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Dry Valley Drilling Project hole number 3 (DVDP 3)
was drilled 3 meters north of DVDP 2, at the base of
Observation Hill on Hut Point Peninsula, Ross Island,
during the winter fly-in (wINFLY) of the 1973-74 field
season (Kyle and Treves, 1974).

The rocks penetrated consist of ten flows and five
fragmental units. The oldest unit is a 214-meter-thick
hyaloclastite. The hyaloclastite is the oldest and thickest
unit of DVDP 3. From top to bottom, it consists of about
21 meters of mixed volcanic breccia that is primarily a
palagonitic lapilli tuff.

Some basaltic units also occur in this interval; although
most of them are thin, one is about 6 meters thick. The
basal portions of these basaltic units are shattered, and
many fragments show chilled margins. It is not possible
to determine whether these units are flows, pillows, or
blocks.

The rest of the hyaloclastite consists of lapilli tuff and
blocky lapilli tuff with minor amounts of mixed tuff and
black, vitric tuff.

Petrographic examination of 120 thin sections of the
hyaloclastite shows that the lapilli are glassy olivine bas-
alt. Chemically, they are probably all basanite or nephe-
line basanites.

A petrographic anomaly occurs at 218 meters. Here,
a lapilli tuff shows a variety of rounded lapilli (trachyte,
kaersutite trachyte, and hawaiite) that do not occur in
the hyaloclastite below this depth. Rocks of this type oc-
cur to the north, south, east and southwest of DVDP 3.
In addition, rhönite, a rare titanosilicate, occurs as mi-
crophenocrysts in the basalt of the hyaloclastite above
218 meters, but not in the basalts below (Kyle and
Treves, 1974).

Further, diatoms (Morelli, 1974) that have been iden-
tified as freshwater forms (Brady, pers. comm.) occur in
the upper reaches of the hyaloclastite.

The isotope studies of Nakai (1973) and Lyons (1974)
may be interpreted to indicate that the lower portion of
the hyaloclastite pile, that portion below 200 meters, ac-
cumulated in seawater and that the upper part erupted
into a mixed environment that ranged from freshwater
to seawater.

Accordingly, it is suggested that the hyaloclastite of
DVDP 3 records a period of submarine volcanism in
McMurdo Sound that produced a volcanic pedestal
upon which the flows now exposed at the surface ac-
cumulated.

The data also suggest that a break in volcanism oc-
curred. During this break, lapilli from another or other
volcanic centers were transported to the site of DVDP 3,
perhaps by an expansion or contraction of the ice shelf
or glaciers. The portion of the hyaloclastite pile above
the break accumulated in a fresh-to-brackish environ-
ment, perhaps under and at times in contact with ice.

Finally, a radiometric date of about 1 million years
ago (Kyle, Sutter, and Treves, 1978) was obtained for
a basaltic clast from a depth of 174 meters, the upper
part of the hyaloclastite. This date is very little different
from the dates obtained from the surface rocks of Hut
Point Peninsula (Kyle and Treves, 1973) and, thus, in-
dicates a very rapid accumulation of the shallower flows
and pyroclastic units of DVDP 3.

This work has been supported in part by National
Science Foundation grant Opp 72-05800.
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Sandstone and mudrock samples from the Fremouw
Formation that were collected during the 1977-78 field
season in the Cumulus Hills have been analyzed to de-
termine detrital modes, diagenetic components and fea-
tures, and provenance. These samples have been com-
pared with those collected during 1966-71 from the
Fremouw Formation throughout the central Transan-
tarctic Mountains by Institute of Polar Studies field par-
ties. Petrographic analyses of 500 samples have been
supplemented by x-ray diffraction, scanning electron
microscopy, or cathodoluminescence of 100 samples.

Sandstones of the Fremouw Formation range in com-
position from quartz arenite to volcanic lithic arenit
(classification of Gilbert, 1953) and display temporal and
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area! changes in composition that reflect input of de-
tritus into a complex river system that probably drained
Paleozoic rocks on the western margin of the Antarctic
craton and the Gondwanian orogenic belt.

Detrital grains, including lithic fragments, quartz,
feldspar, and heavy minerals, indicate a complex source
terrain consisting of three rock types—sedimentary,
crystalline, and volcanic.

Sedimentary source terrains supplied very-well-
rounded quartz grains, some of which exhibit multiple,
syntaxial overgrowths, and sedimentary phosphate peb-
bles. Sedimentary rock fragments of sandstone, siltstone,
and mudstone are primarily intraformational.

Crystalline source terrains supplied angular-to-sub-
rounded quartz, granitic-to-granodioritic rock frag-
ments, low-grade metamorphic rock fragments, sodic
plagioclase, and potassium feldspar.

