
local facies patterns; each of these predominate in ice marginal,
ice piedmont, and restricted (embayed) settings, respectively.

This project was supported by National Science Foundation
grant DPP 86-13565 and through National Science Foundation
programs for Research in Undergraduate Institutions and Re-
search Experience for Undergraduates. A complete cruise re-
port is available from the author upon request. I thank the
crew of the RIV Polar Duke and ITT Antarctic Services for their
highly professional support and the Rice University program
for their able assistance. Undergraduate participants in the

U.S. Antarctic Program 1988 cruise III included Chris Boies,
John Domurad, Susuan Foster, Vincent Maresco, Patrick Mot-
tola, Susan Palestine, Chesley Williams, and Chris Williams.
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Rifting and volcanism
in the Bransfield Strait

and South Shetland Islands
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Corvallis, Oregon 97331-5503

Southeastward subduction of oceanic crust of the Drake Plate
beneath the Antarctic Plate has produced volcanism on the
South Shetland Islands and Antarctic Peninsula since the Me-
sozoic. In the late Cenozoic, subduction and its related vol-
canism slowed or ceased. Possibly in reponse to this, the
Bransfield Strait, a young (2-3-million-year-old) marginal basin,
opened between the South Shetland Islands and the Antarctic
Peninsula (figure 1).

In November 1985, Martin R. Fisk participated in a cruise to
the Bransfield Strait aboard the German polar research vessel
Polarstern to study the thermal interaction between sediments
and volcanism in a back-arc basin (Suess, Fisk, and Kadko
1987). During the cruise, approximately 150 kilograms of rocks
were dredged from several seamounts at what bathymetrically
appeared to be the axis of spreading of the Bransfield Strait
(table). Thirteen samples were collected from Deception Island
during a brief stop on that same cruise. Our collection was
later supplemented by 10 samples of very young volcanic rocks
from King George Island and Penguin Island donated to us
by Krzysztof Birkenmajer of the Polish Academy of Sciences.

Our present collection represents most of the volcanic ac-
tivity in the South Shetland Islands and the Bransfield Strait
in the past several million years. We selected a representative
suite of volcanic samples and are in the process of analyzing
their petrology and geochemistry. To date, we have done some
preliminary petrographic work, two potassium-argon ages, and
51 major element analyses by X-ray fluorescence.

The dredge samples are fresh pillows and some massive
flows of very vesicular, olivine-rich basalts and basaltic an-
desites. Most samples were dredged from depths in excess of
1,800 meters, so their extreme vesicularity suggests unusually
high volatile contents. As expected, their major element chem-

istry is most similar to that of back-arc basin basalts. Two of
the samples yielded potassium-argon ages of 50,000 and 100,000
years. We conclude that the submarine volcanic activity that
we sampled is due to active back-arc rifting in the Bransfield
Strait.

Deception Island is an historically active composite strato-
volcano near the southwest end of the South Shetland Islands
volcanic arc. The samples we collected from the island span a
range of compositions from subalkaline basalt to rhyodacite.
While this range of rocktypes is compatible with Deception
Island being a typical island arc volcano, its location is in align-
ment with the axis of rifting of the Bransfield Strait. This sug-
gests to us that, while Deception Island lavas may have a
subduction-contaminated source, their thermal impetus for
eruption is probably rift-related. Trace element and isotope
data will help us test this hypothesis in the near future.

Most of King George Island was created by late Mesozoic to
Cenozoic island arc volcanism that, prior to the opening of the
Bransfield Strait, was part of the Antarctic Peninsula magmatic
arc. However, our samples are from the site of the most recent
(late Pleistocene to Holocene) phase of volcanism, the Melville
Peak volcano on the eastern end of the island (Birkenmajer
1982a). These samples are chemically very similar to some of
our dredge samples. Penguin Island is a recently active cinder
cone off the southeast coast of King George Island (Birkenmajer
1982b). The Penguin Island samples are tholeiitic to mildly
alkalic olivine basalts.

Similarities in major element chemistry between our sea-
mount samples and our King George Island and Penguin Is-
land samples (figure 2) suggest that the recent volcanism on
these two islands is not true island arc volcanism but instead
is related to the rifting in the Bransfield Strait (Keller and Fisk
1987). Again, we must await trace-element data to test this
interpretation.

Thus, our present sample collection represents volcanism
associated with the initial stages of rifting of an island arc and
the formation of a back-arc basin. We are examining this tran-
sition from arc to back-arc volcanism with special attention to
changes in source chemistry and thermal regime, and the pos-
sibility of a decrease in input by the subducted slab with time
and with increasing distance from the trench. As part of this
project, William White (Cornell University) is measuring stron-
tium, neodymium, and lead isotopes to help answer some of
these questions (White, Cheatham, and Fisk 1987).

This commingling of arc and back-arc lavas in the South
Shetland Islands also holds interesting implications for ophiol-
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Figure 1. Sketch map of the Bransfield Strait area. Contours are depths in kilometers.

ite genesis, since ophiolites often contain both of these types
of lavas in a small area. We, therefore, plan to compare our
geochemical data to some well-studied ophiolites.

