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The initiation and growth of the antarctic ice cap has been
studied directly using the deep-sea sedimentary record and
indirectly using inferences from global changes in sea level,
climate, and vegetation (Drewry 1975). Since the recovery of
ice-rafted debris (mD) off Antarctica during the H.M.S. Chal-
lenger expedition (Murray and Renard 1891), attempts have
been made to distinguish uw in deep-sea sediments from other
terrigeneous components. IRD in deep-sea sediments com-
monly has been thought of as poorly sorted angular grains
consisting of quartz, feldspars, garnet, and rock fragments
(Connolly and Ewing 1965). It is particularly important, how-
ever, to differentiate individual IRD grains from grains trans-
ported or reworked by contourites and turbidites. Guidelines
have been put forth for recognizing individual grains of glacial
origin by correlating surface microfeatures on quartz (deter-
mined by scanning electron microscopy) with source environ-
ment and modes of transport (e.g., Krinsley and Takahashi
196; Margolis and Krinsley 1974).

In our work we are using Fourier grain shape analysis (Ehr-
lich and Weinberg 1970) to determine the deposition of IRD

onto the antarctic continental rise at Deep Sea Drilling Project
(DSDP) site 274 since the early Miocene. Fourier grain shape
analysis is able to describe the two-dimensional maximum
projectional shape of unicrystalline quartz grains to any spec-
ified degree of exactness. Fourier data are analyzed with an
extended CabfadQmodel algorithm (Full, Ehrlich, and Klovan
in press), which is able to define the number of end members
present within the data set and determine which samples are
most representative of each end member. The source and
transport history of any individual quartz grain controls the
overall shape of the grain. Sediment samples are so complex
that they can be considered unique fingerprints. The percent-
ages of grains from contributing source areas and modes of
transport can then be quantified. The glacial origin of the
samples representing the most irregular end member within
the 45- to 63-micrometer quartz fraction is linked to glacial
erosion on the antarctic continent by verification of surface
feature microfeatures using the scanning electron microscope.

DSDP site 274, located on the continental rise in the north-
west Ross Sea (figure 1), is ideally located to record the accu-
mulation of sediment from the initiation and subsequent fluc-
tuations of the west antarctic ice sheet. The percentage of
variaton of the glacial end member in site 274 divides the early
Miocene through Pleistocene section into three distinct inter-
vals (figure 2). The early to middle Miocene interval contains
low percentages (5 to 28 percent) of highly irregular quartz
(sample average = 13 percent). In contrast, the late Miocene
and early Pliocene samples contain large fluctuations, with
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Figure 1. Location map of DSDP site 274 in the northwestern Ross
Sea Embayment. Taken from the Initial Reports of the Deep Sea
Drilling Project, Vol. 28.

percentages varying between 22 and 70 percent (sample aver-
age = 45 percent). The late Pliocene to Pleistocene interval
contains intermediate values (sample average = 19 percent)
but with variations (7 to 36 percent) on a scale similar to
variations in the early and middle Miocene.

The temporal fluctuations in the mr end member in this
study reinforce the basic findings of Frakes (1975) based on
the total percentage of coarse fraction. The mD end member
became an important component of the sedimentologic record
in the early Miocene (core 19), but did not intensify until the
late Miocene (core 12) after a peak in the early Pliocene (core
9). IRD deposition then appears to have tapered off. High
percentages of the IRD end member are positively correlated
with high percentages in the total coarse fraction (Frakes 1975).

The early Miocene through Pleistocene record of site 274 can
be correlated with paleoceanographic changes within the
southern ocean. The west antarctic ice sheet is believed to have
coalesced in the late Miocene and grounded on the continental
shelf in the early Pliocene (Drewry 1975), 5.5 to 3.7 million
years ago (Hayes and Frakes 1975). About 5.0 million years
ago there was a massive influx of sediments into site 274, along
with a decrease in IRD sedimentation in the Ross Sea (Hayes
and Frakes 1975). At 4.0 million years ago a rapid retreat of the
expanding ice sheet (Shackleton and Kennett 1975) was marked
by high paleotemperatures (Berggren and Haq 1976; Ciesielski
1975). The IRD end member of site 274 also shows a small
decrease in percentages at this time (figure 2). The period of
3.7 to 3.35 million years ago saw an expansion of the ice past
its present limits (Ciesielski 1975; Hayes and Frakes 1975;
Margolis 1975). A strong peak in IRD deposition occurs during
this time interval in the upper half of core 9. During the period
of deposition represented by this site there was a series of sea
level drops at 13, 10, 6.8, and 5.5 million years ago (Vail and
Hardenbol 1979) that have been related to the formation of the
west antarctic ice sheet. The percentage of IRD decreased
greatly after the deposition of core 9 approximately 3.1 million
years ago.
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previous paleoclimatic reconstructions of the west antarctic ice
sheet. This study shows that the shape variation within a
specified size fraction of quartz can be used to distinguish the
ice-rafted component, rather than the size range of particles
found within each sample or surface microfeatures.
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Figure 2. Fluctuation in the percentage of the irregular end mem-
ber (ice-ratted debris; IRD) distinguished from Fourier grain shape
analysis.

Fourier grain shape analysis of the quartz from the 45- to
63-micrometer size fraction from DSDP site 274 identifies sev-
eral major fluctuations in the IRD during the time interval 11.0
to 3.1 million years ago. The peaks in IRD can be related to
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