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Figure 1. The Big Fish River, northern Yukon
Territory, as viewed from collecting area *C."”
R. A. Gault photo, 1954,
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INTRODUCTION
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Figure 2. The “Stoneman"”’ camp area on Rapid
Creek, northern Yukon Territory, near col-
lecting area “B.” H. G. Ansell photo, 1984,

In the early 1970’s a remarkable deposit of phosphate minerals was
discovered in the Rapid Creek and Big Fish River areas of the north-
eastern Yukon Territory, Canada. The region now ranks among the
most important localities for phosphate species in the world, and has
been the focus of much attention among mineralogists and collectors
alike. To date, a total of ten new mineral species have been described
from the area, and the probability is high that this number will continue
to grow. In addition to the new species found, specimens of arrojadite,
augelite, collinsite, gorceixite, goyazite, kryzhanovskite, lazulite,
wardite and whiteite are among the finest known, and have already
been widely distributed to most major collections. Unfortunately there
has also been a distribution of conflicting information concerning
accessibility and locality details, and no comprehensive overview of
the mineralogy, paragenesis or history of the deposit has been pub-
lished. It is the purpose of this article to assemble and clanfy the
accumulated information.

The Rapid Creek and Big Fish River region, located north of the
Arctic Circle, may be classified as a rocky desert with an average
annual precipitation of approximately 15 cm. The topography is gen-
erally gently rolling tundra, with deeply incised creek systems and
low profile hills. Most specimens have come from talus slopes and
outcrops exposed in the creeks, where steep canyon walls average
100 to 200 meters in height. Collecting is often dangerous, and rock
slides are common, especially in wet weather.

Periods of 24-hour sunlight in late June and July may raise the
temperature to 30° Celsius, but an abrupt change in the winds can
quickly advance a new airmass, bringing rain or snow squalls in a
matter of a few hours, which may persist for several days or weeks
Consequently, a normally shallow stream may be quickly transformed
Into a raging torrent, flooding a camp. Caribou, moose, wolves and
gnzzly bears frequent the area, necessitating a special awareness and
preparedness. The hordes of mosquitos must be seen to be believed

On July 5, 1978, an Order in Council submitted in the Yukon
legislature officially withdrew the area from claim staking and dis-
position of mineral rights. The Department of Indian Affairs and
Northern Development, Canada (DIAND) stated that people entering
or removing minerals from the area without official permission would
face arrest and criminal prosecution. Hence, collecting is strictly pro-
hibited unless prior authorization is granted by DIAND and the Yukon
Termitonal Government. At the time of this writing, such permission
Is not easily obtained, and individuals are discouraged from applying

Explosives and heavy equipment are not permitted; however, they
are generally not required in order to collect good specimens from
this extremely sensitive environment. The potential for future spec-
imen production is excellent, but will likely and necessarily be de
veloped in a controlied manner. Furthermore, any expedition to this
remote area quickly becomes expensive, a factor which precludes

frequent collecting.
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Figure 4. (above) Collecting area “A.”
Adapted from Energy Mines and Re-
sources Canada topographic map 117
AW (1966); grid numbers refer to
U.T.M. eastings and northings.

Figure 5. (top right) Collecting area “*B.”
Adopted from Energy Mines and Re-
sources Canada topographic maps 117
AW (1966) and 117 A/8 (1973); grid
numbers refer to U.T.M. eastings and
northings.

Figure 6. (right) Collecting area “C.”
Adopted from Energy Mines and Re-
sources Canada topographic map 117

A/8 (1973); grid numbers refer to
U.T.M. eastings and northings.

LOCATION

The Rapid Creek and Big Fish River area is part of the Richardson
Mountains, located west of the Mackenzie River Delta in the north-
eastern Yukon, near the boundary separating the Yukon and Northwest
Territories. The nearest native community, Aklavik, is situated ap-
proximately 70 km southeast of the area. Accessibility is best gained
by helicopter (from Inuvik, 120 km to the east), which is undoubtedly
the best means of transportation between the various collecting areas
as well. Inuvik may be reached by the Dempster Highway, which
leaves the Klondike Highway approximately 40 km east of Dawson.

It should be stated that there are few geographical features in this
area with officially accepted names, a deficiency which has resulted
in widespread use of unofficial names for various landmarks by in-
dividuals who are familiar with and have visited the area. While we
do not wish to promote the general acceptance of these names, there
exists a need to clarify the locality information that presently appears
on various specimen labels. The following paragraphs explain these
terms, with reference to informal names in quotes.

There are three main collecting areas referred to here simply as
Areas A, B and C. Area A is located at approximately 68°39° N
latitude, 136°48° W longitude. It is on Rapid Creek, about 35 km
south of Mackenzie Bay on the Beaufort Sea, and approximately 5
km north-northwest of Mount Davies Gilbert. This area has often been
referred to as “Kulan Camp.” The small tributary on the west side
of Rapid Creek, on which is situated localities 1, 2 and 3, is known
as “Crosscut Creek,” and the next tributary to the south and east is
called “Lake Creek.”

Area B, about 10 km upstream (southwest) from Area A, at ap-
proximately 68°31" N latitude, 137°00° W longitude, has been fre-
quently referred to as “Stoneman Camp.” The tnibutary to the south-
east, leading to localities 10 and 11, has been called “ Young 's Creek, "™
and the tnbutary about a kilometer northeast of “Stoneman Camp,
at locality 14, has been referred 1o as “Grizzly Bear Creek.”

Area C is on the Big Fish River, approximately 16 km southeast
of Area A, at 68"28" N latitude, 136°30° W longitude, near the border
of the Northwest Territories.




Figure 7. The late Al Kulan of Ross River,
Yukon Territory, among the first to recognize
the specimen potential of the Rapid Creek de-

posits.




HISTORY

Geological reconnaissance has revealed numerous significant min-

eral deposits throughout northern Canada. and the discovery of phos-
phates in the Rapid Creek area is no exception. While exploring for
gas and oil in the summer of 1959, a Triad Oil Company geologist,
Bruce Cameron, noted an unusual blue mineral occurring in a creek
bed. A specimen was submitted to Dr. Finley Campbell, then at the
University of Alberta in Edmonton. who identified it as lazulite, thus
recording the first mention of phosphates in the northern Yukon (Camp-
beil. 1962). After considerable investigation, however, the published
locality data, given as “from along the Blow River near Mt. Fitton
in the Yukon Territory . at 68°30" N. Lat., 138°45" W. Long."”
aroused some suspicion, and has subsequently been shown to be in
error (B. Cameron, personal communication, 1985). The actual lo-
cality for the specimen has been confirmed as being on Rapid Creek,
approximately 2 km southwest (upstream) from locality 12 in Figure
5.

It 1s assumed that no serious collectors or curators were shown the
specimens that Campbell described as “clusters of well-terminated
deep blue clear crystals associated with . . . euhedral quartz
crystals,” because no one followed up on this discovery for ten years.

In the summer of 1971, Dr. F. G. Young, engaged in a regional
mapping project for the Geological Survey of Canada, found lazulite
and other phosphate minerals in situ along “Crosscut Creek,” then
called “Crystal Creek™ (F. G. Young, personal communication, 1978)
Shortly thereafter, massive lazulite was also found by Al Kulan of
Ross River, Yukon, a well-known and respected prospector, and Di-
rector of Welcome North Mines. Welcome North Mines had previously
been interested in the economic potential of the iron deposits in the
area. The discovery of lazulite incited Kulan's curiosity, particularly
after crystallized specimens were brought to his attention by a student
ornithologist working in the area. Accompanied by his friend, Gunar
Penikis, a geophysicist who had previously been working in Brazil,
Kulan visited Young to discuss and learn more about the geology of
the deposit and 1ts interesting minerals.

In the spring of 1974, Kulan and Penikis went to the field and
returned more intrigued than ever by the thought of perhaps finding
gems in the area. Consequently, Kulan and his wife, Wynne, together
with Penikis and Lil Dickson, formed Mackenzie Resources, Limited,
and a second collecting trip was made early that summer by Kulan,
Penikis and Mack Peter, an employee of the company. Once again
they returned with encouraging results, and in July, Penikis brought
a suite of specimens to the Royal Ontario Museum for identification.

Like many such institutions, the Roval Ontanio Museum provides

specimen identification services to the public, and, like most museums,
typically receives a constant flow of beach pebbles, arrowheads, fos
sils, rocks and minerals of usually less-than-collector quality for ex-
amination. Imagine the excitement when the world's best lazulites
wardites and arrojadites were unveiled! A friendly relationship was
soon established, and that fall Dr. Joseph Mandarino and one of us
(BDS) visited the Kulans in Ross River to examine and identify more
specimens.

After a few days in Ross River, Mandarino had 1o leave for an
International Mineralogical Congress in Europe, but Sturman stayed
on and continued north to Rapid Creek with Kulan, Penikis and Peter
With ideal weather and few mosquitos, a camp was pitched on Rapid
Creek, which offered abundant grayling and spectacular views of the
autumn fohage. In a mineral collector's paradise it was difficult o
limit oneself to searching for geological clues to better understand the
ongin of the deposit, when world-class specimens were so readily
available! Nevertheless. while Kulan was collecting superb lazulite
and Penikis was digging out nice augelite crystals, Sturman somehow
managed to pull himself away long enough to prospect for additional
occurrences and record some geological observations. At that time he
also collected some “cunous looking, platy lazulite™ that was brought
back to Toronto to help complete a study of the crystal habits of that
mineral. Upon investigation, however, it was soon learned that this
mineral was not lazulite, but an entirely new species, which was
named kulanite, in honor of Al Kulan. Further analyses of a pale blue
“vivianite " collected at the same time resulted in the description of
a second new species, baniite

Over the next two years the Kulan family continued to remove
many fine specimens from the area, while working closely with the
Royal Ontario Museum, both in the field and in the laboratory. Sal
terlyite, maricite and penikisite were discovered and described, while
research continued on additional unknowns. Because ol recurrent
attacks of malania, Gunar Penikis sold his share of Mackenzie Re
sources to the Kulans in 1975, but retained a five-year contract to
market specimens for the company. In February of 1976, then-Com
missioner James Smith proclaimed lazulite the official gemstone of
the Yukon. Although some gems have been cut, they are typically
small (less than a quarter carat), due to the intense dark color and
lack of larger clean areas of rough. In 1977, collecting activities were
greatly diminished when Al Kulan was murdered at Ross River

By 1978, specimens had been shown at both the Tucson and Detroit
mineral shows, various talks had been given, and papers published
As an easily predictable consequence the area was once again visited




by eager, new collectors from both the professional and private sectors.
Armed with information from Dr. Young and the Kulans, Patrick
Collins of Upper Canada Minerals and (then) private collector Jerry
Van Velthuizen prospected the region around Area B, discovering
many of the sites herein described, and collecting many superb spec-
imens of wardite, gormanite and kulanite. In Area A to the north
several other collecting parties were active: Darko Sturman and Robert
Ramik from the Royal Ontario Museum, Gary Ansell and Scott Ercit
from the Geological Survey of Canada, Ben Robertson, a graduate
student from the University of Saskatchewan, his professors and as-
sistant, not to mention several exploration geologists whose curiosity
prompted a short visit to pick up a few souvenir specimens. On July
5th, the Order in Council restricting collecting in the area took effect,
making it illegal for unauthorized persons to visit or collect any longer.
Consequently, all subsequent collecting has been limited.

In 1979 Lil Dickson retired from Mackenzie Resources, restoring
sole ownership to the Kulan family. Dr. Robert Gait and Robert Ramik
from the Royal Ontario Museum, Gary Ansell and Scott Ercit from
the Geological Survey and Ben Robertson returned to the field to
continue their research. Excluding any unauthorized collectors who
may have visited the region, the area remained relatively dormant
until 1982 when it was once again visited by Gary Ansell and Dr. lan

Figure 9. Collecting at the wardite outcrop in
area B, location 12. R. A. Gault photo, 1984,

Figure 8. Collecting in a whiteite-rich seam in
area A, location 2. G. W, Robinson photo, 1983.

Jonasson from the Geological Survey. In the summer of 1983 Ansell
and Jonasson returned, along with Dr. Wayne Goodfellow from the
Geological Survey and Dr. George Robinson and Jerry Van Velthuizen
from the Canadian Museum of Nature. The Glenbow-Alberta Institute
in Calgary was represented by Allan Ingelson, Gunther Kuhnlein and

Ulrich Matern. The collecting was very profitable for all, and many

fine and unusual specimens were recovered, including excellent white-
ite, wardite, lazulite, collinsite, and the new species rapidcreekite.
Robinson and Van Velthuizen, with colleagues Dr. Joel Grice and
Robert Gault, returned in July, 1984, and were able to collect good
specimens for the Canadian Museum of Nature and the Yukon Ter-
ritorial Government, in spite of flooding and near-blizzard conditions.
At the time of this writing, the last official party to visit the area
consisted of Gary Ansell and Dr. Gary Yeo from Acadia University,
Wolfville, Nova Scotia. Yeo and Ansell re-examined and mapped
sections of the Rapid Creek formation and collected samples for pet-
rographic and geochemical study.

Even after 20 years of intensive prospecting. the collecting potential
of the area still remains relatively untouched. Hopefully, with careful
collecting, it will continue to produce new, beautiful, and exciting
specimens for years to come.
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Figure 10. Geology of the Rapid Creek and Big Fish River area.

GEOLOGY

Upper Cretaceous Khe

Lower Cretaceous

Jurassic/Lower JK
Cretaceous

Boundary Creek Formation
[ Kdc  Bedded ironstone & shale
K4b  Turbite sandstone
{ Kda Lower shale
| K4 Aptian-Albian fiysch (undivided)
\ K3  Upper sandstone
Sedimentary rocks older
than K3

Fault (defined, approx., assumed)

The Rapid Creek and Big Fish River area lies within the Beaufort-
Mackenzie Basin, a large (155,000 square kilometers), Mesozoic-
Cenozoic structural depression created by extensional and wrench
faulting near the continental margin of the southern Beaufort Sea
(Young er al.., 1976). Sedimentation within the basin began in the
Late Tnassic, and has continued to the present in the active area of
the Mackenzie Delta.

In early to mid-Cretaceous time, movement along a series of north-
south splay faults was partially responsible for the formation of the
Blow Trough, a depression 50 km wide flanked by a major area of
uplift to the west and a structural high to the east. The present-day
valley of lower Rapid Creek 1s located near the eastern margin of this
trough. During Albian time (upper Lower Cretaceous) erosion of the
western highland and subsidence of the Blow Trough resulted in the
deposition of a thick flysch sequence of turbidite sandstones, mud-
stones and shales, which thins toward the eastern margin of the trough,
changing facies to the interbedded ironstone and shale units comprising
the Rapid Creek Formation (Young and Robertson, 1984). During the
Laramide Orogeny in the Late Cretaceous to Early Tertiary, east-west
compression caused local folding, faulting, uplift and subsequent ero-
sion to expose the present-day surface.

The Rapid Creek Formation gradationally overlies the flysch se
quence, and 1s thought to have been deposited by cold, northeas
flowing currents upwelling on the flanks of the structural high at the
eastern margin of the trough (Young and Robertson, 1984). This
formation is the most northerly known phosphorite, having formed at
15" north paleolatitude (Young and Robertson, 1984; Irving, 1969)
It varies in thickness from a maximum of 1000 meters west of Rapid
Creek to only 60 meters at Big Fish River. Due to the relative absence
of well-preserved fossils and the lack of any paleomagnetic data, an
accurate geological age for the Rapid Creek Formation has not been
determined

I'he ironstone occurs mainly as thin beds, up to about 25 ¢cm thick,
intercalated with thin layers of ferruginous shale. At Rapid Creek
(Areas A and B), the wronstone beds consist mainly of compact,
microcrystalline siderite-pyrite phosphate rock, and poorly sorted clas
tic rocks ranging from mudstone to sandstone, with breccia and con
glomerate components of vaniable continuity and composition. In the
held, however, these rocks are commonly coated by a dark patina on
weathered surfaces, thus obscuring their textures and making accurate
identifications difficult. The total P,O, content of the rock averages
about 19% (Young, 1977), with the phosphate minerals appearing as




either microcrystalline inclusions, sparry replacement cements, vein-
lets, or as well-developed crystals lining fracture surfaces.

Curiously. many of the phosphate grains are not composed of apatite
like other marine phosphorites, but rather of unusual species such as
satterlyite, arrojadite and gormanite. This suggests a depositional en-
vironment relatively poor in calcium, which precipitated iron and
magnesium phosphates in addition to apatite, representing a unique
condition for marine phosphorites (Young and Robertson, 1984).

However, it is the fracture-filling paragenesis that has undoubtedly
received the most attention, since it 1s that mode of occurrence which
has provided the wealth of well crystallized specimens for which the
area has become famous. The specific mineral assemblages observed
in any given fracture filling appear, at least in part, to be related to
the composition of the rocks through which the solutions migrated.
While individual exceptions may exist, Robertson (1982) recognized
four major assemblages characterized by the predominance of specific
elements and related to a specific host rock: (1) Ca-rich assemblage
with phosphatic mudstone, (2) Ba-rich with conglomeratic slump de-
posits, (3) Fe-Mg-rich with sideritic sandstone, and (4) Na-bearing
with phosphatic sandstone. Furthermore, the length of an entire vein
may easily exceed the thickness of a single bed, such that more than
one rock type may have contributed to the bulk chemistry of the vein
as a whole, resulting in more complex assemblages.

At Rapid Creek, uncontorted bedding strikes slightly east of due
north and dips about 60° east. There is one major fracture set within
the formation, striking slightly north of due east, dipping very steeply
to the south, and intersecting the bedding at a high interplanal angle

These fractures maintain a consistent orientation independent of local
structural features, and have thus formed during the last significant
episode of tectonic activity. With minor exceptions, the quartz-siderite-
phosphate vein-type mineralization occurs solely within this fracture
sel.

Al Big Fish River (Area C), the ironstone consists mainly of mi-
crocrystalline sidernite, and has a total P,O, content of about 9%
(Young, 1977). In many respects, the phosphate mineralization is
similar to that at Rapid Creek, although somewhat less spectacular
due to the relative scarcity of well developed crystal-lined fractures.
One notable difference. however, is the presence of phosphate and
pyrite nodules in the lower portion of the ironstone-shale sequence.

These nodular segregations range in size from less than | cm up to

10 ecm. They typically assume the form of round, flattened disks, and
In some instances appear to be recrystallized replacements of am-
monites or pelecypods. Many appear to be monomineralic, but upon
close examination commonly contain several coexisting species. Ob-
servations of nodules in situ suggests the following relative order of
abundance: wolfeite (most abundant), pynite, satterlyite, mancéite and
wicksite (Coleman and Robertson, 1981; Sturman er al., 1981).

Lastly, surface alteration and weathering have resulted in the ev-
olution of a variety of secondary species, predominantly sulfates and
carbonates, throughout the formation. These minerals occur abun-
dantly as obvious white or yellow stains and coatings on outcrops
where relatively little erosion is taking place. Additionally, many of
these species may also be found in some of the fracture fillings and
nodules as coatings on the eariier formed primary minerals.




MINERALOQGY

Based on their modes of occurrence, all the minerals at Rapid Creek

may conveniently be categorized into three separate groups: (1) fracture
fillings, (II) phosphatic nodules and (IIl) weathering products (Table
1). The first group includes nearly all of the well crystallized minerals
such as lazulite, wardite and whiteite. These, along with approximately
two dozen additional species, occur with quartz and siderite in seams,
fault breccias and other sites where openings permitted the invasion
of mineralizing solutions.

A second, quite different suite of minerals i1s found in phosphatic
nodules from Area C on the Big Fish River, and from along Boundary
Creek. approximately 5 km to the northwest. Three new species,
mancite, satterlyite and wicksite, occur in these nodules together with
several other phosphates, pyrite and siderite. Most of the phosphates
typically form subparallel aggregates of columnar, anhedral crystals,
all of which are easily differentiated by color and cleavage.

The third group of minerals, the secondary products of weathering,
occur as either microscopic, white, acicular crystals, or as powdenry
masses that are best identified by x-ray methods

Finally, some species such as vivianite and siderite may be found
in both the fracture fillings and nodules. Although reference i1s made
to each mode of occurrence, the descriptions for these species appear
under the genetic group which has produced the specimens of greater
interest to collectors.

Figure 11. Anatase
crystal drawing.

Group I: Fracture-Filling Minerals

Anatase o,
A very few specimens of anatase have been found associated with
arrojadite, kulanite, brazilianite and apatite in a small vein in the bed

of “Crosscut Creek,” just below the waterfall (locality 3, Area A).

Table 1. Minerals of the Rapid Creek and Big Fish River area.

Fracture
Fillings

Alluaudite group

Anaiase
Arrojadite

Ba analog (7)

F analog (7)
Augelite
Baricite
Barite
Brazihanite
Bjarebyite (7)
Celestine
Chalcopyrite
Childrenite
Collinsite
Eosphorite
Fluorapatite
Fluorite
Garvansellite
Gorceixite
Gordonite
Gormanite
Goyazite
Kryzhanovskite
Kulanite
Lazulite
Ludlamite
Messelite
Metavivianite
Penikisite
Phosphosiderite
Pyrite
Quanz
Sidernite
Souzalite
Sphalerite
Vivianite
Wardite
Whiteite-(Cake

Phosphate
Nodules

Alluaudite
Arrojadite

Ba analog (7)
Bobierrite
Childrenite
Ermnstite (7)
Ferroalluaudite
Fluorapatite
Hagendorfite

Fe*” analog (7)
Ludlamite

Maghagendorfite

Fe** analog (7)

Maricite
Metaswitzerite
Phosphosiderite
Pyrite

Quanz
Satterlvite
Siderite
Strengite (7)
Switzerite
Varulite (7)
Vivianite
Whiteite group
Wicksite
Wolfeite

UK-I
UK-2
UK-4
UK-6

Mg)

Secondary
Weathering Products

Aluminite
Aragonite
Brushite
Diadochite
Dorfmanite
Dypingite
Epsomite
Georglosite
Goethite
Gypsum
Halotrichite
Hg"'..lh}dr!lh'
Hydromagnesite
Jarosite
Meta-aluminite
Natrojarosite
Nahpoite
Nesquehonite
Rapidcreekite

Sasaite

UK-3

(thers (see text)

Carbonate-fluorapatite
Dolomite
Whitlockite

UK-S

Species first described from the Rapid Creek and Big Fish River

area are in bold.




