
incrustations are not radioactive. At a few locations, however,
yellow coatings of uranium minerals were found. The anoma -
lous thorium-to-uranium ratios first detected in the airborne
survey were confirmed on the ground with a portable gamma-
ray spectrometer. Chemical analyses using the neutron activa-
tion technique have already been completed on a suite of 12
samples extending from the pegmatite contact outward into the
surrounding granite to a distance of 4 meters. These analyses
show that anomalously low thorium-to-uranium ratios con-
tinue outward into the granite. The average ratio throughout
this zone has been found to be 1.6 to 1.

Although the entire south face of Szabo Bluff was examined
and sampled, no additional pegmatites were seen. We conclude
that the occurrence of uranium minerals at Szabo Bluff is so
limited that it cannot be considered a significant resource, but it
clearly is of substantial scientific interest. First, it is apparent
that the geochemical mechanisms which produce con-
centrations of uranium in large deposits have been acting on a
smaller scale at this locality. The demonstration of this fact
together with the observation of the anomalous thorium-to-
uranium ratios in the surrounding granitic rocks causes the
entire area to become a region of interest. We believe that an
expanded search using helicopter support is warranted.

Specifically, the search could be extended to all of the accessi-
ble outcrops of the granitic bodies with special attention to
veins, contact zones, and fracture systems. A visual search for

mineralized zones would help define specific target areas for
detailed radiometric surveys. Even though large-scale uranium
mineral deposits may not be present in the basement rocks, the
search could be extended to the basal Beacon Group sediments
that are exposed on the upper slopes of Mount Blackburn.
Concentrations of radioactive minerals have been observed at
numerous locations where these sediments outcrop in the
Transantarctic Mountains. Enrichments of uranium minerals
have been observed in sandstones in northern Victoria Land
and heavy mineral assemblages high in thorium and rare-earth
elements have been found in the Darwin Glacier area.

We wish to express our appreciation to Donald Burt of Ari-
zona State University who participated in the field operation
and represented Project S-076. The work was supported in part
by National Science Foundation grant DPP 77-21504, the Univer-
sity of Kansas, the Bundesanstalt für Geowissenschaften und
Rohstoffe, the Bayerisches Geologisches Landesamt, and the
University of Quebec-Montreal.
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Mineralogical investigation of
andalusite-rich pegmatites from Szabo

Bluff, Scott Glacier area
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During the 1982-1983 field season D. M. Burt undertook
detailed mineralogical sampling of the pegmatites at Szabo Bluff
(86°29'S 144°45'W) that had been discovered by F. Stump in
January of 1981 (Stump et al. 1981). Burt accompanied party 5-
059 led by Edward J. Zeller and Gisela Dreschhoff, who were
investigating the possibility of associated uranium mineraliza-
tion (cf. Dreschhoff et al., Antarctic Journal, this issue).

Our combined parties were emplaced on Robison Glacier
near the southeast tip of Mount Mooney by an LC-130 aircraft
from McMurdo Station on 14 December 1982 and were picked
up at the same site on 21 December 1982. Weather permitted a
total of 3 days of field work at Szabo Bluff.

Szabo Bluff appears to be made up entirely of the same very
coarse-grained, potassium-feldspar (K-feldspar) rich biotite gra-
nite. We did not examine the northeast or ice-plateau side, but
we determined that most of the contained pegmatites are seen

in the cliff face at the southern end (closest to Mount Mooney).
The granite in this area has a subhorizontal cyrstallization layer-
ing marked by biotite-rich segregations and is cut by steeper
biotite-K-feldspar-rich zones that may be metasomatic in origin.
K-feldspar phenocrysts in the granite are normally 2 to 3 cen-
timeters across but may reach 5 centimeters.

Contained within the granite are three major and several
minor pod-like subhorizontal pegmatite bodies. The largest of
these is about 20 meters long by 6 meters high, the second is
about 8 meters long by 2 meters high, and the third, only partly
exposed at ground level, is about 3 meters across.

The pegmatite pods have two easily recognized zones—a
border zone marked by coarse, dendritic to bladed biotite grow-
ing inward from the walls in a fine-grained to graphic feldspar-
quartz matrix and an interior blocky K-feldspar-milky quartz
zone with platy albite, minor tourmaline and muscovite, and
local concentrations of ilmenite and other oxides (partly
weathered to a weakly radioactive yellow crust). Schistose,
rounded biotite-rich segregations in the interior zone may rep-
resent pseudomorphs after an early ferro-magnesian mineral
such as cordierite.

