it is unlikely
that the formation of these microcrystals was a result of a resumption
of a faster rate of growth. Slight changes in temperature, solution
composition and rate of water movement are examples of variables
that could have controlled the mineralogy and crystal habit within
the cavities. These environmental changes also appear to have con-
trolled the composition of individual mineral species. For example,
an evaluation of the compositional data from earlier literature for the
three generations of thomsonite (Table 2) indicates a progressive de-
crease in calcium and increase in sodium content throughout the period
of deposition. A parallel trend is evident in the change in silica content,
which ranges from approximately 39% in the earliest generation to
41% in the later generations. These trends were confirmed by recent
analyses by the authors (Tables 3 through 7, and Figs. 54 and 55),
which show a compositional progression toward increased ratios of
Na:Ca and Si:Al during crystallization. This tendency toward de-
creasing calcium would be expected considering the observed tran-
sition in cavity mineralogy from predominately thomsonite to that of
mesolite (which has a lower calcium content) in the final stages of
zeolite deposition.

Wise and Tschemich (1978) correlated thie silica content of thom-
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sonite to habit, and found that crystals composing the botryoidal or
spherical forms had a higher silica content than did larger crystals
that were more isolated and bladed. They in turn related this com-
positional change to the rate of growth, with a faster rate resulting in
crystals having a higher silica content. The correlation of a rapid rate
of growth with a botryoidal form is in agreement with that which has
been observed for thomsonite habits at the Table Mountains. However,
the relation of a high silica content to a more bladed, isolated crystal
habit is opposite to what is noted at this locality. The later generations
of thomsonite at the Table Mountains, showing progressively more
complex forms composed of tabular and isolated crystals, have a
slightly higher silica content relative to that of earlier generations
consisting of more compact, spherical forms. This apparent contra-
diction may be due, in part, to the fact that the samples studied by
Wise and Tschernich (1978) were obtained from a number of different
localities, whereas varying habits of thomsonite used in this study
originated from a single locality (and in some cases, from within a
single cavity). Thus, with respect to thomsonite at the Table Moun-
tains, the transition toward an arborescent crystal habit appears to
have resulted from compositional changes in the cavity fluids as well
as a concomitant decreasing rate of growth; the silica content is ap-
parently not dependent on the rate of crystallization.

The minerals occurring within the larger cavities are listed in the
left column of Table 8, and the five periods of deposition are indicated
by vertical lines. The bar diagram shows the deposition of each mineral
as a continuous process, with the extent of overlap accounting for
observed intergrowths of different species. These bars indicate the
approximate duration of major crystallization, while the thin lines
reflect a diminished rate of crystal growth. Only a single generation
is given for a species when there is a gradual transition in crystal
form. Those species or generations having an uncertain position in
this table are indicated by a question mark.

Minerals Occurring Primarily in Smaller Cavities

The unique set of minerals found within the smaller cavities indicates
a high degree of sensitivity of zeolite crystallization to subtle envi-
ronmental changes. A determination of the paragenetic sequence for
these minerals is difficult since they are seldom associated with other
species within the same group, and are rarely associated with the
dominant mineral species occupying the larger cavities. The prelim-
inary sequence of small cavity mineral deposition shown in Table 9
is therefore tentative because of the limited number of specimens that
show associations. Additional material will need to be collected and
studied in order to more completely characterize the paragenetic re-
lations of minerals occurring within the small cavities.

An evaluation of compositional data for the small-cavity minerals
(Tables 3, 4, 5 and 7) leads to several conclusions regarding their
paragenesis and geochemistry. For example, evidence of a geochem-
ical trend is seen in several sequences of these species, where an
increase in SiO, and K,O and a decrease in CaO is exhibited by the
sequences cowlesite-levyne-offretite, and garronite-phillipsite. Fur-
thermore, the similar composition of the early-formed small-cavity
thomsonite and the second-generation thomsonite in the large cavities,
and of the later-formed small-cavity thomsonite and the third-gen-
eration thomsonite in the large cavities, suggests that environmental
conditions in the large and small cavities (such as temperature and
fluid composition) were similar during crystallization at a given period
of time. This correlation may imply that crystallization of the early
and late-formed thomsonite within the small cavities was concurrent
with their counterparts in the larger cavities. Given an assumption
that certain small-cavity minerals common to large cavities (such as
chabazite, analcime and calcite) formed at the same time in both sizes
of cavities, a correlation can be made between the relative time of
deposition of the large and small-cavity minerals throughout the entire
sequence of mineralization. It thus appears that the formation of small-
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Table 9. Tentative paragenetic sequence of the
minerals occurring primarily within small cavities
(roman numerals indicate generation)

B socssvinesi Intermediate .......... Late
Phlogopite -
Limonite -
Chlorite (group)
Cowlesite 2 (7)
Garronite a—
Thomsonite tﬂ ) (late)
Chabazite —
Gonnardite - (7)
Analcime - .
Levyne -
Offretite -
Phillipsite -=(7)
Calcite —
Observed Sequences of Deposition for Small-Cavity Minerals:
|. Cowlesite — — Levyne — — Offretite — — Calcite
2. Thomsonite — — — — — Gonnardite — — — — — Thomsonite
(early generation) (late generation)
3. Analcime — — — Levyne
4. Garronite — — Thomsonite (early generation) — — Chabazite
5. Garronite — — — Analcime
6. Chabazite — — — Levyne
7. Thomsonite (early generation) — — — Levyne
8. Thomsonite (early generation) — — — Garronite
9. Thomsonite (early generation) — — — Analcime

cavity minerals was concurrent with mineral deposition in the larger
cavities, and it can therefore be concluded that cavity size was not a
controlling factor of the relative time of deposition.

COLLECTING

The documented record of collecting at the Table Mountain locality
dates back to the activities of students from the Colorado School of
Mines prior to the 1880's. Although many of the specimens on display
in local museums were more readily collected in years past when fresh
material was continually being exposed during active quarry opera-
tions, a fair amount of exertion can still produce excellent examples
of zeolites and other minerals, as shown by a number of fine specimens
that have been recovered in recent years by local collectors. Most of
this collecting activity occurs in early spring. before high summertime
temperatures make working next to a cliff or in a quarry too uncom-
fortable.

Many excellent specimens have been collected from quarries located
on the southern and eastern sides of North Table Mountain (Patton,
1900; Ellermeier, 1947). However, several quarries on South Table
Mountain have also been a source of exceptional zeolites that are
comparable to those on North Table Mountain (Waldschmidt, 1939,
Ellermeier, 1947). Exploration elsewhere on North Table Mountain
has also produced excellent specimen material. For example, a site
west of the southern quarry on North Table Mountain has yielded fine
fluorapophyllite, mesolite and stilbite crystals (Eckel, 1961), and well-
crystallized tan to salmon-colored chabazite has been found in a road-
cut on the west side of North Table Mountain. Almost any area in
the upper third of the lowermost capping flow (Tv2) can be expected
to provide good to excellent zeolites. The location of this upper part
of the second capping flow can be readily determined by the conspic-
uous bench between the second and third flows. In some areas on
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North Table Mountain, a narrow band of shoshonite is visible in this
bench area, midway between the cliff faces of the two flows. This
zone is the uppermost scoriaceous part of the second (Tv2) flow, near
its contact with the overlying (Tv3) flow; the amygdaloidal cavities
are located immediately below this zone. Cavities located toward the
middle of the lower capping flow, where the shoshonite is a darker
color, tend to be smaller and more uniformly oval in shape than those
higher in the flow, but the minerals within these cavities are often less
altered. Larger cavities in the upper parts of this flow, where the rock
is generally lighter in color, may be up to 2 meters in length, but they
tend to be quite elongated and sometimes do not provide adequate
height for the formation of complete crystals. The shoshonite sur-
rounding a cavity is often a lighter color, which may be an external
indication of the proximity of a cavity. Significant specimen-grade
zeolite minerals have not been found in the uppermost (Tv3) capping
flow, or in the earliest flow (Tv1) located farther down the slope.

Access to several areas of North Table Mountain is generally un-
restricted, particularly along the southern boundary. However, col-
lectors are reminded to respect residential property located nearby,
and not to seek access through yards or private drives. Other collecting
areas or access roads leading to the top of North and South Table
Mountains may be fenced or posted and will require permission from
the owner prior to entry. Collecting at this locality usually entails a
strenuous climb of as much as 150 meters to reach the capping lava
flows, followed by a prodigious effort that is required to break the
rock; the collector will soon find out why this durable material was
so useful for road surfacing! Unfortunately, this seemingly inordinate
exertion 1S necessary because exposed zeolites weather very rapidly
to dull and opaque specimens; good material can be found only in
freshly opened cavities. Therefore, a variety of heavy tools will be
required for collecting here, each of which must be laboriously trans-
ported up (and down) the hill. A heavy, 4 to 6-pound hammer and a
set of sturdy chisels (with a cutting edge no wider than 2.5 cm) are
required to split the larger rocks that show evidence of cavities. A
direct assault on the lava with a heavy (8 to 10-pound) sledge hammer
is not as efficient in splitting the rock as is a heavy chisel and a 4-
pound hammer. This latter technique is more effective for working
apart existing fractures in the rock, and it is also less likely to shatter
the minerals within the cavities. Smaller chisels (about 1 cm blade
width) are used for trimming or carefully exposing a cavity. An effort
should be made to collect the crystals intact on the cavity wall, rather
than disintegrating a large specimen into small individual pieces; this
requires patiently working around the cavity with smaller tools until
the specimen can be removed in one piece. Even so, minerals with
a well-developed cleavage (calcite and fluorapophyllite) often detach
from the matrix, and the brittle zeolites may shatter regardless of the
precautions taken, causing extreme mental anxieties and hostile fan-
tasies to compound the already present physical agony.

Earlier literature (Ellermeier, 1947; Pearl, 1972) indicates that blast
ing was particularly effective for collecting here. This method, how-
ever, is not only unnecessary for collecting good specimens, but it is
also likely to create an abundance of animosity from nearby home-
owners as well as an unpleasant encounter with the local law-enforce-
ment agency due to the proximity of residential areas. The use of a
portable gas drill with feathers and wedges can be effective for splitting
larger rocks, but an extraordinary effort may be required to transport
this heavy equipment to many areas.

Caution is advised when working in an abandoned gquarry or near
a cliff face; numerous documented landslides and rockfalls attest to
the hazards present in these quarries and in the surrounding area (Van
Hom, 1976). It is a good idea to carry a supply of bandages or other
first aid items (including safety glasses), because lacerations, abrasions
and severe contusions become a way of life to dedicated collectors at
this locality. Rattlesnakes are present in the area, and appropriate care
must be taken, particularly in the late spring and summer months.
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Specimen trimming is best accomplished with a mechanical breaker,
which can more effectively contsol the direction of splitting. This
requires carrying some rather large, untrimmed specimens down the
hill along with all the paraphernalia that was carried up; the results,
however, generally make the effort worthwhile. Good specimens need
to be carefully protected and transported; even a moderate breeze is
sufficient to destroy a delicate tuft of mesolite. Cleaning can be done
only with water, as acids immediately decompose or alter the luster
of zeolite minerals. A solution of sodium hypochlorite (bleach) can
occasionally be effective in removing organic stains from weathered
zeolites, and an ultrasonic cleaner may be helpful for dislodging dirt
from some of the more durable mineral species. The very delicate
species (particularly mesolite and some thomsonite) cannot be cleaned
in water at all; they must therefore be carefully protected from din
during collecting and transporting.

CONCLUSIONS

The Table Mountain lava flows near Golden, Colorado, continue
to be a noteworthy source of zeolites and other minerals. Thomsonite
and mesolite are particularly striking in view of their considerable
variation in morphology and contrasting associations with other spe-
cies. The mineral associations and forms within these cavities afford
an excellent opportunity for the study of mineral growth, paragenesis
and geochemical evolution. However, much work remains to be done
on the mineralogy at this locality, including a more detailed study of
the composition of fluorapophyllite, as well as an investigation of the
clay minerals, chlorite and other poorly characterized species occurring
here. A more comprehensive study of the variations in species dis-
tribution, paragenesis and crystal habit as affected by cavity size and
position (both vertical and lateral) within the lava flows would also
be of interest, as would an investigation of the change in silica com-
position of analcime and chabazite throughout the paragenetic se-
quence.

Zeolites from this locality are not as commonly seen on the mineral
market as material from other worldwide occurrences due to the in-
active status of the quarries, and also because of the effort required
to collect here. Nevertheless, these deposits contain a nearly inex-
haustible supply of mineral-bearing cavities, and a steady but limited

quantity of specimens is likely to be available into the forseeable
future.
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for information
Denver Council

P.O. Box 621444
Littleton, Colorado 80162

21st ANNUAL

DENVER
GEM & MINERAL SHOW

September 16—18, 1988

Denver Merchandise Mart
451 E. 58th Ave., 1-25 & Exit 215

Featuring an International Selection of
More than 75 Retail & Wholesale Dealers
With the Newest Finds of Minerals, Fossils, & Gems, Lapidary Supplies & Equipment, Jewelry, & Books

OUTSTANDING EXHIBITS FROM MAJOR MUSEUMS

® Demonstrations
Best-qf-Specirs Competition — AMAZONITE

3 GREAT SHOWS IN ONE GREAT PLACE!

o Competitive Exhibits

Hours
Fri.: 9a.m. -8 p.m.
Sat.: 10a.m. -8 p.m.
Sun.: 10a.m.-5p.m.
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Mineral Museums of Europe

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.

$53 postpaid (hardcover)

MINERAL GOLLEGTOR

TR N T F TR

GLLECTOR. STUIENT. DEALER. AND MINER
W N KL 5% ME NS

The Mineral Collector

The Mineral Collector magazine was issued from 1894 to 1909, and is today
exceedingly rare; only a handful of complete 15-volume sets has survived, and most are
too brittle to read. However, a limited number of reprints of the complete series is
being prepared, and the first five volumes are now-ready for delivery. (The remaining
ten volumes will be issued soon in 5-volume sets.)

Volumes 1-V (1894-1899) $117 postpaid (softcover; sewn binding)

[UCSON SHOW Tucson Show Catalog 1988

Full of useful dealer information and interesting articles, including a full-color
review of Beryl and its varieties. Collectors will want to keep a copy of this
attractive souvenior edition for their files, especially if they were unable to
attend the show. 64 pages. $5 postpaid.

Minerals of
Cornwall and Devon

Minerals of Cornwall and Devon

NEW! A beautiful and authoritative book on one of the world’s most famous
mining and mineral areas. Full color throughout, superb color photography.
Chapters cover history (with many maps and old mining photos and

engravings), geology, mines, famous early collectors and dealers, minerals, and
an extensive bibliography. Co-published by the Mineralogical Record and the
British Museum (Natural History). Hardcover, 154 pages, 9 x 11 inches. $32

postpaid

ORDER FROM: The Mineralogical Record Bookstore
1601 Fairview Dr., Suite C, Carson City, Nevada 89701 (Tel: 702-883-2598)

Prepaid orders only, except by previous arrangement. Allow 4-6 weeks for delivery. Foreign orders add $1 per book.
VISA & MasterCard accepted No U.P.S. outside U.S.
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The definitive and readable collector’'s

guide to the famous pegmatites of

Maine, their interesting history and the
beautiful minerals they ve produced.
The first edition has long been out of
print; this 1s a new and enlarged second
edition.

$18 postpaid (softcover)
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The great classic compilation of nearly
30,000 crystal drawings, in nine vol-
umes of text and hgures. A unique
reference, available only in limited
numbers of this recent reprint

$350 postpaid (softcover)

(ALMOST SOLD OouUT!)

New publication! A thorough refer
ence to worldwide postage stamps de-
picting mineral specimens, beautifully
illustrated with many color plates
Most of the stamps can be purchased
mnexpensively from stamp dealers, if
you know what to ask for! This book
tells you

$26.00 postpaid (soficover)

Glossary

of

MINERAL
SPECIES

Fitth Editon

Muchael Fevscher

The Glossary of Mineral Species, now
in its fiffth edition, is the most up-to-
date compilation of all currently ac-
cepted mineral species (3,201 of them!),
their chemical formulas, crystal system,
and references. Also tabulated are the
minerals arranged according to groups.