The crystals are very small (generally less than a millimeter long) and
yellow-brown in color, which makes them very difficult to differentiate
from the similarly colored siderite, arrojadite and iron oxide with
which they occur. While their small size precludes positive identifi-
cation by optical goniometry of every form present, the following
have been identified: ¢{001}, a{010}, m{110}, k{011} and z{012}. In
addition, one {Ohl} (y) and two {hhl} (e,x) dipyramids were observed,
but were too small to be accurately measured.

X-ray precession photographs of this anatase suggest that it is prob-
ably quite pure TiO,, with cell constants of a = 3.79 A and ¢ =
9.51 A.

Figure 12. Arrojadite crystal drawings.

Arrojadite KNa,CaMn,; *Fe,;Al(PO,),,(OH.F).

Arrojadite was first described, though not named, by William Head-
den (1891) from the Nickel Plate mine in the Keystone district, South
Dakota. Over a quarter century later the mineral was again noted from
a pegmatite at Serra Branca, Picuhy, Paraiba, Brazil, and named
arrojadite by Guimardes (1925). Since that time, many other occur-
rences have been documented, but all as cleavage masses in granite
pegmatites (Lindberg, 1950; Moore er al., 1981). The discovery of
arrojadite in the Yukon is significant because it marks the first time
this species has ever been found oufside a granite pegmatite environ-
ment, and it represents the second known occurrence of individual,
euhedral crystals. The first reported crystals of arrojadite were found
at the Palermo No. | pegmatite in North Groton, New Hampshire in
the 1950°s (V. King, personal communication, 1985:; Segeler er al.,
1981). Subsequently, well crystallized zincian arrojadite has been
identified from the White Cap pegmatite in Keystone, South Dakota
(W. L. Roberts, personal communication, 1985).

At Rapid Creek, arrojadite occurs in fractures cutting siderite-rich
sandstone, often as the only mineral present (Robertson, 1982). In-
frequently associated minerals may include quartz, kryzhanovskite,
whiteite, vivianite and metavivianite. Fine specimens have been found

Table 2. Angle table for arrojadite.

Measured Calculated*
Form phi rho phi rho

{100} 90° 90° 90° 90°
{011} 9°51' (1°) 59°03' (15) 9°46' 59°02’
{101} -90°00° (10')  22°08’ (15')** -90°00" 22°23'
{111} 32°52' (1°) 63°01" (30') 30°44" 62°23'
{311} -45° (3°)

67° (3°) 47°36° 67°41’

*Unit cell dimensions for arrojadite from Nickel Plate mine, South
Dakota (Moore er al., 1981): a = 24.730 A, b = 10.057 A,

c = 16.526 A, B = 105°47'.

**Note: on several crystals the (101) gave double signals for rho.
one at ~22° and the other at ~26°.

at locality 4 and north of locality 7 in Area A, and at locality 15 in
Area C. Millimeter-size gray crystals have been found inside ludlam-
ite, wolfeite and pyrite nodules from locality 16 in Area C, but this
paragenesis is less common. Normally the crystals range from 5 mm
to 1.5 cm in size and are olive-green to clove-brown or yellow in
color. Divergent aggregates subparallel on {100} are relatively com-
mon, but whether this is a result of twinning or parallel growth has
not been resolved.

The morphology of arrojadite is discussed in detail below; we
believe this is the first published description of such crystals. In total,
nine crystals were measured by optical goniometry and their orientation
confirmed by single crystal X-ray methods. The relatively high error
associated with some of the measurements given in Table 2 results
from multiple signals observed from those faces. The {311} faces give
very poor reflections and were identified using a spindle stage. Figure
22 shows a crystal with well-developed forms a{ 100}, di011}, e{111},

{101} and g{311}. The {100} faces are normally the largest ones on

the crystal, and the {311} faces are typically frosted. Once these and
the {101} faces are located, it is relatively simple to orient well-
developed crystals. However, multiple crystals, distorted crystals and
crystals with fewer faces developed are more difficult to orient because
their monoclinic symmetry may not be readily apparent.

Arrojadite forms a solid-solution series with dickinsonite, its man-
ganese analog. Moore er al. (1981) state that *arrojadite-dickinsonite
Is probably the most complicated of all mineral structures, even when
studied by modern crystal structure techniques. . . . The arrojadite
end-member would ideally be KNa,CaFe;  Al(F,OH),(PO,),,, but in
such a complex structure with a limited but variegated range of va-
cancies . . . no precise formula can be expressed.” There exist no
less than 15 different sites among which K, Na, Ca, Sr, Ba, Pb, Mn,
Fe**, Fe*', Mg, Zn and Li must be distributed, following a scheme
of complex disorder and coupled relationships with partially occupied
sites and multiple site vacancies (Moore and Ito, 1979; Moore et al.,
1981). Thus. without crystal structure data it is virtually impossible
to write a sensible formula, given even the best possible chemical
analyses. Furthermore, as is the case with the Rapid Creek arrojadites,
the problem may be compounded by chemical zoning within a single
crystal.

Figure 14 is a backscattered-electron image of an arrojadite spec-
imen from the Big Fish River area. This mode of SEM imaging is
particularly useful for demonstrating compositional variation in a sam-
ple. The brighter areas in the photograph correspond to regions en-
riched in elements having overall higher atomic numbers relative to
the darker areas, which have overall lower average atomic numbers.
The dark background is childrenite-eosphorite with an average atomic
number of 8.9. The individual arrojadite crystals enclosed in this
childrenite-eosphorite matrix are dramatically zoned. The major por-
tion of each crystal that appears gray in the backscattered electron
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Figure 14. Back-scattered electron image of ar-
rojadeite (gray) and the barium analog of ar-
rojadite (white).

Figure 13. Energy-dispersive X-ray spectra showing
elements indicated in arrojadite. Note the replace-
ment of barium for potassium in the upper spectrum,
possibly indicating a new species, the barium analog

Table 3. Arrojadite analyses.
of arrojadite.

2 3 4 5 6
1.1 5.21 4.6 3.23
33.06 20 9K 12.39 (02
5.99 6.03 66 R4
.76 .63 17 48
6.41 7.93 1.70

. : : _ 2 78 217 43
We believe these barium-enriched zones probably represent a new 4 6 oo
i i 1).(N) ()

species, but so far no crystals large enough to permit a crystal structure 0 27 0 00 00
analysis required to properly characterize such a species have been = 0 ;“ *‘.‘ih ad
found, though we are still investigating the matter. Without assigning ' 4; ;'r» 17
the “excess™ sodium to any particular X or M site, preliminary mi- f :
croprobe analyses of these crystals yield the following formulas, based ’ l_:ﬁ
on |12 phosphorus atoms and assuming the unique Al site to be full, :]l ;:
with Al"" + Fe*' = 1.00 (H,O calculated by stoichiometry) :
(B osK, 0.)Ca, 5.Na, , Al, (Fe, ..Mg, ..Mn. .XOH, .F, .)PO,).. 0.33
for the Ba-rich rims and % 98.30
Ko :Ca, ooNa, (Al , Fe, . )(Fe, ,,Mn, Mg, . NOH, ,F, . NPO,),
for the cores. A plotof K* vs. (Ba*® + Sr*?), based on 31 arrojadite vig . 1.54 : 63
analyses from Rapid Creek, shows an inverse relationship suggesting e . 6.74 8.50
that barium does indeed substitute for potassium, probably in the X5 Mn* -' 4.30 73
site. iy 0.67 v

A microprobe survey of other arrojadites from Rapid Creek resulted 3.56 21
in a wide range of compositions being found. Some of these are given - 0.90 79
in Table 3. In general, Rapid Creek arrojadites often contain more Ba*’ 9 0.00 00
than five Na atoms per formula unit, have from 1.6 to 2.6 Mg’ Sr - 0.04 00
substituting for Fe** and show some F- substituting for (OH). Mn*? Al*" - 0.96 02
never seems to be greater than Fe*’, so no dickinsonites are known. e : 12.00 bl
A few analyses (e.g., no. 6) even show F- > (OH), which may also o : 0.00 02
represent a new species. Analysis 3 is an arrojadite inclusion in a F . 0.79 n 85
satterleyite-wolfeite-alluaudite group nodule from locality 16, Area H- . 1.2] . 15
C. The low Al™", relatively high total Fe and relatively low analytical O .4 48.30 47.99 28
sum all suggest that perhaps some iron is present as Fe* ' substituting
for the bulk of the Al"", making this yet another potentially new
member of the group.

image has an average atomic number of about |11.8, while the white
rims are approximately 12.2. This is due to the presence of barium
(atomic number 56) replacing potassium (atomic number 19) in the
rims of these crystals, as shown by comparing their respective energy
dispersion X-ray spectra (which are given in Figure 13).

*Total Fe reported as FeO

**Calculated stoichiometrically




Figure 15. Crystal drawing of augelite (left) and
brazilianite compared.

Augelite AL(PO_OH),

Most of the major augelite occurrences at Rapid Creek are located
in fault veins and their associated breccias. Robertson (1982) notes
that crystals generally decrease in size with increasing distance from
the fault zones, indicating their genetic relationship with these struc-
tures. Curiously, the more common aluminum phosphate minerals,
variscite and wavellite, have thus far not been identified from these
deposits.

Good augelite crystals are known from relatively few places world-
wide (Palache, Berman and Frondel, 1951; Wise, 1977), and those
from the Rapid Creek area rank among the best. The most productive
collecting sites found thus far are in the vicinity of locality |, Area
A. where vellow-green crystals up to 2 cm have been found associated
with quartz and siderite. Additional good specimens have also been

Figure 17. Crystals of a 2-cm, Rapid Creek augelite
(top) and a 6-mm brazilianite (bottom) compared,
180" apart in rotation about [001]. Note difference in
direction of striations on augelite ¢{001} and brazil-
ianite x{101}. CMN specimens 52125 and MOC3454;
G. Robinson photos.

Figure 16. Crystal drawings of augelite.

collected at locality 6, Area A, and in Area B at locality 10. Most of

these crystals show dominant m{110} prisms and {001} pinacoids,
with smaller o{111} and {201} faces often developed. Less frequent
forms include a{100}, x{201} and {401} (?7). Occasionally contact
twins, twinned by reflection on (100), are found.

Microprobe analyses indicate this augelite is essentially pure
AL(PO,)OH),, with only occasional traces of iron, which may account
for its pale yellow-green color.

Figure 18. Augelite, a yellow-green,
I-cm crystal, twinned on (100), prob-
ably from Area A, Location 6. CMN
specimen 39947; .. Robinson photo.
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Figure 19. (top) Arrojadite crystal
group, 4 cm, from the Big Fish River
area. P. Collins collection; G. Rob-
inson photo.

Figure 20. (above) Augelite crystals to
1.8 cm, from the Rapid Creek area.
CMN specimen 52125; G. Robinson
photo.

Figure 23. Augelite crystals on ma-
trix, 11 ecm. CMN specimen 31873;
W. E. Wilson photo.

Figure 21. (above) Au-
gelite (green) and laz-
ulite crystal group, 8.4
cm, from the Rapid
Creek area. William
Moller collection; R.
Currier photo.

Figure 22. (left) Arro-
jadite crystals to 3
mm. CMN specimen
S50836; S. Chamber-
lain photo.




Figure 24. Baricite crystal, pale blue-gray, 5
cm, from Area A, locality 2. CMN specimen
53124; G. Robinson photo.

Baricite (Mg,Fe**),(PO,),-8H,0

Bariéite is the magnesium analog of vivianite, and was first de-
scribed from near locality 2 in Area A, where it occurs as pale, gray-
blue cleavage plates over 10 cm across associated with quartz, siderite,
vivianite and lazulite (Sturman and Mandarino, 1976). Crystals are
uncommon and generally resemble vivianite.

Baricite is not easily differentiated from vivianite. Even the type
bari€ite contains approximately 45 mole % vivianite, and most vi-
vianite (q.v.) from the area contains some magnesium. X-ray methods
are of little use in distinguishing these two minerals because of their
similar cell parameters. Optically, however, bariite has overall lower
refractive indices and a smaller 2V, than vivianite, with n_, = 1.554,
ng = 1.564, n, = 1.595 and 2V, = 59° (Sturman and Mandarino,
1976). Also, bani€ite has a much lower density (2.42 g/cm” as com-
pared to 2.68 g/cm’ for pure vivianite). Nevertheless, chemistry is
still the deciding factor, and Mg must be greater than the other divalent
cations in order to have bariCite.

Barite BaSO,

Barite has been found locally in Area A at locality 1, and near the
mouth of “Crosscut Creek,” where it occurs as colorless, tabular
crystals up to 7 mm in length, associated with siderite, fluorapatite
and quartz in cavities in a brecciated matrix. Barite has also been
observed as 0.]-mm crystals in vugs in altered wolfeite nodules from
Area C.

Brazilianite NaAl,(PO,).(OH),

While perhaps not as large or as gemmy as the more famous Bra-
zilian specimens (Cassedanne, 1983), sharp, lustrous, yellow-green
crystals of brazilianite over a centimeter in size have been found at
Rapid Creek. These crystals occur in a variety of habits. The most
common forms are {001}, x{101}, m{110} and g{111}, with 5{010},
n{011} and s{211} (?) observed less frequently,

Brazilianite occurs sporadically throughout the region. The best
collecting sites have probably been localities 9 and 14 in Area B,

Figure 25. Brazilianite crystal, pale yellow, 1.3
cm, from =500 meters southwest of Area A,
locality 4. CMN specimen 53787; . Robinson
photo.

/Tf;“\

Figure 26. Brazilianite crystal drawings.

although other good specimens have been found at locality 3 on
“Crosscut Creek,” and elsewhere in Area A.

Crystals of brazilianite and augelite look very much alike, and the
two are often confused. Careful observations, however, may reveal
subtle differences in morphology. A second, confirming identification
may also be made by comparing densities: augelite (2.69) will float
in bromoform, whereas brazilianite (2.98-3.01) sinks.

Some of the brazilianite crystals from Area B show twinning and
optically anomalous zones with slight differences in refractive indices
and optic axial angles. Subsequent microprobe analyses showed these
zones to be slightly enriched in iron and calcium, which appear to
substitute for aluminum, though Ca**-Al*" diadochy seems unlikely
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from a crystallochemical viewpoint. The formula of these zones is

approximately Na, (Al ,,Fe 3 ,Ca,  NPO,), ..4H.O, based on six
cations.

Celestine SrSO,

Celestine has been identified by qualitative energy dispersive mi-
croprobe analysis as a single grain associated with whitlockite (q.v.),
phosphosiderite and vivianite in a satterlyite specimen collected from
talus near locality 8 in Area A.

Chalcopyrite CuFeS,

To date, chalcopyrite has been found at only one site: locality 10,
area B, where it occurs as microscopic brassy crystals sparsely scat-
tered on the surfaces of some of the pink goyazite crystals. Only a
few specimens are known, but others likely exist, since the tiny crystals
are easily overlooked.

Childrenite Fe**APOOH),-H,O and
Eosphorite Mn**Al(PONOH),-H,O

Childrenite-eosphorite occurs as flattened, radiating sprays up to 4
cm across on fracture surfaces, and as smaller free-standing crystals
in some of the quartz veins. Like apatite, childrenite-eosphorite is
widespread, but good specimens are not especially abundant. Its color
ranges from gray-white to clove-brown, and microprobe analyses show
considerable varniation in composition, with both iron-dominant and
manganese-dominant zones occurring in a single crystal. Observed
compositions range from near Chl Eos,, to Eos,Chl,,, making it
virtually impossible to differentiate the two visually. Of those spec-
imens analyzed, the more manganese-rich members are from near
locality 9, Area B, which has produced some of the best specimens
collected, and the drusy, microscopic, brown crystals associated with
the wardite from locality 12 nearby are eosphorite with an average
composition of approximately Eos./Chl,,. The larger, more bladed,
gray crystals from locality 15, Area C, are mostly childrenite.

Figure 27. Collinsite crystal group, gray-white,
8 cm, from Area B, locality 11. CMN specimen
49000; G. Robinson photo.

Collinsite Ca(Mg,Fe**)PO,),"H,O

Well-formed crystals of collinsite are not common, and until now,
only two localities, the Tiptop mine in South Dakota, and Reaphook
Hill in South Australia, have produced most of the better specimens
known (Nriagu and Moore, 1984; Johnston and Hill, 1978; W. Roberts,
personal communication, 1985). In July, 1983, what are probably the

Figure 28. Collinsite crystal aggregates, gray-
white, to 2.5 cm, from Area B, locality 11. CMN
specimen 49305; ;. Robinson photo.

finest collinsite specimens ever found were collected by two of us
(GWR and JVV) while being harassed by a grizzly bear at locality
I1 in Area B. These consist of stellate aggregates of cream-white
crystals up to 2 cm with quartz and lesser amounts of siderite, apatite,
metavivianite and gorceixite. Microprobe analyses indicate these crys-
tals have variable Mg:Fe:Mn contents, ranging from Mg, , Fe, ,,Mn,
to Mg, ..Fe, ..Mn, ,, per formula unit, and contain an average of about
0.17 F-.

A few noteworthy specimens have also been found between lo-
calities 15 and 16 in Area C, at locality 14, in Area B and north of
locality 7 in Area A, but none of these are as spectacular as those
from locality 11.

This is the second reported occurrence of collinsite in Canada, the
type locality being Francois Lake, British Columbia (Poitevin, 1927)
Collinsite was named after William Henry Collins (1878-1937), a
former Director of the Geological Survey of Canada (Drolet, 1982)

Dolomite CaMg(CO,).

While not a major constituent of the phosphate-bearing veins, crys-
tals of dolomite have been collected from Rapid Creek between lo-
caliies 5 and 6 in Area A. They occur as beige to tan, botryoidal
aggregates of discowdal, rhombohedral crystals up to 5§ mm liming
fracture surfaces in large, septarian-like nodules. No other species
have been noted in association with these crystals, but not many
specimens have been collected

Rapid Creek dolomite was previously thought to be ankerite, but
microprobe analyses have shown that the major phase present 1s ac-
tually dolomite, with a formula near Ca(Mg, ..Fe, . Mn, ,, XCO,),. The
crystals are rhythmically zoned, but even the most iron-rich portions

are still 82 mole % dolomite. We have not found ankerite at Rapid
Creek.




Figure 29. Childrenite crystal sprays, 3
mm (below) and 8 mm (at right), from
the Rapid Creek area. CMN specimens
40519 and 50873; S. Chamberlain and
G. Robinson photos.

Eosphorite: See under Childrenite

Fluorapatite Ca,(PO,,CO,).F

Both fluorapatite and carbonate-fluorapatite are found in the Rapid
Creek Formation, but from the collector’s viewpoint only fluorapatite
occurs in well-crystallized, desirable specimens. This species is sel-
dom found in great amounts, despite its widespread occurrence. Fluor-
apatite is most commonly associated with lazulite, quartz and siderite,
but may occur with other species, too. Good specimens have been
collected from localities 1 and 8 in Area A, and from numerous other
sites throughout the formation.

Fluorapatite ranges in color from colorless to white or purple, and
in crystal size from microscopic to nearly 2 cm across. A few color-
zoned, white to pale lavender crystals somewhat reminiscent of those
from the King Lithia mine in South Dakota (Wilson er al., 1984) have
been found, but are not common. Other crystals sometimes show
fibrous bands at their terminations that probably resulted from a hiatus
in crystallization.

Though the crystal habit, color and associated species may vary

Figure 30. Collinsite crystal group,
1.5 ecm, from Area B, locality 11.
CMN specimen 50015; G. Robinson
photo.

Figure 31. Fluorapatite
crystal group (pale purple)
with siderite, 2 cm across,
from Area A, locality 8.
CMN specimen 42481; G.
Robinson photo.

Figure 32. Fluorapatite crystal drawings.

20




Figure 33. Gorceixite crystals
(cream colored) with lazulite (blue)
on matrix, 3 ecm. Barry Kulan
specimen and photo.

considerably, the predominant forms tend to be the same, and most
often appear in various combinations of prisms m{1010}, #{2130} and
a{1120}, and dipyramids x{1011} and ¥{1124} (?), with or without
basal pinacoids ¢{0001}. These crystals form individuals either tabular
or elongate along [0001], and frequently show oscillatory growth
patterns and hillocks on their terminations.

The purple crystals with siderite from locality 8, Area A, show a
slightly different morphology, with dipyramids x{1011} and {1012}
forming the terminations. Upon close examination, the purple color
in these crystals i1s seen to be confined to a zone about their outer
margin and parallel to [0001]. Microprobe analyses show these zones
contain up to about 0.2 weight % MnO, which may account for the
color (Vasilieva, 1958).

Carbonate-fluorapatite is less common and occurs as botryoidal
crusts liming cavities in breccia, and as tiny nodules in the mudstone
(Robertson, 1982).

