
canic detritus, derived from a caic-alkaline arc along the paleo-
Pacific margin, became the principal component in sandstone.
This change from cratonic to orogenic provenance was the
result of a shift in the basin axis toward the craton. During
upper Buckley deposition, the site of the present central Trans-
antarctic Mountains was on the orogenic side of the basin
axis.

Sediment preservation in alluvial basins is controlled by the
interaction between clastic input/output (deposition vs. ero-
sion) and subsidence. Given an unequal distribution of flood-
plain sedimentation rates and periodic river avulsion, with
time the channel belt will randomly occupy and scour all areas
of the alluvial surface. Preservation occurs when a packet of
sediment subsides below the depth of maximum channel scour.
Above this limit, material remains susceptible to erosion and
transport during avulsion events.

In the deposition of the Buckley Formation avulsion and
subsidence rates controlled the preservation of floodplain de-
posits. The gradational increase in floodplain deposits at the
base of the Buckley Formation resulted from an acceleration
in relative subsidence rates. In the upper member, conditions
of rapid subsidence isolated channel sheet sands within thick
floodplain sequences.

Fluvial architecture, sandstone composition and paleocur-
rent orientations record the evolution of a Permian foreland

basin in the central Transantarctic Mountains. An increasing
proportion of fine-grained floodplain deposits relative to sand-
stone channel deposits resulted from increasing rates of sub-
sidence as the axis of the basin migrated cratonward with uplift
of the hypothetical fold belt. Sandstone composition shifted
from cratonic provenance to orogenic provenance (volcani-
clastic) and paleocurrents reversed as the axis of the basin
migrated through the present Beardmore Glacier region.

This research was supported by National Science Founda-
tion grant DPP 84-18354.
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Lower Permian post-glacial black shales in the Ellsworth
Mountains and Beardmore Glacier region accumulated in an
extensive inland sea (figure 1). Significant differences in this
unit across the region provide important clues toward inter-
preting paleogeography. Comparing the Polarstar Formation
in the Ellsworth Mountains with its counterpart, the Mackellar
Formation, in the central Transantarctic Mountains:
• thicknesses are 5 to 10 times greater,
• 6-10 major coarsening-upward cycles occur compared to 1-

3 cycles,

• individual beds within coarsening-upward cycles coarsen
rather than fine upward,

• trace fossils suggest marine rather than fresh-water condi-
tions,

• the deltaic to fluvial facies transition is gradual rather than
abrupt, and

• coal measures rather than non-carbonaceous fluvial beds lie
immediately above.
In the Beardmore Glacier region three major facies—shale,

interbedded sandstone and shale, and sandstone—constitute
the Mackellar Formation. The interbedded sandstone and shale
facies predominates. A low-diversity ichnofauna includes small
bibbed endostratal trails (Isopodichnus) and small looped en-
dostratal trails. Overall, the formation consists of one to three
large-scale (10 to 25 meters thick) coarsening-upward cycles,
each composed of several smaller cycles (figure 2). In the large-
scale cycles, shale, rarely greater than 2 meters thick, is ov-
erlain by interbedded sandstone and shale. Individual sand-
stone beds are interpreted as turbidites because they fine upward
and consist of Bouma sequences Tbe or Tce. These large-scale
coarsening-upward cycles are capped by massive, fining-up-
ward sandstones which fill broad, cross-cutting channels.

In the Ellsworth Mountains three major lithobogic facies in-
clude argillite, sandstone-argillite, and coal measures. The ar-
gillite facies consists predominantly of black shale with thin
silty laminae and thin beds of fine-grained sandstone. Laminae
are typically 1-3 millimeters thick and fine upward. Fine-grained
sandstone occurs as starved ripples (lenticular to wavy bed-
ding). The argillite- sandstone facies is completely gradational
with the underlying shale facies. Sedimentary structures in the
shale component are the same. Six to ten major coarsening-
upward cycles, averaging about 20 meters thick, occur in var-
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Figure 1. (a) Locality map of Antarctica, (b) enlarged locality map, (c) Early Permian paleogeographic map, (d) late Early Permian paleo-
geographic map. Paleocurrent data is from Barrett (1965), Barrett et al. (1986), Collinson and Isbell (1986), Miller and Frisch (1986). (km
denotes kilometer.)

