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The Lower Permian Mackellar Formation of the Beardmore
Glacier area consists of interbedded black shale and sandstone.
It records the transition between glacial and fluvial deposition
and reflects initial infill of a starved post-glacial basin (Barrett
1970; Elliot 1975; Miller and Frisch 1986; Frisch and Miller in
preparation). Although the Mackellar Formation pinches out in
the vicinity of the Nimrod Glacier just north of the Beardmore
area (figure 1), correlative units traceable for 1,000 kilometers
extend southward through the central Transantarctic Moun-
tains (cTM) and Ellsworth Mountains (Elliot 1975; Bradshaw,
Newman, and Aitchison 1984; Collinson in press).

Occurrence of marine trace fossils in the Permian post-glacial
black shale unit in the Ellsworth Mountains (Polarstar Forma-
tion) suggests that this area was near the paleo-Pacific margin
(Collinson, Vavra, and Zawiskie in press). Subsidence along the
continental margin is indicated by the much greater thickness of
the Polarstar Formation than of correlative units in the CTM. A
volcanic arc presumably located near the continental margin
supplied sediment during deposition of the Polarstar Formation
and during deposition of younger Permian fluvial deposits in
the CTM (Collinson and Isbell, Antarctic Journal, this issue).

Paleogeographic and paleotectonic questions addressed in
this study of the Mackellar Formation were: (1) Was the
Beardmore area located near the continental margin? (2) Was

the basin actively subsiding? (3) Did the volcanic arc supply
sediment to the area? Integration of sedimentologic, ichnologic,
and petrologic data indicates that the part of the basin in which
the Mackellar Formation was deposited did not have open cir-
culation with waters of normal marine salinity, implying a posi-
tion cratonward of the continental margin, that the basin was
subsiding, but less rapidly than the Ellsworth Mountain basin,
and that it did not receive volcaniclastic sediments from the
island arc.

Salinity. Although diversity is low and trace fossils generally
are not abundant, the biogenic structures suggest a freshwater
to brackish environment of deposition. The most distinctive
trace fossil is a small endostratal trail which closely resembles a
millipede trace from Devonian overbank deposits illustrated by
Bridge and Gordon (1985). Less distinctive traces from the
Mackellar Formation are very similar in morphology and size to
those found in fine-grained overbank facies in the Upper Per-
mian coal-bearing Buckley Formation of the Beardmore region.
Notably absent are both trace fossils typical of marine turbidite
sandstones lithologically similar to those of the Mackellar For-
mation, and body fossils of the marine Eurydesina fauna which
are found elsewhere in Permian marine rocks of Gondwana
(e.g., Banks and Clarke 1987). Providing corroborating evi-
dence for a fresh to brackish water depositional environment
are extremely high carbon-sulfur ratios (Berner personal com-
munication; see Berner and Raiswell 1984, for explanation of the
method).

Subsidence. The Mackellar Formation records periods of quiet
water sedimentation punctuated by rapid influxes of sand car-
ried down gentle slopes by turbid density currents (Frisch and
Miller in preparation). The turbidity currents were generated by
deltaic lobes building into the basin primarily from the north
(Miller and Frisch 1986). Most localities have one to three large-
scale (25-meter) coarsening upward sequences, which reflect
progradation of deltaic lobes (figure 2). Elsewhere in epiconti-
nental settings where subsidence was negligible, progradation
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Figure I. Area of outcrop of the Lower Permian Mackellar Formation
and its lithologic equivalents in the central Transantarctic ("CTM")
and Ellsworth ("EM") mountains. Dots indicate Transantarctic
Mountains, dashes show outcrop area of Mackellar Formation and
equivalents. The Mackellar Formation pinches out north of the Nim-
rod Glacier.
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Figure 2. Representative stratigraphic section of Mackellar Forma-
tion in the Beardmore Glacier region. Brackets indicate coarsening-
upward sequence. ("m" denotes "meter:')
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by successive lobes has removed the upper parts of coarsening
upward sequences (Brown 1979). Therefore, preservation of the
tops of these coarsening upward sequences in the Mackellar
Formation implies subsidence. This subsidence was sufficient
to mask effects of post-glacial isostatic rebound. However, sub-
sidence in the Beardmore region, where the Mackellar Forma-
tion typically is 100 meters thick, was much less than that in the
Ellsworth Mountains, where the Polarstar is 1,000 meters thick
(Collinson, Vavra, and Zawiskie in press).