Fluorite CaF,

A single occurrence of fluorite has been noted in the vicinity of
locality 1, Area A, where it occurs as small mauve colored crystals

with barite (1. Jonasson, personal communication, 1988)

Garyansellite: See under Kryzhanovskite

Gorceixite BaAl,(PO,).(OH),"H.O

Euhedral crystals of gorceixite were first reported from the Len
genbach quarry in Switzerland in 1975 (Graeser and Stalder, 1976),
and from Rapid Creek shortly thereafter. Prior to these discoveries,
the species was known only in the form of grains and pebbles from
diamond-bearing gravels in Africa and Brazil (Palache, Berman and
Frondel, 1951). Gorceixite crystals have also been found at the Mo-
culta quarry near Angaston, South Australia (Noble er al., 1983;
Henderson and Peisley, 1985), Indian Mountain, Alabama (Gordon
and Hollabaugh, 1989), and at a roadcut near Ayer's Chff, Quebec;
but clearly, the largest and best crystals have come from the Yukon

Gorceixite is not a particularly common species at Rapid Creek
Along with other barium-rich phosphates, it seems to be restricted to
brecciated fault zones and conglomeratic slump deposits (Robertson,
1982). Only a few occurrences have been documented. Undoubtedly
the best specimens are the tabular, white crystals associated with

Figure 34. Gormanite sprays (blue-green) with siderite (brown) and brazilianite (white), 7
cm across, from Area B, locality 9. CMN specimen 50865; W. E. Wilson photo.
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Figure 35. Gorceeixite crystal drawings,
idealized (top) and actual (bottom).

quartz, siderite and lazulite which were found just downstream from
locality 1, in Area A. Unfortunately, this was a very localized oc-
currence sandwiched between a kulanite-bearing and a lazulite-bearing
layer, and was depleted soon after its discovery. Repeated searches
for similar sites in the surrounding area have been unsuccessful.

Crystals of gorceixite from this occurrence may approach 5 mm
across, although individuals of 1 to 2 mm are by far more common.
Morphologically the crystals are relatively simple, and are composed
of many thin plates parallel to ¢{0001}, which gives rise to a step-
like appearance on the r{1011} rhombohedron faces. Smaller
e{0111} faces are also occasionally developed. In Area B, smaller but
similar crystals have been found at locality 13; and at locality 11
gorceixite has been observed as microscopic white flakes associated
with quartz and collinsite.

Figure 36. Gorceixite, back-scattered electron
image showing darker calcium/strontium-rich
zones.

Figure 36 is a backscattered-electron image of a single gorceixite
crystal from the occurrence near locality 1, Area A. While microprobe
analyses of all the various zones in this crystal yield compositions
that are well within the gorceixite field, the zones corresponding to

the darker regions in the photograph show that up to 30 atomic % of

the barium may be replaced by calcium and strontium in various
proportions, but generally close to Ca:Sr = 2:1. Whether this is merely
the result of compositional changes in the original fluid from which

Figure 37. Gorceeixite crystal, gray-white, 3
mm, from Area A, locality 1. CMN specimen
51268; GG. Robinson photo.

the crystal grew or due to more complex chemical processes, remains
uncertain.

Gordonite MgAL(PO,),(OH),"8H,0

Gordonite is a relatively uncommon mineral at Rapid Creek. It has
been found at locality 7, Area A, where it occurs sparingly as yellow
to white stilbite-like sheaves up to 2 mm in size encrusting wardite.
A number of the Yukon wardite specimens now in collections probably
contained associated gordonite before they were cleaned. Microprobe
analyses of this gordonite show that it is relatively pure, with an
average of only about 15 atomic % of the magnesium replaced by
iron.

A few tiny, clear, prismatic crystals found embedded in messelite
from locality 2, Area A, also give an X-ray pattern that quite closely
matches that of gordonite, but they have not been chemically analyzed.

(Gormanite Fe.; “Al(PO,),(OH),2H,0 and
Souzalite Mg; “AlL(PO,),(OH),-2H,O

Gormanite is the ferrous iron analog of souzalite, and was named
for Professor Donald Gorman of the University of Toronto by Sturman
et al. in 1981. These authors discuss the intimate association between
the two species and demonstrate the difficulties inherent in labeling
unanalyzed specimens. Even individual crystals show vaniable Fe/Mg
ratios, and yield compositions which prove both species to be present.
Since there are no discernible differences in color, habit or appearance
in general, it is recommended that unanalyzed specimens be labeled
gormanite-souzalite, since there is a high probability that both species
are in fact present.

Gormanite-souzalite occurs throughout the exposed formation as
flattened, blue, radial sprays on fracture surfaces, as inclusions in
quartz, and as radial aggregates of elongate blue-green crystals. The
most commonly associated species tend to be quartz, siderite and
brazilianite, although several others have been noted. The best spec-
imens have undoubtedly come from locality 9 in Area B, but excellent
material also occurs at locality 15 in Area C.

Goyazite SrAlL(PO,),(OH).-H.,O

Very fine crystals of goyazite have been found at locality 10 in
Area B; these represent the only major strontium-bearing species
known from the formation. The crystals form white to pink rhom-
bohedrons up to a centimeter across and are commonly associated




Figure 39. Goyazite crystals, white, to 6 mm,
showing the forms {1012} and ¢{0111)}, from
Area B, locality 10. CMN specimen 50822; (.
Robinson photo.

with siderite, kulanite and quartz. The most frequently observed forms
are r{1012}, e{0111} and c{0001}. Striations parallel to {0001} provide
a convenient means to onent these crystals.

Interestingly, the association of kulanite with these specimens in-
dicates that both barium and strontium were present during crystal-
lization, although gorceixite (the Ba analog of goyazite) is not present.
In fact, microprobe data show this goyazite to be relatively pure, with
only a minor amount of barium concentrated near the cores of the
crystals. Wavelength dispersive scans for iron and manganese were
conducted on both the white and pink crystals, but neither element
was detected. Traces of cerium were found in both samples, but
whether that element is responsible for the pink color is uncertain.

The unit cell dimensions, refined from X-ray powder data, are also
quite close to those of pure goyazite, witha = 7.014(1) A and ¢ =
16.59(1) A.

Kryzhanovskite MnFe; '(PO,),(OH),'H,0O and
Garvansellite (Mg, Fe*")(PO,),(OH,0)-1.5H,0

Kryzhanovskite and garyansellite, along with reddingite (Mn,
(PO,),"3H,0), phosphoferrite (Fe;*(PO,),:3H,0) and landesite
(Mn_,Fe* (PO,).,(OH)-2H,0), form a crystallochemically complex se-
ries of minerals characterized by extensive ordering between cations
of vaniable size and valence (Moore er al., 1980; Sturman and Dunn,
1984). The chemical formula for type kryzhanovskite approximates

Figure 40. Variations observed in the Fe' ' and
Mg content of Rapid Creek kryzhanovskite.

that given above (Ginzburg, 1950; Moore, 1971a) only because its
composition is in fact intermediate, and not end-member kryzhan-
ovskite. Crystal structure analyses by Moore (1971a) and Moore er
al. (1980) have proven the existence of two metal sites that exhibit
ngorous ordering of both divalent and trivalent cations, due primarily
to differences in size. ldeal, end-member kryzhanovskite is defined
as Fe.; '(PO,),(OH),, with ferric iron the dominant cation in each of
the metal sites. Garyansellite is the magnesium-dominant member,
named for H. Gary Ansell “in recognition of his pioneering work in
the mineralogy of Rapid Creek™ (Sturman and Dunn, 1984).

It has also been suggested by some of the above investigators that
kryzhanovskite may form from the oxidation of phosphoferrite,
Fe,; *(PO,),3H,0, with charge balance being maintained by (OH)
substitution for H,O. A similar mechanism has been proposed for the
formation of metavivianite from vivianite (Dormann and Poullen,

1980), and 1t is interesting to note the coexistence of these two species
at both Rapid Creek and the type locality for metavivianite, the Big
Chief pegmatite near Glendale, South Dakota (Ritz er al., 1974)

\"

Figure 41. Garyansellite crystal drawing (top
right; type specimen) and kryzhanovskite/garyan-
sellite (left and bottom) from Area A, localities 7
and 5 respectively.

Since phosphoferrite and kryzhanovskite have measurably different
b and ¢ cell dimensions (Moore and Araki, 1976), the interfacial
angles between corresponding adjacent forms in the [ 100] zone should
also be measurably different. Furthermore, it would seem that the
crystals from Rapid Creek should be ideally suited for such a com
parison, due to the predominance of their {011} faces. In theory
measuring the angle between the (011) and (011) faces mught help
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Figure 44. Kryzhanovskite crystals, dark
brown, to 5§ mm, from Area A, locality
7. CMN specimen 52211; G. Robinson
photo.

resolve the dilemma of whether the crystals were once phosphosiderite
and were subsequently oxidized to kryzhanovskite, or are primary
kryzhanovskite. A preliminary examination of several crystals, how-
ever, indicated the situation is not that simple. Unfortunately, when
mounted for examination on the reflecting goniometer, it was readily
seen that what appear as perfect, flat crystal faces when viewed with
the binocular microscope are, in fact, rounded, multiple faces that are
unsuitable for accurate measurement. The problem is further com-

plicated by the fact that the Rapid Creek matenial is typically not of

end-member composition, and thus has intermediate cell dimensions,
which narrows the tolerance for error even more. Nevertheless, ad-
ditional research along these lines, and accurate determination of the
Fe*?/Fe*" contents of the various phases present may ultimately help
resolve the problem.

A chemical survey of Rapid Creek kryzhanovskites shows that
nearly all are zoned and relatively enriched in magnesium, with a

Figure 43. Kulanite crystal, 1.4 mm, from
Area A, locality 3. CMN specimen MOC
3470; S. Chamberlain photo.

Figure 42. Kulanite crystals to 6 mm, on
siderite, from Area B, locality 10. CMN
specimen 55503 (Pinch collection); G. Rob-
inson photo.

Figure 45. Kulanite crystal group, 3 cm
across, from the Rapid Creek area. P. Col-
lins specimen; G. Robinson photo.

nearly continuous range of Mg:Fe* " ratios from 0.10 to 1.39, as shown
in Figure 40. Manganese contents range from 0.01 to 0.47 atoms per
formula unit, which probably accounts for the scatter of points in the
lower right of the figure. Without confirming crystal structure data,
it 1s extremely difficult, if not impossible, to positively characterize
these minerals. For the Rapid Creek specimens, the problem is further
exacerbated by complex chemical zoning within the individual crystals
themselves. Virtually all the crystals we have examined are so zoned.
All contain kryzhanovskite, and some probably contain zones of gar-
yansellite, though the only confirmed garyansellite specimen is the
holotype.

Kryzhanovskite-bearing veins tend to be quite narrow, and normally
contain few additional species, save for occasional quartz, arrojadite
or metavivianite. Crystals occur as chocolate-brown to reddish brown
individuals that approach 2 ¢cm, but most are less than a tenth that
S1Z€E.
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The most prolific collecting sites yet discovered are along Rapid
Creek in Area A, at locality 5 and north of locality 7. Crystals from
locality 5 are typically small and elongated on [010] with prominent
e{011} prisms, whereas those from north of locality 7 tend to be larger
with prominent p{111} dipyramids. Their perfect {001} cleavage makes
these crystals relatively easy to orient. Less commonly observed forms
include c{001}, d{101}, z{032} (?) and x{430} (7). Some of the crystals
from this occurrence may be twinned, and will require additional
research for the proper completion of their description.

Kryzhanovskite-garyansellite has also been noted as small platelets
associated with vivianite-bari€ite in an altered wolfeite nodule and on
fracture surfaces in a satterlyite nodule from locality 16, Area C.
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Figure 46. Kulanite crystal drawings (from
Mandarino and Sturman, 1976).

Kulanite Ba(Fe** Mn,Mg),Al(PO,),(OH), and
Penikisite Ba(Mg,Fe**),Al,(PO,),(OH),

Kulanite and penikisite are both members of the bjarebyite group
of minerals, which also includes the Mn-Al and Mn-Fe*' analogs.
bjarebyite and perloffite. Kulanite, first described as a new species
from Rapid Creek by Mandarino and Sturman (1976), was named for
the late Alan Kulan, the successful and well-known Yukon prospector
who was first intrigued by the specimen potential of the Rapid Creek
area. Penikisite, which occurs as magnesium-dominant zones in ku-
lanite, was named for the late Gunar Penikis, Kulan's partner (Man-
danino er al., 1977).

Microprobe studies show the chemical composition of kulanite may
vary significantly from locality to locality in the Rapid Creek area.
For example, kulanites from locality 1 in Area A contain little Mn,
whereas those from locality 8 have higher Mn contents, with one
analysis suggesting the presence of bjarebyite. Interestingly, in their
description of bjarebyite from the Palermo mine in New Hampshire,
Moore er al. (1973) predicted that “a ferrous predominant bjarebyite
also exists” based on some of their analyses. Kulanite from locality
10 in Area B contains very little Mg, and is the closest in composition
to end-member kulanite yet found. Compositions within the penikisite
field are seldom encountered, and it appears that this mineral i1s an
extremely rare species at Rapid Creek.

Although penikisite has also been found in the Hess River area in
the central Yukon, its occurrence there is geologically unrelated to

the Rapid Creek Formation, and the two occurrences should not be
confused.

While probably not infallible, the color variation in kulanite, which
ranges from deep sea-green to various shades of blue, may give some

Figure 47. Kulanite crystals, dark green to
black, S mm, from Area B, locality 10. CMN
specimen 53926; . Robinson photo.

Figure 48. Kulanite crystal, dark blue, 9
mm, from Area A, near locality 1. CMN
specimen 31883; ;. Robinson photo.

indication of its chemistry. Crystals with relatively low Mg and high
Mn contents are noticeably less green in color. Similarly, Mandarnno
et al. (1977) have noted that in zoned kulanite-penikisite crystals, pale
blue zones have more Mg than dark blue zones.

Kulanite crystals occur in a variety of habits, from relatively simple
thin plates, tabular on {101}, to rosette-like aggregates and thick,
tabular, complex individuals with up to 12 crystal forms present (Man-
darino and Sturman, 1976). In general, crystals rarely exceed 5 mm
in any dimension, although a few individuals over 1.5 cm in length
are known. At its type locality just below the waterfall on “Crosscut
Creek ™ (locality 3, Area A), kulanite occurs as rosettes of small, platy
blue-green crystals associated with quartz, siderite, brazilianite, ar
rojadite, fluorapatite and anatase. Just downstream from locality 1,
at the type locality for penikisite, larger, strongly zoned crystals occur
with siderite, quartz and lazulite. This locality has produced most of
the largest and best specimens found to date. Lastly, very fine spec-
imens of kulanite with crystals up to 1.5 cm have also been found
with govazite and siderite at locality 10 in Area B

Lazulite MgAL(PO,),(OH),
Of all the species found in the Rapid Creek area, certainly the one




Figure 49. Lazulite crystal drawings.

that has received the most attention is lazulite (Mossman and Rob-
ertson, 1978; Mossman and Van Velthuizen, 1979). No other locality
in the world has produced specimens of comparable quality and quan-
tity. Lustrous crystals up to a centimeter are quite common, and crystals
nearly 2.5 cm are known. It is one of the most abundant phosphate
minerals in the fracture fillings throughout the entire deposit. Thus,
lazulite may appear with a wide variety of other species, though its
most common association is lazulite + quartz + siderite * apatite.

Crystals of lazulite from this locality are morphologically complex,
and twinned crystals are common. Since lazulite crystals from other
localities have been measured on the optical goniometer for over a
hundred years, we expected that the identification of forms on the
Yukon crystals would be a simple and enjoyable study. It turned out
to be just the opposite! After several months of very frustrating efforts,
we have to report incomplete results.

Lazulite crystals described from other localities appear to have
different axial ratios than those from Rapid Creek. We have so far
been unable to correlate those different unit cells with the one chosen
for this study, and consequently cannot compare the forms observed
on lazulite crystals from different localities. Normally an easy task,
it took us several days just to identify the proper unit cell, because
the single-crystal X-ray photographs offered several possible choices
for a and ¢. Furthermore, the relative lengths of a and ¢ vary between
members of the lazulite-scorzalite series; sometimes a > ¢ and others
¢ > a. As a result there are three nearly identical axes inclined
approximately 120° to each other so that-each could be chosen as a
or ¢. Eventually the proper unit cell was found by comparing the
intensities of the spots along each axis to those of indexed lines in
the powder diffraction pattern for lazulite (J.C.P.D.S. No. 25-1179).
After identifying the correct axes on the films it became relatively
easy to orient crystals for measurement on the optical goniometer.
Table 4 and the accompanying crystal drawings show the forms de-
veloped on lazulite crystals from this locality, based on the unit cell
a=715b=1728,c =723 A; B = 120°30". These forms were
determined by optical goniometer on the same crystals previously
studied and oriented with single crystal X-ray diffraction methods.

Most lazulite crystals from Rapid Creek are twinned, and the twin
law is different from the one reported for lazulite from other localities.

Palache er al. (1951) give twinning on {100} as the most common
twin law for lazulite. Twins on this law have their b axes parallel to
each other, and we have confirmed this type of twinning on lazulite
crystals from Graves Mountain, Georgia, using a petrographic mi-
croscope with a universal stage. It was readily apparent that the Rapid
Creek crystals were twinned by a different law, since their b axes
were inclined about 90° to each other. Our study of these twins by
optical goniometric, universal stage and single crystal X-ray methods
shows that both the small and large crystals are twinned by reflection
on {221}, but joined on the composition plane {331}. Alternatively,
this twin law may be expressed by rotation of 180° on the normal to
{221}.

At first, a normal to a plane with such complex indices as {221}
seemed a very unlikely twin axis. However, a brief look at Figure 49

Table 4. Angle table for lazulite.

Measured Calculated*
phi rho phi rho

90°09° 90°00° 90°00° 90°00"
49°57' 90°02’ 49°44’ 90°00"
57°04’ 90°23’ 57°14° 90700
66°20' 90°10° 67°04" 90°00"
30°33° 49°29’ 30°40° 49906’
90°07" 49°52' 90°00" 49°37’
60°42' 63°53' 60°36’ 63°42'
-30°43' 49°25' -30°29’ 49°03'
0°26' 26°35' 0°15° 26725
49°08’ 37°02' -49°16' 37°39°
Twin Elements
phi rho

Twin Plane {221} —41°07' 69°14’
Composition plane {331} 53°41° 78755’

7.15A. b = 7.28 A,
0.982:1:0.993,

*Based on unit cell dimensions a =
c=723A,B = 120°30". abic =
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shows that this i1s a very prominent direction in these crystals, and is
nearly parallel to several large faces. It can be shown by stereographic
projection that other forms also share nearly parallel faces between
the twinned individuals.

The identification of forms on these crystals is very difficult, par-
ticularly when they are intergrown and randomly oriented on matrix.
Fortunately, the twinned crystals typically show distinct composition
planes which help to orient them. The single crystals may actually
present a greater challenge, because their monoclinic symmetry is not
readily apparent. Corresponding faces of the same form such as (111)
and (111) frequently have very different sizes. Similarly, only three
of the possible four {110} faces are usually developed, and they are
not of uniform size. On most crystals (110), (111) and (112) are the
largest faces, and faces of the form {210} are often curved. The crystal
drawings shown here reflect the actual sizes of the faces observed on
the crystals that were measured on the optical goniometer.

The color of lazulite from Rapid Creek ranges from yellow-green
to blue-green and pale blue to a dark, Prussian blue that appears almost
black in hand specimens. Some of the crystals have greenish rims
and dark blue cores, although this phenomenon is difficult to observe
unless viewed in thin section. Microprobe analyses of these different
color zones show remarkably little variation in composition, differing
on the average by only about 0.03 more iron atoms per formula unit
in the darker blue regions. A corresponding minor decrease in the
aluminum content observed in these zones suggests some of this iron
may exist as Fe*’, since the Mg** content remains nearly constant at
approximately 0.91 magnesium atoms per unit formula across all the
zones. The ferrous-ferric intervalence charge transfer is a well-known
mechanism that produces blue colors in various minerals (Nassau,
1983). Amthaver and Rossman (1984) have shown this mechanism
to be operative in lazulite from Graves Mountain, Georgia, and it
appears also to be the cause of color in the lazulites from Rapid Creek.

Because of its widespread occurrence, it is virtually impossible to
document all the specific sites where good lazulite specimens have
been found. for that possibility potentially exists in almost every seam.
However, the most prolific site yet discovered has been the general
area about locality 1 in Area A, which has produced the majority of
specimens that have reached the mineral market in recent years.

Ludlamite (Fe** Mg .Mn),(PO,),-4H.,0O

Ludlamite is relatively uncommon at Rapid Creek, though in places
it may appear locally abundant as pale green cleavages or weathered
granular masses filling some of the quartz-phosphate seams. Cleavages
up to 2 cm have been observed in siru. Unfortunately, ludlamite
appears to be adversely affected by the permafrost, and most specimens
decrepitate upon extraction. Hence, good specimens are scarce. Prob-
ably the best specimens found to date are from locality 15, Area C.
Here pale green crystals up to a centimeter across are found associated
with vivianite and quartz. These crystals commonly display large
¢{001} faces that are often striated parallel to [100]. Once these stria-
tions and the d(101) face have been recognized, the crystals become
relatively easy to orient. Additional forms commonly encountered
include a{100}, s{511}, p{111}, m{110} and ¢{111}.

A chemical survey of several ludlamites from Rapid Creek showed
variable (and generally sympathetic) contents of both magnesium and
manganese substituting for iron. Specimens from locality 9, Area B,
have compositions near (Fe’ Mn, Mg, NPO,).-4H.,0, whereas
those from near locality 4, Area A, and locality 15, Area C, are nicher
in magnesium, with compositions closer to (Fe’ Mg, Mn,..)
(PO,),"4H.0 and (Fe 3 Mg, . Mn, NPO,),"4H,0, respectively.

