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Sediment samples were also collected from icebergs, fast
ice, medial and terminal moraines, and terrestrial till depos-
its, primarily through the use of the ship's helicopters.
Samples of icebergs and fast ice were collected in all areas.
Moraine samples were collected around Terra Nova Bay,
principally from the Reeves Glacier.

Glaciologic Observations. The ship's radar was used to
chart the positions of ice tongues and surrounding
coastlines. The Drygaiski, Harbord, and Erebus Ice Tongues
appear to have advanced in the recent past. The Drygal-
ski Ice Tongue exhibited the largest change in surface
area, being approximately 320 square kilometers larger
than shown on 1966 charts. In contrast, the terminus of
the Reeves Glacier has receded 3.5 kilometers in recent
years.

Medial and lateral moraines were observed and sampled
in the Reeves Glacier. The largest observed boulders were
greater than 8 meters in diameter. This glacier clearly is erod-
ing the Hansen and Teall Nunataks (figure 3). Interestingly,
the nearby David Glacier contains no visible debris, nor
does its floating extension, the Drygaiski Ice Tongue.

Financial support for this project was provided by Na-
tional Science Foundation grants DPP 77-26407 and DPP

79-08242 and by the United States Coast Guard. We are
indebted to the men of the usccc Glacier for their enthusi-
astic support throughout the expedition.

Cruise participants include Kathy Baishaw, Steven Burns,
Susan B. Davis, Charles P. Dunning, Steven T. Knapp, and
Robyn Wright. All are students or former students at Rice
University.
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Site 270 was drilled in the south-central Ross Sea during
leg 28 of the Deep Sea Drilling Project (DSDP). Benthic for-
aminifera have been used to interpret the bathymetric and
paleoenvironmental evolution of the Ross Sea from the late
Oligocene. A succession of benthic foraminiferal assem-
blage zones is proposed for sediments drilled at this site.
Palynomorphs offer additional age and paleo-
environmental control (Kemp 1975). DSDP site 270 plays a
crucial role in tracing the initial development of glaciation
within the Ross sector of Antarctica.

Site 270 is situated on the western flank of the broad,
deep basin that underlies the eastern Ross continental shelf.
This is the only site in the Ross Sea area to penetrate base-
ment and is the lowest succession -in the series of three
holes drilled to sample the 1,500 meters of gently dipping
strata. The basement complex consists of early (?) Paleozoic
marble and calc-silicate gneiss similar to the Koettlitz mar-
ble of the Transantarctic Mountains (Ford and Barrett 1975).
The sedimentary succession of 412 meters that overlies this
basement complex was subdivided into five distinctive
units by Hayes, Frakes et al. (1975). Unit 5 rests uncon-
formably on the basement and Consists of a subaerial sedi-
mentary breccia (talus pile). This is overlain by two thin,
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near-shore, "preglacial" units: unit 4, a carbonaceous, silty
sandstone, and unit 3, a glauconitic, calcareous sandstone
radiometrically dated at 26.0 million years. Glaciomarmne
silty claystones of unit 2(366 meters) and unit 1(20 meters)
cap the sequence at site 270. An early Miocene/ Pleistocene
angular unconformity separates these upper two units.

Ten lithologic subunits initially were recognized in the
265-meter-thick glaciomarine sediments of unit 2 at site 270
(Barrett 1975). Trends observed in the benthic foraminiferal
populations indicate a close relationship to these lithofacies.
Five foraminiferal assemblage zones are recognized. The
proposed succession of assemblage zones represents the
first detailed mid-Tertiary biostratigraphy to be proposed in
the Ross Sea area. Their endemic character and paleo-
environmental significance provide a foundation upon
which future regional antarctic correlations might be based.
As major glaciation commenced on the continent, signif-
icant oceanographic changes occurred in the Ross Sea,
resulting in the development of contrasting foraminiferal
populations through time. These assemblages developed a
strongly endemic character in response to changing paleo-
environments, and correlation beyond Antarctica was
severely inhibited. Only the oldest zone, zone I, appears to
have affinities to New Zealand mid-Teritary shallow-water
assemblages.

