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Basaltic lavas of Jurassic age are exposed in two separate
areas in the Beardmore Glacier region (figure 1). The lava se-
quences have a maximum thickness of a little over 500 meters.
A small number of widespread thick flows, generally fewer
than 10, are accompanied by a variable number of thin flows
of limited extent. The lavas are typical flood basalts with in-
dividual distinctive flows being identifiable over distances of
30 kilometers. A general description of the lavas is given in
Barrett, Elliot, and Lindsay (1986).

Most flows have a thin lower contact zone with amygdales
(zeolite tilled vesicles), a massive but irregularly jointed inte-
rior, and an amygdaloidal upper contact zone of variable thick-
ness. The uppermost parts of some of the upper contact zones
are intensely altered and are overlain by up to 1.5 meters of
fine-grained structureless rock (figure 2) which is interpreted
to be the result of weathering processes and, in a few cases,
soil formation. These units of structureless rock carry dispersed
angular to rounded clasts of amygdaloidal basalt similar to the
underlying altered lava. The clasts are randomly distributed,
show an overall decrease in size upwards, and occur to within
a few centimeters of the upper surface. The margins of the
clasts range between sharp and diffuse. The upper surface is
generally planar and horizontal, although disturbance by the
overlying flow is seen at some localities. The contact with the
underlying amygdaloidal basalt varies between sharp and hor-
izontal, diffuse and horizontal, and highly irregular. In the
latter case, the structureless rock fills crevices and hollows in
the amygdaloidal upper contact zone of the underlying lava.
The crevices are wedge shaped and as much as 1 meter deep,
and the upper surface of the flow may have a rounded or
bulbous form. The upper surfaces of some of these zones of
structureless rock carry woody-plant impressions. A few of the
units exhibit networks of tube-like bodies that branch down-
wards. These networks span a depth of 25 centimeters and
start 20-30 centimeters below the upper surface.

Microscopically, the structureless rock units consist of scat-
tered angular quartz and less common sodic plagioclase in
grains up to 0.1 millimeters across, set in a micro- to crypto-
crystalline siliceous matrix in which phyllosilicate shreds are
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widely, but sparsely, distributed. Only quartz has been iden-
tified by X-ray diffractometry. A few of the units contain abun-
dant hematite and are brick red. Small irregular areas of a
coarse-grained zeolite (clinoptilolite) occur in a few samples.
A few of these units contain tricuspate (bubble wall) shards in
the upper 60 centimeters and many contain straight to slightly
curved rods of similar appearance throughout most of their
thickness. The rods are probably fragments of larger shards.
The shards are replaced by zeolite or cryptocrystalline material.
The branching tube-like structures in one instance consist of
an unoriented orange-brown vermiculite. Other irregular to
rounded bodies of vermiculite and zeolite may represent cross
sections of the tubes.

The branching networks of tube-like bodies are similar to
root structures and suggest that soil-forming processes have
affected these rocks (Retallack 1988). Orientation of phyllos-
ilicates around the tubes (or roots) has not been detected mi-
croscopically; however, a weak blocky texture in one thin section
suggests the possibility of ped structure. In general, the fea-
tures to be expected in paleosols (Retallack 1988; Fastovsky
and McSweeney 1987) have not been observed. Titanium and
zirconium abundances in the one section analyzed so far do
not show the distribution commonly found in soils. Never-
theless, the plant remains on the upper surface, the branching
root-like structures, and the randomly distributed amygdaloi-
dal clasts are not inconsistent with these rock units being pa-
leosols. Those which lack the root-like structures are described
as weathering profiles even though they were probably af-
fected by soil-forming processes.

The delicate tricuspate shards are associated with scattered
quartz, uncommon plagioclase, and very sparse hornblende
and point to contemporaneous silicic volcanism. This com-
ponent of silicic ash occurs with amygdaloidal basalt clasts up
to tens of centimeters across in these unbedded rock units,
which might suggest deposition of the ash on a weathered
lava rubble and redeposition by mass-flow processes. The pres-
ervation of delicate shards and the wide area over which at
least one of these rock units is preserved would argue against
that mechanism. Rather, a process of vertical mixing of silicic
ash that was deposited on an already weathered basalt would
seem a more likely process. Such vertical mixing is character-
istic of vertisols in which surface material is washed down at
the beginning of the rainy season into the vertical cracks formed
in soils during the dry season.