Some of the nodules from Area C consist of an unusual light brown
iudlamite interlayered with vivianite-bari€ite, the whole of which
shows no green or blue color whatsoever. In spite of its highly unusual
color, microprobe analyses of this ludlamite suggest it is very much
like other, more normal, green specimens from the area, with a com-
position near (Fe %’ Mg, .Mn, ,,(PO,),-4H,0.

Figure 50. Ludlamite crystal drawings.

Robertson (1980) mentions an unusual asbestiform ludlamite from
the area, but regrettably none was available for the present study

Messelite Ca,(Fe** MnXPO,),2H.O

Messelite occurs in Area A near locality 2, as radial, globular, tan
to white spherical aggregates up to 2 cm in diameter. It is associated
with quartz, siderite, lazulite, whiteite and gordonite, and appears to
be one of the last minerals to have formed. Some messelite has also
been found in Area C and at locality 9 in Area B, but the best specimens
are from the Area A locality.

Figure 51. Messelite hemispheres, pale tan, to
1.3 cm, with lazulite and minor whiteite on
quartz, from Area A, locality 2. Geological Sur-
vey of Canada specimen 18328; (. Robinson
photo.

Microprobe examination of the messelite from locality 2 shows
minor Mg/Mn zoning, and an average of about 0.16 F-. The Fe’
content of each zone is about the same, at approximately 0.6 atoms
per formula unit, clearly establishing the identity of the species as
messelite. The Mg** and Mn** contents, however, vary between
different zones, from 0.23 t0 0.34 and 0.04 10 0. 11 atoms per formula
unit, respectively.




Figure 52. Lazulite
crystals on matrix, 10.3
cm. CMN specimen
39167; W. E. Wilson
photo.

Figure 53. Lazulite
crystal group, 7 cm,
from the Rapid Creek
area. M. Brunet collec-
tion; G. Robinson
photo.

Figure 54. Lazulite crystal group, 3 cm,
from the Rapid Creek area. M. Brunet col-
lection: G. Robinson photo.

Figure 55. Ludlamite crystal group, 5.5 cm,
with minor vivianite (blue), from the Big
Fish River area. M. Brunet collection; G.
Robinson photo.




Figure 56. Lazulite crystal group, 5 cm across.
G. Kuhnlein collection; D. Leighton photo.

Figure 57. Ludlamite (green) and vivianite (blue), 6.5
cm across, from Area C, locality 15. CMN specimen

46170; G. Robinson photo.

Metavivianite Fe:! Fe!*(PO,),(OH) -(8-x)H.O

Metavivianite is encountered throughout the Rapid Creek area as
a late-stage, fracture-filling mineral. Where space permits growth,
cleavages to 10 cm may completely fill voids. Metavivianite is typ-
ically drab olive-green to gray or gray-brown in hand specimens, and
exhibits somewhat of an oily luster, especially when freshly collected.
It has been suggested that metavivianite may form through the oxi-

dation of vivianite, and thus be pseudomorphous after that mineral
(Dormann and Poullen, 1980; Sameshima er al., 1985). Most spec-
imens from Rapid Creek are very friable, and thus difficult to both
collect and preserve intact. Reasonably good specimens, however,
have been recovered from locality 4 and between localities 5 and 6
in Area A, and at locality 9 in Area B.
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Penikisite: See under Kulanite

Phosphosiderite Fe*'PO,-2H,O

Phosphosiderite occurs sparingly in some of the quartz veins at
Rapid Creek. Relatively few specimens are known; the best of these
were collected from an area of irregular fractures containing sidente,
gormanite-souzalite and brazilianite at locality 9 in Area B, where the
phosphosiderite forms rust-coated, randomly oriented, buff-to-white.
platy crystals completely replacing an unknown hexagonal (or pseu-
dohexagonal) mineral. The original mineral occurred as elongated,
prismatic crystals to 1 cm in size.

Phosphosiderite has also been found as pink to white powdery
masses associated with whitlockite (q.v.), vivianite-bariCite and other
minerals on a single specimen of satterlyite collected from talus near
locality 8, Area A. Lastly, phosphosiderite has been observed as pink
to white, waxy veinlets and masses on the exteriors of ludlamite,
wolfeite, mari€ite and pyrite nodules from Area C.

Figure 59. Quartz
crystal drawing.

Figure 58. Quartz crystal, 1.4 cm,
from Area C, locality 15. GSC spec-
imen 19341; G. Robinson photo.

Quartz Si0,

Quartz is ubiquitous as a fracture-filling mineral throughout the
formation. In general it tends to form slender, colorless prismatic
crystals with rhombohedral terminations, providing a particularly aes-
thetic contrast when associated with some of the darker colored phos-
phates. The commonest forms are m{1010}, {1011}, z{0111} and
p{2131}. Larger crystals of a more equant habit have been found up
to 10 or more centimeters in size, but are most often milky, and of
rather poor quality.

The pale smoky crystals associated with vivianite, arrojadite and
ludlamite from locality 15, Area C, exhibit more unusual morphology,
forming tapered, trigonal crystals showing development of the more
infrequently encountered rhombohedrons {2021} and {0112}.

Siderite FeCO,

Siderite is an important constituent of both the fracture-fillings and
the phosphatic nodules, although only the former offers good speci-
mens. Like quartz, siderite is omnipresent throughout the formation,
and literally thousands of collecting sites exist. In fact, were it not
so greatly overshadowed by the abundance of particularly fine phos-
phates, Rapid Creek might have achieved considerable recognition as

Figure 60. Siderite crystal drawing based
on specimens from (top) B-10 and B-9,
(bottom) A-8 and A-2.

a locality for siderite. The crystals occur in a variety of habits and
colors, and make very fine specimens on their own. While the large
negative rhombohedron f{0221} appears to be the most commonly
observed form, others include various combinations of m{1010},
a{1120} and c{0001}. The positive rhombohedron {1011} and trigonal
scalenohedron {2131} (?) occur infrequently.

Figure 61. Siderite crystals, (left) dark brown,
2 cm, from Area B, locality 10, and showing
forms m, a, f and ¢, and (right) pale brown, 5
mm, from Area A, locality 2, showing forms a
and f. CMN specimens 50823 and MOC3462;
G. Robinson photos.

Souzalite: See under Gormanite

Sphalerite ZnS

Sphalerite has been found only at locality 10 in Area B, where it

occurs as rounded, resinous, red-brown crystals up to a centimeter in

association with siderite, kulanite, lazulite and goyazite. It is the only

zinc-bearing mineral thus far reported from the area, and very few

specimens have been found.
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Vivianite Fe.*(PO,),"8H.,0

Vivianite has been observed throughout the Rapid Creek area, where
it ranges in form from pulverulent blue coatings on shale to fine, blue-
green crystals in some of the quartz veins. Without a doubt, the best
specimens found thus far are from locality 15, Area C, where prismatic
crystals to 5 cm occur with quartz, ludlamite, arrojadite, fluorapatite
and messelite. These crystals form prismatic individuals, elongated
parallel to [001], with dominant {010} pinacoids and prisms (probably
p{540} and g{531}) resulting in a somewhat diamond-shaped habit.
Frequently they form divergent, sub-parallel growths on {010}, wid-
ening outward toward their terminations. Smaller forms that appear
with fair regularity include {021}, v{221}, {001}, w{201}, &{101},
a{100} and s{501}.

In general, all vivianites from the Rapid Creek area that we have
examined show some replacement of iron by magnesium and/or man-
ganese. Even the perfectly formed transparent blue crystals from the
Big Fish River show complex chemical zoning. Actual analyses of
these vivianites vyield formulas ranging from
(Fe,  Mn, Mg, . NPO,),8H,0 1o (Fe, ,,Mg, ,,Mn, ., JPO,),-8H,0.

Wardite NaAl,(PO,).(OH),-2H.O

After lazulite, probably the next species from Rapid Creek most
familiar to collectors is wardite, for no other locality has produced
such an abundance of fine specimens. Like wardite crystals from
Brazil, New Hampshire and other worldwide localities, those from
Rapid Creek show a pronounced pseudo-octahedral habit, due to the
strong predominance of the nearly equant dipyramid f{012}, which is
virtually always striated parallel to the a axes. Tiny a{100} prisms
and {001} pinacoids are less commonly seen. Though a few crystals
approaching 3 cm have been found, the majority are less than a third
that size.

Colors range from colorless to white, pale yellow to brown, or pale
yellow-green to blue-green. Microprobe analyses of these wardites
show them to be essentially pure, with an average of 0.15 F atoms
replacing (OH) groups. One pale blue-green specimen was found to
contain approximately 0.02 Fe atoms per formula unit, which may
explain its color. It is likely that other similarly colored wardites have
resulted from finely dispersed inclusions of lazulite or gormanite-
souzalite.

Despite its widespread occurrence, the majority of the wardite spec-
imens currently in collections have come principally from only two
sites: locality 7 in Area A, and locality 12 in Area B. Specimens from
each occurrence can usually be differentiated by the date they were
acquired, their color, and the presence or absence of associated eos-
phorite. Crystals from locality 12 tend to be white to pale blue-green,

Figure 62. Siderite crystal group, dark brown,
3 em, from Area A, locality 8, showing forms
¢, fand m. CMN specimen MOC3463; GG. Rob-
inson photo.

Figure 63. Vivianite crystal drawings.

Figure 64. Wardite crystal
drawing.

are frequently encrusted on one side with microscopic, drusy, brown
eosphorite, and were generally not available to collectors until after
1978. Those from locality 7 appear more yellow-brown in color, most
often lack the brown eosphorite association and have been available
since 1974. It must be emphasized, however, that there always exists
an unavoidable risk of error with such locality attributions. While it
is perhaps correct for the majority of the cases, it may nct apply in
every instance.

Whiteite-(CaFeMg) Ca(Fe** Mn**)Mg,Al(PO,) (OH),8H,0

Whiteite was described by Moore and Ito (1978) as the aluminum
analog of jahnsite. The name honors John S. White Jr., former curator
of minerals at the Smithsonian Institution and founder of the Mineral
ogical Record. Though their essential work had already been com-
pleted on specimens from Taquaral, Minas Gerais, Brazil, Moore and
Ito also examined some similar material from Rapid Creek, and con
firmed its identity as whiteite.

Whiteite ranges in color from white to tan, and in habit from blocky,
twinned crystals to fan-like growths of sub-parallel individuals some-
what resembling stilbite. The crystals are universally twinned by re-
flection on {001}, the repetition of which produces the curved edges




Figure 66.
Vivianite crys-
tal, 9 mm, on
ludlamite,
from Area C,
locality 15.
CMN specimen
53780; G.
Robinson
photo.

Figure 65. Siderite crystal group, 3
c¢m, with gormanite (blue), from Area
B, locality 9. CMN specimen 50871;
(. Robinson photo.

Figure 67. Siderite crystal group, 4
cm across, from Area B, locality 9.
CMN specimen 50866; G. Robinson
photo.

Figure 68. Vivianite
crystals on gquartz, 3
¢m across, from
Area C, locality 15.
CMN specimen
50841; G. Robinson
photo.




Figure 69. Wardite crystals to 1 cm, from
the Rapid Creek area. Barry Kulan speci-
men and photo.

Figure 70. Wardite crystal group, 4.5 cm,
from Area B, locality 12. CMN specimen
50847; GG. Robinson photo.

Figure 71. Whiteite crystal, 2.3 cm, on laz-
ulite. Barry Kulan specimen and photo.

Figure 72. Whiteite crystal group, 4 cm.
G. Kuhnlein collection; D. Leighton
photo.

Figure 73. Whiteite crystals to 2.3 cm
from Area A, locality 2. CMN specimens
49009 and 49304; W. E. Wilson photo.




Figure 74. Whiteite crystal drawings, (top)
twinned on (001), from Area A, locality 2, and
(bottom) untwinned.

observed on most specimens. The most common forms are {001},
{201}, a{100}, HO11} and p{332} (?), with smaller {101}, {201},
{304}, {221} and {111} (?) faces less commonly developed. Repeated
twinning accentuates the curvature due to the slight mismatch between
the shared planes in the individual crystals.

Certainly the most prolific occurrence to date has been locality 2,
Area A, where several closely-spaced, vertical quartz veins have been
excavated for several meters, yielding virtually all the familiar blocky
crystals that have been offered for sale in recent years. The most
prevalent associated species are quartz, lazulite and siderite; bright
yellow, microscopic crystals of arrojadite have also occasionally been
noted. Fine specimens of whiteite have also been recovered from
locality 1 in Area A and locality 9 in Area B, but in smaller quantities.

For this study, two whiteites (one from locality 2, area A, and one
from locality 9, area B) were chosen for microprobe analysis. Like
so many of the other phosphate minerals previously discussed, white-
ite, too, is a very complex species, with multiple sites, among which
several cations can be distrnibuted (Moore and lto, 1978). Without a
complete crystal structure analysis and knowledge of their valences,
one can never be certain if the method chosen to distribute these
cations was the correct one. For our analyses we have assumed that
in the general formula, AB**C,X,(PO,),(OH),"8H,0, Mg would first
be alloted to C, Caand Mn to A, Fe** 1o B, Al to X, with any excess
Mg and Fe*? then filling A, since there was insufficient (Ca + Mn)
to fill that position. Assuming there are four PO, groups, eight H,O
molecules and two (OH + F) per formula unit, calculations based on
six Ca + Mn + Fe + Mg + Al atoms yield the following formulas for
whiteite from locality 2 (Ca,, Mg, ,JFe, ..Mn, ..)Fe, (xME: Al o5
(PO,).(OH, ,,F, ..)'8H.O0 and locality 9B (Ca, ..Fe,.Mn,.,)Fe, .
Mg, Al ,,(PO,)(OH, ., F, ,,)-8H,0. The formula given here for the
locality-2 specimen agrees reasonably well with that presented by
Moore and Ito (1978) for their Rapid Creek material, with the exception
of approximately 0.3 more Al atoms and 0.2 less Mg atoms, suggesting
that some Mg may be present in the Al site in their specimen. Re-
gardless of how the various cations are apportioned, however, it ap-
pears that there is always more than enough calcium, iron, magnesium
and aluminum present to confirm the identity of the Yukon matenal
as whiteite-(CaFeMg), following the nomenclature currently in use
(Moore and Ito, 1978).

Whitlockite Cay(Mg,Fe**)H(PO,),
Whitlockite has been identified on a single specimen of satterlyite

Figure 75. Whiteite, in a tan-colored diverging
spray 2.3 cm tall, from Area B, locality 9. CMN
specimen 50882; GG. Robinson photo.

collected from the talus near locality 8, Area A. It occurs as white,
translucent, subhedral masses to 2 mm associated with phosphosid-
erite, vivianite-bari€ite, gormanite-souzalite and a number of other
minerals. Because this specimen was not collected in situ, its inclusion
here with the fracture-filling minerals is purely arbitrary, and cannot
be confirmed. A possible alternate provenance might be a satterlyite-
rich layer within the ironstone formation (see satterlyite).

Group Il: Minerals of the Phosphate Nodules

Alluaudite group X1X2ZM1M2,(PO,),

The alluaudite group 1s yet another group of phosphate minerals
exhibiting crystallochemical complexities, with cation ordering, mul-
tiple site occupancies by the same cation, site vacancies and variable
oxidation states of iron (Moore and Ito, 1979; Ercit er al., 1986a.b).
Without accurate chemical analyses and crystal structure data, positive
identification of these minerals is virtually impossible. Nevertheless,
if chemical data are available, and cations are assigned site occupancies
based on the results of crystal structure analyses for known members
of the group, at least a reasonable guess as to the identity of a given
sample can be made.

Following such a scheme, we have tentatively identified six different
alluaudite group minerals from Rapid Creek, having examined only
five specimens! Two of these may be new species (the ferrous iron
analogs of hagendorfite and maghagendorfite), and are currently under
investigation. Table 5 gives preliminary microprobe analyses of these
minerals. Formula contents, including ferrous and ferric iron, were
calculated by normalizing to six (P** + Si**) and 24 total anions
(O* + F). Assigning these cations to the X1, X2, M1, and M2 sites
by analogy to known similar structure types (Moore, 1971b; Moore
and Molin-Case, 1974; Moore and Ito, 1979; Ercit er al., 1986b),
results in the various distributions reported in Table 5. The nomen-
clature presently in use defines members of the alluaudite group ac-
cording to the occupancies of the M1 and M2 sites, as shown on Table
6. Although the calculated Fe**/Fe*’ contents require verification,
these analyses suggest that at least six different alluaudite group min-
erals exist at Rapid Creek: alluaudite (analysis 1), ferroalluaudite
(analysis 2), hagendorfite (analysis 3), maghagendorfite (analysis 4),
ferrous iron analog (?) of hagendorfite (analysis 6) and ferrous iron
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1

MgO 355 349 295 688 621 230 4.39
FeO* 9.40 21.44 1475 22.12 21.70 21.82 21.40
Fe,0,* 14.13 1454 1040 6.77 997 1208 7.33
MnO 1342 396 1374 746 3.12 564 545
NaO 857 1032 994 744 936 1062 3.05
CaO 207 221 3.2 238 508 3.95 10.92
ALO, 294 000 058 007 000 000 0.75
PO, 4515 4438 4337 42.14 4495 43.73 42.8]
Si0, 000 000 005 000 000 0.00 0.00
F 072 069 067 057 080 0.58 0.65
F=0 -0.30 029 028 024 -034 -024 0.27

sum

»E

99.65

Mg** .83 83 T2 1.73 1.46 56 1.08
Fe*? 1.23 286 201 3.1l 286 29 296
Fe*’ 1.67 1.75 1.28 .86 1.18 1.47 9l
Mn*? 1.78 54 19 1.06 42 J7 .76
Na* 2.61 3.0 3.15 243 286 334 98
Ca*? .35 38 .55 43 86 69 1.94
Al*? 54 .00 Al 01 00 00 A5
s 6.00 6.00 599 6.00 6.00 6.00 6.00
S1*¢ 00 00 01 00 00 00 .00
F .36 35 .35 .30 40 30 .34
o 2364 2365 2365 2370 2360 23.70 23.66
Proposed Site Occupancies

X1

Na* 1.60 1.62 1.43 .80 1.14 1.31 0.06

e 35 38 55 43 .86 69 1.94

Fe*? 05 00 02 by ¢ | .00 00 00

X2

Na“* 1.01 1.58 1.72 1.63 1.72 2.07 92

99 42 28 37 28 .00 1.08

MiI

Mn*? 1.78 24 1.90 1.06 42 A7 76

re*? 22 1.46 A0 94 1.58 1.23 1.24

M2

Fe*? 9 140 18 140 1.2 1.3 172

Fe*’ 1.67 1.75 1.28 .86 1.18 1.47 91

Mg** 83 83 N 7 - 1.73 1.46 .56 1.08

Al*? .54 00 A1 01 00 00 A3
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| |\

+ l # *

c

u |l
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*Calculated stoichiometrically

Figure 76. Energy-dispersive X-ray spectra of
maghagendorfite (top) and hagendorfite (bot-

tom).

Figure 77. Back-scattered electron image show-
ing maghagendorfite (dark) and hagendorfite
(light).

analog (?7) of maghagendorfite (analysis 5). Analysis 7 is similar to
analysis 6, but with more Ca**, some of which may actually occupy
the M1 site. Although we have not been able to confirm the presence
of varulite reported by Robertson (1982), a more detailed study may
do so, considering the wide range of iron and manganese contents
that has been demonstrated by our own brief survey of these minerals.

Many of these species may coexist in a single specimen, and prob-
ably would have gone unnoticed without employing backscattered-
electron imagery as part of the routine microprobe investigation. Figure
77 shows a typical intergrowth of maghagendorfite laths in hagen-
dorfite together with their corresponding energy dispersion spectra.
Although the maghagendorfite appears darker in the photograph due
to its overall slightly lower average atomic number, the pair are in-
distinguishable in hand specimen. The same holds for the other mem-
bers of the group we have observed, and it is therefore advisable to
label unanalyzed specimens as “alluaudite group.”

Table 6. Classification of alluaudite-group minerals.*

X1IX2ZMIM2.(PO,),
M1 Site M2 Site Species
Mn** ro* Hagendorfite
Fe*? Fe*? Undescribed
Mn*? Mg* Maghagendorfite
Fe** Mg* Undescribed
Mn*? Mn* Varulite
g Mn* Predicted unstable
Mn** Fe*’ Alluaudite
Fe** Fe*’ Ferroalluaudite

*Modified after Moore and Ito (1979) and Ercit er al. (1986a)




Figure 78. Nodules of satterleyite (left), mariéite (center) and wolfe-
ite (right, 6 cm). P. Collins collection; G. Robinson photo.

These minerals occur predominately in the phosphatic nodules from
both locality 16, Area C, and Boundary Creek, 5 km to the northwest,
but occasionally also in some of the quartz veins, particularly near
locality 4 in Area A. They typically appear as dark blue-green, fibrous
to platy, radial aggregates up to several millimeters in length, asso-
ciated with satterlyite, wicksite, wolfeite and pyrite.

Bobierrite Mg,(PO,),-8H,0

This rare species has been identified on a single specimen of altered
mariite from locality 16, Area C. The mineral occurs as thin, lamellar,
translucent white clusters of crystals up to 0.2 mm coating fracture
surfaces in the man€ite. Vivianite, metavivianite and switzerite/meta-
switzerite are the associated species. The X-ray powder diffraction
pattern agrees well with that of synthetic bobierrite (J.C.P.D.S. No.
16-330), and qualitative energy-dispersive microprobe analysis con-
firms its composition as a magnesium phosphate.