ious sections. Sandstone cycles begin with starved ripples that
higher in the cycle coalesce to form thin wavy beds. As sand-
stone begins to dominate, ripples are mud-draped forming
flaser bedding. Bedding plane exposures reveal that most of
the ripples are of the linguoid variety. Straight-crested and
slightly sinuous forms occur also. Slump folding and convolute
bedding are rare. The uppermost Polarstar Formation is dom-
inated by the coal measures facies. Fining-upward cycles, 5 to
10 meters thick, begin with channel-form, trough cross-bedded
sandstone and grade upward into siltstone, carbonaceous shale
with Glossopteris, and coal.

Coarsening upward cycles and sedimentary structures in the
Ellsworth Mountain and Beardmore Glacier post-glacial black
shale sequences are superficially similar (figure 2). However,
beds within the Mackellar cycles have erosional bases and fine

upward; those in the Polarstar have gradational bases and
coarsen upward. In addition, several major coarsening-up-
ward cycles characterize the Polarstar Formation (6-10) and
few the Mackellar Formation (1-3). Non-carbonaceous sand-
stone separates the black shale sequence from the coal mea-
sures in the Beardmore Glacier region. In the Ellsworth
Mountains, the coal measures facies directly overlies the sand-
stone-argillite facies.

The post-glacial black shale sequences from the Beardmore
Glacier region to the Ellsworth Mountains record the filling of
a body of water at least 1,500 kilometers long. In the Beardmore
area fine-grained sand, silt, and mud derived from reworked
glacial debris were delivered by braided streams. These cold,
sediment-ladened waters mixed at the delta front and were
carried far offshore or flowed down the slope forming sub-
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Figure 2. Typical large-scale coarsening upward cycles in Mackellar
and Polarstar Formations. Sedimentary structures are similar, but
in detail, sandy units in the Mackellar Formation fine upward; those
in the Polarstar Formation coarsen upward. (m denotes meter.)

marine fans that reached far into the basin. By the coalescence
of fans and the progradation of fine-grained delta-front and
braided-stream deposits, the Beardmore end of the basin rap-
idly filled both from the sides and longitudinally, as indicated
by sediment transport directions (figure 1, blocks c and d). By
the time braided streams reached the Ohio Range, the climate
had become warm enough to support coal-swamp vegetation.
Bradshaw, Newman, and Aitchison (1984) suggested that here
coal-bearing sandstones above the black shales are deltaic ma-
rine based on sedimentologic and trace fossil evidence. Beyond
the Ohio Range, the basin subsided more rapidly, as indicated
by the much greater thickness, and was deeper, as suggested
by sedimentologic features in the basal black shales in the
Ellsworth Mountains. Because the climate was warmer by the
time the deeper end of the basin was filled, coal measures,
rather than braided-stream deposits, directly overlie the post-
glacial black shale sequence. The lack of cold water and pos-

sibly density stratification in the deeper part of the basin help
to explain differences in the styles of deltaic progradation be-
tween the Ellsworth Mountains and Beardmore Glacier region.

The distribution of trace fossils throughout the basin sug-
gests a greater marine influence in the Ellsworth Mountains.
In the Polarstar Formation a variety of trace fossils, including
Phycodes, Chondrites, and Rhizocorallium, suggests a marine en-
vironment (Collinson, Vavra, and Zawiskie, in press). In the
Mackellar Formation a low diversity ichnofauna includes small
bibbed endostratal trails (Isopodichnus), and small looped en-
dostratal trails suggest freshwater to slightly brackish condi-
tions. A marine connection easily could have existed along the
paleo-Pacific margin. The basin narrowed sufficiently toward
the Beardmore Glacier area that restricted circulation, and fresh-
water drainage from land may have kept the embayment rel-
atively fresh. Barrett (1981) compared the seaway in which the
post-glacial black shales were deposited to the Baltic Sea of
similar extent and in which salinities are greatly diminished.

The research for this paper was supported by National Sci-
ence Foundation grants DPP 78-21129 and DPP 84-18354 to
James W. Collinson and DPP 84-18445 to Molly F. Miller and
Julia M.G. Miller.
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