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Figure 3. Plots of downcore vari-
ations in the numbers of diatoms
(x106) per gram dry weight for a
selection of cores. (See figure 1
for locations.) Note the struc-
ture in the data. The dashed line
represents a possible isochro-
nous horizon above which
diatom numbers rise; however,
note that the diatom flux (num-
bers per square centimeter per
unit of time) may not mimic
these variations. The carbon-14
date on DF80-112 is shown
uncorrected for reservoir effect.
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I
n a collaborative effort, Lamont-Doherty Earth Observatory
and the University of Texas Institute for Geophysics

acquired approximately 6,100 kilometers (km) of multichan-
nel seismic reflection, gravity, magnetics, and swath bathym-
etry data along the Antarctic Peninsula during February and
March 1991. The survey, conducted aboard the Maurice
Ewing, was divided into two parts. The northern part focused
on the Bransfield Strait and Shetland Trench. The southern
part, discussed here, concentrated along the Pacific side of
the Antarctic Peninsula (figure 1). One of the scientific objec-
tives for the southern portion of the survey was to use geo-
physical observations of the deep crustal structure to deter-
mine how convergent tectonics may have contributed to the
apparent segmentation of the Antarctic Peninsula. Marine
magnetic anomalies show that the crust increases in age away
from the margin, a finding that indicates that portions of the
original Phoenix plate were subducted beneath the peninsula.
Relative motion between the Phoenix and antarctic plates was
such that the fracture zones were subducted nearly perpen-
dicular to the peninsula. Subsequently, collision of the ridge

with the continental margin led to the cessation of subdue-
tion (Barker 1982). Subduction initially terminated in the
southern portion of the peninsula during the Eocene (approx-
imately 50 million years ago), and due to several large left-lat-
eral offsets of the ridge axis, subsequently ceased in a time-
transgressive fashion to the northeast (Barker 1982). Active
subduction may still be continuing beneath the Shetland
Islands (Pelayo and Wiens 1989). This plate kinematic sce-
nario provides the opportunity to examine the impact of
ridge-trench collision on the tectonic and stratigraphic evolu-
tion of this margin. Previous investigators have argued that
the Antarctic Peninsula is segmented into a series of discrete
petrologic provinces whose boundaries may coincide with
major fracture zones subducted beneath the margin (see, for
example, Hawkes 1981). These fracture zones may also serve
as preferential sites for ophiolite emplacements.

The southern portion of the survey consists of 11 seismic-
reflection profiles totaling greater than 2,500 km (figure 1). Six
dip lines extend from the continental shelf to the upper rise.
Two long strike lines were acquired along the shelf and three
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Figure 2. Portion of seismic record, 1073, extending across the upper rise. The label, "DR?", denotes
apparent intracrustal dipping reflectors tentatively interpreted on dip lines in this region. Location of this
section is illustrated in figure 1. (TWT denotes two-way travel time.)
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Figure 1. Seismic tracklines of the southern portion of the Ewing
survey EW91 -01 along the Pacific side of the Antarctic Peninsula.
The fracture zones, identified from the seismic-reflection profiles,
are depicted as heavy dashed lines. Selected isobaths in meters.

along the upper rise. A Moho reflection is observed on most of
the deep-water profiles and, where imaged, is characterized
by discontinuous reflectors ranging between 1.5 to 2 seconds
two-way travel time beneath oceanic basement (figures 2 and
3). A series of planar reflectors dipping landward and extend-
ing through middle to lower oceanic crust have been tenta-
tively identified on the dip sections (figure 2). These reflectors
have higher amplitudes and
appear to dip less steeply than
the diffractions generated off
acoustic basement. These
intracrustal reflectors are simi-
lar to those previously recog-
nized in seismic reflection
profiles of slow-spreading
oceanic crust from the western
north Atlantic (see, for exam-
ple, White et al. 1990; Mutter
and Karson 1992). Depth to
oceanic basement diminishes
as it approaches the shelf
edge, and there is no evidence
from the seismic data of an
ancient trench beneath the
outer margin. The trench
topography generated during
subduction, therefore, has
either been destroyed or exists
farther landward beneath the
continental shelf. A number of
fracture zones, including the
Tula and Adelaide, have been
identified on our strike lines
across the upper rise, and the

intersections of these fracture zones with the continental
shelf are now better constrained (figure 1).

The depositional processes governing the stratigraphic
development of the continental margin along the Antarctic
Peninsula may be regulated by the complex interaction
between ancient subduction, the advance and retreat of ice
sheets across the continental shelf, and the presence of bot-
tom currents along the slope and rise. Bathymetric profiles
across the middle to outer continental shelf indicate that the
shelf shoals in a seaward direction. Water depths, however,
typically remain deeper than 400 meters. Wide-angle seismic
records from sonobuoys deployed across the shelf indicate
that sediment velocities are greater than 2 kilometers per sec-
ond. These relatively high velocities suggest that the sedi-
ments are overcompacted, a condition that may have been
caused by the previous grounding of ice. The shelf sediments
are characterized by high-amplitude, oblique progradational
seismic reflectors, similar to those documented by Larter and
Barker (1989) farther to the northeast. Large U-shaped
canyons extend across the shelf, and many canyon-cutting
events are recorded at the base of the slope and across the
upper rise.

Numerous unconformities are recognized in the sedi-
mentary column on seismic-reflection profiles across the rise.
Many of these unconformities appear to have formed from
preferential erosion and may indicate the presence of strong
bottom currents along the rise. An exciting discovery includes
the identification of large sediment drifts across the lower
slope and upper rise (figure 3) documenting the influence of
bottom currents along the rise. These drift deposits appear to
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Figure 3. Portion of seismic record, 1079, acquired along the upper rise. The southern part of one of the
contourites is indicated. Location of this section is illustrated in figure 1. (TWT denotes two-way travel
time.)

straddle the major fracture zones; this straddling suggests that
the drift morphology may be controlled in some fashion by
the pre-existing basement topography. Sediment thicknesses
along the rise range from a minimum of approximately 1.5 to
approximately 3 seconds two-way travel time beneath the
drift deposits. These sediments are divided into two major
seismic facies units. The internal reflection configuration of
the lower unit (unit 1, figures 2 and 3) is characterized by par-
allel to subparallel, low-amplitude reflectors, which can be
traced laterally along the rise for many kilometers. An auto-
matic gain control was applied during processing to amplify
the seismic reflectors within this package. The upper seismic
unit (unit 2, figures 2 and 3) is separated from the lower unit
by a prominent, regional erosional unconformity. This deep-
sea unconformity may document the onset of intensified cir-
culation along the Antarctic Peninsula. The reflector configu-
ration of the upper unit varies dramatically ranging from high-
amplitude, laminated reflectors to very chaotic, discontinuous
reflectors representing high-energy gravity flows or slumps
sourced from the continental shelf and slope. The majority of
unconformities and canyon-cutting events occur within the

upper unit. Faults associated with minor sediment slumps are
observed on seismic profiles across the rise (figure 2).

We would like to thank Neal Driscoll for critical review of
this manuscript. This research was supported by National Sci-
ence Foundation grant OPP 89-17332.
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