Environmental interpretations of benthic forminifera
provide substantial evidence that the Ross Sea underwent
significant bathymetric and oceanographic evolution in the
late Oligocene/early Miocene. Sedimentary and benthic
foraminiferal evidence indicates that there was gradual
subsidence in this area of the Ross Sea from subaerial and
near-shore marine conditions to depths of 300 to 500 meters
by the early Miocene. The transgression apparent in the
sediments embraced by zone I could be of tectonic or glacial
isostatic origin, because extensive glaciation in Antarctica
began about 25 million years ago (Hayes et al. 1975).

Deteriorating climatic conditions related to ice buildup in
the Ross sector of Antarctica is the major cause of the hydro-
logical events influencing the faunal character of zones H,
HI, and IV. Important paleoenvironmental characteristics of
each of the proposed assemblage-zones are described below.
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Zone I (late Oligocene). Shallow water fades; gradual sub-
sidence from near sea level (unit 4-estuary) to inner shelf
(subunit 2J), probably diachronous in Ross Sea; character-
istically contains an agglutinated fauna, with calcareous
benthic taxa becoming increasingly more prominent in the
younger and deeper water sediments embraced by this
zone; glaciomarine sedimentation initiated about 25 mil-
lion years ago; tentative correlation with New Zealand
mid-Tertiary.

Zone II (latest Oligocenelearly Miocene). Deep, outer shelf
environment, widespread in Ross Sea; diverse calcareous
benthic fauna; zone I/Il hiatus of bathymetric origin; unsta-
ble shelf throughout much of zone, with numerous dia-
stems; ice-rafting the predominant sediment transport
mechanism, with varying rates of deposition; gradual de-
crease in species diversity toward the upper limit reflects
changing oceanographic conditions in response to deterio-
rating antarctic climate; fauna developing endemic charac-
ter; no known correlatives.

Zone III (early Miocene). Characteristically represented by
an agglutinated fauna of composition different than that
found in zone I; zone 11/Ill hiatus marked; harsher, more
acidic bottom conditions reflecting continued climatic de-
terioration; ice-rafted glaciomarine sediments; no known
correlatives.

Zone IV (early Miocene). Intense glacial conditions in Ross
Sea, as evidenced by very low foraminiferal abundance and
diversity; possible first major advance into Ross Sea by
proto-Ross Ice Shelf; zone III/IV haitus marked; thick ice-
rafted unit, probably widespread in Ross Sea; no known
correlatives.

Zone V (late Pleistocene). Basal till representing numerous
ice shelf advances across the Ross Sea; contains mixture of re-
worked Miocene, Pliocene, and Pleistocene fauna and flora.

These interpretations are supported by the chemo-
stratigraphic results reported from site 270 (Hayes et al.
1975) and parallel trends observed in oxygen-isotope paleo-
temperature curves from the subantarctic region (Shac-
kleton and Kennett 1975). The late Oligocene/early
Miocene paleoenvironmental trend is one of gradual devel-
opment of a severe polar marine environment, culminating
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in the earliest recorded, and possibly first, ice shelf incur-
sion into the Ross Sea late in the early Miocene. One of the
most significant contributions of this investigation is the
establishment of biostratigraphic framework for late
Oligocene/early Miocene sediments in the Ross Sea. Until
more complete sedimentary sections are drilled in the con-
tinental shelf, this site must serve as a representative of
the mid-Tertiary period in attempting marine correlation
within and close to Antarctica.

This work was supported by National Science Founda-
tion grant DPP 79-07043. The results reported here are taken
from research for the master of science degree by R. Mark
Leckie. Principal investigator was Peter-Noel Webb.
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Deep Sea Drilling Project (DSDP) leg 28 explored one site
in the western Ross Sea. Site 273 is located on the western
flank of the Pennell Bank (74°32.29S 174°37.57E) in the
west-central portion of the Ross Sea in 491 meters of water.
Detailed reexamination of the lithologic descriptions and
analyses provided in the initial reports (Hayes et al. 1975)
and the study of foraminifera from 97 samples reveals
two major variations in an otherwise apparently constant
sedimentary regime and one major and four minor fauna!
fluctuations.

Two holes (273 and 273A) were drilled and 346.5 meters
cored. A total of 83.4 meters (or 25 percent) were recovered.
Two lithologic units were recognized by Hayes and others
(1975) and their designations are adopted with little mod-
ification. Lithologic unit 1 is subdivided into two sub-
units. Subunit 1A consists of 0.8 meter of soupy to soft
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