$15 postpaid (softcover)
$11 postpaid (unbound)

Thorough technical treatise on
the geochemistry of gold de-
posits, their classification,
economics, and theories regard-
ing their origin. Six chapters
give an excellent historical re-
view from prehistory to the
present. Hardcover, 676 pages.

L)

$54 postpaid

This is the only thorough reference we know of
on cave minerals. Includes many rare species.
caves within orebodies are discussed. Abundant
photography and a detailed text make this an ex-
cellent reference.

$27.50 postpaid (soficover)

ORDER FROM: The Mineralogical Record Bookstore
1601 Fairview Dr., Suite C, Carson City, Nevada 89701 (Tel: 702-883-2598)

Prepaid orders only, except by previous arrangement. Allow 4-6 weeks for delivery. Foreign orders add 31 per book

VISA & MasterCard accepred.

No U.P.S. outside U.5S
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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

Frazier's Minerals

and Lapidary
Si and Ann Frazier
Suite 306, 6331 Fairmont Ave.
El Cerrito, California 94530
Tel: (415) 848-9541

Galas Minerals

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

Geological Center of
California Inc.
P.O. Box 1911

Fallbrook, California 92028
Tel: (619)723-8674

Cal and Kerith Graeber

P.O. Box 47
Fallbrook, California 92028
Tel: (619) 723-9292

Grieger’s, Inc.
900 S. Arroyo Parkway
Pasadena, California 91105
(800) 423-4181 (national)
(800) 362-7708 (in Calif.)

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

Mail: P.O. Box 267
Arcadia, California 91006
Showroom: 222 Kruse
Monrovia, California

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

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) 728-9121
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

Video Minerals
Art Graeber
P.O. Box 252
Yucaipa, California 92399
Tel: (714) 797-2591

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




Collector’s Edge

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

We Buy Collections

Collector s Stope

Jim & Patti McoGlasson
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

[ & T Creations

Tag & Lee McKinney
6780 €. Logan
Littleton, CO 80122
303-794-TR03
Colorado-Utah Minerals

B

Colorado Mineral &
Fossil Show

September 14-17, 1988
Holiday Inn-North Denver

“PART OF THE DENVER SHOWS™

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

Micromount Exchange

Dale Denham
P.O. Box 363
Louisville, CO 80027
303-665-31802

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

Mineral Treasures

Dec Belsher

P.O. Box 1204

Broomfield, CO 80020- 1 204
303464128

Fine Minerals, Collections

Moly B ® Caviano

$910 South University
Littleton, CO 80121
303-7T98-6696

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 1in Asian Minerals

Tavernier

3355 S. Wadsworth, GI23
Lakewood, CO R0227
398 5-9646

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 B0452
303-567-4647

Colorado Minerals & Mineral Mounts

Worldwide Resources

Dennis O. Belsher

P.0O. Box 636

Golden, CO 80402
303-322-4748

South American Minerals

Columbine Mineral Shop

Benjy & Liz Kuehling

633 Main Street

Owray, CO 81427
303-325-4345

Open 7 days, May 1-Oct. 31
9am. 09 p.m.

Off-season by Appointment
Fine Minerals for Collectors

I'he Mimneralogical Record. volume |9, Mav-June
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Mike Madson Minerals

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

Wholesale Minerals

I'be Rock Hul

Gus Seppi, Jim & lrene Witmer
706 Harmson Avenue

Leadville, CO BO46]
303-486-2313

Specimens, Unigue Gifts, Jewelry
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Bitner’s, Inc.

42 West Hatcher
Phoenix, Arizona 85021
(602) 870-0075

De Natura

Les & Paula Presmyk
P.O. Box 1273

Gilbert, Arizona 85234
(602) 892-0779

Fosters

Wayne & Sarah Foster
1511 E. Edgemont Ave.
Phoenix, Arizona 85006
(602) 265-1567

Kino Rocks &
Minerals

6756 S. Nogales Highway

Tucson, Arizona 85706

9-11:15/Noon-5:30 (Closed

Sun.)
(602) 294-0143

Michels Minerals

Harold & Wilma Michel
1030 W. Tenth Street
Mesa, Arizona 85201
(602) 969-0105

Midwest Minerals
and Mining

Stan Esbenshade

1501 W. Kilburn
Tucson, Arizona 85705
(602) 293-8474

David Riley Minerals
529 W. Pepper Place

Mesa, Arizona 85201-7209
(602) 898-0740

David Shannon
Minerals

David, Colleen & Mike

1727 W. Drake Circle

Mesa. Arizona 85202

(602) 962-6485

Maudine & Bob
Sullivan

Geological Specimens Int’l.

3202 Saguaro West Trail

Tucson, Arizona 85745

(602) 743-0081

See us at the major shows

only; sorry, no lists
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Appleton
[ ]

Cedarburg
Germantown @
Milwaukee

- —— —

Hillside ® q

Springfield
®

/
N

Mike Bergmann
919 Northwoods Dr.
Deerfield, Illinois 60015
(312) 945-077

Fine Mineral Specimens

Dave’s “Down to Earth”
Rock Shop

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

Fine Minerals & Fossils

Earth Resources
F. John Barlow
PO. Box 576

Appleton, Wisconsin 54912
(414) 739-1313

Waukegan
o # Deerfield
Highland Park

Chicago

Donald K. Olson

Gemstones &~ Minerals

P.O. Box 766

Cedarburg, Wisconsin 53012
(414) 377-5844

See us ar Mayor Shows

Mineral Miner

Henry Schrmdt

177 Blackhawk Rd.

Highland Park, Illinots 60035
(312) 433-2413

Worldwide Minerals, Appt. only

The Outcrop

Pete & Nancy Olson

P.O. Box 2171
Springficld, lllinois 62705
(217) 787-6149

Fine Mmmerals & Fosnils

By Appt.; List Available

Llinows-VVisconsin

munerval dealers

MAKE CONTACT!

. with a great source for fine
mineral specimens from Midwestern
and Worldwide sources. We have
everytlnng from top-quality display
preces to affordable beqinner specimens,
thumbnails 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. Youw’'ll enjoy
seeing our material, and we’ll enjoy
meeting another collector!

Reo N. Pickens
610 N. Martin Ave

Waukegan, [llinois 60085
(312) 623-2823

Precious Earth Co.
Lance T. Hampel

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

Fine Minerals; Open Daily

Rusty’s Rock Shop
Rich & Rusty Perny
4106 Buckingham Dr
Decatur, 1L 62526

(217) 877-7122
Whelesale & Retasl

Lists Avaslable
Apposntment Only
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8th Edition Standard
Mineralogical Catalogue

This useful price reflerence guide aids you in establishing vabses of
specimens  collections and sids in intefligent buying, selling.
irnding. Orver 12,000 prices, evalustion hints, special sections and
more. Absolule secessity for collecion, begimner 1o advanced.
Thousmmds sobd 5600 phus 75¢ shipping Mineralogscal Studses
1145 Foxfire Road, Kernersville, NC 17284,

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

A. L. McGuinness

WHOLESALE MINERAL SPECIMENS

DEALER INQUIRIES INVITED
Bv Appointment Onlv — Lists $1.00
4305 Camden Ave., 5an Mateo, CA 94403
Tel: (415) 345-2068

NICK CARRUTH
Specializing in British Minerals

Cornish Classics and Hope's Nose Golds in stock

OLDTIME BRITISH ALWAYS WANTED

ST T TR R —
Copse Cottage, Delaware Road
Drakewalls, Cornwall PL18
England (0822) 832530

COMPLETE SET
MINERALOGICAL RECORD
vol. 1/#1 through vol. 18/#6
$1500
R. W. Schreiber, 42 Cherry Lane,
Madbury, NH 03820

PRIVATE SALE

Mineral Crystal Collection
Guaranteed Aesthetic Classics
Send for List

Herman Prins. 1709 Loralee St.. S.E.
Grand Rapids, MI 49508

> Afrlcan
Minerals

Quality Minerals from Tsumeb and
Localities throughout Africa

« FREE LIST -
Rare & Classic Species + By Appt.
S.T.D. MINERALS
32 Spring Hill Rd., Hyde Park, MA 02136

l
M 617-361-5493 FF
IKEe HARITOS MIKE FRUTKO

IHE FINE MINERALS

KS

WHOLESALE IN TUCSON ONLY
8405 RAWHIDE TRAIL, TUCSON, AZ 85715

(602) 749-3435

SEE US
At our Regular Shows

No lists.

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

A —

PRECISION MICRO-SANDBLASTER

MINERAL/FOSSIL COLLECTORS
& JEWELERS

® Remove excess matrix and
undesirable overgrowths

® (Clean and highlight fossils

® Carve and drill gemstones without
damaging heat or torque

® |deal lor use with aluminum oxide,
glass beads, el

FEATURES

® Super-thin handpiece with 0.032" ID

replaceable carbide tip (0.018" and 0.048"

tips also available)
® foot pedal control and flexible air lines
® Abrasive reservoir, fittings, and instructions
ates on 60 to 120 psi compressed air,
CO,, Freon, elc.

COMPLETE Unit w/0.032" Tip—$299.00
(free information available)

No shyppang charge for COD or prepasd orders. Add 6% fax i Calil

GEMQUEST LTD.

696 San Ramon Valley Blvd., Suite 202
Danville, CA 94526

For Sale — Complete set v. 1-17

Mineralogical Record
Mint Condition — $1100 postpaid U.S.
S. W. Bailey, Univ. Wisc.

(608) 262-1806, weekdays

Donald A. Zowader

Write for list

MOUNTAIN GEMS
AND MINERALS

97 Lamington Rd.
Somerville, New Jersey 08876
- 201-526-1183

knstalldruse

—

QW/(;

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
quality display specimens

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

Mon.-Fri. 96, Sat. 91 p.m.
Downtown Munich near the
Stadtmuseum, 2 minutes from
the Marienplatz in the Dultstrasse

OBERANGER 6, D-8000 MUNCHEN
Tel. 089-260-4018
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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

Gypsum

14 cm as shown
Santa Eulalia
Mexico

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. We
regularly get fine minerals from classic localities. Give us a call or stop in
(by appointment) to see what’s new.

MWestern Minerals

GeNE & Jackie ScHLEPP ® P.O. Box 43603 ® Tucson, ArizoNA 85733 ® 602-325-4534
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_..1is back to basics: Tsumeb

Tsumeb
See us at Tsumeb
gy T Cnavanton Tsumeb
Center
A Tsumeb

*We are interested in acquiring collections I Sumeb o

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

GIRDAUSKAS MINERALS

2 CLEVELAND DRIVE, POUGHKEEPSIE, N.Y. 12601, U.S.A.

— Of f ering: Micromounts to Cabinet Specimens
Rare and Common Species
Mineral Books and Magazines
Educational Sets (Including Fluorescents)
FREE Monthly Listings

WANT LISTS WELCOME!
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Torimo!

Visit the World-famous Torino Show « October 7-9

lune, 988

ITALY'S premier gem &
mineral show is held
each year at Torino
(Turin), the weekend
before the Munich
Show. Torino is just

ca. 600 km (370 miles)
southwest of Munich.
Why not come to
Europe a week early

\ﬁ'”[f E’ISIt one ﬂf tht’ Scheelite
\ Traversella

Gabell,

biggest shows of the year?
Beautiful scenery,
excellent food, _fr:'vmﬂ},f
people and exciting
minerals including

fresh material from
summer finds in the
southern Alps! For
information: Scuola
Via Monterosa 56,
[-10154, Torino, Italy

Y4

CRESTMORE / JENSEN
QUARRY MINERALS

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

21 Granite Hill Drive

TOPAZ-MINERAL EXPLORATION
DEPT M
1605 HILLCREST
GRAND HAVEN, M1 49417
WORLD-WIDE MINERALS
PSEUDOMORPHS

_____Riverside, CA 92509 (714-685-5818)__

e Have Flobved!

20,000 fiosunds - dive leaitoss 9/
RARE SPECIES . toveabie uglies—New discoveries and

type locality specimens from worldwide sources,
micromounts to cabinet sizes.

M'TRACTNE moderately priced specimens in all sizes.

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

$1 brings you our periodic lists for at least a year. NOTE NEW ADDRESS!

Please state your interests. Dealer inquiries invited. Satisfaction guaranteed.
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PICK & HAMMER 1

Cecil S. Cosse'
geologist |

L od

\/ Send Three Stamps for Mineral List |
Reasonabile prices, nice specimens '
Arkansas. Brazil, lllinois, Elc |

| 4615 whmpenng rock ir

L B wuss TTIAR P13 2BA-BAAS

----- MINERALS -

@xlibur
Mineral Co.

14 Leigh Court
Randolph, NJ 07869
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David & Celia Lare f BOB & VERA TURNER \
“A ]effrey 1
. ; M - ‘ l L Ibflm E nnectmn

Mineral Specimens
Wholesale & Retail

WHOLESALE Can MINERALS

®

Michigan Copper Country Mmmerals!
Copper. Silver & Associated Species

No Lists ® Send phone no
and we ll contact vou

with information
- MP'OE-BO;*rb B BY APPOINTMENT ONLY
P.O. Box 198 empiis, 520 MARTHMONT WAY
Mohawk. Michigan 49950 (901) 358-1600 EL PASO. TEXAS 79912

Tel (906) 2894860

(915) 581-1926

ook Bealers
Sy || |BOOKS ™

in Idaho Aquaméﬁne_ Send $1.00 for latest catalog
and Fine Worldwide listing 100's on minerals, min-
Mineral Specimens ing, geology, fossils, gems
g Tel.: 619-488-6904
628 Whittier Street
ldaho Falls. Idaho PERI LITHON BOOKS
83401 P.O. Box 9996
. 5372 Van Nuys Court
r San Diego, Calif. 92109
— g
Sine Rare Books THE JUBILEE OF GEMS IN
) " Geology, Mineralogy, Paleontology, CALIFORNIA
Fﬂl)Ul()Ub CELE.STITE Mining, Gemology, and Jeweiry | California Federation ol
Send $1.00 for Catalog Mineralogical Societies
N_. .f_ F ) S r r .
from f ledg.,a' ca THE GEMMARY, INC. GEM & MINERAL
exclusive concession — P.O. Box 816, Redondo Beach, Ca. 90277.J | | SHOW
Paul BENICHE 2 %) Y 27 ORANGE COUNTY FAIR & EXPO CENTER
4u 2
o . L ' = ANTIQUARIAN Costa Mesa, California
1 rue Paul Cezanne 75008 Paris mﬂﬂkﬁ & SECOND-HAND AUGUST 26-28, 1988
Phone 3314-562-6929 q Geology Catalogs-$1 { | | FRI&SAT 10-7pm « SUNDAY 10-5pm |
; - 9 Mineralogy, Natural History Hosted by
Special conditions for R.V. Merritt, 174 Old Bath Rd. The North Orange County Gem &
Retailers & Wholesal Cheltenham, GL53 7DR, England Mineral Society
elaners ¢ wpoiesasers P.O. BOX 653, LA HABRA, CA 90633
4

SCHNEIDER'S COMMING “DOWN UNDER™
rocks & minerals PIERS & ROBYN FOA
13021 Poway Road of
Poway, California 92064
gi 9.748-3719 KOVAC'S GEMS & MINERALS
, California tourmaline, 291-293 wammﬁg:Rg;D
P - {! spessartine, morganite & EAST MALVESN V.
' —— minerals from PHONE (03) 509 1611
¢ worldwide localities TELEX 30625/ ME087
Sanm> Weller>s Minerals
Mineral Dealer & Mine Agent IRY SOUTHERN HOSPITALITY

IN THE LAND OF THE BROKEN HILL!"!

