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Leg 2 of the 1990 RIV Polar Duke expedition to the Ross Sea
began on the morning of 11 February from McMurdo Sound
and ended on 17 March at King George Island. The scientific
objective of the cruise was to acquire high-resolution seismic
reflection data on the continental shelf that, in conjunction
with existing drill sites on the continental shelf (Deep Sea
Drilling Project leg 28 sites 270, 271, 272, and 273) and sites in

McMurdo Sound (McMurdo Sound Sediment and Tectonic
Studies and Cenozoic Investigations of the Ross Sea), will pro-
vide the basis for developing a high-resolution seismic stratig-
raphy for the late Paleogene and Neogene strata on the
continental shelf.

The Ross Sea continental shelf has long been recognized as
a key region in the investigation of the long-term glacial history
of Antarctica. During Deep Sea Drilling Project leg 28, four
sites were drilled on the continental shelf, explicitly to examine
the history of glaciation in the region (Hayes and Frakes 1975).
Unfortunately, recovery was poor at these sites, and the inter-
pretation of the recovered strata has remained problematic.
For example, massive diamicts, as old as early Miocene age,
were recovered at all of the sites, but the subglacial versus
glacial marine origin of these diamicts remains controversial,
even after detailed sedimentologic analysis (Barrett 1975; Bal-
shaw 1981). This is a crucial controversy because a subglacial
origin for these diamicts implies expansion of a marine ice
sheet onto the shelf; a glacial marine origin for these deposits
may imply the presence of tidewater glaciers in the region.
The former implies a polar climate; tidewater glaciers, in con-
trast, can exist in a temperate climatic setting.

16t'

	 .

175' E
\ Ross

180'

McMurdo

P0	 JP

P0-90-40 	

Sound

 

o.	 Ross

 

.'STS-i	 Island

 

Har

 

Rose
 Ice
 Shelf

/	 POLAR DUKE	74'S

/	 1990 Ross Sea Cruise
Site
273 	

1990 Polar Duke Seismic Trackllnes
L	1990 Polar Duke Core Locations
•	DSDP Core Locations	 75' S

--	Tracklines Presented Elsewhere In Text
p0

S

/0007<	

S

	

Site	9(
Site ,' 272
2704

	

PD-90-22	q
	 78' 5

Ross Ice Shelf

160' E	165' E	170' E

Cape
Adaro

b

'fl
NO

RCouiman
Island

Lady
Newnes

Bay

Drygalskl	 Ross

G,o°/ eBeauforti	

Ross

 

Sea

 

0

dJ1 
179%S

Figure 1. Trackline map for Ross Sea. Inset: Trackline map for McMurdo Sound.
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While the recovery at sites 270 through 273 is too sparse to
allow confident paleoclimatic interpretations from lithologic
units, these sites provide a rare stratigraphic column with which
to conduct sequence stratigraphic studies in Antarctica. The
only other sites on the continental shelf are in Prydz Bay in
East Antarctica (Ocean Drilling Project leg 119, Barron et al.
1990). Recent seismic studies on the Canadian shelf (King and
Fader 1986) and in the North Sea (King, Rokoengen, and Gun-
leiksrud 1987) yielded important information about the nature
of seismic facies associated with both subglacial and glacial
marine sequences. These results provide a framework for seis-
mic studies in Antarctica aimed at measuring the history of
glaciation on the continental shelf in areas, such as the Ross
Sea, where drill sites provide needed chronostratigraphic in-
formation.

The seismic facies work conducted by King and Fader (1986)
and King et al. (1987) relies on high-resolution (boomer, spar-
ker, water gun) records. Although the Ross Sea seismic re-
flection database is considerable, these data constitute either
multichannel air-gun data, which lack the needed resolution
for seismic facies analysis, or high-resolution data (mostly spar-
ker records) which consist of relatively short and discontinuous
lines. Hence, the existing data set (prior to this cruise) was
unsuitable for seismic facies and high-resolution sequence stra-
tigraphic analyses. The objective of our cruise was to acquire
high-resolution data suitable for these types of analyses. Our
planned cruise track (figure 1) relied on existing data sets to
avoid structural features that disrupt the stratigraphic se-
quences on the shelf, especially in the western Ross Sea. Sim-
ilarly, our tracklines crossed existing drill sites on the shelf
and in McMurdo Sound (figure 1).

Approximately 6,000 kilometers of seismic data was collected
within the Ross Sea, and 800 kilometers of data was acquired
in the transit from McMurdo to Palmer Station, including two
shelf transects offshore of Marguerite Bay (figure 2). Gravity
and magnetic data acquisition occurred throughout the cruise,
resulting in a total of about 8,000 kilometers of data.

Data acquisition employed a new seismic source, the gen-
erator/injector gun. This bubble-free air gun, developed by
Seismic Systems Inc., produces a "clean" outgoing signal in
the 0-128 hertz frequency range. During a brief servicing of
the generator/injector gun, a 100-cubic-inch Hamco water gun
provided the seismic source. The two data sets are very similar
in terms of resolution, however, the generator/injector gun
provided subbottom penetration between 1.5 and 2.0 seconds
compared to a 1.0-second Hamco record. Using a single-chan-
nel Litton-Teledyne streamer, both digital and analog data were
acquired. Data quality is very high (figure 3).

Only preliminary analysis of the seismic data has been per-
formed to date. The results indicate that grounded ice sheets
existed on the Ross Sea continental shelf at least as early as
Early Miocene time. This is based on the first occurrence of
glacial erosional surfaces and till tongues, which are tied to
Deep Sea Drilling Project site 270 (figure 3). Following these
events, a period of extensive shelf aggradation and progra-
dation in the late Miocene occurred. The Plio-Pleistocene strata
on the Ross Sea continental shelf vary considerably in thickness
and include at least four major glacial erosional surfaces sep-
arating packages of predominantly subglacial deposits. The
implications of an increase in the scale of glacial features during
late Pleistocene(?) time remain problematic. Perhaps this re-
lates to the evolution of the present ice stream systems of the
region.
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Figure 2. Cruise track from Ross Sea to the Antarctic Peninsula.
Seismic tracklines are indicated by thickened lines.

The scientific staff on this cruise consisted of the following
persons.
• John B. Anderson (Rice University)—chief scientist
• Louis R. Bartek (Rice University)—chief geologist
• Carol Raymond (Lamont-Doherty Geological Observatory)
• Belen Alonso (Consejo Superior de Investigaciones Cienti-

ficas—Spain)
• Jose I. Diaz (Consejo Superior de Investigaciones Cientifi-

cas—Spain)
• Philip J. Bart (Rice University)
• Stephanie Staples (Rice University)
• Technical support staff
• Ken Foley (Rice University)
• Ken Griffiths (University of Texas)

We wish to thank Alan Cooper for information discussions
and assistance in planning our cruise track. Adrien Pascouet
and Jim Hedger of Seismic Systems, Inc., loaned us the gen-
erator/injector gun and trained us to use and maintain it. Rick
Shiftman of Teledyne Inc., provided assistance in streamer
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Figure 3. Trackline PD-90-49B. Location of line is indicated on figure 1. Seismic data were acquired using a generator/injector air gun. The
glacial erosional surfaces, tied to Deep Sea Drilling Project site 270, indicate that ice sheets existed on the Ross Sea continental shelf as
early as the Early Miocene. (TWT denotes two-way travel.)

repair. Lastly, the highly professional crew of the Polar Duke
deserves a special word of thanks for making this a productive
and pleasant cruise. This project was funded by National Sci-
ence Foundation grant DPP 88-18523.
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