The most notable feature of the interior zones of the two
larger pegmatites are irregular segregations up to a meter across
(individual crystals up to 0.5 meters long) of a columnar, radiat-
ing reddish-brown mineral (figure 1). We thought in the field
that this mineral might be a phosphate, but subsequent micro-
scopic investigation has shown it to be iron-bearing andalusite
(Al2SiO). This identification is supported by its extensive al-
teration to compact aggregates of yellowish to greenish mus-
covite [KA11Si3O10(OH)2].
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Figure 1. Columnar, radiating andalusite crystals from the largest pegmatite at Szabo Bluff. (Bar is 10 centimeters.)

Our thin section investigation of this material is not complete,
but preliminary studies show that the first andalusite to grow
was pale green, markedly birefringent, and presumably more
iron-rich than the rest, with marked sector zoning (figure 2).
This is surrounded with optically continuous, but less colored
and less birefringent, andalusite that is presumably less iron-
rich.

The dominant alteration product of andalusite is very fine-
grained muscovite, but in thin section one also sees minor
quantities of radiating, blue-green, pleochroic tourmaline [pre-
sumably schorl, NaFe 3A1 6(B0 3 ) 1Si 60 18(OH)4; violet-blue
pleochroic aggregates of dumortierite, Al 7(B0 3)(SiO4 ) 303; and
rare dark-blue hexagonal prisms of corundum, Al2O].

The occurrence of andalusite in pegmatites (usually un-
economic ones) is unusual (see reviews by Cern and
Hawthorne 1982 and Heinrich 1950). This rarity is presumably
due to the extremely narrow pressure-temperature range over
which andalusite, rather than muscovite or sillimanite, can
grow from a water-saturated peraluminous granitic melt. The
relevant equilibria are shown schematically in figure 3 (after
Thompson and Algor 1977). Experimental petrologists disagree
about the relative placement of invariant points 1 and 2 (some
would even have point 2 occurring within the sillimanite field,
which would make the andalusite occurrence at Szabo Bluff
impossible) but a rough estimate for point 2 would be about 3 to
4 kilobars, 650°C (Thompson and Algor 1977). The andalusite
pegmatites at Szabo Bluff must therefore have crystallized at
pressures below and temperatures above this estimate, within
the vertical-hatched area on the diagram. (This statement as-

sumes that the effects of minor boron, iron, calcium, etc. can be
neglected.)

The occurrence of corundum in mica replacing andalusite
from Szabo Bluff is another interesting scientific problem, in-
asmuch as corundum should be unstable in quartz-rich en-
vironments, such as pegmatites. The explanation (Rose 1957) is
that subsolidus potassium metasomatism of the andalusite to
muscovite leads to a local deficiency in silica in fluids within the
andalusite crystals, due to the fact than the aluminum-to-silicon
ratio in muscovite (1-to-1) is less than that of andalusite (2-to-1).
The overall reaction can be simplified to the following:

6 Andalusite + 2K + 3H 20 2 Muscovite +
2 Corundum + 2H*.

Similar reactions could be written for the formation of dumor-
tierite (boron must be added) and tourinaline (boron, iron, and
sodium must be added).

The occurrence of giant andalusite crystals in the pegmatites
of Szabo Bluff thus is of considerable petrologic, as well as
mineralogic, interest. It reflects the position of the aluminosili-
cate triple point relative to the granite minimum melting curve
(still a matter of dispute among petrologists) and indicates an
extremely restricted set of crystallization conditions at relatively
low pressures and moderate temperatures.

Funding for this study was provided by National Science
Foundation grant DPI' 80-19991 and excellent logistical support
in the field was provided by the U.S. Antarctic Research
Program.
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Figure 2. Thin section (x 63, crossed polarizers) showing early birefringent, sector-zoned andalusite surrounded by less birefringent
andalusite that is veined and altered to fine-grained muscovite.

TEMPERATURE

Figure 3. (Left) Schematic pressure-temperature equilibrium di-
agram showing the narrow range of conditions (vertical hatchures)
under which andalusite pegmatites can form. (Invariant point 1 =
aluminosilicate triple point; invariant point 2 = Mu + Als + Ksp +
Ab + L + V.) Abbreviations: "Mu" denotes muscovite; "Als" de-
notes any aluminosilicate ("And" denotes andalusite; "Ky" denotes
kyanite; "Sil" denotes sillimanite); "Ksp" denotes K-feldspar; "Ab"
denotes albite, "L" denotes silicate liquid; "V" denotes hydrous
vapor. (Modified from Thompson and Algor 1977.)
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Large thecodont reptiles from the
Fremouw Formation

JOHN W. COSGRIFF

Department of Biological Sciences
Wayne State University
Detroit, Michigan 48202

The two vertebrate fossil specimens reported here were col-
lected in the richly fossiliferous exposures of the Lower Triassic
Fremouw Formation in the Cumulus Hills of the Queen Maud
Mountains (approximately 85°08'S 75°50'W) during the
1977-1978 season. One derives from the Collinson Ridge sec-
tion (Hammer and Cosgriff 1981) and the other from the Shenk
Peak section (Cosgriff, Hammer, and Ryan 1982). Accounts of
the program, of the stratigraphic sequence and of other fossil
material collected are provided by Collinson, Stanley, and Vavra
(1978), Cosgriff and Hammer (1979, 1981), and Cosgriff and
others (1978). The present specimens constitute the first evi-
dence of large thecodonts in the vertebrate assemblage of the
Fremouw Formation but are too fragmentary for close
identification.