nr. Penzance, Cornwall, England
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MEL & GRACE DYCK In FLORIDA Colorado
s B 1559 N. 18TH Street Gem ond
lon D'YCk § LARAMIE, WY 82070 see [he M I
: FEWL inera
Minerals  con s G il G c
AL S— _ allery o ems | | “ompany
fine mineral specimens .
Lad : Peq B imens
® visits by appointment Fine gems & minerals ;:?:ﬂ La::E'IIJDEf .
® mail-order lists 2291 N. Federal Hwy :::-m? I{--(fb e;e: .
® shows Boca Raton, FL 3343 TE;]:D; P::m;; )
\ (305) 392-3640 A |2

a PARAG GEMS | /! Silver Scepter

INDIAN MINERAL SPECIMENS ,
mlnera We have fine Jacupiranga

Green Apophyllite, Mesolite, Scolecite,

Natrolite, Gyrolite, Sulbite, Heulandite, .. mine specimens, Brazilian
IE Okenite, Prehnite, Amethyst, Calcite, Quanz, ! minerals, excellent crystal
Babingtonite, Laumontite, Chabazite, etc. in * WE BUY COLLECTIONS / specimens, and rutilated
beautiful colors and terminations. Also spe- y Riae DMinssale : quartz
GE cializing in all types of Gemstones, Bead Neck- O tal C o Visit our showroom in
laces and Gem Rough. Free Price List Avail- ) - _pe Séo Paolo (by Appt.)
EE able; request on company letterhead only. Shown by Appointment &
PARAG GEMS, N4/15-A Sunder Nagar, P.O. Box 1382 RUA ENG. AGENOR MACHADO,
S.V. Road, Malad Bombay : ' 108 CEP 04710 - S. PAULO - S.P. -
. . lNDﬁ}' PR / R‘chla”'f' "’;A 99352 BRASIL. TELEPHONE (011) 521-0538
- ] (509) 6274163

y IN T

Sierra Vista VIDEO SChOO‘eI"S
S—— * MINERALS w Minerals & Fossils

A New Concept

NTER [LLUSTRATED Now be able 10 view beauiful Quality Specimens
ol & specimens in your own home
UE_ST Quality minerals $25-$1000 for [he COl |e(:t0r
Send for list and color videotape
BUYING (Beta or VHS); $25 deposit required. At Shows & By Appointment
-5pm MINERALS refundable with return
2375 E T ' 186 of tape or toward:gughagz
> . lropicana, ART GRAEBER » . Box .
. Las Vegas pNv 301#19 Yucaipa, CA 82399 « 714-797-2591, eves s :m EJT?[ i i
4 | ¥ . ¥ I'l
0633 Tel: (702) 798-7271 (see review, vol. 18, no. 2, p. 115) i) 9

MIC ROMOUNTS, THUMBNAILS,
MINIATURES & CABINETS

Specializing in Arsenates,
Benitoite & Associated Minerals
Micromount List, $2, refundable.

Bruce & Jo Runner

— -

MINERALS

Fine muneral specimens Irom w wrdchw ke bos ateion

humbnails 1w Laree Musrum Piece

Fuber Hyvdraule Kook M ters
Inquinies Invited

S(‘t* us at

the 198/ E ’
Houston,

Detroit &

Dallas Shows!

Dallon & Consic Prince

5021-A Augusta, Houston, Texas 77007

Collections Wanted

- A ——
STEVE ROSE = HARVEY GORDON
N2 S WELLS AVE . RENO. NEVADA OS5
I'El O2-320-H765 (O 702-1M-4866 (H

13526 South Ave., Delhi, CA 95315
Showroom by Appt. (209) 634-6470
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AETIERAS *R®UGH:

HllD
GEMSTONES

Direct from Brazil

OCEANSIDE GEM IMPORTS, I

P.O. Box 222
Oceanside, N.Y. 11572

Phone (516) 678-3473
Hours by Appointment

' MINERALS
METEORITES
TEKTITES...

... for Research and

Reference Collections
Micro to Cabinel Sizes

— List on Request —

DAVID NEW

P.O. Box 278. Anacortes, WA 98221

(206) 293-2255

® SINCE 1954 ¢

1202 Perion Drive
Belen, New Mexico 87002
505-864-2145
w SEND SASE FOR LIST &

DIAM“NDS

All Types, Sizes & Qualities

— CUTTABLES —

(Octos, Macles, Elongated, Dodecs, Etc))

— INDUSTRIALS -

(All types and specifications)

— SPECIMENS -

(Microcrystals to over 150-c1 single
siones, every shape—priced from $3 50/ct)

CATALOGS

Rough Diamonds w/related trade info. $10.00 ea.
Cut & Polished Diamonds w/trade into. $7.00 ea.

Kenneth Glasser

P.O. BOX 441, MONSEY, NY 10952
(914) 426-1241

M &

CAROLE
RIDDING
* Fine Minerals

1155 Coast
Villoge Road,
Santa

Barbara,
California 93108

Tel: (805)
969-0442

Cureton Mineral Company

° L4

We specialize in rare minerals, minerals from old classic locations, and meteorites. We have
approximately 2,300 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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Microminerols .

Bill Henderson

When one approaches 10,000 micromounts, each one entombed in
its own little plastic mausoleum, labeled and filed away, perhaps never
again to see the light of day, one tends to become jaded. One tends
to turn up his nose at the commoner species, and this is a mistake,
as witness the specimens | received from Allen and Barbara Lundgren.
They offered to send quartz, goethite, manganite and sidenite, all
common species, from the iron mines of Minnesota, all species | had
coming out of my ears. But wait and look! Some of the quarnz (Fig.
1) 1s in beautiful, transparent crystals perched on individual needles
of goethite and decorated with still finer goethite, the latter of a bright
orange-brown color. | hadn’t seen them before. Nor had | ever seen
such brilliant, jet-black, well formed manganite crystals as those they
sent from the Robert mine, Cuyuna, Crow Wing County, Minnesota.
Their high reflectivity (Figs. 2 and 3) makes them very difficult to
photograph. The siderite they sent (Fig. 4) is interesting for its habit —
stacks of little pie-shape crystals with a light orange color on dark
brown goethite. The Lundgrens are swappers (their address: Mr. and
Mrs. Allen Lundgren, 765 Redwood Lane, New Brighton, Minnesota
55112).

Ray DeMark (6509 Dodd Place, N.E., Albuquerque, New Mexico
87110) deserves credit for improving the breed with the honey-yellow
scheelite he collected, shown in Figure 5. These crystals are nicely
striated, thus revealing their tetragonal symmetry, and are from the
Ortiz gold mine, Santa Fe County, New Mexico. Of equally mice
quality is the bright orange scheelite on pyrrhotite from the Morro
Velho mine, Nova Lima, Minas Gerais, Brazil, shown in Figure 6
This was sent to me along with other fine matenal by Richard Thoms-
sen of Carson City, Nevada. Already in my collection are scheelites
from six other localities, but the only ones which approach the at-
tractiveness of the crystals shown here are colorless to white ones
from Schlaggenwald. Bohemia, and cream-colored scheelites included
in quartz from near Dragoon, Cochise County, Arnzona.

Frank W. Robinson (51 Sixth Street, Parkdale, Victona 3194, Aus-
tralia) sent some calcite crystals perched on an unknown acicular
mineral (Figs. 7 and 8). The equant calcites are oriented perpendicular
to the stems, the calcite being colorless to white and the stems a dull
orange. As it tums out, both the caps and stems are calcite, and the
caps. then, are a second generation of calcite growing on an earlier
generation of unusually elongated habit. These are in basalt from the
Jindevick quarry, near Warregul, Victoria, Australia. Frank has very
nice zeolites from Australian localities, and many of these micro
zeolites are equal to or superior to the same species from other lo-
calities.

Pyrite is another species which every micro collector has in abun-
dance. Still, it was only recently that the three shown next came down
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Figure I. Colorless quartz crystals on rust-
colored goethite needle with secondary goeth-
ite, from the Portmouth mine, Crosby, Crow
Wing County, Minnesota. Length of group, 7
mm.

Figure 2. A druse of jet-black manganite crys-
tals; field of view 15 mm. From the Robert
mine, Cuyuna, Crow Wing County, Minne-
sola.

Figure 3. Brilliant, black manganite crystals to
1.5 mm in length, from the Robert mine,
Cuyuna, Crow Wing County, Minnesota.
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Figure 4. Light tan, stacked up, pie-shape sid-
erite crystals on dark brown goethite. Crystals
are about 0.5 mm across, and are from the
Huntington mine, Ironton, Crow Wing Coun-
ty, Minnesota.

Figure 5. A 2.5-mm, light yellow, striated crys-
tal of scheelite with pyrite on quartz, from the
Ortiz Gold mine, Santa Fe County, New Mex-
ico.

the pike, and they are completely different from any of the fifty or
more already in my collection. Dan Behnke sent the photos shown
in Figures 9 and 10. These show pyrite in remarkable spherical ag-
gregates, possibly made up of radiating, distorted cubes. It's also
interesting that these spheres from Gray's quarry, Hamilton, Hancock
County, Illinois, are associated with or even growing on normal pyrite
cubes. Figure 11 shows pyrite from the Eagle mine, Gilman, Eagle
County, Colorado, with almost equal development of the pyntohedron
and octahedron. A diagram of just such a crystal is shown in Dana’s
Textbook of Mineralogy, Fourth Edition, page 81. As a consequence
of equal development of the two forms, the crystal shows a spurious
five-fold symmetry. The highly reflective pyrites shown in Figure 12
are from the Bethlehem Steel quarry in Cornwall, Lebanon County,
Pennsylvania, and are growing on apophyllite. They show what at
first appear to be cube and octahedron faces, the latter being deeply
pitted. However, close inspection shows that the “cube™ faces are

200

Figure 6. A deep orange, 1.5 mm crystal of
scheelite with pyrrhotite on calcite. From the
Morro Velho mine, Nova Lima, Minas Gerais,

Brazil.

Figure 7. Colorless, equant calcite crystals or-
iented on the terminations of orange, acicular
calcite crystals; field of view 2.5 mm. The spec-
imen is from the Jindevick quarry, Victoria,

Australia.

Figure 8. Calcite oriented on calcite as in Figure 7.
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Figure 9. A sphere of radiating pyrite crystals
on pyrite from Gray’s quarry, Hamilton, Han-
cock County, Illinois. Size of sphere, 0.16 mm.
Dan Behnke photograph.

Figure 11. A brass-yellow pyrite showing equal
development of the octahedron and pyrito-
hedron; hence, a pseudo five-fold symmetry.
The crystal, 2.2 mm across, is from the Eagle
mine, Gilman, Eagle County, Colorado.

made up of two or three faces (note diagonal line in Fig. 12). It appears
that these are actually pairs of shallow pyritohedron faces, sometimes
divided by a very minor cube face along the diagonal.

Within the last few months, | have obtained several fine African
minerals, most of them using the silver pick. The first of these was
a 7.5-cm piece of calcite matrix covered with over a hundred single
crystals, twins and trillings of brilliant, black hausmannite from Wes-
sels mine, Kuruman, South Afnica. One such tnlling 1s shown in
Figure 13. The specimen was obtained at the last show sponsored by
the New Jersey Earth Science Association in Wayne, New Jersey
This is a fine, medium-size show with excellent dealers and exhibits.
Not the least of the dealers is Dick Gaines, from whom this specimen
was obtained. He can always be counted on to have rare, old or
unusual specimens at very reasonable prices, and | never manage 1o
get away from his booth without picking up several choice items

Also from South Africa are the specimens shown in Figures 14 and
I5. The first of these is a jet-black crystal of gaudefroyite, a hexagonal,
manganese borate-carbonate, with a colorless crystal of what is prob-
ably calcite growing from its side. The second is a distinctly columnar,
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Figure 10. A 0.47-mm sphere of radiating py-
rite from Hamilton, Hancock County, Illinois.
Photo by Dan Behnke.

Figure 12. Two 0.5-mm, brilliant crystals of
pyrite with deeply pitted octahedron faces,
from the Bethlehem Steel quarry, Cornwall,
Lebanon County, Pennsylvania.

Figure 13. A trilling of brilliant, black haus-
mannite crystals on calcite. The specimen, 1.6
mm across, is from the Wessels mine, Kalahari
Manganese Field near Kuruman, South Africa.
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Figure 14. A black, 6.5-mm gaudefroyite crys-
tal, hexagonal, with an adhering calcite (?)
crystal, from the N'Chwaning mine, Kalahari
Manganese Field, Cape Province, South Af-
rica.

Figure 15. A columnar, 9-mm black hematite
crystal with metallic luster, from the N'Chwan-
ing mine, Kalahari Manganese Field, Cape
Province, South Africa.

brilliant, black crystal of hematite. Both are from the N'Chwaning or
Black Rock mine in the Kalahari Manganese Field, Cape Province,
South Africa. These were obtained at the Eastern Federation Show in
Warwick, Rhode Island, from Mike Haritos (STD Mineral Company,
22 Spring Hill Road, Hyde Park, Massachusetts 02136). Mike and
his partners had these and other nice species such as purple crysrals
of sugilite and todorokite in gypsum from Africa at reasonable prices,
and locally collected species such as babingtonite from several Mas-
sachusetts localities at ndiculously low prices.

Recently, we had the pleasure of entertaining John Gliddon, Mine
Superintendent of the Palabora Open Pit, South Africa. It's the largest
open pit operation in all of Africa, and exploits a number of valuable
ore minerals occurring in carbonatite, an igneous carbonate rock. The
locality has several minerals in common with the Jacupiranga mine,
another carbonatite operation in Sdo Paulo, Brazil. From John, we
received a large number of attractive and well crystallized micro-
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Figure 16. Brilliant, black gaudefroyite crystal,
1.5 mm high, from the N"Chwaning mine, Kal-
ahari Manganese Field, Cape Province, South
Africa.

Figure 17. Colorless, columnar calcite crystals
showing prominent prism faces, from the Rass-
ing Uranium mine, Réssing, Namibia. The
largest crystal is 4.5 mm long.
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Figure I8. A 6.0-mm group of jet-
black baddeleyite crystals from the
Palabora Open Pit, Phalaborwa,
Transvaal, South Africa.

Figure 20. Brilliant, black octa-
hedrons of magnetite with an in-
teresting parallel growth of
smaller magnetite crystals at cen-
ter of photo; field of view 1.5 cm.
From the Palabora Open Pit.

specimens. The first of these was another gaudefroyite (Fig. 16), but
of an entirely different habit from the one shown earlier. Indeed,
John's specimen shows at least one other crystal habit much simpler
than the one shown in Figure 16. A much commoner species but one
showing unusual crystal form is the calcite from the Rossing Uranium
mine shown in Figure 17, The extent of elongation and the predominant
prism faces are rarely seen in calcite. The terminations, although
rounded, appear to be made up of a major scalenohedron and one or
more minor rhombohedra.

From the Palabora open pit, John sent us the baddeleyite in Figure
I18. Baddeleyite, ZrO,, is extremely rare and is one of the minerals
common to the Palabora pit and the Jacupirange mine. Interestingly,
there 1s enough of the mineral at Palabora that it is an economically
important constituent of the ore. Although not an ore mineral, the
mesolite crystals shown in Figure 19 are remarkable for their thick,
columnar habit and well developed terminations, the latter being made
up of a multitude of parallel, acicular segments. The last species
shown from the Palabora open pit is the magnetite in Figure 20
Magnetite is a substantial component of the carbonatite but, curiously,
it cannot now be economically used and must be stockpiled because
of s high titanium content. Besides the sharp, octahedral crystals
shown, the magnetite from Palabora also shows curious, parallel
growths made up of smaller octahedrons such as that in the center of
Figure 20. Other Palabora species obtained from John are fluoborite
as white, acicular crystals with magnetite; brucite in two completely
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Figure 19. Colorless to white mesolite crystals,
2.4 mm long, from the Palabora Open Pit.
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different habits; and extremely beautiful. deep orange, well formed
crystals of chondrodite. Although John is not quite a dealer, he does
have the above and many other attractive and well formed micros for
sale. (His address is P.O. Box 1414, Phalaborwa, Transvaal, South
Afnca.)