The volcanic source terrain supplied silicic-to-inter-
mediate volcanic rock fragments, sodic plagioclase, and
resorbed quartz grains. It also supplied pseudohexag-
onal biotite, which is locally abundant in the sandstone
of the upper member. The composition and texture of
volcanic rock fragments (figure 1) suggest a pyroclastic
or flow origin. An active volcanic source is indicated by
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Figure 1. Photomicrograph of intermediate volcanic rock
fragment with plagioclase microlites and phenocrysts. The
rock fragment is 2.5 millimeters long. (Crossed Polarizers.)
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Figure 2. Paleocurrent map and triangular diagrams of sandstone composition of the lower and upper Fremouw Formation
showing the changes in sandstone composition. 0 = quartz; F = feldspar; I = lithic fragments, mica, and chert. Composition
letermined by modal analysis of 300 points per thin section. Sandstone composition of the lower member becomes more
luartzose down-paleosiope owing to the addition of quartz derived from Paleozoic sources. Sandstone of the upper member

In all areas is dominated by volcanic lithic detritus.
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a vitric tuff (Barrett, 1969) and by tuffaceous claystone,
which is common in the middle and upper , members of
the formation.

The composition of the Fremouw sandstone varies
both vertically and laterally, reflecting changes in the
source terrains that supplied detritus to the depositional
basin. The sandstone of the lower member in the Beard-
more Glacier area is dominated by quartzose detritus
derived from sedimentary sources. Paleocurrent data
from these sandstones indicate transport from the
southeast (figure 2; Barrett, 1970). The sandstone of the
lower member in the Cumulus Hills is dominated by
lithic detritus derived from volcanic sources. Paleocur-
rent data from the volcanic sandstone indicate transport
from the northeast, suggesting a volcanic source in the
direction of the Gondwanian orogenic belt and present-
day West Antarctica.

The volcanic sandstone of the upper member indi-
cates a regional increase in the supply of volcanic de-
tritus. This increase in sediment is accompanied by a
change in the depositional system, from the variable dis-
charge sand-bed stream system characteristic of the
lower and middle members to the braided stream system
characteristic of the upper member (Collinson, Stanley,
and Vavra, 1978).

The sandstone of the Fremouw Formation has under-
gone a complex history of post-depositional modifica-
tions, including the following: (1) formation of phyllo-
silicate pore fillin gs and pore linings. and the formation

of silica cement during early diagenesis at near surface
temperature and pressure; (2) formation of quartz and
laumontite cement, alteration of labile lithic fragments,
and formation of prehnite concretions due to higher-
than-normal geothermal gradients or regionally ele-
vated temperatures associated with the emplacement of
the Jurassic Ferrar Group; (3) albitization of calcic pla-
gioclase, formation of laumontite and prehnite pore fill-
ings and grain replacements, and formation of calcite,
sphene, and epidote grain replacements attributable to
contact metamorphism resulting from the intrusion of
Ferrar Dolerite; and (4) fracture filling by laumontite
and heulandite that postdates the thermal effects of the
igneous activity.

This research has been supported by National Science
Foundation grant DPP 76-23431.
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New species of Dicynodontia
from the Fremouw Formation
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The most recent paleontological program in the
Lower Triassic Fremouw Formation of the Transan-
tarctic Mountains was conducted during the 1977-78
season by a joint Wayne State University—Ohio State
University field party and centered exclusively in the
richly fossiliferous exposures of the Cumulus Hills (Cos-
griff et al, 1978, and Collinson, Stanley, and Vavra,
1978). A large amount of vertebrate material was col-
lected and subsequent investigation thereof has identi-
fied examples of most of the previously reported taxa
(Kitching et al, 1972), plus a number of new forms.

Priority has been given to these new forms in the
preparation program, and among the specimens now
completely freed of rock are two skulls, one of them half
complete and the other nearly intact, pertaining to the
Dicynodontia.

Several species of the Dicynodontia are prominent in
the assemblages of fossil reptiles recovered from various
sites in the Fremouw Formation. The Dicynodontia con-
stitute a large and varied group that forms an infraorder
of the order Therapsida (Cluver, 1974), which ranged
from Middle Permian through Upper Triassic. They
formed the principal group of medium-to-large sized
herbivores throughout much of this interval and, as is
the case in other contemporary terrestrial groups, were
widely distributed over Pangaea.

The evolution of the group (extremely specialized for
a herbivorous diet) is marked by a tendency to lose al-
most all of the teeth and to replace them with keratin
edges along the gum line. All of the Triassic species were
entirely edentulous except for the retention in some of
enlarged upper canine tusks. Two of the Triassic fami-
lies of the Dicynodontia are the Endothiodontidae, char-
acterized by the possession of a normal (for dicynodonts)
snout that projects straight forward from the orbits, and
the Lystrosauridae, characterized by a very short snout
that drops off sharply below the orbits. The latter family
contains only a single genus, Lystrosaurwc.

To date, the only named taxa of the infraorder from
the Fremouw Formation are the following species of
Lystrosaurus: L. murrayi, L. curvatus, and L. sp. 8. These
species are known from a large amount of material from
the Coalsack Bluff and Graphite Peak localities and from
the several localities of the Cumulus Hills near the junc-
tion of the Shackleton and McGregor glaciers (Colbert,
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