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Figure 3. Reproductive organ with helically arranged appendages.
x 1.6.

a palynoflora from the Falla Formation (Taylor et al., Antarctic
Journal, this issue) allows for correlation of both microfossils
and megafossils from the same stratigraphic level. The data
from both of these sources will then be useful in reconstructing
paleoenvironments for the Falla Formation.

This work was supported in part by National Science Foun-
dation grants DPP 82-13749 and DPP 86-11884. We wish to
acknowledge the field assistance of David H. Elliot and the
members of the U.S. Navy VXE-6 Squadron.
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Fluvial architecture
of the Fairchild and Buckley

formations (Permian),
Beardmore Glacier area
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Byrd Polar Research Center
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Columbus, Ohio 43210

Low-sinuosity braided streams deposited Permian sedi-
ments within a Late Paleozoic to Early Mesozoic foreland basin
that occupied the site of the present Transantarctic Mountains
(figure 1). The Permian fluvial sequence begins with the Fair-
child Formation, a 230-meter thick multistoried sandstone. The
overlying Buckley Formation is more than 750 meters thick
and consists of interstratified sandstone, siltstone, shale, and
coal. Channel-form sandstone predominates at the base of the
Buckley, while fine-grained, interchannel units increase in
abundance and thickness upward. Sedimentological features

of interchannel members indicate that channel-belt avulsion
occurred. Fluvial architecture of the formations resulted from
the interaction between subsidence and channel avulsion. Dur-
ing Fairchild deposition, slow basin subsidence relative to avul-
sion preferentially preserved channel-form sandstones; fine-
grained sediments were removed by floodplain scour during
avulsion events. The progressive increase in floodplain de-
posits up the Buckley section resulted from an acceleration in
subsidence rates. Evidence for increased rates of subsidence
and changes in sandstone provenance and paleocurrent trends
demonstrate migration of the basin axis toward the craton.
Encroachment of a foreland fold/thrust belt is hypothesized as
the driving mechanism for basin migration (figure 1, blocks c
and d).

The Lower Permian Fairchild Formation consists almost en-
tirely of interconnected channel-form sandstone bodies that
occur as sheets, 5 to 20 meters thick and tens to hundreds of
meters wide (figure 2). Shale and siltstone make up less than
2 percent of the formation. Sandstone composition is arkosic
and paleocurrents trend both transversely into the basin from
the craton and longitudinally down the axis of the basin toward
the present Weddell Sea (figure 1, block c).

The Fairchild Formation was deposited by sandy braided
streams flowing off the east antarctic craton and by braided
streams that flowed longitudinally down the basin axis. Sand-
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Figure 1. Location and paleogeographic maps of the Transantarctic
Basin and associated areas during the Permian. Paleoslope within
the basin is indicated by solid arrows for statistically valid paleo-
current data and by dashed arrows for poorly constrained data.
(km denotes kilometer.)

Figure 2. Generalized braided-stream model for avulsion and sub-
sidence controlled deposition in the Fairchild and (lower and upper)
Buckley Formations. Fluvial architecture and vertical profiles result
from the interaction between braided stream deposition, channel-
belt avulsion, and basin subsidence. (m denotes meter.)

stone composition and paleocurrent orientations show that
deposition took place on the cratonic side of the foreland basin.

The Lower to Upper Permian Buckley Formation is divisible
into upper and lower members based on sandstone compo-
sition and paleocurrent orientations. The lower member con-
sists of arkosic sandstone that was deposited by streams flowing
off the craton and axially down the basin toward the present
Weddell Sea (figure 1, block d). In the upper Buckley, sand-
stone composition changes abruptly from arkosic to volcani-
clastic. Concommitant with the influx of volcaniclastics was a
1800 reversal in paleocurrent orientations (Collinson and Isbell
1986).

In the lower member of the Buckley Formation, channel-
form sandstone bodies predominate. Stratigraphic trends dis-
play an upward increase in abundance and thickness of fine-
grained deposits (figure 2). In the upper member, fine-grained
deposits, 5 to more than 50 meters thick, separate channel-
form sandstone bodies.

Channel-form sandstones consist of sheet-like bodies 10 to
20 meters thick and 2 to more than 10 kilometers wide. Inter-
nally, numerous 1- to 2-meter thick scour-bounded, fining-
upward cycles occur (figure 2). Abandoned channels are sand-
filled and lateral accretion surfaces are rare or do not occur.

Fine-grained deposits between channel-form sandstone bod-
ies consist of interstratified sandstone sheets, siltstone, shale,
and coal. Sandstone sheets are 0.1 to 5 meters thick and are
laterally continuous for tens to hundreds of meters. Paleocur-
rent orientations commonly change between these sandstone
sheets. Thin-bedded sandstones are abundant in strata be-
neath channel-form sandstones; however, they are less com-
mon in strata directly overlying channels. Coals, 0.1 to 10
meters thick, occur anywhere within inter-channel deposits,
but most commonly underlie channel-form sandstone bodies.

The Buckley Formation was previously interpreted as a
meandering stream deposit, partly because of the large pro-
portion of fine-grained beds (Barrett, Elliot, and Lindsay 1986).
However, we interpret the formation as a braided-stream de-
posit because it has these properties:
• sandstone sheets with large width to thickness ratios,
• sandstone-filled abandoned channels,
• scour-bounded, fining-upward cycles, and
• absence of lateral accretion surfaces. Fine-grained sediments

between sandstone bodies are flood-plain and flood-basin
deposits. Thin sheet-sandstones were deposited as crevasse
splays.
Bank erosion and small-scale migration (kilometers) of braided

channels produced channel-form sheet sandstones. Large-scale
channel migration was by avulsion (tens of kilometers). Evi-
dence for avulsion includes:
• interstratified channels and overbank deposits,
• an abundant crevasse splays directly below channels,
• a decrease in splay abundances directly overlying channels,
• changes in paleocurrents between splay packages, and
• the common occurrence of coal beneath channel sandstones.

Coal/peat typically forms in flood basins where clastic influx
is minimal. This indicates isolation of coal-forming environ-
ments away from sedimentation in active channel belts
(McCabe 1984). The Buckley Formation is unusual in that it
contains both overbank deposits and evidence of channel-
belt avulsion. These two features are rarely described for
braided-stream deposits, but may be common in rapidly
subsiding basins.
Late Permian paleogeography was characterized by changes

in both paleocurrent trends and sandstone composition. Vol-
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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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Sedimentologic
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post-glacial black shale sequences
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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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