These and other minerals such as the new finds of sturmanite show
that there is an abundance of fine species 1o be obtained from southern
Africa these days. And speaking of those sturmanites, micromounters
would do well to watch for associated white and black minerals n
micro crystals. These promise to be very interesting

Have any of you readers detected a certain amount of improvement
in the photos in this column? In the past, | ook photos using a 25
year-old Unitron microscope, hanging thereon a broken Pentax camera
body using a $35.00 adapter. Exposure and focus were by guess and

by golly. Of late, though 1 have been using an expensive Olympus

scope with dedicated camera, automatic him advance, side viewing
telescope, computer controlled exposure, automatic reciprocity failure
correction, and a diaphragm at the objective lens to control depth ol
field. I give thanks for all the technological advances in this world
They certainly make writing these columns easier

Happy hunting'

Wm. A. Henderson, Jr.
174 East Hunting Ridge Road
Stamford, CT 06903




Fine
Mineral Specimens

¢ Brreal Glagsicn, -

Afahan & Pakistani

lists issued. ~ —2

#Box 51
Short Hills, N.J. 07078

(200) 467-0212

Rare Species?
Common
Minerals?

Our 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

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

EMPEROR QUALITY GEMS
100% AUS LIAN OPALS

Mined, Valued, Sold Direct, Black, Crysial,
White & Dark Based Opal, Rough & Cut
INVESTMENT QUALITY
Phone Australia (08)261-0957 or (08)568-2476
BOX 65, GUMERACHA 5213, SO. AUSTRALIA

Importers from around the
world. . . . Specializing in fine
mineral specimens.

Museum-size specimens of
Amethyst, geodes, fossil fish,
quartz crystal.

Come visit our warehouse . . .
close to Kennedy Airport and
New York City!

AURORA MINERAL CORP.
16 NIAGARA AVENUE
FREEPORT, NY 11520

Call tor appointment

(516) 623-3800

" NATURE’S WINDOW

* Minevals Freepors, L1, NT Mar. 19-20
* Fossals Rochester NY Swmp. Apr. 7-10
* Rare Species Wawme, NJ Apr. 23-24

* Micromounts Lancaster, PA? Mavy 21-22

* Books Auburn, NT Mav 28-20
SHOW DEALERS ® RON & EMILIE KENDIG

G. Carlo

ﬁbrdvdﬂfz'

mineralogist

Tetrabedrile Carrard

19/20 Via Pie di Marmo
Rome, Italy

Located between Piazza
Venezia and the Pantheon

e ———— e — e = A

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

Phone: 06-6786067

\ P.O. BOX 6049 WYOMISSING, PA 19610

OUR 10TH
YEAR IN

VINERAL |2
dECOR for Zeolites!

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

72 Casa Grande, Lintle Gibbs Road (behind hanging
rdens) Bombay 400 006 India (Tel: B229474)

Mineral List Available

WHOLE EAKRKTH MINERALS
r.o.sox 50008
RENO, NEVADA 89513

Jysons’

fine mineral specimens

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

(403) 452-5357

204

™

June 4-5 Houston, TX (priv.)
June 11-12  Arlington, TX

June 11-12 New Haven, CT

June 16-19 Bismarck, ND (RMFMS)
June 18-19 Topsfield, MA

June 23-26 St. Paul, MN

July 9-10 Culver City, CA

July 14-17 Macomb, IL

(MWFMS)
Colorado Springs, CO
Mattituck, L.I., NY

Long Beach, CAf

July 23-24
July 23-24
July 30-31

The Mineralogical Record. volume 19, Mav-June. [958



\ALS

MFMS)

s, CO

| 85658

fav-June, |988

™

- -

-
st et ]y
._-.Jﬂlm'—';' :".h:;"'f.-l'- ::-:; ":‘
‘“‘,;—-—"-t'f- » “‘::i:-_- :t-ﬂ_ 3
ok ey . T --._".'.:'_'_ff‘ -
-

o

BbooR Reviews

LE
MONDE WIWERAL
T PAR LES ThEBAES

THE WORLD OF MMERALS
THROUGH POSTAGE
STANPY

B

The World of Minerals
Through Postage Stamps

by Jean-Michel Autissier, preface by Pierre Bar-
iand (1987), Jruﬂ’nrrw".':'uf f'}' Atelier ‘f.'” 4, Saint-
Amand-Montrond, France; distributed in the
United States by the Mineralogical Record Book
Department, P.O. Box 1656, Carson City, N'1
89702. Softcover, 6 x 9/, inches, 121 pages,
44 color plates showing postage stamps and min-
eral specimens, $25 postpaid (826 foreign)

It you have been tantalized by the pictures
of mineral stamps shown penodically in the
Mineralogical Record’s letters column, and
want to see more, this colorful book is just
the thing. Nearly 300 postage stamps de-
picting gems and minerals from around the
world are reproduced in full color. They are
grouped into 44 plates, more or less by min-
eral species, and have a brief and basic ac-
companying text discussing the minerals
I'he text, in side-by-side French and Eng-
lish, is so short and simple that only people
who know pracucally nothing aboutr min-
erals will get much out of it. But considering
that the book is aimed at stamp collectors
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and not mmeralogists, the coverage 1s sat-
istactory and makes a mice introduction for
voung collectors and potennal collectors
And despite its brevity, we still learn a few
mnteresting things here and there; tor ex
xlml"h'_ that the ]-!T\_:L'\T known tetrahedrit
crvstal (15 cm) was tound at the lrazemn mine
in the French Pyrenees and 1s on exhibit ar
the Sorbonne in Pans

[ables histing in detail all known mineral
H[.!.'I]]PH rh.n have been 1ssued to date, by
country and by species, are included to make
the book a usetul collector’s reference as well
as a pretty picture book. This 1s an inter-
esting book to browse through, one of the
rare references on mmeral art of any kind,
and will also make a mice gift for beginning
stamp and mineral collectors

Harzer Bergbau und
Minerale: St. Andreasberg

by Georg Gephard, in collaboration with Klaus
\ih':huui:, with mineral I!""‘h‘.rl‘fhl;‘h} “}' (lal

Medenbach and Rainer Bode. Published by Ver-
lag Christel Gebhard-Giesen, available through

Mineralogical Record Bookstore, P.O. B
1656, Carson |
W x 11

erams and cngraring

“-_'r 1M HALTR miany midjg

I'.II.'.':r-.'l,_'I..'[ JI.' fmox]

$4.3 postpaid (foreign orders add $1). In German

Several major artucles and reviews of the
mineralogy ot St. Andreasberg have p
1,"L'.I.."’.~1 in the German hterature during the
last few vears: thas 1s by far the best and
most beautifully tllustrated. It s also the first
to be published n a tull-size, hardcover tor
Imat

51 ""l.]]k{T'l.'.i\["'L.".-_' 1S The Most Tamous min
meg and mineral locality in the West German
halt of the Harz Mountains. Known at least
since 1487, the mn

s have wvielded vas

-
quantnes of silver and silver minerals, nght

the closing of the last muine in 1931

up unti
(sebhard's excellent monograph recounts
the nch history in detaill, with many fine
old penod illustranions, then launches mnto
in equally detailed review of the geology
and the underground workings. The mn
eralogy section describes all species known
from St. Andreasberg, beginning with a dis
cussion of the “classic occurrences and then
proceeding in Dana order through all of the
minerals. At the end 1s a listing of recently
found species that are new to the St. An
dreasberg hist. followed by an imterestng

I.h-*r.tl.'l on prominent ecarlv collectors and

111“:,'1THITIH \Pt'tii'!;"lrlh_: m St "‘.HJTL.{\“;!L'.
minerals, and concluding with a bibhog-
raphy, a species « hecklhist and a glossary of
carlv German mimming terminology

The book i1s iberally illustrated with tine
color photographs by German masters Olat
Medenbach and Ramner Bode. The beauntul
prnu\hh'\-, pyvrargyvrnics and Huorites are
-11|~ph'nn'nrrd bv manv old crvstal drawings
and reproductions of antique labels and per-
wod illustranions of specimens from carly
rHIﬂ;'T.ll books
)5




Despite the language barrier, this is a very
satisfying book to leaf through. It is so well
illustrated that the reader obtains a thorough
introduction to St. Andreasberg even with-
out reference to the text which, at least for
technical information on the species, is un-
derstandable with only a little work. Col-
lectors and mineralogists as well as mineral
historians with any interest in European lo-
calines should consider this book an essen-
tial reference.

The Literature of

Mineralogy

by Michael O’Donoghue (1986). Published by
the British Library, Science Reference and In-
formation Service, 25 Southampton Buildings,
Chancery Lane, London WC2A 1AW. Soft-
cover, 6'/, x 9 inches, saddle stitched, 94 pages;
price £12. (ISBN 0-7123-0737)

The hiterature of mineralogy i1s vast and
widely dispersed, both geographically and

temporally. So a ttle like The Literature of

Mineralogy suggests a grand bibliographical
compendium. Michael O’'Donoghue’s
booklet 1s instead a modest effort designed
to hit only the high spots, and concentrating
mostly on very recent books and journals.
The selection is adequate as far as it goes,
and most entries are given some annotation.
Omuissions, however, are massive in such a
short work; consequently the listings should
be considered as only an introduction to the
more recent literature.

The booklet has an attractive color cover
showing a green mineral (unfortunately not
identified inside). Nine pages at the back are
devoted to crystal drawings, apparently
lifted (unreferenced) from Goldschmidt’s
Atlas der Krystallformen and having nothing
to do with the rest of the booklet. The type
1s unfortunately typewriter-style rather than
a conventional book typeface which would
have been easier to read and more space-
efficient.

The booklet includes a lot of blank space
(at least 22 page’s worth), and an 11-page
index, suggesting that the manuscript has
been stretched to make it appear closer to
book-length. (The text is actually about
equal in length to a moderately long article
in the Mineralogical Record.) This padding
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need not be considered an objection in itself
provided that the price remains reasonable;
however, £12 does not seem reasonable.
Mineral collectors looking for a brief intro-
duction to recent mineralogical literature
will probably find this booklet useful if they
don’t object to the price. With a deceptive
title like The Literature of Mineralogy, how-
ever, some readers will unfortunately be
misled into thinking this is all there 1s to
mineralogical literature.

Glossary of the Minerals of
the Lake District and
Adjoining Areas

by B. Young (1987), published by the British
Geological Survey; available through the Miner-
alogical Record Bookstore, P.O. Box 1656,
Carson City, NV 89702. .'iq!i’:m':'r, 8'/. x
11'/, inches, 104 pages, $23 postpaid in the
U.S., foreign orders add $1.

England’s Lake District, in Cumbnria near
the border with Scotland, 1s an area of re-
markably varied geology and mineralogy
A number of famous mineral localities occur
within its borders, particularly Caldbeck
Fells where the Roughtongill mine has
produced England’s finest specimens of py-
romorphite.

As the author points out in his introduc-
tion, topographical mineralogy has been a
rather neglected field in England since Greg
and Lettsom’s compendious Manual of the
Mineralogy of Great Britain and Ireland (1858)
and Heddle's Mineralogy of Scotland (1910).
The updating of Greg and Lettsom to make
a modern, comprehensive British mineral-
ogy was the unfulfilled ambition of several
eminent but now-deceased mineralogists.
The task has now become so enormous that
it will most likely have to be done as a series
of separate regional studies, and Young's
(,'.I'm.c.n'y L}I'rhr Minerals a.jr,l" the Lake District 1s
an admirable and thorough beginning.

The length (104 pages) is deceptively
short; there are no illustrations, save for one
map, a fine color photo of a sphalerite spec-

imen from the Force Crag mine on the front
cover, and four color specimen photos on
the back cover. The pages are somewhat
oversized, and the type i1s very small (8-
point condensed). Consequently the book
is dense enough to have filled twice that
number of standard-size pages in standard
10-point type with a moderate selection of
photos. The lack of specimen photos is a
definite deficiency, but the hard mineral-
ogical data 1s all there in meticulous detail
Species are listed alphabetically, and under
each the various occurrences are listed al-
phabetically with descriptions. All previous
literature has been culled, and a significant
number of unpublished occurrences are
noted based on specimens in the Brinsh Mu-
seum (Natural History), the Geological
Museum, and the National Museum of
Wales, all carefully referenced. A bibliog-
raphy of 279 tutles is included. '

This is clearly a professionally prepared,
basic reference on British mineralogy which
deserves a place in every mineralogical h-
brary.

Mineral Economics of Africa
by N. de Kun (1987), published by Elsevier
Science Publishing Co., Inc., P.O. Box 1663,
Grand Central Station, New York, NY 10163.
Hardcover, 6°/, x 9°/, inches, 345 p., $86.75
(postage free with prepaid orders).

Professor de Kun's latest work, coming
23 years after his larger and more detailed
compilation, Mineral Resources of Africa (El-
sevier), is very broad in scope. It covers the
development of petroleum, hydroelectric
power, fertilizers, water, building matenals
and ore processing as well as minerals in all
of the African nations. Consequently the
amount of space that can be devoted to any
one commodity per country is compara-
tively small in a book of only 345 pages.
The situation is made worse by the use of
typewriter type rather than formal type-
setting, an abominable practice that pub-
lishers should learn is offensive to readers

The format, given these restrictions, is
compact and fact-filled. Maps show the lo-
cations of important deposits. and mining
companies are regularly identified by letter
codes keyed to a listing at the back of the
book. Key words in the text are underlined
for easy scanning.

Unfortunately, text references to other
literature are entirely lacking. In place of a
bibliography 1s given a perfunctory listing
(called “*Further Reading’) consisting
mostly of journal ntles and a handful of
specific articles and books, 63 entries total,
which is virtually useless to the reader seek-
ing further data on specific countries or de-
poOsits.

Despite its shortcomings, this book does
provide much basic information not easily
available on the mineral deposits of Africa,
a virtue uncompromised by our desire for
more.

WEW
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Notes from the Editor
(Continued from page 138)

with which the user may call up mineral formulas by name, or a list
of minerals and formulas containing specified elements. It was being

demonstrated in February at the Tucson Show and everyone who saw
it was satisfactorily impressed. The program is called MINCAT: it
consists of two diskettes and a manual, available for $99.99 from PC
Geological Software Systems (Dept. of Earth Sciences. UNO, Lake
front. New Orleans 70148, Tel: (504) 286-6791)

Tonopah-Belmont mine
(Continued from page 144)

CAPPS, R. C., REYNOLDS, §. J., STIMAC. J. A., KORTMEIER,
C. P., ALLEN, G. B., and SCOTT, E. A. (1985b) Preliminary
Geologic Map of the Central Big Horn Mountains, West Central
Arizona. Arizona Bureau of Geology and Mineralogy Technology
Open File 85-16.

HARDEY, J. J. Jr. (1984) The Structural Geology, Tectonics and
Metamorphic Geology of the Arrastre Gulch Window, South Central
Harquahala Mountains, Mancopa County Anzona. M.S. Thesis.
Northern Anizona University, Flagstaff, 79 p.

KERR, DAWSON and ASSOCIATES (1984) Report on the Big Horn
property, Maricopa County. Arizona. Roddy Resources. Vancou-
ver, B.C., 33 p.

RAMSING. F. C. (1957) Geologic Report on the Tonopah-Belmont
Mine. Private report, 3 p.

REHRIG, W. A., and REYNOLDS, S. J. (1980) Geologic and ge-
ochronologic reconnaissace of a northwest-trending zone of met-
amorphic core complexes in southern and western Arizona. in Crit-
tenden, M. D. Jr., er al. (eds.). Corderilleran metamorphic core
complexes. Geologic Society of America Memoir, 153, 131-157.

REHRIG, W. A., SHAFIQULLAH, M., and DAMON, P. E. (1980)
Geochronology geology and listric normal faulting of the Vulture
Mountains, Maricopa County, Arizona. Arizona Geological Socien
Digest, 12, 89-110.

REYNOLDS, S. J. (1980) Geologic framework of west-central An-
zona. Arizona Geological Sociery Digest, 12, 1-14.

