HEAT FLOW AND TECTONICS OF THE WESTERN ROSS SEA
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Abstract: As a part of the 1990-91 sixth Italian Antarctic Program, a diverse marine geophysical investigation of
the western Ross Sea area was undertaken. We studied the recent Cenozoic tectonic activity in the Victoria Land Basin
(VLB) to help determine its mechanisms of extension and its relation to the uplift of the Transantarctic Mountains
(TAM). The survey was mainly concentrated in the Drygalski Basin and in the Terror Rift, for which we produced
bathymetric and structural maps at a 1:100,000 scale. Seismic data show active rifting associated with extensional
tectonic and volcanic activity, confirming a tectonic origin for the entire VLB. Major unconformities, affecting the
sedimentary sequence and recording the main ice waxing and waning cycles, have been traced from the seismic lines.
Oblique extension in the Drygalski Basin, with axis oriented in NE-SW direction, seems to be a late Neogene tectonic
phase, which deviates from the regional E-W extension in the VLB. We collected a consistent heat flow (HF) data
set in the deepest part of VLB. Limits to the uncertainties in the HF measurements, with particular care to the last
glacial event (grounding, erosion and retreat), have been estimated. The corrected HF in the Drygalski Basin (98-110
mW m 2, n = 2) is higher than that in the Terror Rift (79-89 mW m™2, n =9). The new seismic and HF data indicate,
as the Drygalski Basin may represent a propagating rift, that developed in a pull-apart scheme, associated with

transtensional deformation across the TAM.
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Introduction

During the 1990-91 sixth Italian Antarctic Program, we
collected single-channel (SC) high resolution and multi-
channel (MC) reflection seismics, gravity, magnetics, ba-
thymetry, coring and heat flow (HF) data in the western Ross
Sea. The maintargets of the R/V OGS Explora program during
January 1991 were: the recent tectonic evolution of the
Victoria Land Basin (VLB), connected to the broad and
active tectonism affecting the Transantarctic Mountains
(TAM), the sediment transport and the depositional pro-
cesses in the western Ross Sea.

The rifting and uplift mechanisms responsible for the
intense lithospheric deformation in the broad Ross Sea rift
area (Tessensohn and Wérner, 1991; Behrendt ez al., 1991)
include the TAM uplift, the VLB crustal thinning and
subsidence (Fig. 1). Late Cenozoic volcanic rocks, exposed
along the rift margins, suggest that volcanism in this region
was rift-related (Behrendt et al., 1991). The west Antarctic
rift shoulder extends along the TAM for about 3000 km,
from northern Victoria Land to the Ellsworth Mountains.
Behrendt and Cooper (1991) inferred that the uplift of the
TAM and of the entire rift shoulder was episodic and has
probably been an order of magnitude faster (~1 km /m.y.),
at times including the present, than the mean rate. Flexural-
type features (Stern and ten Brink, 1989) run subparallel, on
opposite sides, to the rift shoulder and can be recognized in
the Wilkes Basin outer gravity low to the west and in the
central Ross Embayment outer gravity high to the east
(Stern and ten Brink, 1989). Both rifting and uplift mecha-
nisms strongly suggest lateral heterogeneities and regional
thermal anomalies in the crust and upper mantle. To evalu-
ate the thermal conditions near the TAM-VLB transition, we

have measured HF in the Drygalski Basin and Terror Rift,
making a particular effort to select appropriate sites where
reliable HF measurements could be obtained. During the
OGS Explora cruise the following data were acquired:

- approximately 500 km of MC seismic lines across

Iselin Bank;

- 1650 km of analogue SC seismic data in the central

VLB;

- approximately 3000 km of bathymetry and gravity data

and 2200 km of magnetic profiles in VLB;

- seven gravity cores (18.4 m of total sedimentrecovery);

- 12 HF measurements, using the Trieste University

multipenetration probe.