Ernstite (Mn*? Fe! )AI(PO,OH), O,

An emstite-like mineral has been found as golden to dark yellow-
brown veinlets and radial sprays in a single nodule of pyrite from
locality 16, Area C. The strongest lines in its X-ray powder pattern
are (d in A, V1) 6.69 (20), 5.20 (30), 4.35 (30). 2.81 (100), 2.42
(40) and 2.38 (30). Qualitative energy-dispersive microprobe analysis
shows Fe, Mn, Al and P as the major elements present.

Mariéite NaFePO,

Mariéite was first described as a new mineral from the Big Fish
River by Sturman er al. (1977). Gray to colorless with pale blue or
green hue, mari€ite occurs as coarse, radial to subparallel aggregates
of crude crystals elongated parallel to [ 100]. Mariéite-bearing nodules
may be monomineralic, but more commonly contain satterlyite, wolfe-
ite, pyrite, alluaudite group, ludlamite, vivianite, quartz, apatite and/
or siderite. Mariéite has been found only at locality 16, Area C.

Metaswitzerite (Mn*?* Fe**),(PO,),-4H.0 and
Switzerite (Mn** Fe**),(PO,),-7TH,O

Switzerite and metaswitzerite form bright white to pink, silky,
flattened radial sprays of crystals up to half a millimeter across both
on and in mari€ite nodules from locality 16, Area C. Associated species

include wolfeite, ludlamite, quartz, pyrite, vivianite, wicksite, al-
luaudite group minerals, and unknowns | and 2 described below. Most
of the X-ray powder diffraction patterns match well with that of
metaswitzerite, although a few show a strong reflection at 11.10 A,
indicating the presence of switzerite as well (White er al., 1986).

Microprobe analysis of these minerals show that part of the Mn is
replaced by Ca, Fe and other cations. An average of two analyses
yielded the following formula contents, based on 8 anions, with 4 or
7 H,O assumed: (Mn, .,.Ca, ... Mg, 00.F€; 06-Al; 03)s 02(Po 60.),nH, 0.

To the authors™ knowledge this represents the second known world
occurrence for each of these species.

Pyrite FeS,

Pyrite is very common throughout the area, occurring as fine-grained
disseminations and small, euhedral cubic crystals in some of the units
of the iron formation. Many of the nodules from locality 16 in Area
C contain pyrite, either as coarsely crystalline, anhedral aggregates
to several centimeters or, less commonly, as striated cubes or pyri-
tohedra up to 2 cm in diameter. A few small octahedral crystals have
also been noted in association with eosphorite, coating the wardite
from locality 12 in Area B.

Satterlyite (Fe** Mg, Fe*’ H,NaMn).(PO,(OH)

Mandarino er al. (1978) first described satterlyite as a new hexagonal
polymorph of wolfeite, occurring in the phosphatic nodules from
locality 16, Area C. It forms radiating to divergent, columnar aggre-
gates of yellow, glassy, crude crystals, rarely with pyramidal termi-
nations. Mariite, wolfeite, wicksite, alluaudite group minerals, pyrite
and ludlamite have been identified as associated species.

Satterlyite has also been found in at least one site near locality A-
4, where it occurs as greasy to dull, yellow, divergent columnar
aggregates, associated with gray, glassy arrojadite and massive, red-
brown siderite. At this locality satterlyite appears as a rock-forming
mineral, and constitutes a discrete, albeit narrow, unit of the iron
formation. The name honors Dr. Jack Satterly, a renowned geologist
with the Ontario Ministry of Natural Resources, Division of Mines,
and Research Associate with the Royal Ontario Museum.
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Strengite Fe*'PO,-2H,O

A strengite-like mineral was found as a white powder intimately
mixed with gypsum in a vug in a single nodule of pyrite from locality
16, Area C. Associated species include quartz, fluorapatite, arrojadite
and unknown No. 6. Qualitative energy dispersive microprobe analysis
detected iron and phosphorus as the only elements present. The
X-ray powder pattern for this mineral matches well for a mixture of
strengite and gypsum.

Switzerite: See under Metaswitzerite

Wicksite NaCa,(Fe** Mn) MgFe*(PO,),-:2H.O

Named for Dr. Fred Wicks of the Royal Ontario Museum, wicksite
was first described by Sturman er al. (1981) as a new mineral occurring
with satterlyite from locality C-16. Wicksite usually appears as dark
green to black, platy cleavage aggregates with a nearly submetallic
luster. It forms inclusions up to | cm in wolfeite-bearing nodules.
Other species less frequently observed with wicksite include pyrite,
alluaudite group minerals and vivianite.

Wolfeite (Fe Mn),(PO XOH)

Wolfeite is a common constituent of the phosphatic nodules. Like
maniCite and satterlyite, wolfeite forms divergent, columnar aggregates
of crude, glassy crystals up to several centimeters in length. Wolfeite
is typically transparent, light brown to clove-brown, and may be
associated with satterlyite, mani€ite, wicksite, alluaudite group min-
erals, pynte, vivianite, ludlamite and siderite.

Microprobe analyses of this wolfeite yield an average formula close
o (Fe, . Mg, ., Mn, . )PO(OH, ..F, ).

Group IlI: Secondary Minerals

Aluminite AL(SO,NOH),-7TH,O and
Meta-aluminite AL(SONOH),-5H.0

Both aluminite and meta-aluminite have been identified on a single
specimen collected from talus between localities 5 and 6 in Area A.
The aluminite occurs as silky white fibers in and on iron-stained earthy
masses of meta-aluminite associated with siderite, quartz and iron
oxide filling voids in what appears to be a brecciated, weathered
ironstone.

Aragonite CaCoO,

Aragonite, although widespread throughout the area, is easily over-
looked. It occurs as tiny, colorless to white, spheroidal aggregates of
acicular crystals up to a millimeter, commonly coating siderite and
quartz.

Brushite CaHPO,-2H.O

A widespread mineral normally found in guano and phosphorite
deposits, brushite 1s known on but one specimen from Rapid Creek.
This specimen consists of a nodule of wolfeite, quartz and vivianite
from locality 16, Area C. The brushite occurs as colorless, transparent
to translucent, prismatic sprays of crystals up to about 0.1 mm long.

Diadochite Fe. (PO NSO NOH)-5H.0

Earthy, crudely botryoidal masses of light yellow-brown diadochite
have been found loose in talus in the vicinity of locality 6 in Area
A. Elsewhere it has been observed as translucent, red-brown to nearly
black. waxy masses or gel-like crusts occupying voids between crystals
of the primary phosphates.

Dypingite Mg.(CO,) (OH),-5H.,O

Bright white with a distinctive pearly luster, dypingite is locally
common as crusts or thick coatings on shale throughout the area. Upon
closer examination, these coatings are seen to consist of felted ag-
gregates of minute, acicular crystals, and masses of spheroidal, radial
crystal aggregates.

Figure 79. Aragonite crystal spray, 70,
from Area B, locality 11. CMN specimen
MOC3457; ;. Robinson photo.

Epsomite MgSO0,-7TH.O
Epsomite has been found at locality 16 in Area C as white efflo-
rescences and rounded aggregates on surfaces and cavities in rock

Giorgiosite Mg.(CO,) (OH),'SH.O (7)

Giorgiosite has been identified on a single specimen of kulanite
from locality 10, Area B, in the collection of Patrick Collins of
Kingston, Ontario (catalog no. Y-166). The mineral occurs as a |-
cm, silky, bright white, powdery mass surrounded by aragonite. The
strongest reflections in its X-ray powder diffraction pattern are (d in
A, V1) 11.88 (100), 3.29 (60), 3.40 (50), 5.35 (30). 3.97 (30), 6.78
(20), 4.44 (20), 3.51 (20), 3.37 (20) and 4.20 (10), which are in
reasonably close agreement with the published data for the species
(Raade, 1970; Friedel, 1975). Qualitative energy dispersion micro
probe analyses show Mg as the only element detected. To the authors
knowledge, this represents the second world occurrence of giorgiosite
(Lacroix, 1905; Raade, 1970)

Goethite FeO(OH)

Goethite and undifferentiated hydrous iron oxides (“limonite™) ap
pear ubiquitously as earthy, vellow to orange-brown coatings, and
dark red-brown. botryoidal crusts. Siderite is a common associate
and in some instances is the likely parent from which the goethite
formed. Goethite has also been observed as curved, pseudomorphous
(7) flakes up to 6 mm coating a 2-meter rock face near locality 14
Area B

Gypsum CaSO,-2H.O

Gypsum is probably the most common constituent of the white
deposits that are frequently observed coating the outcrops and chff
faces in the region. Together with other secondary minerals such as
hexahydrite, halotnchite, rapidcreekite and jarosite, gypsum occurs
as rachating sprays of colorless, platy, prismatic crystals and as fibrous
to pulverulent coatings

Halotrichite FeAl (SO,),:22H.O

Halotrichite has been identified with hexahydrite and gypsum al
one occurrence only, south of locality 4 in Area A, where it forms
yellowish white, botryoidal aggregates of rather poorly developed
crystals, efflorescing from an ironstone matrix.




Hexahydrite MgSO,-6H.0

Hexahydrite occurs with gypsum and halotrichite south of locality
4 in Area A. It appears as platy to fibrous, white crystals up to 2 mm
in length, randomly oriented in efflorescent growths on rock, and may
easily be mistaken for gypsum. Hexahydrite is water-soluble, and the
only known specimens were found where the snow cover had recently
sublimated away, thus sheltering the site from water.

The presence of both epsomite and hexahydrite leads one to suspect
the existence of some of the less hydrated magnesium sulfates such
as pentahydrite, starkeyite, sanderite or kieserite, since these minerals
occupy stability fields within the temperature and relative humdity
ranges common to the area (Waller, 1989).

Hvdromagnesite Mg.(CO,)(OH),"4H.0

Small, silky, white, botryoidal masses of hydromagnesite have been
identified on specimens collected from the talus north of locality 7 in
Area A, and from locality 10 in Area B.

Jarosite KFe; (SO,),(OH),

Jarosite has been found as earthy, deep yellow-brown masses filling
voids in highly ferruginous rocks along the northwest side of Rapid
Creek. 5 km northwest of Mount Davies Gilbert. Gypsum and second-
generation siderite are the associated minerals. Jarosite has also been
noted as 0.2-mm orange-brown “octahedra™ (possibly pseudomorphs
after pyrite) on quartz with messelite and metavivianite from near the
mouth of “Crosscut Creek™ in Area A (P. Collins, personal com-
munication, 1988).

Nahpoite Na,HPO,

The anhydrous acid phosphate, nahpoite, was originally described
as a white, fine grained, powdery substance in maricite nodules from
locality 16 in Area C (Coleman and Robertson, 1981). It appears to
have formed as a direct alteration product of mari€ite, which is the
only other species present.

Nahpoite is extremely water-soluble, which may help explain its
scarcity, due to its inherently ephemeral existence in nature. It readily
hydrates to dorfmanite (Na,HPO,:2H.,O) at 25° C and 28% relative
humidity, suggesting that specimens probably exist as nahpoite in the
winter and dorfmanite in the summer (Waller, 1989). Do not wash
your nahpoite!

Natrojarosite NaFe, (S0,).(OH),

Natrojarosite has been collected from the talus on the east side of
Rapid Creek, 5.2 km north-northwest of Mount Davies Gilbert. It
occurs with goethite and siderite as earthy, yellow-orange masses and
as translucent, orange-brown, subhedral crystals up to a millimeter
across filling voids in ferruginous rocks.

Nesquehonite Mg(HCO,)(OH)-2H.O

Nesquehonite has been found with aragonite and dypingite in cav-
ities in brecciated ironstone at locality 9 in Area B, where colorless,
fhibrous, prismatic crystals to 8 mm in length form radial aggregates
and flattened coatings on siderite.

Rapidcreekite Ca, (SO, CO,)4H.O

Rapidcreekite is a new mineral first found in 1983, just south of
locality 1 in Area A (Roberts er al., 1986). It occurs as coatings and
divergent tufts of colorless, acicular crystals up to 2 mm in length.
The associated species are aragonite and gypsum, both of which may
at first be easily confused with rapidcreekite, but the latter has a distinct
silky appearance that usually permits a visual identification. Rapid-
creekite was named for the general locality despite its actual occurrence
on “Crosscut Creek.”

Sasaite (Al,Fe™ "), (PO,), (SO, OH),-83H.,0 (7)
A white, silky botryoidal mineral on a single specimen collected
from near locality 8, Area A, gave an X-ray powder diffraction pattern

Figure 80, Nesquehonite crystals, colorless and
transparent, to 2 mm, with aragonite spherules
from Area B, locality 10. Geological Survey of
Canada specimen 61243; G. Robinson photo.
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Figure 81. Rapidcreekite crystal spray, white,
3 mm, from =100 meters downstream from
locality 1, Area A. CMN specimen 50825; G.
Robinson photo.
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similar to that of partially dehydrated sasaite (Martini, 1978). The
strongest reflections are (d__ in A, V1)) 9.32 (100), 7.37 (40), 2.87
(30), 4.13 (20), 6.46 (10), 5.35 (5) and 3.47 (5). Qualitative energy-
dispersive microprobe analyses indicate Al, Fe, P and S are the major
elements present. The associated species are satterlyite, gormanite-
souzalite, vivianite, phosphosiderite, quartz and siderite. To the au-
thors’ knowledge this is the third world occurrence of sasaite, and
the first outside a cave environment (Martini, 1978: Coulsell, 1987).

Like many heavily hydrated minerals, sasaite readily loses water
at ambient temperature and low relative humidity (Martini, 1978). In
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the case of sasaite, the process is reversible. Thus, both sasaite and
partially dehydrated sasaite probably exist at Rapid Creek, depending
on which phase is more stable for the prevailing conditions of tem-
perature and relative humidity.

Unknown Minerals

Several unknowns have been found in the course of this study. Most
occur on a very few mariCite nodules from locality 16, Area C, as
either coatings on the surfaces of the nodules or along fracture planes
within them. We are uncertain whether these minerals have formed
solely as weathering products of the earlier-formed minerals that con-
stitute the nodules or if they formed as late-stage phases near the end
of the original mineralizing event. Very little of each mineral has been
found, especially in a relatively pure form, unmixed with associated
species. Therefore, the information presented here is only preliminary;
more and better crystallized material will surely be required before
any of these minerals can be properly characterized.

Figure 82. Unknown no. 1, from Area C, lo-
cality 16, magnified 6600X. CMN specimen
MOC3458; GG. Robinson SEM.

Unknown No. 1

This mineral appears as an interstitial, gray-to-white, scaly coating
between mani€ite crystals, and as dull, yvellowish felted mats coating
fracture planes in the mari€ite. These yellow crusts are actually com-
posed of radiating sprays of acicular crysials that visually resemble
cacoxenite or goethite. Electron microprobe analyses indicate it is
probably a hydrated sodium iron phosphate, with a Na:Fe:P ratio of
I:1:1. One analysis gave K,O 0.08, Na,O 14.17, CaO 0.43, FeO
33.24, MnO 0.22, MgO 0.45, AlLLO, 0.49, P,O, 34.24, 510, 0.08,
H,O(calc) 17.26, sum 100.66 weight %. Based on this analysis,
assuming all wron 1s Fe** and no undetected elements other than H
are present, the simplest formula for the mineral, based on 3 total
cations, would be NaFePO,-2H.,0.

The strongest reflections in its X-ray powder diffraction pattern are
(d in A, /1)) 11.3 (100, 3.71 (20), 3.28 (20). 3.07 (20), and 2.52
(30). Although parts of the pattern bear some similanties to those of
various known minerals or inorganic compounds, none maitches it
completely, and none is a sodium iron phosphate.

Unknown No. 2
During the microprobe examination of metaswitzerite, the presence
of a second mineral was noted. This mineral occurs as microscopic,

silky white crystals radiating from a central core. Both the radiating
crystals and central mass appear to be hydrated Fe-Mn-Ca phosphates,
and the preliminary analyses suggest an inverse relationship between
Ca and Mn. Typical analyses of the inner mass and outer crystals
gave, respectively, K.O 0.36, Na,O 0.30, CaO 6.16, FeO 25.24,
MnO 8.51, MgO 0.96, ALLO,0.73, P,O, 38.10, SO, 0.56, sum 80.92;
and K.O 0.30, Na,O 0.27, CaO 1.48, FeO 18.79, MnO 12.77, MgO
0.53, ALO, 0.66, P,O, 27.10, SO, 1.06, sum 62.96.

Obtaining an X-ray powder diffraction pattern for this matenial 1s
difficult, for not only is it intimately associated with switzerite and
metaswitzerite, which it physically resembles, but it may itself be a
mixture. The strongest reflections in the pattern that cannot be attrib-
uted to either switzerite or metaswitzerite are (d in A, /1) 10.93
(100), 5.83 (20), 3.21 (20) and 2.19 (10)

There is regrettably little of this matenal available, and it is clear
that more research will be necessary to properly charactenize it

Unknown No. 3

This unknown consists of small, pearly white crusts coating one
surface of a single mancite-vivianite nodule. Minor pyrite and yel
lowish iron oxides are the associated minerals. The sample does not
diffract X-rays well, and thus only a few weak, diffuse reflections
are apparent in its powder diffraction pattern (d in A, I/1): 4.12 (100),
3.73 (10), 3.33 (20), 3.22 (10), 2.98 (5), 2.56 (5), 2.22 (5), 2.08
(5) and 2.02 (5). Qualitative energy-dispersive microprobe analyses
show iron, aluminum and phosphorus as the only elements present
The surface of this mineral consists of a desiccated, botryoidal crust

Unknown No. 4

This mineral occurs as waxy orange spheres up to 0. | mm associated
with unknown No. |, vivianite-bari¢ite and brushite coating fracture
surfaces in manicite. A preliminary microprobe analysis of one of the
spheres gave K.,O 0.10, Na,O 3.76, CaO 0.44, FeO 31.82, MnO
2.71, MgO 1.58, ALO, 1.28, PO, 38.51, SiO, 0.06, sum 80.26
weight %. The strongest lines in its X-ray powder diffraction pattern
are (d in A, V1) 12.84 (100), 11.36 (30), 9.22 (20), 7.45 (20) and
2.62 (20).

Unknown No. §

Unlike the previously described unknowns, this mineral was found
with satterlyite and gormanite-souzalite on a single specimen collected
from the talus near locality 8 in Area A. The major accessory minerals
are ludlamite, whitlockite and siderite. The unknown forms fibrous
green prisms up to 3 mm in length. Electron microprobe analyses
show the mineral 1s zoned with respect to Fe and Mg, and if both
occupy the same site, there may actually be two different species
present, one Fe-dominant, the other Mg-dominant. Analyses for the
Fe-rich and Mg-rich zones, respectively are Na,O 0.75, CaO 1.38,
FeO 42.29, MnO 0.54, MgO 9.89, ALLO, 0.00, P,O, 38.32, SiO
0.13, sum 93.30; and Na,O 0.78, CaO 1.74, FeO 31.60, MnO 0.31,
MgO 18.47, ALLO, 0.04, P.O, 40.41, SiO, 0.08, sum 93.43 weight

(
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The strongest reflections in the X-ray powder diffraction pattern
for these zoned crystals are (d in A, /1)) 3.20 (100), 2.41 (50), 6.32
(40), 3.71 (40), 2.74 (40), 2.25 (40). 1.58 (40), 4.58 (30). 1.85 (30),
|.83 (30) and 10.97 (20).

Unknown No. 6

This mineral occurs as fibrous, pale green sphernical aggregates to
0.2 mm associated with quartz, fluorapatite, arrojadite, gypsum and
strengite in microscopic vugs in a single nodule of pyrite from locality
16, in Area C. Iron, manganese and phosphorus are the major elements
detected by qualitative energy dispersive microprobe analysis. The
strongest X-ray powder diffraction lines are (d in A, V1) 7.78 (100),
6.73 (20), 4.35 (20), 3.29 (50), 3.11 (20), 3.00 (30), 2.57 (40) and
2.51 (30).




PARAGENESIS

In spite of the fact that phosphates constitute an incredibly wide-
spread and diverse suite of minerals of great interest to some scientists
and most mineral collectors, relatively little research has been done
that explains their various modes of occurrence and specific origins.
This is undoubtedly due to the unfortunate fact that they are, for the
most part, not an economically important group of minerals nor do
they form an important suite of rock-forming minerals of general
interest to petrologists. Most of our understanding of the genesis of
phosphate minerals is based on the work of a few dedicated individuals
who have studied various phosphate assemblages in granitic pegmatites
(Jahns, 1955; Moore, 1973, Shigley, 1982; and Campbell and Roberts,
1986).