Other processes must have affected the rocks, because the
matrix to the shards, mineral fragments, and basaltic clasts is
highly siliceous. Even those basalt clasts which are clearly
breaking down are not being replaced, as would be expected,
by clays and hydrated iron oxides but rather are apparently
replaced by siliceous material. A secondary silicification has
probably affected these rocks and replaced most of the normal
products of weathering.

Figure 1. Locality and geologic sketch map for the Beardmore Gla-
cier region.

Figure 2. A 1.5-meter-thick unit of structureless rock overlying highly
weathered amygdaloidal basalt at Mount Block. The structureless
rock, interpreted as a weathering profile, has a sharp and near
horizontal contact with the underlying flow (white arrow) and car-
ries amygdaloidal basalt clasts (indicated by black arrows) up to
30 centimeters across. Silicic shards are observed microscopically
throughout much of the thickness of the profile.
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The wood impressions, the occurrence of fossilized logs up
to 40 centimeters in diameter, and the presence of tree stumps
caught up in the flows (Barrett, Elliot, and Lindsay 1986), all
point to a climate suitable for the growth of vegetation. The
apparent growth rings in the wood have not been confirmed
microscopically (E.L. Taylor personal communication) and no
inferences can be drawn about the paleoclimate. On the other
hand, if the paleosols are in fact vertisols, then a strongly
seasonal climate with alternating wet and dry seasons is im-
plied.

The weathering profiles and paleosols are associated with
lacustrine interbeds and tuffs (Elliot, Bigham, and Jones in
press). They mark the longer intervals of time between lava
eruptions during which new drainage was established, shal-
low lakes formed in depressions on the lava plain, and weath-
ering proceeded to soil formation. The silicic ash shows that
the bimodal volcanism which is represented in the underlying
Prebble Formation (Larsen 1988) continued into Kirkpatrick
Basalt time. The bimodal volcanism is associated with Gond-
wanaland breakup (Elliot in press).

Fieldwork on which this report is based was supported by
National Science Foundation grant DPP 84-19529. Assistance
in the field was provided by D. Buchanan, T. Fleming, and D.
Larsen.
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During the austral summer of 1985-1986, we collected ap-
proximately 310 samples of fine-grained clastics from 24 mea-
sured sections in the Permian sequence of the central
Transantarctic Mountains (figure). Our fieldwork and our col-
laborative efforts with other sedimentologists from Ohio State
University and Vanderbilt University were summarized by
Krissek and Homer (1986). Our ultimate objective is to extract
provenance and paleoclimatic information from these fine-
grained sediments, using their mineral and chemical compo-
sitions and principles established by other workers (e.g., Grif-
fin, Windom, and Goldberg 1968; Keller 1970; Nesbitt and
Young 1982). Because the Permian sequence in the central
Transantarctic Mountains records the transition from a glacial
regime (Pagoda Formation), through subaqueous clastic de-
posits (Mackellar Formation), to fluvial sequences (Fairchild
Formation) with coals (Buckley Formation), such an exami-
nation promises to provide valuable insight into the timing
and nature of this paleoenvironmental change.

Krissek and Homer (1987) described the criteria used to iden-
tify samples that have experienced minimal post-depositional
alteration, and presented mineralogic data for 19 samples iden-
tified as least-altered." These samples are distributed both
stratigraphically and geographically throughout the study area,
and their compositions suggest that:
• Pagoda sediments throughout the study area were derived

from physically weathered source rocks;
• Mackellar sediments in the northern portion of the study

area were derived from a chemically weathered source, while
Mackellar sediments in the southern portion of the study
area continued to originate from a physically weathered
source; and

• Buckley sediments throughout the study area were derived
from chemically weathered sources.
An alternate indicator of weathering effects (the chemical

index of alteration, or CIA) can be calculated from the major
element geochemistry of fine-grained sediments (Nesbitt and
Young 1982), and our efforts during the past year have con-
centrated on using this approach to examine further the prove-
nance patterns outlined by the mineralogic data. The CIA is
proposed to be unaffected by post-depositional alteration (Nes-
bitt and Young 1982), and the lack of covariation between
vitrinite reflectance and CIA values in samples from the central
Transantarctic Mountains supports that interpretation.

To date, CIA values have been calculated for 27 samples;
these data are summarized in the table. A general increase in
the importance of chemically weathered sediments is recorded
by the upsection increase in average CIA values, supporting
the interpretation made earlier from mineralogic data. The in-
crease in CIA values is especially notable between the Mack-
ellar and the Fairchild formations, when sediment input
apparently shifted from a combination of physically and chem-
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