The locations of the data collected in the Drygalski Basin
and inthe Terror Rift are shown in Figs. 2 and 3 respectively.
Although part of our data has not yet been fully processed,
the reliability of our conventional marine HF measurements
in VLB can be evaluated as well as the other marine HF
measurements in the periantarctic basins.

Bathymetry Data

We combined bathymetric echo sounding data from two
(1989-90 and 1990-91) OGS Explora cruises in the western
Ross Sea with the previous available data (Davey and
Cooper, 1987; Programma Nazionale di Ricerche in
Antartide, 1989) to make a new bathymetric chart.
Uncorrected depths, with a sound velocity in water of 1450
m/s, have been plotted to a scale of 1:100,000 with a 50 m
contour interval, for both Drygalski Basin (Fig. 2) and
Terror Rift (Fig. 3). Discrepancies in depth among different
data sets are within 5 m and the satellite Global Positioning
System (GPS)navigation data guarantee accurate positioning
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Fig. 1. Index map (modified from Behrendt et al., 1991) of the Ross Sea region showing some structures and

geographic locations discussed in the text. Late Cenozoic volcanic outcrops (dashed areas) and active volcanoes
(stars) are indicated. Full dots indicate the locations of the drill holes. 1000 m bathymetric contour and the edge of
the Ross Ice Shelf are also shown. The inset map (from Behrendt ez a/., 1991) shows Moho depth estimates from
seismic experiments in the Ross Sea. Simplified free air gravity contours at a 20 mgal interval are from Davey and

Cooper (1987), and hatching denotes positive anomalies.

within 50 m.

From the bathymetric map shown in Fig. 2, the Drygalski
Basin is a NE-SW asymmetric basin, deepening in the SW
direction. Close to the Drygalski Ice Tongue (Fig. 1) a
maximum depth of 1185 m has been observed. Rugged
glacial topography characterizes the whole basin, which
generally shows steeper and rougher flanks towards the
coast than seaside. Breaks through the sea bottom, fault
scarps and block faulting are the most prominent tectonic
features.

The Drygalski Ice Tongue marks the approximate limit
between the Drygalski Basin and the Terror Rift (Fig. 3).
The latter clearly shows a N-S orientation that makes an
angle of about 40° with the Drygalski axis and is deeper in
the northern part. The eastern flank of the Terror Rift basin
is bounded by a N-S volcanic ridge, well imaged in the
magnetic signature (Bosum et al., 1989), with a volcanic
peak that rises up to 150 m below sea level.

Seismic Data
SC sparker lines, MC seismic lines from the 1990 OGS
Explora cruise and USGS MC seismic data (Cooper et al.,
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1987) have been studied. The OGS lines across the Drygalski
Basin and Terror Rift (labelled as /790 in Figs. 2 and 3) are
extremely useful for areal correlation as well as structural
interpretation. Figure 4a shows line IT61 which runs across
the Drygalski Basin, atabout 75°S (labelled IT90R61B in Fig.
2) and Fig. 4b shows line IT63 across the Terror Rift, a little
south of 76°S (labelled /7904R63 in Fig. 3).

Based on drilling sites (DSDP, CIROS-1 and MSSTS)
and available seismic data, an attempt has been made to
correlate the main seismic unconformities (Hinz and
Kristoffersen, 1987) in the Terror Rift and Drygalski Basin
(Figs. 4a and b). The more recent depositional sequences
since middle Miocene, bounded by the unconformities U,
U,, U; and U, (which are recognizable in the Eastern Basin),
are missing or extremely reduced in the VLB because of
erosion and/or poor deposition. Unconformity Us (early
Miocene) has been identified in the Terror Rift only, whereas
the older ones are present in both basins. The maximum
thickness of the Neogene sediments back to Uy is less than
1 s in TWT and there are about 1.5 to 2.0 s of older
sediments. The two seismic lines shown in Figs. 4aand b can
be assumed as representative of the structural and depositional
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