REYNOLDS, §. J. (1982) Multiple Deformation in the Harcuvar and
Harquahala Mountains West-central Arizona. in Frost, E. G., and

Marun, D. L.. eds. Meso-oic-Cenozoic Tectonmic Evolution of the

Colorado River Region. San Diego, Cordilleran Publishers, 137
142

REYNOLDS, S. J.. CAPPS. R. C., KORTEMEIER, C. P., SCOT1
E. A., STIMAC, J. A., and ALLEN, G. B. (1985) Preliminary
Geologic Map of the Belmont and eastern Big Hormn Mountains
West Central Anzona. Arizona Bureau of Geology and Mineral
Technology Open File 85-15, 25 p

REYNOLDS, S. )., and SPENCER, ). E. (1985) Evidence for large
scale transport on the Bullard detachment fault, west-central An
rona. Geology, 13, no. 5, 353-357

SILLIMAN., B. (1866) On some mining districts of Arizona near the
Rio Colorado. with remarks on the chimate, etc. American Journal
of Science, 41, second senes. 289-308

WILKINS, J. Jr., and HEIDRICK. T. L. (1982) Base and precious
metal mineralization related to low-angle tectonic features in the
Whillis Mountains, Califorma, and Buckskin Mountains, Anzona
in Frost, E. GG., and Martin, D. L., eds. Mesozoic-Cenozoic Tectoni
Evolution of the Colorado River Region. San Diego, Cordilleran
Publishers, 182-204

WILLIAMS, S. A. (1968) Wickenburgite, a new mineral from An
zona. American Mineralogist, §3, 1433-143K8

WILLIAMS. S. A.. and ANTHONY. J. W. (1980) Hemihedrite., a
new mineral from Arizona. (abs) American Mineralogist, 83, |
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W hat's New in
Minerals?

by Wendell E. Wilson

Tucson Show 1988

This year the phenomenon known collectively as the Tucson Show
set more records for attendance and sales, as it seems to do almost
every year. Roughly 27,000 people passed through the gates at the
Tucson Community Center, where the Tucson Gem and Mineral So-
ciety puts on the finest mineral show in the world. The many motel
shows around town also reported heavy attendance and heavy sales
Many motel dealers began armving around February | and 2, and by
the scheduled opening dates of the motel shows (typically February
4-6) some dealers had already sold more material than they had during
the entire 1987 show!

A large proportion of sales this year went 10 new customers,
especially the metaphysical and “crystal consciousness ™ market which
continues to grow and grow. The new buyers range from the deeply
committed to the merely cunous, but they seem very interested in
learning more about minerals. It was heartening to see mineral dealers
like Wayne Thompson (in the Community Center wholesale section)
drilling customers on chemical composition (“Calcite 1s calcium car-
bonate and gypsum is calcium sulfare "), and see the people
respond seriously, trying to memorize the information. Dealers are
best positioned to help educate this market, and those who are working
at 1t deserve our praise. By this ume, no one can fail to see that, as
traditional rockhounding wanes, the next generation of mineral col-
lectors may well have their first exposure to minerals through the
“crystal power” movement.

But let's get down to minerals.
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Some interesting new discoveries have been made recently at the
famous Mont St-Hilaire quarmies in Quebec. Gilles Haineault found
a large (over 1 meter) pod of massive carletonite which proved to
contain a small open pocket with rare free-growing carletonite crystals
to more than 2 cm. The crystals are simple equant to slightly elongated
tetragonal prisms with a transparent and colorless outer zone sur
rounding a beautiful, deep blue inner zone. Most crystals are nddled
with internal fractures, but a few have actually yielded some fine
faceted stones. The best quality crystals are in the 7 to 10 mm range
and usually lack matrix. About 50 good crystals were recovered along
with a substantial poundage (kilogrammage?) of cleaved massive ma
tenal. These were for sale through Tyson's Minerals in the Travelodge:
the faceted stone | saw was cut by Art Grant

Tyson's also had some other nice Mont St-Hilaire material, in
cluding serandite and well-formed leucophenite crystals of grayish
tabular habit to 2.5 cm

I'he Brumado mine in Bahia, Brazil, has been a significant spec
imen-producer for many decades (see the article in vol. 9, no. 3). It
has continued to yield new and interesting material over the last few
years, including red uvites to 2 cm or so, as singles and groups with
quartz and magnesite. The habit consists mostly of rhombohedral

terminations with very little of the prism separating them, resulting

R

Figure I. Uvite crystal, 1.9 cm, from
the Brumado mine, Bahia, Brazil.
Carlos Barbosa specimen.

Figure 2. Carletonite crystals to 1.6
¢cm and small faceted carletonite,
from Mont St-Hilaire, Quebec. Ty-
son’s Minerals and Art Grant speci-
mens respectively.
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in rather flattened hexagonal crystals. Color ranges from a deep green
to greenish brown. A few showed up at the Denver Show in September,
most of which were purchased by Benjy Kuehling of Columbine
Mineral Shop, who made them available in his booth at the Tucson
Community Center. The lot consisted predominantly of two flats of
thumbnails. Ken Roberts (also at the Community Center) had a superb
cabinet piece consisting of a terminated, clear quartz crystal about 8
c¢m long, studded with four large, dark green uvite crystals to nearly
2 cm each, and plenty of sparkly colorless magnesite crystals. Carlos
Barbosa in the Desert Inn had many fine thumbnails and even some
miniatures. Taken together, several hundred pieces were available.

One of the most admired items was not a mineral at all but an
antique boxed set of 50 German-made colored-glass crystal models
which David Crawford had in his room at the Travelodge. Each model,
perfectly cut and polished, measures about 3 cm and accurately depicts
the habit and color of a particular mineral species. Each has its own
labeled recess in the custom-fitted flat case; and when the padding is
peeled back, newspaper fragments glued to the inside of the wooden
box show a date of 1890.

The sad story of the year was from Victor Yount, who had very
recently obtained what are or were probably the world’s finest anglesite
crystals from the Touissit mine, Morocco. His van was broken into
while he was having dinner, and the satchel of minerals (along with
his guitar) were stolen. He had just arrived in town from Los Angeles,
where Harold and Enica Van Pelt had photographed the specimens,
so at least some photos survive. As of this writing, a few of the
specimens have been recovered by the police, though some have
suffered damage. Among the other specimens returned intact is what
may be the finest known specimen of nadorite (PbSbO,Cl), an ex-
traordinary 2.7-cm rosette of brown-red crystals perched on an an-
glesite crystal, also from Touissit.

One of the few really new and interesting discoveries to appear at
the show was in the room of Myer's Lapidary (5820 N. 35th Avenue,
Phoenix, AZ 85017) at the La Quinta Motor Inn. Prior to the show,
a Mexican dealer had appeared on their doorstep with five flats of
silver on quartz crystals from Taxco, Mexico. This is beautiful ma-
terial, in specimens from thumbnail to cabinet size, and it sold well.
Where the crystals are large enough to see, octahedrons and cuboc-
tahedrons are clearly discernible. And the thick druse layers draped
over quartz crystals are clean and sparkling, sometimes showing the
hexagonal-pyramidal habit of the underlying quartz. Analysis at the
University of Arizona indicates that silver is actually present only as
a thin layer on a pyrite crystal druse.

Mike Ridding (Silverhorn) and Robert Belcher (Aesthetics Un-
derground, Box 2143, Banff, Alberta TOL 0CO) displayed the results
of a recent trip to Pakistan in their room at the Desert Inn. Some
interesting titamite crystals, very flat and an opaque green, show that
the pegmatite region still has some surprises left. The titanites are
diamond-shaped and twinned, measuring up to about 4 cm. Mike and
Bob also had some extraordinary epidotes from the Haramosh Valley,
Pakistan (still no firm locality name for these though). About 30 fine,
gemmy thumbnails, three large cabinet pieces of exquisite museum
quality, a few superb small cabinet pieces, and many lesser-quality
specimens (about 300 pieces total) comprised the lot. These are gen-
erally very transparent except in the largest crystals, with flattened
development accentuating the color and clanty of individual crystals.
Form and sharpness are excellent, and at least one large piece actually
shows a herringbone habit like Knappenwand (Austria) epidotes.

Larry Conklin, in his room at the Desert Inn, was showing off
some fine specimens of Elmwood, Tennessee, calcite, among other
things, and also the “type specimens™ of kunzite, the lilac-colored
variety of spodumene (see his interesting write-up on the history of
kunzite in vol. 18, no. 5). Of course, there can be no real type
specimens for individual varieties since mineralogists generally do not
recognize varietal names as being useful or rigorously defined, but
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Larry had the original specimens first sent to George F. Kunz for
identification.

Some large and unusual crystals of rhodechresite, up to about 8
cm in length, have recently come from Santa Eulalia, Chihuahua,
Mexico. Consie Prince (Collector’s Choice) had a few of these, which
are the first I've actually seen of the elongated habit. The surface
irregularities indicate that these are cigar-shaped bundles of semi-
parallel crystals, sometimes with multiple terminations, and associated
quartz and fluorite.

Edward Tripp (Route 1, Box 161, Blue Ridge, TX 75004) once
again had some fine Chinese material at his booth in the lobby of the
Desert Inn. The centerpiece was a superb cabinet group of brilliant
yellow orpiment crystals with white scalenohedral calcite. Tripp also
had some small (nearly 1 cm) crystals of Chinese scheelite.

Ken Roberts at the Community Center had some remarkable green
quartz crystals and groups from Naica, Chihuahua, Mexico. The
crystal habit is nothing unusual, but the color and internal gquality
closely resemble a frozen green oil, and the luster is so bright and
perfect as to be almost adamantine. The coloring agent is supposedly
chlorite, but it must be extremely finely divided to produce that optical
effect.

A new batch of cubanite has come forth from Chibougamau,
Quebec (see the article in vol. 14, no. 3). Frank Melanson (Haw-
thorneden) at the Community Center had most of these but some other
dealers including Bernard Bordaus (1698 Duchesne, Val d"Or, Que-
bec) at the Desert Inn also had specimens. The crystals are of typical
twinned sixling habit, sometimes V-twins and singles as well, up to
2 ¢m Or more.

Frank Melanson also had a large, fine batch of old (1952-1954)
babingtonite and prehnite specimens from the classic locality near
Westfield, Massachusetts, the Lane Quarry. These were taken from
an old collection Frank salvaged, numbering about 70 miniatures and
cabinets and 70 thumbnails of babingtonite, with crystals to about 1.5
cm, on quartz. The rounded growths of prehnite have a particularly
strong and pleasant lime-green color.

With dealer space at such a premium in the downtown area, es-
tablishments other than motels have been renting out space to dealers
during the show. One such is Boatner's Car Wash, just south of the
Travelodge, where | counted no less than 60 dealers set up on the
surrounding grounds and in the repair bay. There were many nice
things to be found there in the open sunshine, a selection which would
be the envy of many small shows around the country. Frank Valenzuela
(215 B. Avenue, San Manuel, AZ 85631), for example, had the finest
array of recently collected Arizona wulfenites of any dealer in town.
Particularly abundant were fine miniatures and cabinet pieces from
the Rowley mine, Maricopa County.

Bob Lane (P.O. Box 39343, Phoenix. AZ 85069), an active Arizona
field collector, was set up at the La Quinta with some very attractive
rosasite and aurichalcite from the Isle Royale mine, Helvetia, Arni-
zona. It was a big strike, literally hundreds of flats, with many cabinet
pieces recovered.

Hilde Sklar (Oceanside Gem Imports) in the Community Center
wholesale section had her usual fine array of Brazilian specimens,
including some very interesting muscovite crystals from Mantena,
Minas Gerais. The individual crystals measure up to 8 cm, and have
beautifully developed pinacoidal surfaces with thousands of sub-par-
allel steps rising up rosette-fashion. The two | saw were museum-
quality.

Quartz is a popular mineral, especially these days, and there were
several new discoveries to choose from. Tom Palmer (Crystal Cavern
Minerals) and Reo Pickens at the Travelodge had hundreds of recently
collected Mexican quartz crystals that are almost indistinguishable
from the Herkimer, New York, “Herkimer diamonds.” Galas Minerals
in the Community Center wholesale section had a large quantity of
chlorite-green quartz from a new find in Greece (a short article is in
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Figure 3. Rock Currier of Jewel Tunnel Imports
holding a large Japan-law quartz twin from
Minas Gerais, Brazil.

preparation). John Medici was selling the results of a very productive
mining venture at the aforesaid Herkimer, New York, locality which
yielded thousands of crystals including some extraordinary groups;
Don Olson was selling some of this lot as well. Wayne Thompson in
the Community Center wholesale section had the cream of the New
Mexico smoky quartz crop discovered by Bob Thompson (1723 E
Winter Drive, Phoenix, AZ 85020). Gary Nagin in the Travelodge
had more quartz from his Santander, Colombia, claim. Scott Bowlden
and John Rember (Box 503, Hailey, OH 83333) at the Sheraton
poolside tent had a fine lot of lustrous, blocky smoky quartz from a
recent find in Idaho. Howard Minerals at the Desert Inn (now under
the late Howard's father, Mel Belsky) had a large batch of fine smoky
quartz from Switzerland. Jack Lowell in the Desert Inn had some
interesting amethyst molds after aragonite from Artigas, Uruguay. The
list could go on . . . quartz was everywhere.

Bill Larson (Pala Properties) had the first sizeable lot of Ukrainian
heliodor (yellow beryl) thumbnails to be seen, at his booth in the
Community Center. Some of these are very fine and would fit well
in the best thumbnail collections, even though the color appears a bit
pale in such small crystals. The Rocksmiths also had some excellent
specimens.

Several dealers including Weber's Minerals at the Community
Center and Brera Minerales (San Romualdo, 26, Madrid 28037,
Spain) at the Desert Inn camed bright yellow-green pyromorphite
groups from the San Andres mine, Villaviciosa de Cordoba, Spain.
Most of the specimens are thumbnail to miniature size with crystals
to 4 or 5 mm in matnx-free groups.

Some nice Afghanistan lazurite crystals were brought back recently
by Dudley Blauet (Mountain Minerals International), including sev-
eral groups containing individual crystals to 3 cm. The crystals appear
to have grown along veins or fractures in the lapis lazuli rock; only
a single specimen per ton, on the average, contains such crystals, and
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Dudley has trained the miners to save these for him. The precise
locality is the Kokcha River, Farmggu, Badakshan Province. Slabs
to 12 or 14 cm across have been recovered, along with good thumbnails
and miniatures.

Ems Gems (Tucson, AZ), who were set up in the Community
Center Arena, had some large and attractive morganite (pink beryl)
crystals to 10 cm, with quartz and feldspar matrix to about 40 cm
across, from Afghanistan, and other fine morganite crystals to 8 cm
from the White Queen mine, Pala, California.