In order to better establish the chemical and physical conditions
present and the sequence of changes that occurred during the formation
of the quartz-phosphate veins at Rapid Creek, a paragenetic study was
undertaken by one of us (GWR). Because our present knowledge of
phosphate mineral paragenesis results largely from work done on
pegmatite phosphates, 1t 1s, 10 a certain extent, necessary to compare
what we know about the origin of the Rapid Creek deposit to what
has been learned from these studies. It must be remembered, however,
that the quartz-phosphate veins at Rapid Creek are definitely not
granitic pegmatites, and that the validity of such a comparison has
irs limits. Though both may host similar suites of phosphate species,
there exist many important differences between the two types of oc-
currences. For example, at Rapid Creek the host rock is a sedimentanry
iron formation, affording an inexhaustible supply of iron, manganese
and magnesium to the phosphate-rich fluid throughout the entire period
of crystallization. In pegmatites these elements never enjoy such wide-
spread abundance, and are normally depleted from the phosphate-
bearing pegmatitic fluids because of the early crystallization of such
primary phosphates as triphylite-lithiophillite (Moore, 1973),

Similarly, alkali components such as lithium, sodium and potassium
that are relatively abundant in granitic pegmatites and play an important
role in the genesis of pegmatite phosphates are virtually absent from
the majority of the veins at Rapid Creek. The ubiquitous occurrence
of large amounts of siderite at Rapid Creek suggests that a significantly
higher carbon dioxide fugacity was present for a longer duration than
in most pegmatites. Most granitic pegmatites host iron-bearing oxides

rather than carbonates. Finally, the total phosphate concentration itself
was probably different. In pegmatites the total concentration of phos-
phate relative to other components in the fluid phase seldom exceeds
a few percent (Shigley, 1982), whereas at Rapid Creek it was hikely
much higher due to the relative absence of alkalis and silica (after the
initial crystallization of quartz) and the reservoir of phosphorus con-
tained in the host rocks

The continual availability of these essential components (1.e.. ron,
phosphorus and probably aluminum) to the fluid phase resulted in vet
another significant departure from the way phosphates are formed in
pegmatites. In pegmatites two or more generations of phosphates are
common, the latter of which form at the expense of those which
crystallized earlier via metasomatic and hydrothermal alteration. Be-
cause pegmatites behave as closed geochemical systems, and because
their primary phosphates deplete the pegmatitic luid of transition-
metal cations, the cations required to form the later generations of
phosphates can only be remobilized through chemical attack of the
primary phosphates by residual fluids concentrated later in the se-
quence (Moore, 1973). Hence, many of the large, primary crystals
of triphylite-lithiophilite found in phosphate-bearing pegmatites ex-
hibit zones of alteration and replacement by later-formed, secondary
phosphate minerals. At Rapid Creek. there is almost no evidence of
such a chemical attack on early-formed minerals. Species of both early
and later-formed phosphates containing the same general elements
coexist as fresh, unaltered crystals with lustrous faces. This would
certainly not be the case if the later-formed species were dependent
on the earlier-formed ones as their source of essential constituents.
Instead, both the geological and mineralogical observations suggest
that the host sediments were capable of providing a continual supply
of both the major and minor elements required to produce the observed
suite of minerals.

Figures 83-100 are paragenesis diagrams showing the sequential
crystallization of mineral species for each of the more significant
locations described in the preceding pages. The information contained
in these diagrams was deduced from a microscopic examination of
approximately 300 hand specimens. In general. the first species to
form appears at the top of the list, with each additional one in its
observed relative succession downward to the last-formed species
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Figure 83. Area A, locality 1, kulanite assemblage.
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Figure 84. Area A, locality 1, augelite assemblage.
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Figure 85. Area A, locality 1, gorceixite assemblage.
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Figure 86. Area A, locality 1, lazulite assemblage.
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Figure 87. Area A, locality 2, whiteite assemblage.
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Figure 88. Area A, locality 3, kulanite assemblage.
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Figure 89. Area A, locality 5, kryzhanovskite assemblage.
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Figure 90. Area A, locality 7, wardite assemblage.
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Figure 91. Area A, locality 7, kryzhanovskite/arrojadite assemblage.
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Figure 92. Area A, locality 7, messelite assemblage.
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Figure 93. Area A, locality 8, purple apatite assemblage.
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Figure 94. Area A, locality 13, gorceixite assemblage.
Quartz —
Siderite —

Gorceixite

Figure 95. Area B, locality 9, gormanite assemblage.
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Figure 96. Area B, locality 10, kulanite/gormanite assemblage.
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Figure 97. Area B, locality 11, collinsite assemblage.
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Figure 98. Area B, locality 12, wardite assemblage.
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Figure 99. Area B, locality 14, brazilianite assemblage.
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Figure 100. Area C, locality 15, vivianite/ludlamite assemblage.
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appearing at the bottom. The horizontal bars indicate the relative
importance and duration of crystallization for each species by their
relative size and positions. Dashed lines have been used to indicate
when a given species is not an abundant constituent of a particular
assemblage, and question marks indicate uncertainty as to its place-
ment in the crystallization sequence. Usually such species were
observed on only one or two specimens, precluding more certain
placement within the overall sequence. For the sake of brevity, many
solid-solution series minerals, such as gormanite-souzalite, children-
ite-eosphorite, vivianite-bancite, etc., have been entered simply as
gormanite, childrenite or vivianite, respectively, but it should be un-
derstood that the series is implied. Similarly, species such as meta-
vivianite and kryzhanovskite that may have initially crystallized as
vivianite and phosphoferrite, respectively, and were later oxidized to
their present state, have been referred to simply as vivianite or kry-
zhanovskite in the paragenesis diagrams. Exactly when the oxidation
required to form these minerals occurred is not known, but it likely
took place at the same time, and therefore after the crystallization of
vivianite.

Most of the diagrams are self-explanatory, and indicate a single
episode of mineralization with little to no recurrence of species within
a given sequence. One notable exception, however, is the diagram
for locality 10 in area B. The apparent recurrence of quartz, siderite,
kulanite and apatite along with the anomalous presence of sphalerite
and chalcopyrite may be indicative of two phases of mineralization.
Also worthy of mention is the apparent lack of quartz and lazulite at
both of the major wardite localities (7-A and 12-B). Whether this is
merely a consequence of a localized relative absence of available
silica, iron and magnesium at the time of crystallization, or due to a
lower initial temperature at the start of crystallization, or both, remains
uncertain. Much of what little lazulite there is at locality 7-A appears
to be etched, especially when directly associated with the wardite.
Whether or not this is due to hydrothermal attack by a fluid enriched
in sodium at the ume of wardite crystallization, and thus analogous
to the pegmatitic sequence previously described, is unclear.

Figure 101 groups the predominant fracture-filling minerals into
various categories based on their probable relative temperatures of
crystallization as implied by compiling all the individual paragenetic
diagrams. Such a categorization is admittedly arbitrary, and some
minerals such as quartz, apatite, siderite and perhaps many of the
individual phosphate species themselves have stability fields with
enough overlap to arguably justify their placement in adjacent cate-
gories as well. Nevertheless, if we bear in mind the validity of the

relative sequence that is established through paragenetic studies. much
can be learned about specific events, even if their specific causes
cannot be established. By simply looking at what elements are present
in the individual minerals within each group we can infer what cations
and anions were present throughout the sequence of crystallization,
relative changes in their concentrations and possible changes in pH
and oxidation potential. pressure and temperature.

Ferrous iron is present in the minerals of every stage throughout
the entire paragenetic sequence. This indicates that relatively non
oxidizing conditions were prevalent for the duration of mineralization
in the quartz-phosphate veins. Although very sparsely distributed, the
occasional presence of pyrite further suggests a reducing environment
in which both the oxygen fugacity and chemical potential or quantity
of sulfur were very low. The removal of siderite fairly early in the
sequence is also significant, for it suggests that carbonate anion species
present in the mineralizing solution were also removed early in the
sequence, since no other carbonates (except weathering products)
appear in the veins. Some of the dissolved carbonate may also have
been released as CO, due to a drop in pressure, or it may simply have
all been consumed by the precipitating siderite, which may also have
buffered the solution to a neutral or slightly basic pH (Garrels and
Christ, 1965).

The crystallization of quartz early in the sequence effectively re
moved all the available silica from the system, as no later-formed low
temperature silicates such as clays or chlorites are found in the quartz
phosphate veins despite the persistence of ample iron, magnesium and
aluminum throughout the entire episode of mineralization. Whether
there were two immiscible liquids present early in the paragenesis.
one silica-nch, the other phosphate-rich 1s not known, but seems
unlikely. as no fluid inclusions have been observed in either the quartz
or lazulite with the other species present as daughter crystals or with
significantly different freezing point depressions or liquid-vapor ratios
More likely. there existed only one ongmal fluid that simply became
saturated with respect to silica due to decreasing temperature

The crystallization of quartz and siderite from the solution removed
two major anions, S10;" and CO;’, from the system, which caused a
relative increase in the activity of both H,O* and (OH) , making them
a more important part of the processes which were to follow. A guick
scan of Figure 101 from left to right shows groups of minerals with
increasing amounts of water. This is not surprising, as ligand water
becomes increasingly stable with decreasing temperature. Moore
(1973) shows a similar trend for pegmatitic phosphates (Fig. 102),
and estimates the temperature above which water molecules would

L
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Figure 101. Relative temperatures of crystallization for
the principal minerals in the Yukon assemblages.

not be stably bound as ligands to transition-metal cations to be in the
vicinity of 200° C.

Other cations such as Na*, Ca**, Mg**, Mn**, Ba** and Sr** were
present in lesser amounts, and appear fairly evenly distributed between
the various accessory minerals throughout the entire duration of crys-
tallization. This i1s probably a result of local abundances of these
elements being supplied to the mineralizing solutions from the host
rocks through which they passed. Robertson (1980) has shown the
lateral variation in composition of a given bed is greater than any
measurable change induced by preferential leaching of elements that
may have occurred during the formation of phosphate-bearing veins
cutting that bed.
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Figure 102. Temperatures of crystallization of phos-
phatic pegmatites reported by Moore (1973).

Many of the phosphates found at Rapid Creek (arrojadite, brazil-
1anite, kryzhanovskite, etc.) have previously only been reported from
pegmatites (Nriagu and Moore, 1984). Thus one might surmise a
relatively high temperature for the mineralizing solutions. However,
there 1s no direct or indirect geological evidence to support the ex-
istence of an igneous pluton or other obvious heat source in the area.
Alternately, because the host rock is a sedimentary iron formation
with marine phosphorites and shales, it is equally easy to surmise a
very low-temperature origin for the veins.

In order to help resolve this dilemma, a fluid inclusion study of the
fracture-filling minerals has been started by one of us (GWR), and
some of the preliminary findings are reported here. Since it has been
demonstrated that quartz and lazulite were the first minerals to crys-
tallize, it follows that their inclusions should yield homogenization
temperatures indicative of the peak temperature of formation for the
quartz-phosphate veins. Thus far only about a dozen samples have
been examined for fluid inclusions, and these are mostly quartz-lazulite
specimens from locality 1, Area A. Consequently it is unknown at
this time whether the information presented here is truly representative
of the entire deposit or peculiar to the veins sampled at locality 1-A.

More samples including additional species from a large number of

different veins throughout the formation will have to be studied before

more definite conclusions can be drawn.

The lazulite and quartz from locality 1, Area A. contain both primary
and secondary fluid inclusions. Obvious secondary inclusions confined
o fracture planes were not studied, since, by definition, they were
introduced after the crystal had formed, and would therefore not likely
contain the original fluid from which the crystal grew. Only primary
inclusions are trapped during crystal growth, and thus contain fluids
indicative of the mineralizing solutions. In practice. however, it is
often difficult, if not impossible, to differentiate primary from sec-
ondary inclusions. For the preliminary data reported here, only larger,
more isolated inclusions that were not on fracture planes, had not
shown evidence of necking. had consistent liquid-to-vapor ratios. and
could (in the ideal instance) be related to a growth feature in the crystal
were considered as primary and used for the heating-freezing runs.

Before commencing the heating-freezing runs, several of the sec-
tions were examined in ultraviolet light to determine the presence of
any aromatic hydrocarbons. which commonly fluoresce in ultraviolet
light. None was found to be present. The inclusions were then frozen
to approximately — 196° C and slowly warmed until all solid phases
had melted. No carbon dioxide. hydrogen sulfide, sulfur dioxide or
methane was detected. In this way it was determined that the flumd
consists of water with a measured freezing point depression of — 1.3
to —1.4° C, which corresponds to an NaCl equivalent salinity of
approximately 2.3 weight %. This indicates the mineralizing solutions
were neither basinal brines nor pegmatitic flmds, because both these
kinds of solutions are characterized by much higher salinities. The
inclusion was then heated until it homogenized. The observed ho-
mogenization temperatures ranged from 180° to 200° C.

The homogenization temperature is generally not the same as the
temperature of entrapment (i.e., the temperature at the time the crystal
formed), and must be corrected for the effects of pressure. The ho-
mogenization temperature does, however, establish the minimum tem-
perature at which the crystal could have formed. In order to correct
for pressure, we must have an independent means of determining the
pressure at the time of crystallization. This is normally derived from
known P-T conditions for equilibrium assemblages of indicator min-
erals, from thermodynamic data based on various mineral geobarom-
eters. or from estimates of thickness of overlying strata. The maximum
thickness of the Upper Cretaceous and Tertiary sediments overlying
the Rapid Creek formation have been estimated at approximately 2,300
meters ( Young, 1975). However, the absolute age of the quartz-phos-
phate veins i1s not known and it is therefore uncertain if a pressure
correction based solely on overlying strata is valid. Except for minor
amounts of illite and chlorite reported in some of the shales (Robertson,
1980; A. Ingelson, personal communication, 1988), there are no com-
mon metamorphic indicator minerals such as lawsonite, laumontite
or pyrophyllite present. A study of the crystallinity of the illite (Wink-
ler, 1979) might provide additional information, but has not been
undertaken. Thus, we can only assume that the P-T conditions in
effect at the time the veins were formed probably lie within the range
of that uncertain boundary that separates diagenesis from very-low-
grade metamorphism.

In the absence of more definite information, any pressure correction
applied to the observed homogenization temperature would be merely
a guess, and therefore we can only conclude the minimum temperature
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of formation for the veins must have been in the range of 180° to 200°
C. This is significantly higher than the 50° to 96° C temperature range
reported by Robertson (1982). Those values were derived from pre-
iiminary oxygen isotope investigations and an estimated geothermal
gradient based on 2,300 meters of overlying sediments, respectively.

The paragenesis of the phosphate nodules is perhaps less well un-
derstood, as comparatively less work has been done in that regard.
Sturman er al. (1981) conclude that satterlyite, wolfeite, mari€ite and
wicksite formed contemporaneously, although the wicksite usually
occurs interstitial to the other species. The presence of associated
quartz and pyrite was also noted, and ludlamite and vivianite were
observed coating all the other minerals. Mandarino er al. (1978) note
that satterlyite is in direct contact with pyrite, quartz, wolfeite and
mari€ite, but make no mention of the paragenetic sequence. Similarly,
Sturman er al. 1977) observed that in thin sections, mari€ite is in
direct contact with quartz, ludlamite, vivianite, pyrite, wolfeite, apatite

SUMMARY

and an alluaudite group mineral, and that ludlamite, quartz and vi-
vianite also occur along fractures and as inclusions in the mandcite.

Based on a petrographic study, Robertson (1980, 1982) concludes
that the paragenesis of the nodules is complex and suggests the fol-
lowing general sequence: satterlyite, wolfeite, mancite, alluaudite
group, arrojadite, ludlamite, vivianite-bariite, metavivianite and goe-
thite. The position of apatite could not be determined. He also notes
that some of the phosphates appear to be replaced by pyrnite, quartz
or siderite, and that the pyrite nodules near the base of the Rapid
Creek Formation in Area C, may actually be replaced phosphate
nodules.

A detailed paragenetic study of the phosphate nodules has not been
attempted by the authors; and while we cannot confirm the specific
sequence suggested by Robertson, the overall relative positions seem
to be accurate. Similarly, the paragenesis of the species derived by
weathering has not been studied by the authors.

In little more than a decade, the Rapid Creek and Big Fish River
area has achieved world prominence as an important locality for phos-
phate minerals. A unique geological environment has produced a
unique suite of minerals, several of which were previously unknown
to science. Much of the area remains relatively untouched by collec-
tors, and should continue to produce fine collector-quality specimens
and perhaps even more new species if prospected in a careful, diligent
manner in the future,

The sequence of crystallization of the phosphate species in the
quartz-phosphate veins is similar to that reported for granite peg-
matites, although the geological occurrence is grossly different. Con-
trary to earlier reports, the temperature of formation of these veins
must have been at least 180-200° C, based on direct evidence from
fluid inclusions. All the essential constituents required to form the
minerals observed in the veins are present in the host rocks, and were
probably derived from them. The fracture-filling minerals most likely
formed during or after the Laramide Orogeny, which tilted and frac-
tured the host rock, creating open spaces for a flud phase to enter
and precipitate the observed mineral assemblages. The pressure and
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& State University
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Montana Tech Mineral
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Curator:
Richard Berg
Adjun::t Curator:
Lester G. Zethen
Tel: (406) 496-4414
¢/o Montana Tech
Butte, MT 59701-9981

Hours: 8-5 daily June-Labor Day;

M-F & Sun afternoons
Labor Day-May
Specialties: Montana &
Idaho minerals; systematics
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Curator (mineralogy):
Michael S. Evick
Tel: (403) 264-8300
Glenbow Alberta Institute
130 Ninth Avenue S.E.
Calgary, Alberta
Canada T2G 0P3
Hours: 10-6 Tues—Sun
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Curators:
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William Metropolis
Tel: (617) 495-4758
24 Oxford Street
Cambridge, Mass. 02138
Hours: 9—4:30 M-Sat; 1-4:30 Sun
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Mineral Collection
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Curator:
Kim B. Cochran
Tel: (404) 386-0576
P.O. Box 1255
Cartersville, GA 30120
Hours: 10—4:30 Tue-Sat,
2—4:30 Sun.
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worldwide minerals & fossils
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Colo. School of Mines

Curator:

Virginia A. Mast

Tel: (303) 273-3823
Golden, Colorado
Hours: 94 M-Sat, 14 Sun.
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Stanley J. Dyl Il
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Joel Bartsch
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1 Hermann Circle Drive
Houston, Texas 77030
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Natural History Museum
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Tel: (213) 744-3328
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M.Y. Williams
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University of British Columbia
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Canada; Exhibit Quality

Private Museums

Hampel Mineralogical
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Lance T. Hampel
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® Swap Area
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® Cold Panning
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Mine Design
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' VIDEO!

Showming this world-
famous collecnion. Fea-
ture-lengrh, 96-minute.
protessionally  pro-
duced; 180 specimens
and 35 views of mining
locahimes. Graphacallvl-
lustrares the 12 Cnirena
used 1o assemble this
world class collecnon

$52 postpaid

Keith Proctor

88 Raven Hills Court, Colorado Springs, CO 80919-1316
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Donald & Glona Olson
PO. Box 858
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O [f* 1119 S. Mission Rd., Suite 243 :
CEANSIDE . :
,7 miles fj o Fallbrook, CA « 92028 \ I:S-{‘.GN DIDO
Tel: (619) 728-8251
S ¢  and SAn DiEGo
W Fax: (619) 728-8255 g - Dieg
Telex: 7101115543

o '

’P
7

LRG|

FOR THE VERY FINEST IN MINERAL SPECIMENS,

GEMSTONES, AND WHOLESALE MATERIALS, VISIT
FALLBROOK ON YOUR NEXT TRIP WEST.

YOU WON'T BE DISAPPOINTED.

Sl TRV

T O AT T OO

- gummumun

L

The Mineralogical Record, volume 23, Julv Auguse, 992




=

/

i

i |‘-ﬂ|r jinit

‘i”", if' il
i ";.L

i ]
hJ
i

(i rfLr” 1EJ|I Jl m”l

i

il i'i” ihﬁ
mh‘”
r’

Hi

Bourget Bros.

Anthony Chavez, Leonard Bourget

1636 11th Street

Santa Monica, California 90404
Tel: (213) 450-6556

FAX: (213) 450-2201

Wholesale and Retail

Coogan Gold Company

Ed and Kay Coogan
P.O. Box 1631
Turlock, CA 95381
Tel: (209) 634-5222

Micromounts, TN’s, Min., Cab.

Si and
Ann Frazier
Si and Ann Frazier

Suite 306, 6331 Fairmont Ave.
El Cerrito, California 94530

Galas Minerals

Chris and Agatha Galas
6000 Fulkerth

Turlock, California 95380
Tel: (209) 634-4292

Jewel Tunnel Imports
Rock H. Currier

13100 Spring Street

Baldwin Park, CA 91706-2283
Tel: (818) 814-2257

FAX: (818) 338-4617
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

Lustig International

Hal & Shirlee Lustig

14270 Doolittle Drive

San Leandro, California 94577
Tel: (415) 351-4444

Minerals & Stands, Whis. only

Pala International &
The Collector

912 So. Live Oak Park Road
Fallbrook, California 92028
Tel: (619) 728-9121

US Wats 1-(800)-854-1598

D. J. (Doug) Parsons

1119 S. Mission Road
Suite 243

Fallbrook, CA 92028
Tel: (619) 728-8251
FAX: (619) 728-8255
TELEX: 710 111 5543

Roberts Minerals
Ken and Rosemary Roberts
P.O. Box 1267
Twain Harte, California 95383
Tel: (209) 586-2110

Mark Rogers Minerals
P.O. Box 1093

Yucaipa, California 92399
Tel: (714) 797-8034

Bruce & Jo Runner
13526 South Avenue
Delhi, California 95315
Tel: (209) 634-6470
Micromount List $2
TNs, Min, Cabinets

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

Weber’'s Minerals
Ed & Naomi Weber
605 San Dieguito Drive
Encinitas, California 92024
Tel: (619) 436-4350
Irregular hours; please call
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OUR MINERAL VIDEO . ..

The Reviews Are In!

“I've seen Stuart’s mineral video and it’s excellent”
Wendell E. Wilson, Editor & Publisher, Mineralogical Record
“Super job”
F. John Barlow, collector
“Large variety of choice minerals”
Russell E. Behnke, dealer
“You can't just watch it once . . . better than Home Shopping Network”
Steve Neely, collector
“I'm hard to please—but I’'m pleased to say ‘I’'m pleased””
Bob Welch, collector
“Excellent new way of selling minerals”
Hans Van Binsbergen, dealer

SO WHAT ARE YOU WAITING FOR? Send for our latest video now!

