
+2.3

+22.2

—12.0

Isotopic
carbon-13
0/00, PDB

- 1.2

+ 4.3

Isotopic
oxygen-18

0/00, SMOW

Isotopic
sulfur-34

o/oo, TCD

Strontium-87

Strontium-86

0.70811
--0.00001

0.71588
--0.00003
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The glacial deposits of the Beardmore area contain unusual
constituents including limestone clasts, lacustrine calcite sed-
iment, pyrite, and wood fragments. The isotopic compositions
of carbon, oxygen, sulfur, and strontium (as appropriate) of
these samples provide information about their origins. The
analytical results in the table are interpreted below.

A limestone clast, extracted from till at the type locality of
the Sirius Formation on the summit plateau of Mount Sirius
(Mercer 1972), has isotopic carbon-13 = —1.2 %c PDB (Peedee
belemnite), isotopic oxygen-18 +22 %c SMOW (standard
mean ocean water), and strontium-87/strontium-86 = 0.70811
± 0.00001. The isotope values of carbon and oxygen are con-
sistent with the isotope composition of these elements in ma-
rine limestones of early Paleozoic age (Veizer and Hoefs 1976);

however, the strontium-87/strontium-86 ratio may have been
lowered during partial dolomitization and calcite veining of
the specimen. Nevertheless, we tentatively attribute the spec-
imen to the Shackleton Limestone of Cambrian age which crops
out in the basement complex of this area (Barrett, Lindsay,
and Gunner 1970). Similar clasts containing archaeocyathids
were found at Plunket Point by members of Shackleton's 1908-
1909 polar expedition (Hill 1964).

The calcite sediment originated from a deposit of till and
lacustrine sediment near The Cloudmaker on the west side of
the Beardmore Glacier at 84°23'S 169°14'E. The sample was
collected by Mark Mabin from unit 6 (19-146 meters above the
base) of a section of interbedded diamictite and laminated silts
and was taken from the upper of two white 1-centimeter-thick
layers of calcite sediment (Mabin's sample 7). The laminated
silt and calcite layers were probably deposited in ice-marginal
meltwater ponds at a time when the Beardmore Glacier was
at least 400 meters thicker than it is at the present time.

The carbon in this calcite is slightly enriched in carbon-13
(isotopic carbon-13 = + 4.3 %o PDB) as expected for calcite that
formed in isotopic equilibrium with carbon dioxide of the at-
mosphere. If the calcite had precipitated close to 0°C, the iso-
topic carbon-13 parameter would have been + 5.3 % (Deines,
Languir, and Harmon 1974). Since the measured value of this
parameter is only 4.3 %c, the calcite either formed at a higher
temperature (9.5°C) or a small amount of biologically processed
carbon was present in the pond, or both; however, the carbon
did not originate by dissolution of limestone like the clast de-
scribed above, because in that case, its strontium-87/strontium-
86 ratio would have been 0.70811 instead of having the actually
measured value of 0.71588.

The remarkable depletion of The Cloudmaker calcite in ox-
ygen-18 (isotopic oxygen-18 = - 12.0 %c SMOW) confirms that
it precipitated from glacial meltwater. If the temperature is
taken to be 0°C, the isotopic oxygen-18 value of the meltwater

Isotopic composition of carbon, oxygen, sulfur, and strontium of constituents of glacial sediment in the Beardmore Glacier area.

Material

Limestone clast
(fossiliferous)

Calcite sediment
(lacustrine)

Pyrite
(fragments)

Pyrite (fragments)

Pyrite
(fragments)

Wood
(Nothofagus)

Wood
(Nothofagus?)

Location

Mount Sirius
(84°8'S 163°15'E)

The Cloudmaker
(84°23'S 169°14'E)

Dominion Range
near Plunket Point
(85°7'S 166°30'E)

As above

Mount Achernar
large moraine

(84°11'S 161°10'E)

Dominion Range
Oliver Bluffs

(85°10'S 166°50'E)

Mount Sirius
(84°8'S 163°15'E)

—1.4

+3.1

—21.7

—24.0

Isotope compositions of carbon, oxygen, and sulfur were determined by Krueger Enterprises, Inc. The strontium-87/strontium 86 ratios were measured
in the Research and Development Department, Conoco, Inc. PDB, SMOW, and TCD are isotope reference standards identified in the text.
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was —45.4 %c, based on the isotope fractionation of oxygen
between calcite and water (Friedman and O'Neil 1977). Oxygen
isotope compositions between isotopic oxygen-18 —40 per-
cent and —50 %t, are typical of the east antarctic ice sheet. The
calculated value of the isotopic oxygen-18 value of the melt-
water corresponds to an average monthly surface temperature
of - 58.4°C (Yurtsever 1977), which is close to the average
monthly winter temperature at South Pole station (Anony-
mous 1988).

Three fragments of crystalline pyrite from till in the Domin-
ion Range and at Mount Achernar have isotope compositions
of sulfur close to that of igneous rocks (isotopic sulfur-34 =
—1.4, + 2.3, +3.1 %o TCD, troilite Canyon Diablo); however,
sulfur in pyrite from some sedimentary rocks may have isotope
compositions that are indistinguishable from sulfur in igneous
rocks. Therefore, the isotopic sulfur-34 values of the pyrite
specimens are not diagnostic. Pyrite is unstable at the surface
of the Earth and therefore oxidizes rapidly to form iron oxide.
The presence of pyrite in till of the Transantarctic Mountains
indicates that chemical reactions are retarded by the absence
of water at the low prevailing surface temperatures.

Slow reaction rates are also implied by the occurrence of
unmineralized wood fragments of Nothofagus (Carlquist 1987)
in glacial sediment from the Dominion Range and from the
summit plateau of Mount Sirius. The carbon in the two frag-
ments is strongly depleted in carbon-13 (isotopic carbon-13 =
—21.7 %o and —24.0 %c PDB) which is typical of modern plants.
Evidently, small trees grew on the slopes of the Transantarctic
Mountains before the east antarctic ice sheet thickened suffi-
ciently to override the Dominion and Mount Sirius which is
presently about 600 meters above the level of the ice surface.

This work was supported by National Science Foundation
grant DPP 87-14324.
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