Mineral Kingdom, in their booth at the Community Center, had a
recently collected pocket of tennantite crystals from Tsumeb, Namibia
The crystals are rather large, roughly 2 10 7 cm on edge, dull gray
in color, and judging by the cracking and shrinkage appear 1o have
been heavily corroded by natural solutions. The pocket consisted of
eight or ten significant pieces

Readers will recall that this editor sees nothing wrong in the oc-
casional slabbed and polished mineral specimen (e.g. varniscite or
liddicoatite) in a mineral collector’s cabinet. With appropriate spec-
imens, polishing best shows off their most important or mieresting
features. Similarly, the occasional faceted collector stone can also
lend variety and beauty to a display, especially in the “rough and
cut” type of collection. This year a new choice was available: polished
fluorite octahedrons, cuboctahedrons, cubes, marbles, plates and other
odd shapes. Cleavage octahedrons have for years been a mainstay of
rock shops across the country, but only recently have people been
polishing these, primarily for sale to the crystal-healing market. (Prac-
titioners insist that a polished fluorite octahedron pressed to the fore-
head can relieve headaches.) Headache or not, these little polished
fluorites are infectiously attractive. The limpid interiors, often with
complex and colorful zoning, are exhibited beautifully and will tempt
the eye of almost any mineral collector. Joe Kielbaso (Gemini Min-
erals, P.O. Box 52, Tipp City, OH 45371) sold thousands of these
through his room at the Desert Inn, and donated a fine yellow octa-
hedron-dodecahedron combination to the Mineralogical Record Auc-
tion. He is investigating the possibility of preparing mathematically
accurate crystal models, cut from fluorite using a faceting machine
to assure correct interfacial angles

While on the subject of fabricated items, | should mention that
lovers of the ant of stained glass have a fniend in Pat Carlon (Maple
Hill Studio, 1110 E. Emerson, Bloomington, IL 61701), who has
been making large stained glass windows depicting actual mineral
specimens. To see a Colorado amazonite and smoky quartz specimen
rendered in stained glass well over a meter on edge would be a thnll
anywhere, but especially in the den or exhibit room of a mineral
collector. Pat has some windows in stock and also does custom work

Exhibits

Exhibits at the Convention Center are among the prime attractions
at this great show, which none of the satellite shows even attempt to
match. Most of the major mineral museums in the United States
participate, and because beryl was the featured species this year the
institutional showcases abounded with emeralds, aquamarines, helio-
dors, morganites, and everything in between (especially the Smith-
sonian case)

The exhibit shown by the delegation from the People’s Republic
of China contained some fascinating items including a 7.5-cm ve-
suvianite (Hebei Province), fine aquamarine crystals to 15 cm, cin-
nabars (from Guizhou Province), topaz crystals (Yanan) and extremely
fine stibnite crystals from Hunan Province that are comparable in
quality to the smaller of the Japanese crystals

Curator Werner Quellmalz of State Museum of Mineralogy and
Geology in Dresden, East Germany, brought a beautiful selection of
classic minerals (pyrargyrite, argentite, silver, purple fluorapatite, etc. )
from Ic _Jities in the Saxon Erzgebirge such as Freiberg, Zinnwald,
Schneeberg, Ehrenfriedersdorf and Johanngeorgenstadt. It was a rare
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Figure 4. Some of the new anglesites from the
Touissit mine, Morocco, which were stolen
from Victor Yount during the Tucson Show.
Upper right specimen measures 7 cm. Photo by
Harold and Erica Van Pelt.
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Figure 5. Nadorite rosette, 2.7 ¢cm across, on
anglesite from Puit IX, Touissit, Morocco. Vic-
tor Yount specimen.

Figure 6. Cubanite crystal, 1.6 cm, on calcite

matrix from Chibougamau, Quebec. Bernard
Bordaus specimen.




Figure 7. Green quartz
group 5 ¢cm across from
Naica, Chihuahua, Mexico.
Carolyn Manchester collec-
tion, from Ken Roberts.

Figure 8. Silver druse on
quartz crystal group 8 cm
across, from Taxco, Mexico.
Ikon Mining & Exploration
specimen.
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Figure 9. Rhodochrosite composite crystals to
7.6 cm, from Santa Eulalia, Chihuahua, Mex-
ico. Collector’s Choice specimens.

Figure 10. Amethyst molds after a hexagonal
prismatic mineral, probably aragonite, from
Artigas, Uruguay. Jack Lowell specimens: the
left mold measures S cm across.




privilege to see these remarkable specimens, and quite a coincidence
since his museum was featured in the January-February 1ssue along
with a photo of Dr. Quellmalz himself.

Levon Nercessian had a single glass case containing but a single
specimen, one of the giant red elbaites on albite matrix from the Jonas
mine, Itatiaia, Minas Gerais, Brazil. This one has not been seen before
in the U.S., as far as | know. The crystal measures about 16 or 18
cm across the termination, and i1s in splendid undamaged condition.

One of my personal favorites, and one which drew a lot of chuckles
and groans and longing looks, was the case entitled “A good day at
the Red Cloud,” by Arizona collectors George Godas, Dick Morris
and Mark Hay. It was a sort of simulation, with genuine Red Cloud
mine rubble thickly covering the bottom of the case, mining tools lain
about, a well-used dust-mask tossed in a corner, and two beer flats
packed open-face with two or three dozen superb Red Cloud mine
wulfenites, looking as if they had just been removed from a pocket
moments before.

An exhibit | was particularly pleased to see contained some fine
Bisbee copper minerals shown by Phelps Dodge Corporation, the
mining company that operates the mines at Bisbee. Too many mining
companies are totally oblivious or even hostile to the aesthetic, scien-
tific and cultural value of the mineral specimens their properties pro-
duce; not Phelps Dodge! Through enlightened and intelligent man-
agement, Phelps Dodge has regularly endeavored to preserve
specimens, to be hospitable to visiting mineral clubs, to open the
famous Copper Queen mine to public tours, to support the Bisbee
historical museum, and to maintain staff mineralogists to study the
unique mineralogy of their deposit. Rare indeed is the mining company
that contributes to the public good on so many levels.

There were many other cases worthy of mention, only a few of
which can be listed here: Tom Rosemeyer's case of minerals from the
Camp Bird mine in Colorado, the selenides and tellurides exhibit
shown jointly by William Pinch and the National Museum of Canada,
Herb Obodda’s case of Pribram (Czechoslovakia) memorabilia and
minerals, Harvard's incredible gold specimens from the Burrage col-
lection, Bill Larson’s huge and spectacular beryl collection, Steve and
Clara Smale’s fine collection including a St. Andreasberg pyrargyrite
illustrated in Sowerby’s Exotic Mineralogy (1811, plate 33), the Kile-
Muntyan-Piekenbrock case of Colorado fluorites, and many more.

Winners

The Lidstrom trophy for best single specimen entered in competition
went to Evan Jones for his cabinet-size Kongsberg wire silver. The
McDole award for best minerals in the show was won by Jim Bleess
for his absolutely superb case of thumbnails and “toenails” (specimens
just a little too large to be thumbnails). This particular size seems to
offer a unique potential for highly refined and elegant aesthetics which
larger and smaller sizes lack. Jim's collection truly stands out from
all the other thumbnail collections I've seen. Perhaps we’'ll feature a
selection of his specimens in the pages of a future issue.

Each year the Friends of Mineralogy presents an award for the most
outstanding article to appear in the Mineralogical Record. There are
no exact guidelines for the selection, and it is up to each judge to
decide what is “outstanding.” Nevertheless, the article should contain
a significant amount of original work or observation by the author(s)
This year, for the first ime, the selection made by the five judges
was unanimous: “Minerals of the Carrara Marble,” by Marco Franzini,
Paolo Orlandi, Giovanni Bracci and Domenico Dalena. Coming in a
solid second with nearly all the judges was Bill Birch's “Gold in
Avstralia” from the recent Gold Issue. The winning authors receive
a certificate, and FM makes a $200 donation to the Mineralogical
Record in their name.

The Carnegie Museum of Natural History in Pittsburgh this year
established a new annual award in mineralogy: The Camegie Miner-
alogical Award. The purpose is to recognize major contributions which
promote and improve the preservation, conservation, and educational
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Figure 11. Dr. Carl Francis, curator of the
Harvard Mineralogical Museum, installing an
exhibit of gold specimens.

\

Figure 12. William Panczner, President of the
Tucson Gem and Mineral Society, accepting the
Carnegie Mineralogical Award on behalf of the

Society.
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Figure 13. Evan Jones, winner of the Lidstrom
Award.

Figure I14. Jim and Von Ceil Bleess, winners
of the McDole Trophy.

use of minerals and mineral collecting. The award consists of a cast
bronze medallion, a certificate of recognition, and a $1500 cash prize
underwritten by the Hillman Foundation. Eligible recipients will in
clude collectors, curators, mineralogical societies, museums and uni
versities, and others as well. Administration of the award will be the
responsibility of the Mineral Museums Advisory Council

The Camegie Mineralogical Award will be presented each year at
the Tucson Gem and Mineral Show, as part of the Saturday night
program hosted by the Mineralogical Record. This year the first Car-
negie award was presented to the Tucson Gem and Mineral Society
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Nominations for the 1988 award may be sent to the MMAC, ¢/
Ron Bentley, 6 Claremont Street, Enfield. CT 06082

DISCOVERIES IN COLORADO AND IDAHO
[The following report was provided by Barbara L. Muntvan
Fine specimen minerals just seem to keep coming from Colorado

As reported in this column earlier, 1987 saw an important find of

scheelite from the Camp Bird mine, gahnite from near Canon City

fluorite crystals from the Ransom mine near Eureka, and a considerable
quantity of amethyst groups from the Red Feather Lakes locality. Now
two of the state’s well-known field collectors, Daniel and Dianne Kile
of Aurora, have made an important find of clear bante from the

southeast quadrant of Colorado, as wel

as a major pocket of amazonite
and smoky quartz from the Crystal Peak area

Concretions containing calcite and barite are found in the Upper
Cretaceous shales in El Paso, Otero, and Las Animas counties on
Colorado’s eastern plains. The material somewhat resembles the bet
ter-known clear banite specimens from the Book Chiffs near Grand
Junction at the western end of the state. However, the barite from

eastern Colorado can be much more transparent

unflawed, and at

tractively emplaced on coffee-brown calcite rhombs. An exceptional
and absolutely flawless bante crystal measuring 6 cm was collected
early in 1987 from this locale by the Kiles. The specimen won both
Best-in-Show and Best Field-Collected Specimen at the Denver Gem
and Mineral Show in September

Other specimen matenal from this area includes attractive white
calcite in an extremely flattened rhombohedral form (looking like hittle
round discs), up to about 5 cm in size, found on earlier-generation
brown calcite. Several different habits of distorted and elongated pale
tan to medium brown calcite can also be found at this locality. Barite
1S rare, compared to calcite from thas area, especially as well terminated
crystals. Those that are found are generally stubby, but some are
elongated and clear with complex terminations. The color ranges from
absolutely colorless to palest blue to faint lavender. The largest barite
crystal 1 have seen from this locality measures approximately 9 cm
in length and has a large “ball” of cream-colored intergrown calcite
rhombs next to it. The specimen which was honored at the Denver
Show is certainly the best ever found from this area and may be the
finest barite from anywhere in Colorado

These same field collectors also made an exceptional find of ama
zonite and smoky quartz in the Crystal Peak area in mid-October (as
if one major find per year wasn’t enough'). The overall measurement
of the irregular pocket was | x 1.5 x 1.5 meters. The pocket yielded
about 20 flats of specimen matenal. The color of the amazonite is a
pleasing robin’s-egg blue; the smoky quartz i1s gemmy and very dark
in color. Three major pieces measuring up to 25 cm were found, one
an exceptional Manebach twin of amazonite with a large smoky quartz
crystal growing straight up the back of the twin. In addition, there
were another eight or ten hand specimens composed of amazonite
clusters associated with albite or smoky quartz. One large lavender
colored fluonite crystal approximately 9 cm on edge and perched on
amazonite was also recovered from this pocket. A considerable number
of large. doubly terminated smoky quanz crystals were also removed
some measuring 15 cm in length

What makes this particular find of note i1s the unusually large size
and quality of the individual amazonite crystals. Typically, amazonite
from Crystal Peak forms crystals less than S cm in size. The largest
crystals from this pocket are better than |2 cm on edge. A small
selection of the finer pieces from this pocket was on display in the
1988 Tucson Gem and Mineral Show

Three Colorado field collectors made a significant find of topaz n
Boise County, ldaho, in August of last year. Larry, Carmen and Tom
Piekenbrock of Louisville walked many miles into the Sawtooth Moun
tains wilderness area and uncovered a large pocket contaiming lopaz

microcline, zinnwaldite and smoky quanz
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Figure 15. Very pale purple barite crystal, 6 cm, from eastern
Colorado. Dan Kile collection; photo by Barbara Muntyan.

Figure 16. Smoky quartz and amazonite groups, the large twin
measuring 25 cm, from Crystal Peak, Colorado. Dan Kile col-
lection, Barbara Muntyan photo.

The pocket was lenticular in shape, measuring approximately 50 x
100 cm and dipped steeply at approximately a 70° angle to the south
The occurrence is a barren outcrop of gray granite in open pine forest;
topaz float led to the pocket.

One hundred and ten topaz crystals were removed, many on matrix,
as well as 135 smoky quartz crystals. The topaz is a pleasing sherry
color, with a satin surface to the crystals, especially along the prism
faces. The smokies are very dark and many are doubly terminated
Approximately one dozen large matrix pieces were recovered, consist-
ing of groups of white microcline and smoky quartz crystals, and
topaz perched on the smokies.

The find was nicknamed the “Bubblegum Pocket™ because it had
an unusual bright pink clay filling. According to Larry Piekenbrock.
the worst thing about finding this exceptional pocket was that it was
discovered on the way into the wilderness area, and the specimens
recovered had to be carried around for the rest of the trip!

Some of the better pieces from this find were also on display at the
Tucson Show
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Special Exhibit

Minerals from East Germany

Readers have written suggesting that we show some of the fine
specimens that were on exhibit at the Tucson Show. This year for
the first time, the State Museum for Mineralogy and Geology in
Dresden, G.D.R., sent an exhibit of East German minerals in the
care of curator Werner Quellmalz. Immediately following the show,
Dr. Quellmalz travelled to Los Angeles where Harold and Enca
Van Pelt were kind enough to photograph several of the specimens
from the exhibit so that we could show them here. As Peter Bancroft
demonstrated in the January-February 1ssue, there are a great many
superb specimens in Eastern European museums, and only a rare
opportunity allows us in the West to see some of them. Our thanks
to Dr. Quellmalz, the administrators of the Dresden Museum, and
the East German government for allowing us this glimpse of some
of their treasures.

Figure I7. Pyrargyrite crystal group, about 9
cm across, from Johanngeorgenstadt, East
Germany. Collection of the SMMG, Dresden.
Photo by Harold and Erica Van Peit.

| e

FThe Mineraloewal Record lume V. My fumg Wl &




Figure 18. Purple fluorapatite group with crys-
tals to 1.4 cm, from Ehrenfriedersdorf, East
Germany. Collection of the State Museum of
Mineralogy and Geology, Dresden (SMMG);
photo by Harold and Erica Van Pelt.

Figure 19. Pyrargyrite crystal group, about 13

cm across, from Kleinvoigtsberg, East Ger-
many. Collection of the SMMG, Dresden.
Photo by Harold and Erica Van Pelt.

Figure 20. Argentite from Freiberg, East Ger-
many, about I8 cm across. Collection of the
SMMG, Dresden; photo by Harold and Erica
Van Pelt.

For more information on East
German mining districts see
Lieber and Leyerzapf (1986)
“German silver; an histonical
perspective on silver mining in
Germany.” Mineralogical
Record, 17, 3-18.
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THANKS

Once again we want to thank all of the volunteers who helped us
at mineral shows this year, and the sponsoring organizations which
kindly provided us with booth space.

Our annual fund-raising auction was very successful, thanks to our
volunteer staff of 74 people (considerably larger than the staff which
puts on many mineral shows), and of course the many generous donors
who graciously gave us the materials to sell. Auction Manager Wendell
Wilson Sr. kept everything well organized and running smoothly, with

the help of team captains Bill Basbagill (silent auction), Sandy Ludlum
(processing), Tom Gressman (collecting), Don Olson (Saturday nmight
auction), and Gary Hansen (auctioneer).

In particular we would like to thank TGMS Show Chairman Terry
Wallace and the rest of the Tucson Gem and Mineral Society for their
continued cooperation over the years; we are proud to be associated
with this most prestigious of all mineral shows.

M.R.