* $7.50 [= $5 tape deposit, refunded if tape is returned, + $2.50 postage]
OUTSIDE U.S. & CANADA: We are now able to make foreign video tapes. Tell us your system
* (PAL, SECAM, etc.). VISA or MASTERCARD ONLY, $35.00 (@5.00 + $10.00 post.)
JAPAN: No conversion necessary, VISA or MASTERCARD ONILY, $15.00 ($5.00 tape + $10.00 post.)

View our finest If you are in

minerals on a full-color pro- our area, please call for a
fessional video catalog. Top visit to our shop, The
quality collector display spec- Treasury Room, with over
imens priced from $25 to 500 fine mineral specimens
$10,000, thumbnail to large on display.

cabinet sizes. Relax and en-

joy a “museum” of minerals We buy collections. Call
on your own TV—all of
them for sale!

us when you decide the
time is right to turn yours

into cash!
You will be treated to over

one hour of ALL NEW ex-
ceptional aesthetic speci- 4 Rhodochrosite,
mens. We guarantee you
will be impressed with our
selection and excellence.

Uchucchaqua mine,
Peru (Spec. 25,
Video vol. 6)

Stuart & Donna Wilensky

P.O. Box 386 — Dept. MR, 132 Sullivan St.
Wurtsboro, NY 12790

TELEPHONE: Shop 914-888-4411 + Home 914-695-1550 <+ FAX 914-888-2889
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I he next time

Baumstark
Mineralien &

Edelsteine
Dipl. Min. M. Baumstark

you re traveling in S
Germany, wvisit us '
for some German ¢
hospitality & see 1]
some exceptional ;
specimens! b
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, O Id classics &

) recent discoveries,
f . 5
\ display specimens

) & rare species,
fossils, meteorites,
books & other
collectibles.

Geppertstr. 20

[D-7580 Biihl/Baden

Tel: 07223-1503

Fine Worldwide Minerals —
esp. Bulgaria & USSR

Bode-Verlag GmbH

Raimner Bode

Diirnberg 2

D-4358 Haltern 4

Tel: 0049-2364-16107

Emser Hefte, Mineralien-Welt,
Fine Books

Exclusive Mineralien

Briickner

(. Briickner

Box 1342

D-7840 Miillheim-Britzingen
Tel: 07631-12801

Fine Classic Minerals,

By Appt. Only

Fleck Mineralien
Gisela & Klaus Fleck
D-8023 Munich-Pullach
Tel: 089-793-1793
Top Quality Specimens,

Rare Species (list),
By Appt. Only

Kristalldruse GmbH

Christian Weise

Oberanger 6

D-8000 Munich 2

[el: 089-260-4018

FAX: 089-26(-3499

Over 1,000 species; Ranties
Bought & Sold; All German
Books on Minerals, etc. [List];
M-F, 9:30-6, Sat., 9:30-1

Kristallkeller-Niirnberg
Ulrike Buchner-Endres
Stralsunder Str. 50
D-8500 Niirnberg 90
Tel: 0911-383680
Aesthetic Minerals for Collectors

and Museums— By Appt. Only

Krﬁvst‘aﬂos
Dr. Paul Meienberg
Ainmillerser. 13
D-8000 Munich 40
Tel: 089-34-1338
FAX: 089-349-789
Only high-quality crystals for
acsthetes, collectors, healers;
>120 tumbled stones

T-W-Th, 10-6 and by Appt

Many of us have booths at the Munich Show—Oct. 30-Nov. 1, 1992

Mineral Exquisit
Karin & Ul Burchard
Schlosstrasse 6
D-8050 Haindlfing-Freising
Tel: OB167-8567
[op-quality minerals, antique
mineralogical instruments

Weerth Edelsteine u.

Mineralien

Andreas Weerth

Hochfeldstr. 37

D-8180 Tegernsee

Tel: 08022/4330

Gem matenal from central Asia,
Minerals from the Alps

Wilke Mineralien
Dr. H. J. Wilke & Else A. Wilke
Hindelstr. 5
D-6116 Eppertshausen
Tel: 06071-31394
Exclusive Minerals, Classic
Localities, Rare Species



Williams Minerals
Keith & Brenda Williams
P.O. Box 1599
Idaho Springs, CO 80452
W: 303-567-4647, H: 303-567-4647
Dealers of Fine Mineral Specimens,
Mining Artifacts and Antiques

The Sunnywood Collection

Bill & Elsie Stone

12068 E. Amherst Place
Aurora, CO 80014
303-696-0044 (by Appt. only)
Fine Minerals & Fossils,
Mounted on Exotic Hardwoods

Red & Green Minerals, Inc.
Denzil Wiggins
7595 W. Florida Avenue
Lakewood, CO 80227
303-985-5559
Custom Jewelry, fine mineral
specimens, lapidary & jewelers’
tools & supplies

Mouwuntain Minerals
International

Dudley Blauwet

P.O. Box 302

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

Mineral Treastires

Dee Belsher
0250 W. 100th Circle

Westminster, CO 80021 (Denver area)

303-466-4128 (by appointment)
Fine Mineral Specimens

Mike Madson Minerals
Mike & Sharon Madson
3201 Snowberry Court
Grand Junction, CO 81506
303-243-2234
Wholesale Minerals
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LJP— Colorado
Larry & Carmen Piekenbrock
P.O. Box 1758
Boulder, CO 80306
303-666-6926 (by Appt. only)
Colorado & Western Minerals

L & T Creations
Lee A. McKinney
1800 Winfield Drive
Lakewood, CO 80215
By Appt. Only 303-232-6451
Colorado Amazonite

Colorado Mineral &
Fossil Show

September 16-20, 1992
Holiday Inn-North Denver

4849 Bannock Street

THE SATELLITE SHOW!
10 a.m. to 10 p.m. Daily

NOW OPEN SUNDAY

Irish Rovers
John & Gerry Shannon
1319 W, Cedar Circle
Lakewood, CO 80226
By Appt. Only: 303-232-1534
Items unique and antique for
the mining & mineral collector

Bill Hayward Minerals

Bill & Christopher Hayward
3286 Quitman Street

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

Green Mountain Minerals
Stanley Korzeb
13812 W. Dakota Avenue
Lakewood, CO 80228
303-988-2642 (Call for Appt.)
Species, Fine Minerals, write for List

Golden Minerals
Don E. Knowles
13030 West 6th Place
Golden, CO 80401
303-233-4188
Largest Comprehensive Stock in Colorado

Glacier Peak Gems & Minerals

Joseph & Susan Dormis

Box 4

USAF Academy, CO 80840
719-685-4479 (by appointment)

Top Minerals —Colo., Pakistan, Mex.
Wnite for Mail Order List

Genesis Epoch

Mel & Pam Bersch

2417 Sandridge Court

Grand Junction, CO 81503
303-242-3134 (call for appt.)
Fine Minerals & Fossils

Crystal-Linn International

Martin Zinn

P.O. Box 2433
Evergreen, CO 80439
303-670-1960

Display Quality Minerals

Columbine Mineral Shop

Benjy & Liz Kuehling

633 Main Street, Ouray, CO 81427
303-325-4345, 9 a.m. 10 9 p.m.
Open 7 days, May 1-Oct. 31
Off-season by Appointment

Fine Minerals for Collectors

Collector’s Stope

Jim & Patti McGlasson

7387 S. Flower Street

Littleton, CO 80123

303-972-0376

Fine Minerals, Species, Micromounts

Caviano Mineral Gallery

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

Mon-5at 10-5:30, Sun call first
Quality Minerals from the

Ray Thompson Collection
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Bitner’s, Inc.

42 West Hatcher
Phoenix, Arizona 85021
(602) 870-0075
Wholesale Minerals &
Fossils, by the piece,
pound or flat, since 1945

Cureton Mineral
Company

Forrest & Barbara
Cureton

P.O. Box 5761

Tucson, Arizona 85703

(602) 743-7239

Rare Minerals

Meteorites, Old Classics,

Wholesale & Retail.

By Appt.

d, volume 23, Julv-August, 992
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De Natura

Les & Paula Presmvk
P.O. Box 1273
Gilbert, Arizona 85234
(602) 8920779
Retail/Wholesale
Specializing in

fine Arizona
Specimens

Em’s Gems
Plus Three

Em & Ogle Love

8846 E. 35th Circle
Tucson, AZ 85710

(602) B86-6942

Fine moderately

priced (<$600)
specimens for collectors
and museums.

Shows only.
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Fosters

Sarah Foster

& Wayne Richards

1511 E. Edgemont Ave
Phoenix, Arizona 85006
(602) 265-1567

No List. See us at
Major Shows

Kino Rocks &
Minerals

6756 S. Nogales Highway
Tucson, Arizona 85706
9-11:15/Noon-5:30
(Closed Sun.)

(602) 294-0143

David Shannon
Minerals

David & Colleen
6649 E. Rustic Drive
Mesa, Arizona 85205
(602) 985-0557

Maudine & Bob
Sullivan

3202 Saguaro

West Trail
lucson,

Arizona B5745
(602) 743-0081
See us at the major
shows only
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MINERIVE

fine & classic worldwide minerals
Pakistan ® Eastern Europe
North & South Africa
E

Frangois LIETARD
Au Bois, 42520 ROISEY, France
Tel. (33) 7487-4925
FAX: (33) 7487-4508

Tucson Show
\ at the Community Center (

ALAIN CARION

RARE SPECIES ® MUSEUM PIECES ® TN'S
METEORITES ¢ OLD SPECIMENS ® NO LISTS
92 rue St. Louis en Llle
75004 PARIS, FRANCE
TEL: 33(1) 43260116

microminerals ¢ rare spec tes
Specializing in Mont Saint-Hilaire and
other Canadian localities. List $]

P.O. Box 53077, Dorval, Québec
H9S SW4 CANADA

FABRE MINERALS

C/ Arc de Sant Marti 79 Local
08032-BARCELONA (SPAIN)
T (3) 4333022+ - (3) 3571869
Fax (3) 4504745

Jeanne’s Rock & Jewelry

5420 BISSONNET
BELLAIRE, TX 77401
Southwest Houston

713) 664-2988 FAX |713) 664-1714

. Minerals for Collectors —
List Decorators — Educators
31 | Fluorescent Specimens —
— Staurolite — Vera Cruz
Good Specimens from Mexico, Peru,
India, & US.A.
By the Piece — By the Flat

DENVER MINERAL & FOSSIL SHOW
HOLIDAY INN NORTH, Room 318

DEVON & CORNWALL

SPECIAL TOURS OF MINE SITES
& MINERAL MUSEUMS

Details from
MINERAL SEARCH * Cornwall of Mine Lid
24 Pembridge Crescemt
London W11 3DS, United Kingdom
Tel: 011-4471-229-2616

IN THE
TOWN OF

OLYMPIC

GAMES,

THE

% FINEST
M S0 EUROPEAN

1\ MINERALS.
\ il OPENED IN
S THE GAMES
DAYS !

From 21th July

14:30 10 2
excepting sundays

meril @ziﬂg%m

Just covered Africa, Europe, China, and India.
See us in Denver at the Holiday Inn North.

*We are interested in acquiring collections

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

The Mineralogical Record, volume 231, July Augusr, 992
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th Africa

Paul Botha
P.O. Box 32447
Braamfontein 2017
South Africa
Tel: 27-11-407-5502 (office)

John Gliddon
P.O. Box 65
Phalaborwa 1390
South Africa
Tel: 27-15-24-3257

John Hepker
Karoo Gems
P.O. Box 423
Burgersdorp 5520
South Africa
Tel: 27-55-33-1828

Larry Introna
P.O. Box 4147
Cape Town 8000
South Africa

Tel: 27-12-761-7212

Martha Rousseau
Sgtonengque
P.O. Box 431
Swakopmund
Namibia
Tel: 0641-5403

South African
National Gem &

Mineral Show
Sept. 24 - Oct. 4
Fountain Court
Menlyn Center
Pretona
Info: Call 27-12-46-7562

Desmond Sacco
P.O. Box 1054
Johannesburg 2000
South Africa
Tel: 27-11-788-5623

Rob Smith

African Gems & Minerals
P.O. Box 18085

Rand Airport
Johannesburg 1419
South Africa

Tel: 27-11-873-1414

Willie Van Der Westhuizen
Minerals
13 Moss Street
Kuruman 8460
South Africa
lel: 27-14-712-1517
or 27-14-712-1145

Ludi Von Bezing
Medkim 2
Du Toitspan Road
Kimberley 8301
South Africa
Tel: 27-53-161-1075

Katrien Woest
The Cave
94 Hoofstraat
Kuruman 8460
South Africa
Tel: 27-14-712-2508

Contact us regarding the BEST in Southern African minerals.




DENVER 1992

25th Anniversary Show

DENVER GEM & MINERAL SHOW

Greater Denver Area Gem & Mineral Council
FEATURING SILVER

September 18-20

Denver Merchandise Mart, |-25 & Exit 215
P.O. Box 621444, Littleton, CO 80162

COLORADO MINERAL & FOSSIL SHOW
THE “H.l. SHOW"

September 16-20

Holiday Inn - Denver North, |-25 & |-70

P.O. Box 999, Evergreen, CO 80439

DENVER EXPO 92

Wholesale Satellite Show
September 16-20

The Travelodge, |I-25 & 48th Ave.
U.S. Gem Expos, (602) 791-2210
P.O. Box 8862, Tucson, Az 85738

THE GREAT AMERICAN GEM,
MINERAL, FOSSIL, & JEWELRY SHOW
September 16-20

The Regency, |-25 & Exit 213

KAK Management, (216) 779-9509

P.O. Box 81607, Cleveland, OH 44181-0607

GEM & LAPIDARY WHOLESALERS, INC.

“Business to Business Gem Trade Show”
September 18-20

Holiday Inn Denver |-70 East (at Chambers Rd.)
Gem & Lapidary Wholesalers, (601) 879-8832
P.O. Box 98, Flora MS 39071-0098

. L] L .

OVER 500 QUALITY DEALERS
FREE SHUTTLE SERVICE




A FREE SHUTTLE TO OTHER SHOWS

COLORADO MINERAL & FOSSIL SHOW
SEPTEMBER 16 - 20, 1992

Holiday Inn - Denver North @ 4849 Bannock Street
(Where |-70 meets |-25)

werorre IDIENVER <o

A WHOLESALE & RETAIL

* NOW OPEN SUNDAY

10 AM - 10 PM daily

Three Floors of the Hotel Filled with 180 Top Quality
DEALERS

ACE MINERALS

AESTHETICS UNDERGROUND
AL PHA MINERALS

ANDREAS WEERTH - Germany
ANTERD MINERALS & JEWELRY
ARTIFACTUAL IMPORT
ALURDRA WEST

ALUSROX

AVERY-REMMEN MINERALS & ROUGH
BEIJA FLOR GEMS

BELJA FLOR MINERALS - Branil
BILL HAWES

BILL HAYWARD CRYSTALS
BITNER'S. INC

BLACK HAWY FOSSILS

BLAINE REED METEORITES
BOULDER MINERS

C T MINERALS

CAL GRAEBFR MINERALS
CARTER RICH

CHATTA - MALACHITE - ZMNRE
CLASSIC MINERALS

CLAUDE BEN-DAVID - Canada
CM STUDID

COAST TO COAST RARE STONES
COLLECTOR'S STDPE
CONTINENTAL DRIFTER
COOGAN GOLD COMPANY
COPPER CITY ROCK SHOP
CRISTA-GALLI

CRYSTAL CITY. INC

CRYSTAL POCKET

CRYSTAL SPRINGS MINING & JEWELRY
CRYSTAL TIPS MINE #1
CRYSTALLINN INTERNATIONAL
CURETON MINERAL CO

0 WAFA U P AHMADZAI - Germany
0.4 DOUG" PARSONS

D.J MINERALS

DAN WEINRICH MINERALS
DAVE BUNK MINERALS

DAVID SHANNON MINERALS
DE NATURA

DEN'S PETRIFIED CRITTERS
DIDOMI - taly

DONALD ¥ DLSON & ASSOC

WED. 5-7:30 PM

-

The Mineralogical Record, volume 23, Julv-Augusr, 992

DREAMSTAR PRODUCTIONS
DYCK S MINERALS
ELDORADO ENTERPRISES
ELK CREEK FOSSILS

EM'S GEMS PLUS THREE
ENRIQUE KUCERA - Spain
EXPLORER 5 EXCHANGE
FACOP S - Span

FENN 5 GEMS & MINERALS

FERSMAN MINERALDGICAL MUSEUM Russea

FLEDGELING MINERAL COMPANY
FOOTHILLS MINERAL BOXES
FOSSIL SOURCE - LARRY MARTIN

FOSSILIEN GALERIE BAD HOMBURG-Germany

FOX HILLS FOSSILS

FRANKLIN ENTERPRISES FOSSILS
FREEDOM VALLEY GEMS

GALERIE FOSSIL - Germany

GALLERY OF GEMS

GEM CITY LAPIDARY INC

GEM TECHNOLOGY INDUSTRIES
GEMINI MINERAL S

GEMOLOGICAL CENTERGEMAS do BRASI|
GENESIS EPOCH

GEORGE STEVENS MINERALS
GLACIER PEAK ART GEMS & MINERALS
GOLDEN MINERALS

GOLDEN TRADING - MALACHITE - Belgium
GRAHAM SUTTON MINERALS

GUL TRADING CD

H BURKARD MINERAL IEN - Germary
HANK SMITH STONE SCULPTURE
HERB 0BODDA MINERALS

HEAVENLY ROCK SHOP

HOLGUIN MEXICAN MINERAL CD
HOWARD SCHLANSKER

| C. MINERALS

IKON MINING & EXPLORATION

INDIA NATURE S STATEMENT
INTERNATIONAL MINERAL EXCHANGE
IRISH ROVERS

JERRY WENTLING FINE MINERALS
JEWELRY & MINERAL OF LAS VEGAS
JONTE BERLON

JULE - ART

KAP! MINERALS

MUSEUM BENEFIT AUCTION

FOR — Denver Museum of Natural History & Colo. School of Mines Museum

SHOW INFO P O BOX 999, EVERGREEN. CO 80439

JACK & ELLAINE GREENSPAN
JAVED §

JEANNE S ROCK & JEWELRY
JEFFREY MINING CO . IN(
JENDON MINERALS

KORITE MINERALS - Canada

L & T CREATIONS

LAMG S FOSSILS & METEDRITES
LAWRENCE H CONKLIN

LE MINERAL BRUT

LOMBARDO MINERALS

LLIS LEITE - Portuga

LU MENETES MINERALS - Bran
LUSTIG INTERNATIONAL
MALACHITE STONE . INC

MAPLE HILL STUDIOS

MARTIN RODSSER MINERALS - Australia
METRD MINERALS

MICHAEL S MINERAL EXCHANGE
MICHEL JOUTY - France

MIKE BERGMAN MINERALS

MINERAL GALLERY

MINERAL KINGDOM

MINERLL MINER

MINERAL SUITE

MINERALXY du CLARIDGE - France
MOND INTERNATIOMAL
MORGAN-MARCLIE

MOUSSA MINERALS & FOSSILS-England
MT ROYAL GEMS

NORTH STAR MINERALS

NATURAL CONNECTION

NATURAL HISTORY BOOKS

DBENICHE MINERALS - Madagascar
ORSERD DIAMOND

OUT OF THES WORLD MINERALS

PALA INTERNATIONAL S THE COLLECTOR
PALED IMPRESSIONS

PAT HENDRICK

PEDRD ANSORENA- JOSE CHAVER
PETER MULLER

PICKENS MINERALS

RINCON MINERAL CO

ROCK ART OF THE LK - Englana
ROCK SHOP OF EL PASD
ROHSTEINQUELLE "GEM ROUGH

POOLSIDE

PRECIOUS EARTH CO

FABEL INTERNATIONA|

RED BERYL CO

RICHARD HECK MINERALS
ROUGH & READY GEMS
RUSTAM

SCOTT WILLLAMS MINERAL CO
SCOTTS RED ROSE QUARTZ
SELENITE & CRYSTAL LIGHTS
ST PAUL GEMS & MINERALS
STAR VAN SCRIVER

STONE FLOWER CD - Russa
TETLA SEPTARIANS

THE CAVEMAN | ROBERT LANE
THE SUNNYWOOD COLLECTION
TOM & PAT WITHERSPOON FOSSILS
TOM JOHNSTON MINERALS
TRADEWEL|

TRANSGEM CORPORATION
TREASURES OF NATURE
TRILOBITES UNLIMITED
TYNSKY S FOSSIL FISH

UNCLE TOM'S

UNIQUELY CRYSTALL NI
LUSMAN IMPORTS

VALADARES MINERALS - Brani
VAN SCRIWVER S MINERALS
VASCONCELDS

VICJON ENTERPRISE S-PERLU MINE FAL &
VIRGIN MINING COMPAN'Y
WAYNE & LAURA THOMPSON
WEST COAST GEMSTONES. INC
WESTERN HILLS

WHITMIRE WHOLESALE MINERALS
WIESNER MINERALS

WILLIAMS MINERALS

WILLIS EARTH TREASURE S
WORLD WINERALS

WRIGHT S ROCK SHOP

WYDAR CO , INC

NTAL-DENNIS BEALS

JAIRE MINERALS EXPORTATION
JEOLITES INDIA

H1
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alfredo ferri

The
DEEP CLEANING
GUN

_/ (4/// J //()/ 7 (ﬂ FINE MINERAL SPECIMENS — WHOLESALE

AND RETAIL — RUBY IN ZOISITE from
Quality Minerals TANZANIA
Buying Minerals & Collections Worldwide

Call & ask about Recent Acquisitions P
Bryan & Kathryn Lees |

402 Gladiola St. Golden. CO 80401 DESERT INN, Room 123.
303-278-9724

| Sassi di Alfredo Ferri

Via Guido d’Arezzo, 11

20145 Milano, ITALY

Phone: + 39-2-435000
Fax: +39-392-4694517

MIDWEST DEALERS

The Outcrop Red Metal Minerals Gemini Minerals North American Minerals

Pete & Nancy Olson Richard Whiteman Joe & Diane Kielbaso
P.O. Box 2171 P.O. Box 45 P.O. Box 52
Springfield, lllinois 62705  Hancock, Michigan 49930 tl:tpp City, Ohio 45371 P.O. Box 581
(217) 787-6149 (906) 482-9560 l-":' 3) 66/-8111 Baraga, Michigan 49908-0581
Fine Minerals th:g:m native copper, Wholesale Only (906) 353-7285
By Appt. mine owner: wholesale, f”irmi.~_Hlmrn‘t‘; Tristate Cave-in-Rock fluorite &

retail minerals; pyrite suns,

eic.