The cruise in which M.R. Fisk participated was Antarktis
IV, from Rio de Janeiro (11 November 1985) to Punta Arenas
(1 December 1985) aboard the RN Polarstern operated by the
Alfred-Wegener-Institute for Polar Research, Bremerhaven,

Federal Republic of Germany. We thank chief scientist Gerold
Wefer for inviting us to participate in this cruise. We are grate-
ful to Krzysztof Birkenmajer of the Polish Academy of Sciences
for generously donating samples from Penguin and King George
islands. This work is supported by National Science Founda-
tion grants DPP 85-12395 and DPP 86-14022 to M.R. Fisk and
a Texaco Fellowship to R.A. Keller.

Bransfield Strait dredge stations and results, ANT IV/2

Station	 Latitude	 Longitude
number	 (south)

	
(west)
	

Area	 Results

285	 63°09.8'	 61045.5'	 Hill in Low Island Basin
	 Glacial boulders

286	 63"11.8'	 61°13.0'	 Hill in Low Island Basin	 No sample
290	 62°15.2'	 5810.7'	 King George Island shelf

	
Glacial boulders

292	 62012.3'	 5730.3'	 Seamount, King George Basin
	 Pillow basalts

297	 62015.4'	 57°24.5'	 Floor, King George Basin
	 Fresh basalts

300	 62°14.1'	 57°23.5'	 Seamount, King George Basin
	 Fresh basalt

307	 62018.0'	 57°32.8'	 Hill, King George Basin
	 Glacial boulders

309	 62'13.4'	 57°28.6'	 Floor, King George Basin	 Fresh basalt
310	 6212.9'	 57©28.8'	 Seamount, King George Basin

	 Pillow basalts
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Figure 2. Silica (S102) versus alkali (Na 20 + K20): a plot of Brans-
field Strait and South Shetland Islands samples. Squares and tri-
angles are dredge samples. Diamonds are King George Island.
Octagons are Penguin Island. Asterisks are Deception Island. lB
line is the alkali/tholeiite line from Irvine and Baragar (1971).
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Sedimentation history of the
Terra Nova Bay region,

Ross Sea, Antarctica

LAWRENCE A KRISSEK
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A suite of 41 piston cores was obtained from the Terra Nova
Bay region of the western Ross Sea during the austral summer
1979-1980 cruise of the U.S. Coast Guard icebreaker Glacier
(figure 1). Because this region contains a consistent area of
open water surrounded by ice (a polynya), these cores have
been used to examine the characteristics of polynya-influenced
sedimentation. The polynya itself is kept ice-free by two fac-
tors: the strong and persistent katabatic winds, which blow
seaward from the glacial drainages along the coast, and the
presence of the Drygalski ice tongue, which blocks the north-
ward flow of sea ice into Terra Nova Bay (Bromwich and Kurtz
1984; Kurtz and Bromwich 1983, 1985).

Hughes and Krissek (1985) and Hughes (1986) examined
core-top samples from sub-ice and sub-polynya environments
of Terra Nova Bay to identify distinctive compositional sig-
natures for these environments. They showed that the ratio
of terrigenous to biogenous (TIB) sediment components (the
T/B ratio), determined from smear slides, is a consistent in-
dicator of polynya- vs. ice-influenced environments, with high
T/B ratios beneath the polynya and low T/B ratios in sub-ice
settings (figure 2). The variation in component abundances
probably reflects an increased input of land-derived eolian ma-
terial through the open water of the polynya but may also

reflect decreased biological productivity because of extremely
rapid mixing (Dunbar et al. 1985).

A subsequent study has examined downcore variations in
the T/B ratio along two east-west transects (cores 105/107/110
and cores 111-117), which extend from the modern polynya to
the ice-covered region to the east. The objective of the down-
core study is to trace the position and extent of the polynya
through time, thereby identifying past conditions of the ka-
tabatic windfield and past extent of the Drygalski ice tongue.

The results of this study are summarized in figure 3, where
T/B downcore profiles are plotted by geographic position within
the transects. Cores 105, 115, 116, and 117 are located beneath
the modern polynya, and T/B ratios in these cores remain high
throughout the recovered intervals. The high T/B ratio suggests
that these sites have experienced polynya-influenced deposi-
tion throughout the time represented. Cores 110, 111, and 112
are located beneath the modern pack ice, and T/B ratios in
these cores remain low throughout the recovered intervals.
The low T/B ratio suggests that these sites have experienced
sub-ice deposition throughout the time represented. Cores 107,
113, and 114 are located in the transition zone between these
two modern environments (Kurtz and Bromwich 1985), and
all show at least one major increase in T/B ratio downcore.
These changes are interpreted to record the past existence of
a significantly larger polynya, with the polynya/ice boundary
lying at least 90 kilometers offshore along the northern profile.

Establishing the synchroneity of the compositional changes
and, therefore, dating this expanded polynya, is problematic.
Diatoms are present in these samples, but the effects of re-
working are significant, and biostratigraphic resolution is lim-
ited (Harwood personal communication). Radiocarbon ages
were measured for 14 samples from these cores (analyzed by
Krueger Enterprises, Geochron Laboratories). The calculated
ages range from 10,825 ± 640 years (core 114, 8-38 centime-
ters) to >32,000 years (core 113, 83-110 centimeters) and are
all anomalously old, as has been observed for previous radi-
ocarbon measurements of Ross Sea sediments (Dunbar per-
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