AUCTION VOLUNTEERS 1988 TUCSON SHOW

Glen Allen

Rex Bannister
Bill Basbagill
Dan Behnke
Esther Behnke
Ron Bentley
Bill Besse

John Carlon
Bob Chavez
Janet Clifford
Paul Clifford
Anne Cook

Bill Cook
David Crawford
Ina Crowe

Jean DeMouthe
Paul Desautels
Stan Dyl
Frances Edwards

Howard Ehrle

Kent England

Jesse Fisher

Mary Fong/Walker
Dea Gabel

Ken Gochenour
Jennings B. Gordon
Mike Gray

Tom Gressman
Gary Hansen

Marie Huizing
Terry Huizing

Dick Hull

Bob Jones

Tony Kampf

Joe Kielbaso
Bernie Kozykowski
Joan Kureczka
Bryan Lees

Glorna Ludlum
Maurine Ludlum
Sandy Ludlum
Carolyn Manchester
Russ Manchester
Peter Megaw
Wolfgang Meuller
Louellen Montgomery
Barbara Muntyan
Lois Nelson

Don Olson

Marcus Orniglier
Chris Parrett

Chris Pfaff

Tony Potucek

Neil Prenn

Walt Risch

Ann Robards

George Robinson
Susan Robinson
Gary Schalla
Emie Schlichter
Henry Schmidt
Pat Schmidt
Janet Schmitt
Milly Schupp
Don Smarjesse
Kitty Starbuck
Marv Starbuck
Marshall Sussman
Les Tolonen
Gene Tribbey
Jim Walker
Bruce Wetteroth
Carolyn Wilson
Lorraine Wilson

SHOW TABLE VOLUNTEERS WORLDWIDE

Dave Albnecht
Jane Albnecht
Marion Bailey
Richard Bostwick
Patricia Carlon
Kim Cathcart
Jennifer Chirila
Stephanie Chirila
Sharon England
Richard Erd

Piers Foa

Robyn Foa

Mary Fong/Walker
Si Frazier

Vi Frazier

Dea Gabel

Cal Graeber

Kerith Graeber
Simon Harmson
Elna Hauck

Claus Hedegaard
Marie Huizing
Terry Huizing

John Jaszczak
Sherry Jaszczak
Johannes Keilmann
Tsukasa Kikuchi
Bernard Kozykowski

Anne-Marie Lauran
John Claude Lefrance
Chester Lemanski Jr.
Walter Lombardo
Jim McGlasson
Steve Misiur
Adriana Pagano
Renato Pagano
Cami Prenn

Steve Pullman
Marie Risch

Walt Risch

George Robinson

Susan Robinson
Steven Scott

Art Smith

Robert Smith
Richard W. Thomssen
Dave Van Brocklin
Paul Van Hee

Jim Walker
Charles Weber Jr.
Marcelle Weber
Christian Weise
Bruce Wetteroth
Horst Windisch

ORGANIZATIONS DONATING SHOW TABLE SPACE
American Association of Petroleum Geologists
California Federation of Mineralogical Societies
Cincinnati Gem & Mineral Society

Club de Mineralogic de Montreal

Columbus Rock & Mineral Society

Denver Council of Gem & Mineral Societies
Detroit Gem & Mineral Society

Elko Convention & Visitors Authority

Elko Mining Exposition

Franklin Gem & Mineral Society

Great Basin Friends of Mineralogy

Houston Gem & Mineral Society

Las Vegas Gem & Mineral Society

Meridian, Connecticut Club

Micromounters of New England
Mineralientage Miinchen

Mineralogical Society of Southern California
Mother Lode Mineral Society

New Jersey Earth Science Association
Northern California Mineralogical Association
North Shore Rock & Mineral Club

Pacific Northwest Chapter, Friends of Mineralogy
Reno Gem & Mineral Society

Rochester Academy of Science

Rhode Island Mineral Hunters

Society of Mining Engineers

Torino Mineral Society

Tucson Gem & Mineral Society
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EXHIBITION!

fh:; 1S
New England”

—Part Two!

| October 28, 29 and 30, 1988
Community College of Rhode Island
Knight Campus, Warwick, Rhode Island
(exit 12B off 1-95)

I Sponsored by: Show Chairman:
Rhode Island Mineral Hunters Marilyn F. Dodge
At: Community College of Rh. Is. 72 Woodbury St.

Providence, R.l1. 02906
Tel: 401-751-5217

Knight Campus (Mall Exit 1-95)
| Warwick, Rhode Island
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My
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* NEW CATALOG $2 %

We Buy Collections

See us at the shop or at the following show:

Tucson, AZ Feb. 11-13
Jackson, MS Feb. 27-28
Raleigh, NC Apr. 8-10

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

The Mineralogical Record, volume |9, Mav-June, 1988

HAWTHORNEDEN

Just howr
South of Bancroll

BANCROFY in Bannockbum

BANNOCH BURN |

TORONTO BELLEVILLE MONTREAL

FINE MINERAL SPECIMENS

Micromount to Cabinet Size

WANTED TO PURCHASE — OLD COLLECTIONS

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

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

Join us for field trips, lectures
and “The Picking Table' as it
presents the latest information
about these famous localities.

Membership Fee: $10.00

The Franklin - Ogdensburg Mineralogical Soc .
Box 146MR, Franklin, N.J. 07416

Mineralogical Record

Dates subject to change and error. Confirm
before travelling.

June 9-11 Elko Mining Expo, NV
July 14-17 (MWFMS) Macomb, IL
July 30-31 Elko Quarry, NV

Aug. 11-14  Shreveport, LA

Aug. 12-14  Springfield, MA

Aug. 26-28 (CFMS) Costa Mesa, CA
Sept. 16-18  Denver, CO

Sept. 24-25 The Hague, Neth
Sept. Houston, TX

Oct. 9 Brend, Neth.

Oct. Franklin, NJ

Oct. 79 Torino, Italy

Oct. 8-9 Pasadena, CA

Oct. 14-16 Detroit, Ml

Oct. 14-16 Munich

Oct. 31- GSA - Denver

Nov. 3 TBA

Nov. 5 Zwijndrecht, Neth.
Dec. 4 Amsterdam, Neth

Dec. Hotel Pullman, Pans

M‘BL/?JL/M/ 800,




The World-Class

Proctor Crystal Collection

1s avatlable for sale
(Collection of Miniatures to be Sold Only as a Unit)

Keith Proctor

88 Raven Hills Court, Colorado Springs, Colorado 80919
Call (303) 598-1233
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MINERALOGICAL RECORD

l:)re\::nh:d here is a listing of everyone, according to our records, who donated to the

auction this year, made a cash donation, or donated library matena

s during the previous

12 months or so (except for a few people who wished to remain anonymous). If you
made a donation and are nor listed here or if you need a letter itemizing your donation(s)
for tax purposes, please write to the editor

| know all the readers of the Mineralogical Record will join me in saying thanks to

these generous people who help to keep our magazine going year after year

A & A Gems & Minerals
WA

The Adir. Santiago. Chile

Aesthenics Underground, Roben G
Alberta

African Gems & Minerals
South Afnca

Giuseppe Agozzino, Monza. ltaly

The Alchemy of Happiness. Saddiq P. Gonzalez,
Makawao, HI

John Allen

Amar [r

Al & Adeline Dearie. Monroe

Belcher. Banfi

Rob Smuth, Johannesburg

Harold Bennen. Dallas, TX

Amsterdam Saver, New York, NY

Anonymous Donor from Georgia

Apollo Gems, Jerry & Mary Jones, Spnngheld. 1L

Arizona -Fire-Gems, John A. Miller, Needles, CA

Arkansas Quart: Mines. Denmis Frvar & Doug Wallace
Mount Ida, AR

Ana Arruda. Lisbon. Portugal

Art by God, Gene Harris, Miami, FL

Arelier JMA | Jean Michel Autissier. Saint- Amand
Montrond, France

Awrora Mineral Corp.. Sheldon Siegel. Freeport, NY

B Minerals. William J. Basbagill. Lakewood, CO

B&L's Rock ‘'n Gem. Betty & Larry Tillick. San Antomio,

X
Ugo Bagnato, Milan, laly
Barbera Company, Edward & Joen Barbera, Alameda
CA
Carlos P. Barbosa. Governador Valadares. Brazil
Pierre & Nelly Banand. Pans. France
F. John Barlow, Appleton, W1
Barlow's, Bruce & Debbie Barlow. Phoenix, A7
Bearpaw Fossils., David Jones, Roundup, MT
Begay's, Jerry & Mary Smith, Tucson, AZ

The “rlli*nh'uth al Record inumy 1Y May-June ['9Y85

Bégin #r Roméo

Russell E. Behnke

s - -
Laval, Quebec

Menden, CT

Belgo-Diam. Los Angeles, CA

Bennent B-W Walls
Hf'flfhi-". f'rn;,-t 1
Mike Bergmann

Scont Vergiels
Deerfield. 11

Ars Mallas, Rotan, TX

lemperance. Ml

Bill Besse, Arcadia. CA

Bermny Bissell Entery
Bitmer's . Inc.. Ph
Blacik 1”.'“1 p'"'-l'r.’uh
Farrar, Hill Ciy
Black Bear Corp
Bleily's Gems
Blue Stone
Dietmar Bohme. K

Bob, Mick: & Rob Bleily
Germv & Helen Sullivan

wises, Eugene OR
wnin, A
Research

o Greelogica Robern A
SD

Lee Hammons, Young, AZ
Parma. 1D
Belen, NM

oln., West Germany

Brian Bond, Tucson, A7

Boston Miners, Lei
Winchester, MA
Eddie Bradshaw. B
John Bradshaw
Denis Brand Intern
The Bug Houise. Li
Horsi Burkard
Burminco
Burnert Pertrified W
California Rock &
Canadian Minerals
Canvon Rock & Gi
WY

Alain Canon. Pans

Carl's Gem & Minerals
Carouse! Gems & Minerals

NM

Bonn
tldﬂ':. ]|r||1:- \1|1I!I'IH-I.I LA

» Vaught & Donald Wyman
caver, LT

anional, Van Nuvs, CA

w & Althea Crapo. Delta, LU

West Germany

Lebanon, OR
Tony Jones, Brea, CA

ood, Jyim Flohr
Mineral
ft Shop, S. T. & June Rich, Cody
France

Phocnix, AZ

Betiv & Al Tlush, Belen

Lee Carraher, San Francisco, CA

Carroll Originals

Bev and Hugh Carroll, Font Dodge. 1A

W.E.W

L aasamiamia I

Thomas K. Kosik, Arlington, VA
Casrex Casting Crafts. David Kiel. Havward. CA
IThe i Bob Lane. Phoenin, AZ

CG&M |, Steve & Lee Browr
Charm Gems. Jimmy Huang
. Chaver, Madnd, Span
Keith B. Chnsty, Billings, MT

J Hans van Binshergen. Uswchland. PA
Narturo

FRan
Ureeville . S
San Mateo, CA

Classic Minerals

ltaly
Hot Springs, AR
Cnlles & Clavde Haineauh

C owlogdlus Arne I nieste
Riown (

Collecnon Hammeaul!
Quebed
Wlecrors . Roxanne Kremer
Dalion & (

oleman Miming ne

Longeveval
Rosemead CA
Howstor

slecton onsie Pnince

X

Miecthor « .F._.'{.

il hin it

Brvan and Kathrva Lees, Golden, CO
ollector Services, George Konig & David Dinsmiore
Kensington. MD
lector s Srope, Jim & Pam MoGlasson
(rem & Mineral (i
Mineral & Fosxi
ilumbine Mineral Shop
L)
Pedro Ansorena Conde, Navajun. Spain
Lawrence H. Conklin

L oy .Iru."-'rllll’ 1

Littleton, CO
Jack Lowell, Tempe. AL
Show. Denver. OO
Benjv & Liz Kuehling

LT Y
Hiorado

Charays

New Canaan, C1
Ermie Wilson. Svimar. CA
Rock Shop, John Mediz, Globe, AJ
Scolisdale, A7
Crawford, Rockfond, 1l

Richard Kirchhevel H-rurhlur M1
Bob Lewis., Mountain View, CA
( Sah Lake Cauv, UT

Crisial Kingdom, Enc Fintzi, Venice, CA
{

l

i (W r Liar
Maryv Cox
David M
Creanion Fossils
L rearfive Loy

rista-Crally

Tom Palmer. El Paso, TX
Marshall Susaman

rvatal Cavern Minerals

.
rvital Cellar Evanston




Crystal Classics, Judy Morton & Bonnie Johnson, Mt.
Ida, AR

Crystal Fountain, Gary & Elizabeth Fleck, Royal, AR

Crystal Light Creations, Linda Bottoms, Austin, TX

Crystal-Linn International, Martin Zinn, Evergreen, CO

Crystal Phantom. Brooklyn, NY

Crysial Springs Mining Co., Thomas Gary Nagin, Royal,
AR

Cureton Mineral Co., Forrest & Barbara Cureton,
Tucson, AZ

D.J. Minerals, Duane L. Johnson, Butie, MT

Dahnke Intermark. John & Helen Dahnke. Loma Linda,
CA

Dalinka Designs, Susan & Larry Dalinka, Spring Valley,
CA

R. J. Dames, Kearny, NJ

Claude Ben David, Montreal, Quebec

Daybright Gems, Stan & Dodie Day, Lewiston, ID

Olive Delaney, Tucson, AZ

Delia Brevo Gemstone, Don Bachner, Evergreen, CO

De Natura, Les & Paula Presmyk, Gilbert, AZ

Denver Council of Gem & Mineral Societies

De Pe Mineralogica, Christiane & Pierre Rayssiguier, St.
Nom la Breteche, France

Desert Gems, Bill & Evelyn Lamb, Scousdale, AZ

Ben De Wit, Fallbrook, CA

Diamond Pacific Tool Corp., Barstow, CA

Marilyn Dodge. Providence, RI

Dave Dodson, Ene. PA

Dan Doell,

Deolly’s Jewelry, Dolly Reuna, Tucson, AZ

Dry Creek Minerals, Jay & Christine Buscio,
Sacramento, CA

Jim DuFoe, Rocton, IL

Steven G. Dulla, Chandler, AZ

E & R Crystals, Eugene S. Meieran, Los Altos Hills, CA

Earth Enterprises, Don Smarjesse, Novi, Ml

Earth Gems, Brentwood, TN

Earthsong , David & Nancy Allred, Jacksonville, OR

Frances L. Edwards, Phoenix, AZ

Peter & Carolyn Ehret, Tucson, AZ

Howard C. Ehrle, Miles City, MT

Elk Creek Fossils, David Plooster, Black Hawk, SD

Ei Oso Mining, Ron Davis & Chris Miller, Tucson, AZ

El Pase Rock Shop, Mano Vizcarra, El Paso, TX

Em’s Gems Plus Three, Em & Ogle Love, Tucson, AZ

Enchanmted Earthworks, Gordon Mustain, Tucson, AZ

Michael Evick, Calgary, Albena

Facerron. Norman & Betty Jarvi. Anaheim, CA

Facop's , J. V. Lopez-Conon & N. Mesas Sanchez,
Zaragoza, Spain

Peter M. Faust, Ontano, CA

Fenn's Minerals, Benny & Elva Fenn, Colonia Juarez,
Mexico

Alfredo Ferri, Milan, ltaly

Ford's, Vernon & Charlene Ford, Susanville, CA

Forty-niner Minerals, Jim Vacek, Scotisdale, AZ

Fossils, Simon Cohen, Bnstol, England

Fowler's Wirewrapping, Julie & Franko Fowler,
Goochland, VA

Franklin Enterprises, Harold & Delma Franklin, Wibaux,

MT

Will & Jean Frech, Fresno, CA

Freedom Valley Gems, Ali-M. Baigzad, Los Gatos, CA

G&M Minerals & Fossils, Piero Gandiglio & Giuseppe
Montrucchio, Cuorgne. Italy

Galas Minerals, Chris & Agatha Galas, Turlock, CA

Gallery of Gems, Charles & Janet Sahlman, Boca Raton,
FL

Jack Garvin Book Rock & Fossil Shop, Burbank, CA

Gilbent Gauthier, Maisons-Laffinte. France

Gem & Mineral Mining (Pry) Lid., Larry Introna, Cape
Town, South Afnca

Gemas do Brasil, Elind A. Ferres, Governador Valadares,

Brazil

Gem Center U.5.A., Hector & Jeannette Carrillo, El
Paso, TX

Gem Ciry Lapidary. Laramie, WY

Gemcraft . Ennique Aliste, Santiago, Chile

Gemini Minerals, Joe Kielbaso, Tipp City, OH

The Gemological Division, Valerie Grimsinger,
Escondido, CA

Gemstone Creations, Fred Hogan, Belleville, Ml

Gemtech Laboratory, Frans Visser, Ramona, CA

Genesis Epoch, Mel & Pam Bersch, Mitch & Barb Abel,
Grand Jet. & Aurora, CO

Geo-Literary Society

Geological Specimens Imternational, Robert and Maudine
Sullivan, Tucson, AZ

Geoscience Books and Prints, Russell & Alexandra Filer,
Yucaipa, CA

Gibson's Gem & Mineral, Clayton Gibson, Tucson, AZ

Globo de Plomo Enterprises, S. A. Williams, Douglas,
AZ

Gochenour's |

Ken Gochenour,
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Golden Minerals, Don Knowles, Golden, CO