Provenance. Petrographic analysis indicates that the source of
Mackellar sandstones was a granitic terrain (Frisch and Miller in
preparation), although the weathering history was variable
(Krissek and Homer, Antarctic Journal, this issue). Forty samples
of fine and very-fine grained sandstone fall within the conti-
nental block provenance of Dickinson and Suczek (1979) (figure
3). This is consistent with paleocurrent data, which suggest a
northward source; with presence of granitic and metamorphic
rocks toward the north; and with the northward pinching-out of
the Mackellar Formation. Notably absent from Mackellar sand-
stones is any evidence of a volcanic component in the source
area. Unlike the Polarstar Formation to the south, the deposi-
tion of the Mackellar Formation appears to have been isolated
from volcanic activity on the paleo-Pacific margin. Though
somewhat altered by post-depositional processes, the composi-
tional and textural maturity of Mackellar detritus implies a short
transport distance and a relatively rapid burial, thereby preserv-
ing the original detrital mineralogy.

Summary. Interbedded shale and sandstone of the Mackellar
Formation was deposited in a sediment-starved post-glacial
basin. Quiet water deposition was disturbed sporadically by
turbidity currents spawned by southerly prograding deltaic
lobes. Preservation of entire coarsening-upward sequences im-
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Figure 3. Quartz-feldspar-lithics diagram with provenance fields of
Dickinson and Suczek (1979) showing modal composition of sand-
stones from Mackellar Formation.

plies that subsidence exceeded sedimentation and isostatic re-
bound. Trace fossils and carbon-sulfur ratios indicate a fresh to
brackish setting, probably inland from the continental margin.
Absence of volcanic detritus in the Mackellar sandstones sup-
ports the model of diachronous volcanism proceeding from the
Ellsworth Mountains to the central Transantarctic Mountains
(Collinson and Isbell, Antarctic Journal, this issue).

This research was based on field work done from November
1985 to January 1986 and was supported by National Science
Foundation grant DPP 84-18445.

References

Banks, M.R., and M.J. Clarke. 1987. Changes in the geography of the
Tasmania basin in the late Paleozoic. In G.D. McKenzie (Ed.), Gond-
wana six: Stratigraphy, sediment ology, and paleontology. (Geophysical
Monograph 41.) Washington, D.C.: American Geophysical Union.

Barrett, P.J. 1970. Paleocurrent analysis of the mainly fluviatile Permian
and Triassic Beacon rocks, Beardmore Glacier area, Antarctica. Journal
of Sedimentary Petrology, 40(1), 395-411.

Berner, R.A. 1986. Personal communication.
Berner, R.A., and R. Raiswell. 1984. C/S method for distinguishing

freshwater from marine rocks. Geology, 12(6), 365-368.
Bradshaw, MA., J. Newman, and J.C. Aitchison. 1984. Preliminary

geological results of the 1983-84 Ohio Range Expedition. New Zealand
Antarctic Record, 5(3), 1-17.

Bridge, J.S., and E.A. Gordon. 1985. Quantitative interpretation of
ancient river systems in the Oneonta Formation, Catskill magna-
facies. In D.L. Woodrow and W.D. Sevon (Eds.), The Catskill Delta.
(Geological Society of America Special Paper 201.)

Brown, L. E, Jr. 1979. Deltaic sandstone facies of the Mid-Continent. In
N.J. Hyne (Ed.), Pennsylvanian Sandstones of the Mid-Continent. (Tulsa
Geological Society Special Publication 1.)

Collinson, J.W. In press. The paleo-Pacific margin as seen from East
Antarctica. Proceedings of the Fifth International Symposium on Antarctic
Earth Sciences.

Collinson, J.W., and J.L. Isbell. 1987. Evidence from the Beardmore
Glacier region for a late Paleozoic-early Mesozoic foreland basin along
the paleo-Pacific margin of Antarctica. Antarctic Journal of the U.S.,
22(5).

Collinson, J.C., C.L. Vavra, and J.M. Zawiskie. In press. Sedimentology
of the Polarstar Formation, Permian, Ellsworth Mountains, Ant-
arctica. In G.F. Webers, C. Craddock, and J.F. Splettstoesser (Eds.),
Geology and paleontology of the Ellsworth Mountains, Antarctica. (Geo-
logical Society of America Memoir.)

Dickinson, W.R., and C.A. Suczek. 1979. Plate tectonics and sandstone
compositions. A inerican Association of Petroleum Geologists Bulletin,
63(12), 2164-2182.

Elliot, D.H. 1975. Gondwana basins in Antarctica. In K.S.W. Campbell
(Ed.), Gondwana geology. Canberra, Australia: Australia National Uni-
versity Press.

Frisch, R.A., and M.F. Miller. In preparation. Provenance and tectonic
implications of sandstones within the Permian Mackellar Formation,
Beacon Supergroup of East Antarctica. Proceedings of the Fifth interna-
tional Symposium on Antarctic Earth Sciences.

Krissek, L.A., and T.C. Homer. 1987. Provenance evolution recorded
by fine-grained Permian clastics, central Transantarctic Mountains.
Antarctic Journal of the U.S., 22(5).

Miller, M.F., andR.S. Frisch. 1986. Depositional settingof the (Permian)
Mackellar Formation, Beardmore Glacier Area. Antarctic Journal of the
U.S., 21(5), 37-38.

1987 REVIEW	 25