& Keweenaw Agate Shop
Les & Sandra Tolonen

associated minerals; Mich
Copper Country Minerals

HAWTHORNEDEN

l_u\l 2 hour BANCAOFT FINE MINERAL SPECIMENS

South of Bancroft, ) e
in Bannockburn BANNOCKBURN] Micromount to Cabinet Size

WANTED TO PURCHASE - OLD COLLECTIONS

HWY T

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

MWY 401 Wendy & Frank Melanson (613) 473-4325
BELLEVILLE MONTREAL Mailing Address: R. R. #1, Eldorado, Ontario, KOK 1Y0

The Mineralogical Record, volume 23, Julv-August, 1992




umch Show ’92

umch Fairground "Messegelinde”
E Europe’s Top Show, Halls 1 - § !
500 dealers from all 5 continents

50 museum & collector exhibits |
Spectacular Show - in -the - Show

»Mines & Minerals & More«

Det. 30 - Nov. 1

3EOFA - ask for dealers trade pass

m"’nl Lr’h‘.;. 2

. {1 PL S
i Show, P.0. Box 60, Dsouomhd.iu.tm 6134711, Fax 6135400 ?

- e e i e . . T

|
l

Visit the World-famous Torino Show

October 9-11. ITALY’S premier gem & mineral show
is held each year at Torino (Turin). Why not come to
Europe for a week and visit one of the biggest shows of
the year? Information: APMP % Scuola Gabelli,

Via Monterosa 56, 1-10154, Torino, Italy.

- | | Peerless Minerals WILLIS" EARTH TREASURES
|Osep bCII'bCI | Classic Mineral Specimens Fine Mineral Specimens
. Frank & Eleanor Smith \ ;
| wholesaler of minerals and fossils $.0. Box 882 ' } AN Hmk‘*’#"ﬂﬂii Eﬁa':ji s
specialized in Spain and Bolivia Merrifield. VA 22116 \{ [ ,&\ Thombnall Cabinets
loreto, 8 - 08029 barcelona - spain (703) 204-2609 o : Send want list or by appointment
| fel. (3) 430 33 81 - fox (3) 226 18 15 || | By Appointment Only, No Lists J\;_i% 116 Prospect sg:dhsatgg%rér:;ue, N.J. 08886

The Mineralogical Record, volume 23, Julv-August, 1992 "3."'




October 9-11

“The Smithsonian World”

4400 E. Eight Mile Road
Light Guard Armory,

‘Friday 9-7 pm
Saturday 10-9 pm
Sunday 10-6 pm

Hosted by the
Michigan Mineralogical Society

'7 7 ; (,--'“ /;,j}
b




Fine

Mineral Sperimens

¢ Grent Glassics, -

Afahan & Pokistanl

liste lesued. — 2> _

#i. @hodda

fiox 51
Short Hills, N. 3.

(20) 467-p212

acnes

}“zommm‘z

mineralogist

——— J . = 4

Apaitite Carrara
19/20 Via Pie di Marmo
Rome, ltaly

Located between Piazza

Venezia and the Pantheon
e —

Mon. 5-8 pm; Thurs. & Fri.,
I1-1 pm, 5-8 pm: Sat. 11-1 pm
e e . e — i

Phone: 06-G7860G7

The Mineralogical Record, volume 23, Julv-Augusi, 1992

CALL FOR
PAPERS

14th FM-
TGMS-MSA

MINERALOGICAL
SYMPOSIUM

The 14th Mineralogical Symposium
sponsored jointly by Friends of Mineralogy,
the Tucson Gem and Mineral Society, and
the Mineralogical Society of America will
be held in conjunction with the 39th Tuc-
son Gem and Mineral Show, Saturday Feb-
ruary 13, 1993. The topic of the sympo-
sium will be garmet —the theme mineral
for the show. Papers on descriptive min-
eralogy, paragenesis, classic and new lo-
calities, etc. are invited. An audience of
knowledgeable amateurs as well as pro-
fessional mineralogists and geologists is
expected.

If you wish to present a paper, please
write or call (immediately) Dr. Karen
Wenrich, Chairperson (USGS, Mail Stop
939, Federal Center, Denver, CO 80225;
303-236-1563) with your topic, a few sen-
tences describing the paper, and your ad-
dress and phone number. Presentations
will be 15 or 20 minutes in length followed
by a period for questions. Upon acceptance
of topics all authors will be required to
submit a 200-300 word abstract by Sep-
tember 30, 1992 (firm date). Those ab-
stracts deemed to be scientifically sound
and substantive by the editor of the Min-
eralogical Record will be published in the
January-February issue, which will be
available for sale at the 39th Tucson Gem
and Mineral Show.

|

Jysons’

fine mineral specimens

Rod & Helen Tyson|
10549 133rd Street
Edmonton, Alberta

6

SILVERHORN

® MICHAEL J. RIDDING

gaym and Selloss

of fine gem cryslals
wdgmaad%w

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

BOB & VERA TURNER
2
ﬂoluml (Zonnection

WHOLESALE MEXICAN MINERALS

Flats Mixed Minerals
Sta. Eulalia, Naica or Mapimi
Your choice: $75 ea. postpaid
* Satisfaction Guaranteed *

BY APPOINTMENT ONLY « NO LIST
520 MARTHMONT WAY
EL PASO, TEXAS 79912
(915) 581-1926

ARMSMWF National Show
Brunswick, OH (Cleveland)
July 31-Aug. 2 NWF Show, Butte, MT

july 16-19

Aug. 1-2 San Francsco, CA

Aug. 79 New Carroliton, MD

Aug. 14-16 Springheld, MA

Aug. 15-16 Hawthorne, CA

Aug. 21-23 Cal. Fed. Show, Castro Valley

Aug. 2-23 Cleveland Hts., OH

Sept. 11-13 Winston-Salem, NC*

Sept. 12-13 New Haven, C1

Sept. 18-20 Denver Merchandise Mart

Sept. 19-20 Richardson, TX

Sept. 19-20 Eastern Fed. Show
Hamsburg, PA

“Indicates

ROCKSMITHS, £%

SOUTHEAST |}

Show

Sth & Toushnut, Box 157, Tombskony Lirizons 35638

6/



His Royal Majesty Announces /

/Donald K.Olson

and associates

Don Olson * Gloria Olson

Marsbéﬂ Mﬂ'ﬂ Quality crystal specimens, thumbnail
: QBWﬂh C'-‘Stree‘t to cabinet size, worldwide locations,
P’ 0. Box 838 highly diversified stock.
We specialize in African Minerals.
-
P.O. BOX 858, BONSALL, CA 92003

\ TEL: (619) 758-2388

~
Diarmond Crystals FREE CATALOG

Over 800
sizes of
plastic boxes.

Over 900 Mineral Listings plus Boxes & Supplies . * Hinged
— Send three stamps for complete catalog —  Non-hinged

DAVID SHANNON MINERALS —a%58 P <% Micromount
6649 E. RUSTIC DR., MESA, AZ 85205 (602) 985-0557 )
SEE YOU AT THE DENVER SHOW, SEPT. 18-20, 1992 ~~ +Perky and

: magnifier
Dan & Jill Weinrich DoOxes

6216 Copperwood Lane
srover. MO 630430 / TR
. T . b |

W I4-23)-832% = Fa 114-256-654)
| - ion Fa 1o ash ALTHOR | PRODUCTS
S Fi i Wil en Y sy niment
s o : “ 'f"' R .‘ i 496 Danbury Road. Dept. MR « Wilton, CT 06897
MIN ERALS e . (203) 762-0796 - FAX (203) 762-3180

2 to 9 mm., clear to yellow,
sharp cubic crystals from Zaire

ENJOY the thrill of a hobby Eastern Europe — Russia — China - Pakistan - India

that will amaze your See our newest selections:

friends. NOW is the time New Carrollton, MD (Sheraton Greenbelt)

I to create prestige with a Springfield, MA (Civic Center) Aug. 14-16

Mineralight® lamp and St. Louis, MO (Veteran’s Mem. Park) Sept. 11-13
Denver, CO (Merchandise Mart)

fluorescent minerals.
WRITE OR PHONE

FLUORESCENT MINERALS CO. | * . .
eseste (A Ats Chtoarammeend Mountain Minerals International

5106 Walnut Grove Ave. D-13 P.O. Box 302 e Louisville, Colorado 80027-0302
San Gabriel, CA 91776 Tel./FAX: (303) 665-0672

800-833-6757
;

6O




/Russcll E Bchnkt:\

Exemplary Classic and Contemporary Mineral Speci-
mens. Gem Crystals for discerning collectors and mu-
seums. Recent finds from the United States, Brazil and
Peru. Showing by Appointment specimens from the
Heise Collection and a major Tsumeb collection. Also
offering a fine Chinese mineral collection. Amazonites
and quartzes from new prospectsin Colorado, Peruvian
bournonites, Brazilian beryls (both facet quality and
catseye crystals), California Golds. Always looking for
fine minerals, related out-of-print books, goniometers,
and meteorites. Mail orders and general inquiries
warmly invited

161 Sherman Avenue

\Meriden. Connecticut 06450

203-235-5467 /’

Pdlll [om ml Tr uro

f’li I 1etie world maonialiire

| |l”|'! 'l"

HBuving in gquatiry (N

) i
..'I".':-r ,“if.'f"-},' \r”' ‘Wl iR
o

",-II“,'I ,’ TLY, 1.'_'”! rals F ndii
Il Koad lriuro - (

s Daniel
ITRI 2DA - ENGLAND Tel

ornwall

f.!"‘ X ‘-| .|_-. .“1.| T

MICROS 24

For the Intermediate ano‘
Advanced Micromounter and
Discriminating Collector «
Free Lists

SIMKEV MINERALS |

Rodney V. Lee + 194 Elizabeth Cresent N
Whitby, Ontario L1N 3R7 Canada

Tel: (416) 430-7532

—

P,
~ URES TREAsy,&:-

*‘ P.O. Box 10136
Torrance, CA 90505
Fine mineral specimens in
all sizes and prices from
world-wide localities.
Always something new.
Send for list.
(310) 373-3601

(NOW NEAR WASHINGTON, DC!)

DIE VA 2200 703)327-86373
- [y -
. J

* INQUIRIES INVITED. PROMPT RESP
* SEEKING NEW SOURCES OF BEST

SPECIMENS AND OLD COLLEC
TIONS FOR IMMEDIATE CASH

C. CARTER RICH
-FINE MINERALS--

* LOOK FOR NE AT SPRINGFIELD AND
OTHER TOP EASTERN SHOWS

* TUCSON AT EI, DENVER AT HINORTH

PO BOX 81
ALDIE VA 22001

fine minerals & gems
Direct from Brazil

OCERNSIDE GETI IMPORTS, IC.

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

Phone (516) 678-3473
Hours by Appointment

P.O. Box 6214
Rome, Georgia 30162-6214

Tel: 404-291-4618
No List. Please write for specific requests.

BENITOITE GEM MINE

T/ to Cabinet Sizes

Salesroom by Appointment only
Phone: (209) 435-2615 Fresno, Cal

Dealers in faceted Benitoite & Cal. Spessartine

Jonte Berion (619) 486-6035
Graystone (213) 392-9645
Scoftt Forrest (209) 292-4622

T A—

GEMS AND MINERALS

'505-55#2*45
# SEND SASE FOR LIST «
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| Schooler’s

Minerals & Fossils

Quality Specimens
for the Collector

At Shows & By Appointment

P.O. BOX 1032
B16) 931-1576

BLUE SPRINGS, MO) 64015

GORE MOUNTAIN REGION
2nd Annual
Adirondack Gem & Mineral Show
August | & 2, 1992
Gore ML Ski Area Lodge, North Creek, NY

Adulis §2.50
S & I f'.ILhT I-HI l

Sat. 10am. -6 p.m
Sun. 10am. - Sp.m

20 DEALERS ¢ DISPLAYS ¢ DOOR PRIZES
¢ DISTINGUISHED SPEAKERS «

F or Additional Information
Gore M1t H-r‘:nﬂ Chamber of Commerce
North Creek. NY 12853 ¢ 518-251-2611
Show This Ad lor a $ .50 DISCOUNT

Good for up to 6 Admissions

HY



Looking for

TEN U Ggo %‘NERAL | e B

Swiss Meteorite Lab.

We'll send a selection of ten different, individually labelled specimens from our extensive Museum Ball}'-Priur
inventory for just $30, postpaid! Some will be rare, some common, some unusual localities, P.O. Box 126

all definitely UGLY! Average size is 2", nothing under 1'/2". If you like surprises, try this CH-8750 Glarus
one! Foreign orders: add $5 additional shipping: NY State residents: add sales tax. Switzerland

Excalibur Mineral Co. oy sy

163 Third Avenue. Suite 149, New York, New York 10003

We also buy meteorites!

Rare Species? INTERNATIONAL
Common LA/ L] MINERAL EXCHANGE

—_—

Minerals?

Buying Quality Specimens & Collections
Sales by Appointment & Selected Shows

GERALD AND JEANNINE CLARK
PO, Box 11090 Costa Mesa, CA 92627
Tel: (714) 5400810

Our customers say: ‘Quality matenial SHOWS
accurate labels, excellent wrapping
Find out why! $1 brings 20 pages of lucson. AZ Exec. Inn 2 Costa Mesa. CA ’
listings. $2 puts you on our mailing list New Location! Feb 5-15 Bristol Plaza Hol Inn rm
tor a year Jackson. MS Feb 29-Mar. | Houston. TX Jur

' Arlington. TX

. . " -. JA L 12 Springtield. MA
Minerals Ulnlimited New Olecta, LA Apet 11-1 Speingtield

P.O. BOX 877-MR Holiday Inn room 283

RIDGECREST, CALIF. 93555 & -
ROUTE 4, BOX 462, HOT SPRINGS, ARK. 71913

Fine Australian &

\ Worldwide Specimens —
Micro to Museum Sizes
Rare Australian Species,
. l Meteorites & Tektites
minerals
Edson & Laercio Endrigo

* fine mineral specimens
from Brazil

* Wholesale & Retail :

. ' | - NN Robert Sielecki —
Call or write for information ANNS [See You I

a

exploration geologis J'U
RUA CAPOTE VALENTE, 513
AP. 133 CEP 05409 PINHEIROS
SAO PAULO-SP, BRAZIL
Tel: (011) 64-5317

: Denver
Janine Rea ;
' Munich

mine geologist _
Paris |
42 Hex St., Tottenham B |
Melbourne, Victoria 3012 ucson
Australia (phone (03)314-9612 | 1991-1992 E
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GENE & JACKIE SCHLEPP

P.O. BOX 43603 « TUCSON, ARIZONA 85733 » NO LISTS « CALL COLLECT: (602) 325-4534

Call for an appointment to visit our mineral showroom when vou’re in Tucson.
P !

Old Classics and Fine Display-Quality Specimens
* CASH PAID FOR MINERAL COLLECTIONS %

Western Mfinerals

A

Mineralogical Record Inc.
Board of Directors
Abraham Rosenzweig (Pres.)
P.O. Box 16187
Temple Terrace, FL 33617
Terry C. Wallace
(Vice Pres.)
Dept. of Geosciences
Univ. of Arizona
Tucson, AZ 85721
Patricia A. Carlon (Secr.)
1110 E. Emerson
Bloomington, IL 61701
Thomas M. Gressman (Treas.)
W330-N5570 Linden Cir. E.
Nashotah, WI 53058
Ronald E. Bentley
6 Claremont St
Enfield, CT 06082
Anthony R. Kampf
Mineral. Section,
Natural History Museum
900 Exposition Bivd
Los Angeles, CA 890007
Mary Lynn Michela
7413 N. Mowry Place
Tucson, AZ 85741
George W. Robinson
Mineral Sciences Div., NMC
1926 Merivale Rd.
Ottawa, Ontario K1A OM8
Marshall Sussman
618 Hartrey
Evanston, IL 60202
Wendell E. Wilson
4631 Paseo Tubutama
Tucson, AZ B5715

Volunteer Coordinators

Eastern U.S.

Charles & Marcelle Weber
1172 West Lake Ave.
Guiltord, CT 06437

Advertising Information

All advertising in the
Mineralogical Record must be
paid in acvance of the closing
date. Telephone orders not
accepted. Write to the editor for
rates

Closing dates:
Jan.-Feb. issue Oct. 15
March-April issue Dec. 15
May-June issue Feb. 15
July-Aug. issue April 15
Sept.-Oct. issue June 15
Nov.-Dec. issue Aug. 15

An additional 20 days past the
closing date are allowed in which
advertisers may make changes
(excluding size changes) in ads
already paid for

Design
Wendell E. Wilson
Graphic Production
Capitol Communications
Crofton, MD

Printing
Waverly Press, Easton, MD

Color Separations
Hollis Phototechnics
Tucson, AZ
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P.O. Box 35565
Tucson, AZ 85740
602-297-6709

Editing, advertising

4631 Paseo Tubutama
Tucson, AZ B5715
602-299-5274

Foreign Payments
Remittance may be made in local
currency, at prevailing exchange
rates, without surcharge, to the
following people

Belgium

Paul Van Hee
Manalen 43
B-2900 Schoten

Canada
Mrs. J. W. Peat
36 Deepwood Crescent
Don Mills, Ontario M3C 1N8

Great Britain
Paul Lowe
“Endsleigh”
50 Daniell Road
Truro, Cornwall TR1 2DA

Italy
Renato & Adriana Pagano

P.O. Box 37
I1-20092 Ciniselio Balsamo M|

Japan
Tsukasa Kikuchi
P.O. Box 18, Hongo
Tokyo 113-81

Netheriands
W. J. R. Kwak
Kabeljauwallee 23
6865 BL Doorwerth (Gid)
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N-2740 Roa
Norway
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Horst Windisch
30 Van Wouw Street
Groenkioo!. Pretona
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Christian Weise Verlag
Oberanger 6
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Affiliated with the Friends of
Mineralogy, an independent
non-profit organization devoted 1o
furthering amateur and profes
sional interests in mineralogy. For
membership infformation conact
Richard Thomssen, Treasurer
P.O. Box 1656, Carson City, NV
89702

Opinions expressed
are those of the authors and do

not necessarily reflect those of
the Mineralogical Record Inc_, its
editorial staf! or directors
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Seavcnng the wovld

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

® Fine Display-quality Specimens and Rare Species:

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

® Micromount and Specimen Boxes of All Kinds:

Baxes: A separate listing is available detailing prices and sizes of micromount, Perky Boxes, plastic
magnifier boxes, white cotton-lined specimen boxes, display stands, etc. Send large SASE for lists.
Non-USA, send two International Reply Coupons.

® Books— Mineralogical Subjects:

Send for our separate price list with information covering new books on mineralogical subjects, as
well as older, out of print mineralogical books. Send large SASE for lists. Non-USA, send two
International Reply Coupons.

® Back Issues of the Mineralogical Record.

Ask for our llStlnb of out-of- pnnt issues currently in stock. Send us your want list, if you need back
1ssues to cumplr:tt. your set. Send us your offers, if you have back issues available for sale.

Mineralogical Research Co.

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

Advertisers Index

Althor Products 68 Hannum Company Books Obodda, Herberl
Arizona Dealers 59 Hawthornedean Oceanside Gem Imports
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Benitoite Gem Mine 69 Kristalle Proctor, Keith

Blake, Frederick 48 Lowe, Paul Rich, C. Canter
California Dealers 55  Midwest Dealers Rocksmiths

Carion, Alain 60 Mineral Data Publishing Company Rogers, Ed
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Cohan, Michael Dennis 48  Mineralogical Record Shannon, Dawid
Collector's Edge £4 Advertising Information Silverhom

Colorado Dealers 58 Books Simkev Minarals
Colorado Mineral & Fossil Show 63 Subscription Information _ South African Dealers
Denver Shows 62 Mineralogical Research Co Springfield Show
Excalibur Mineral Company 70 Mineral Search Tucson Mineralogical Symposium
Fabre Minerals 60 Minerals Unlimited Tyson's Minerals
Fallbrook Dealers 54 Minerive Valadares Minerals
Fermi, Alfredo 64 Monteregian Minerals Weinnch Minerais
Fioravanti, Gian-Carlo 67 Mountain Minerals International Western Minerals
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CERUSSITE from Tourssit, Morocco

SEE ME AT THE
TUCSON COMMUNITY
' CENTER

Tucson, Arizona
haoto by Harold
wd Erica Van Pelr

February 1993

Pasadena (Nov. 25-26 Franklin, NJ Springtield
Detroit Munich Denver

45 miles trom downtown Washington

Route 3, Box 250 ® Warrenton, Virginia 22186

By appointment only / No lists



O\Dilrer

¥ The old, the new, the classic . . . always a fine selection
! .

912 So. Live Oak Park Road e Fallbrook. California 92028 @ (619) 728- gféu‘u S \ﬁéﬁ

3
CABLE: Palagems ® TLX-695491 @ FAX 619-728-5827 i
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