Gordon's, Dan Gordon, Long Beach, CA

Beth Gordon's Minerals, Saugus, CA

Cal & Kerith Gracber, Fallbrook, CA

An Grant, Hannibal, NY

Michael Gray, Midpines, CA

Grenville Minerals, Darryl MacFarlane & Bradley
Wilson, Kingston, Ontano

Tom Gressman, Oconomowoc, W1

Grostone, Solange Gros, Belo Horizonte, Brazil

Gypsum Rose, Marge Scanlon & Deidre Scanlon, Central
City, CO

Robert Haag Meteorites, Tucson, AZ

Claus Hagemann. Ennepetal, West Germany

Hamel Mining & Minerals, Jean Hamel, Los Angeles,
CA

Lance T. Hampel, Germantown, W1

Hanneman Gemological Instruments, W_. William
Hanneman, Castro Valley, CA

Hardies, Ken & Alice Hardies, Quartzsite, AZ

Joan & Bryant Hamms, Missoula, MT

Harris House, Bob & Ins Hamis, Delta, UT

Harrison Enterprises, Prescott, AZ

Bill Hawes, Jr., Grand Junction, CO

Hawthorneden, Frank & Wendy Melanson, Eldorado,
Ontano

Bill & Cynthia Heher, Trumbull, CT

Hinshaw MHM, Mant & Teresa Hinshaw, French Lick,
IN

Hinshaw Rock ‘n Gems, Memill & Janis Hinshaw, French
Lick, IN

Hodson's Gem Show, Keith Hodson, Scottsdale, AZ

Wayne Holland, Albugquergue, NM

Hollowell Minerals, Roy Hollowell, Fresno, CA

House of Phacops. Thomas T. Johnson, Momow, OH

‘kon Mining & Exploration, James Walker & Mary Fong/
Walker, Long Beach, CA

International Mineral Exchange, Gerald Clark, Cosia
Mesa, CA

hece Inc., Paul Cory, Columbus, OH

Bob Jackson Minerals, Renton, WA

Jon Jax, Hawaiian Gardens, CA

Jayhawk Rock & Fur Shop, Dick & Peggy Sue Henry,
Hill City, KS

Jay-R Opal Mine, Mike Anderson & Chen Saunders,
Huachuca City, AZ

Jeffrey Mining Co., David & Celia Lare, Memphis, TN

Jeweltrain, Ben Nott, Fremont, CA

Jewel Tunnel Imports, Rock Cumer, Arcadia, CA

Jim's Gems, Wayne, NJ

Joe's Rock Shop, Joe & Mane Caruso, Orderville, UT

Dave Johnson Quality Gemstones, Tucson, AZ

Hilary Jones-Wujcik, Tucson, AZ

Jonte Berlon Gems Inc.. Bermadine Johnston, Fallbrook.
CA

Michel Jouty, Chamonix, France

Justina's Gems, Justina & Robert Wright, Fallbrook, CA

Kassionas , John & Dolores Kassionas, Alviso, CA

Henry F. Kennedy, Frechold, NJ

Keweenaw Agate Shop, Don Pearce, Copper Harbor, MI

Keweenaw Gem & Gift, Cindy & Ken Flood, Houghton,
MI

Albert Kidwell, Houston, TX

Kristalle, Wayne & Dona Leicht, Laguna Beach, CA

Lam Lapidary, the Steeles, Forth Worth, TX

Lapis Nevada, David C. Smith, Castro Valley, CA

Raymond Lasmanis, Lacey, WA

Pierre Laville, Toronto, Ontario

Leavint Foundation, Phoenix, AZ

Lee & Sons, Nancy, Michael & Brian Lee, Benton City,
WA

Lehrer-Stoller, Glenn Lehrer & Lawrence Stoller, San
Rafael & Mill Valley, CA

Lehto Minerals, Larry E. Lehto, Lakewood, CO

Lemur Trading Co., Kirby Seid, Emeryvilie, CA

The Lesnicks, Stan & Beth Lesnick, Tucson, AZ

Jay Lininger, Dillsburg, PA

LJP , Larry & Carmen Pickenbrock, Boulder, CO

LM Enterprises, Louise McCarthy, Hopkins, MN

Lorione, Don M. Guthne, Seattle, WA

Alvaro Lucio, Belo Horzonte, Brazil

The Lustigs, San Leandro, CA

Lyko Mineral & Gem, Jack R. Young, El Paso, TX

John E. MacDonald, Tucson, AZ

Anthony Mack, Chicago, IL

Majestic Gems & Carvings, Paul & Bobbi Downing,
Tallahassee, FL

Wallace Mann, Dallas, TX

Martin Minerals. Millersburg, PA

A. L. McGuinness, San Mateo, CA

Dehne McLaughlin, Moil, N.T., Australia

McLaughlin's of Tucson, Ann & Nubbs McLaughlin,
Tucson, AZ

MCM Gems , Jerry & Peg Manning, Carol Clark,
Middletown, OH

McNeil's Arts and Minerals, Jimmy & Hisami McNeil,
Memphis, TN

Richard Meese, Tempe, AZ

Peter Megaw, Tucson, AZ

George F. Melloy, Bethiechem, PA

Luis Menezes, Sao Paulo, Brazil

Middle Tennesssee Minerals, Robert Halfacre, Elmwood,
TN

Midnight Minerals, Star Van Scriver, Golden Grove, CA

Midnight Mining, Brian D. Huntsman, Orange, CA

Midwest Minerals, Willi Lang, Chicago. IL

La Milagrosa, Jeanne & Federico McAninch, Tucson,
AZ

Milliren's Rocks & Gifts, Dennis & Cathy Milliren,
Overland Park, KS

Kim Mills, Mill Valley, CA

Mills Gem Co., Ron & Pm Mills, Los Osos, CA

Mine Design, Lance Kanaby, Clarence, NY

Miner K, Mr. De Koenigswarter, St. Felix Lauragais,
France

Mineral and Needle Craft Crearions, Thelma Kirsch,
Oceanside, NY

Minerales Mexicanos, Frank Magdahl, Cuenavaca,
Mexico

Mineralien & Fossilien Galerie, Frankfurt, West
Germany N

Mineral Kingdom, Miriam & Julius Zweibel, Houston,
X

Mineral Miner, Henry J. Schmidt, Chicago, IL

Mineralogical Research Co., Eugene & Sharon Cisneros,
San Jose, CA

Mineral Treasures, Dee Belsher, Broomfield, CO

Montana Gemological, Randy & Katie Gneiting.
Columbus, MT

Louellen Monmigomery, Topeka, KS

Mountain Minerals International, Dudley Blauwet,
George & Cindy Witters, Louisville, CO

Dagmar Miiller, Kormntal-Minchingen, West Germany

Hector Polleri Mullin, Artigas, Uruguay

Geary Murdock, Idaho Falls, 1D

Murph's Roc Hut, Dennis & Mary Murphy, Tigard, OR

C. R. Munant, Cloverdale, CA

Myers Lapidary & Collectibles, Les & Pat Myers,
Phoenix, AZ

Namibia Minerals, Bill Barany, Surbekom, South Africa

Nanette Enterprises, Redondo Beach, CA

Natural Connection, Bob & Vera Tumer, El Paso, TX

Nature's Gems ., Tom & Gwen Tomlinson, Harlowton,
MT

Nature's Originals, David J. Lewis, Midvale, UT

Nature's Own, Nederland, CO

Nature's Treasures, Dwight Weber, Torrance, CA

New Era Gems, Steve Ulatowski, Grass Valley, CA

NgraveR Company, R. J. Phillips, Oakdale, CT

Michael Nisbet, Crestone, CO

North American Minerals, Les Tolonen, Cincinnati, OH

Northern Crystals, David Joyce, Newmarket, Ontanio

Frederick J. O. Nuss, Ouis, KS

North Siar Minerals, Ross C. Lillie, Mt. Clemens, Ml

Herbert Obodda, Short Hills, NJ

Oceanside Gem Imports, Milton & Hilde Sklar,
Oceanside, NY

Old Friends , Bisbee, AZ

Donald K. Olson and Associates, Don Olson & Glona
Ludlum, Cedarburg, W1

One Track Mines, Larry Gray, Boise, ID

Oplex , Don & Karen Thompson, San Diego. CA

Emesto & Janine Ossola, Livomo, laly

The Ouicrop, Pete & Nancy Olson, Springfield, IL

Overland Gems, Bobbi Flusser, Los Angeles, CA

Padre Mining, E. H. McMacken, Ramona, CA

Renato & Adnana Pagano, Monfalcone, ltaly

Pala International, William F. Larson, Fallbrook, CA

Pameer Gems & Minerals, Shah Roshan, Lancaster, CA

Panc:zner Minerals, Bill & Sharon Panczner, Tucson, AZ

Theodore Parkevich, Whitehall, OH

Pathfinder Minerals, Mary Jean & Larry Cull, Fremont,
CA

Don Pearce. Calumet, Ml

Pearl Pond -Acres of Gold, Donis M. Hams, North
Baltmore, OH

Norm & Roz Pellman, Demarest, NJ

Pickens Minerals, Waukegan, IL

William Pinch, Rochester, NY

Gayle Pirman (in memory of Walter Pirman), Alexandria,
KY

Len Pisciotta, Carmel, CA

Pony Gem Case Co., Paul Anderson, Martinez, CA

Potomac Museum Group, Janet Maxim, Silver Spring,
MD

Primirive Playmates, Marve & Kinty Starbuck,
Vicksburg, Ml

Pyramid Imports, New York, NY

R.E. Gems, R. E. Green, East Jordan, Ml

R.J.B. Rock Shop, Japheth B. Boyce, Rapid City, SD
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R&AM . Rusty & Ann Mercer, Garland, TX
R&M Silversmithing & Lapidary, Ray & Margie Dudley,
Tucson, AZ

Ramsey Gem Imports, John & Laura Ramsey, San Diego,

CA

Red Metal Minerals, Richard Whiteman, Hancock, Ml

Regal Reflections, Bob & Sherry Walker, Woodlands, TX

Renowned Mining & Minerals Co., Phoenix, AZ

Rickard Mining Co., Paron, AR

Rincon Mineral Co., Tucson, AZ

Tim Roark Imports, Timothy M. Roark, Atlanta, GA

Roberts Minerals, Ken Roberts, Twain Hare, CA

Rock Farm, Gene & Alice Law, San Marcos, CA

The Rock-Hut, Gus Seppi, Jim & Irene Witmer,
Leadville, CO

Rocks Lapidary & Jewelry, The Bowdens, San Antomio,
X

The Rocksmiths, Tombsione, AZ

Miguel Romero, Tehuacan, Puebla, Mexico

Roper's Rock Ranch, Huntsville, TX

Brad & Linda Ross, St. Clairsville, OH

Rosses’' Rocks, Bradley ). Ross, Timber Lake, SD

Randolph Rothschild, Baltimore, MD

Rough and Ready Gems, Steve Green, Denver, CO

Bruce & Jo Runner, Delhi, CA

David Rush, Lebanon, IN

Rick & Denna Russell, Cincinnati, OH

Russell’s Rock Shop, Jim & Shemry Russell, North
Liberty, IN

Rustam , Rusty Kothavala, Oakland, CA

Robert Rybnicky, Edison, NJ

5 & P Gems, Phil & Shirley Oakley, Salem. OR

5 & R Emeralds, Kelly ). Cogley. Mitchellville, 1A

Sabnani's International, Meena Sabnani, Kowloon, Hong
Kong

Sacred Spaces Gallery, Santa Fe, NM

Saint-Roy . Pans, France

Sasa, Edward Blackoff & Sasa Schick, Santa Monica,
CA

Phil Scalisi, Braintree, MA

Howard Schlansker, Norwell, MA

Emie Schlichter, Sudbury, MA

Thomas M. Schaeider, San Diego, CA

Schneider's Rocks & Minerals, Poway, CA

Schooler's Minerals & Fossils, John & Earlene Schooler,
Blue Springs, MO

Curtis Schuh, Tucson, AZ

Ruth Schwartz, New York, NY

Seibel Minerals, John Seibel, Tehachapi, CA

Shades of the Earth, Wayne Thompson & Laura Estrada,
Phoenix, AZ

Shale’s, Los Angeles, CA

Shoba Inc., Abedin T. ). & Gloria A. )., Monrovia, CA

The Showcase, Sudbury, MA

Jean Mane Siaud, Unterreichenbach, West Germany

Sierra Contact Minerals, Harvey Gordon & Steve Rose,
Reno, NV

Sierra Crysial Mines, Reno, NV

Silver Flower Studio, Hagan Smitmans, Huachuca City,
AZ

Silverhorn , Mike Ridding. Santa Barbara, CA

Kenneth & Meredith Silvy, Bath, NY

Silver Scepter, Chuck Turley & Marshall Koval,
Richland, WA

John Sinkankas, San Diego, CA

Ant Smith, Houston, TX

Southeast Tradewind Gems, Patncia Haines-Lieber,
Lawrence, KS

Southern Lapidary, Greenwood, MS

Southwestern Minerals, Gary & Priscilla Young,
Albuquerque, NM

Louis B. Spaulding Jr., Ramona, CA

Spheres by Harold, Tom Geyer & Bern Geyer, Ellis, KS

Mike, Sandra, Tom & Cherie Sprunger, Leamingion, UT

Stanford's Tool & Supply Co., Riverside, CA

Starfire Quartz Crystal Mines, Charles Burch, Mt. Ida,
AR

Starr Gems, Tucson, AZ

). E. Stevens, Washington, UT

Stewart's Minerals & Memorabilia. Pam & Bob Stewart.
New Lebanon, NY

L. B. Swone, Los Angeles, CA

Stonewerks , Lynn & Richard Atkinson, Seminole, FL

Stringer's Gem Shop. Bill & Anna Stringer. Nampa, ID

Carol Sues, Phoenix, AZ

Ed Swoboda, Beverly Hills, CA

Talisman Trading Company, P. Damian Quinn, La Mesa,
CA

Tepe Gemstone Supply. Marsing, 1D

Teton Gems, Boise, ID

Texas Mineral Supply, Don & Joann Langston, Ft
Worth, TX

Thumbnails Plus. Ed Allabough, Kingman, AZ

Tideline ., Tim Winkler, Inglewood, CA

Tierra Azul Minerals, Layton Talbot, Miami, AZ

Tiger-Eve Manufacturing (Pryv) Lad. Hannes Kleynhans,
Hermanus, South Afnica

S & L Tims Lapidary. Stan & Lucile Tims, Tucson, AZ

The Tourmaline Man, Earl M. Kelley, San Diego, CA
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TransGem Corporation, Jonathan Parentice, Scoutsdale,
AZ

Treasures Gems Corp., Miami, FL
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Turmali & Herschede, Mark Herschede Jr.. Cincinnati,
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wY
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UVFP Inc., San Gabriel, CA

Frank Valenzuela, San Manuel, AZ

Kayellen Vanover, Lakewood, OH

Van Scriver Minerals, Brad Van Scriver, Tucson, AZ
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Washington Gem & Mineral Co., Gary Kaufman,
Washington, DC
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Willis Earth Treasures, Dick & Joyce Willis,
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Wright's Rock Shop, Chris Wright, Hot Springs. AR
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