The Thecodontia is a diverse order of archosaurian reptiles
which is almost entirely limited to the Triassic Period and which
is considered to contain the ancestory of crocodiles, dinosaurs,
pterosaurs, and birds. It comprises three suborders: Pro-
terosuchia, a primitive complex of species from the Late Per-
mian and Early Triassic; Pseudosuchia, a varied complex which
contains the most advanced thecodonts and which spans most
of the Triassic; and Parasuchia which consists solely of spe-
cialized crocodile-like forms and which is limited to the Late
Triassic. The Proterosuchia and Pseudosuchia are pertinent to
the present consideration as the present material compositely
shows affinity with both of these.

Humerus. Specimen wsuvp 1013, distal portion of a left
humerus (figure 1), was discovered at Shenk Peak, 28 meters
above formational base, in a 1-meter thick lens of fine siltstone.

Most of the distal 180 millimeters of the original complete left
humerus is present. The posterior edge of the fragment is
missing along its entire length and has been reconstructed with
plasticene. The anterior edge and most of the central and distal
portions are intact, however, and in excellent states of preserva-
tion. If the level of greatest constriction in the center of the shaft
marks the approximate midpoint of the bone, then the
humerus, when complete, measured about 240 millimeters in
length, signifying a very large thecodont for the stratigraphic
level. The specimen measures 27 millimeters across the mid-

shaft level of greatest constriction and 81 millimeters across the
distal end.

Morphologic features preserved on the specimen coincide
closely with the characterization of advanced archosaurian
humeri provided by Romer (1956) and, even more closely, with
the characterization of pseudosuchian humeri provided by
Krebs (1965). The complete bone was long and slender with an
extensive shaft. The missing proximal end must have had its
long axis nearly parallel to the long axis of the distal end as there
is no trace of torsion in the preserved portion of the shaft,
anterior and posterior borders remaining in the same plane
throughout. Although the distal end is expanded, both ect- and
entepicondyles are vestigial. Neither the ect- nor the entepicon-
dylar foramen is present, although the homologue of the for-
mer appears as the ectepicondylar groove. Laterally flanking
this groove is a distinct supinator process. The articular surfaces
for the radius and ulna are almost entirely limited to the ventral
surface, strongly suggesting that this pseudosuchian was lim-
ited to a sprawl-legged mode of locomotion as archosaurs with
semi-orthograde stance have radial and ulnar condyles extend-
ing onto the distal surface. Both condyles are circular, each is
about 28 millimeters in diameter and each is raised slightly
above the surrounding bone surface. They are separated on the
ventral surface by the 25-millimeter wide expanse of the
trochlear notch which carried the ginglymus for articulation
with the sigmoid notch of the ulna. The ginglymus is the only
part of the articular complex carried over onto the distal surface.

The features described above serve to place this specimen in
the Pseudosuchia according to the criteria of Krebs (1965). Fur-
ther, they tend to relate it most closely with species of the family
Rauisuchidae of this suborder such as Stagonosuchus nyassicus
(Huene 1938) from the Ladinian of eastern Africa and
Ticinosuchus ferox (Krebs 1965) from the Anisian of Switzerland.
The only notable character states which distinguish the ant-
arctic humerus from the humeri of these species is a greater
degree of constriction in the center of the shaft and limitation of
the ulnar and radial articular condyles to the lower surface; in S.

nyassicus and T. ferox the articulations extend onto the distal
surface, indicating more upright postures.

Krebs (1965) contrasts the generalized humerus of T. ferox
with various specializations in construction of the element
found in other pseudosuchian families and in other arch-
osaurian groups such as parasuchians, crocodilians, and sau-
rischian dinosaurs. The antarctic specimen also lacks these spe-
cializations, strengthening the surmise that it derives from a
rather primitive pseudosuchian such as a rauisuchid.

The present specimen differs markedly from the humeri of
proterosuchians. Representative species of this suborder,
which was the most prevalent and diversified group of arch-
osaurs during the Early Triassic, include Chasmatosaurus yuani
(Young 1936), Erythrosuchus africanus (Huene 1911), and
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