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Deep crustal structure

in the region of the Antarctic Peninsula
from seismic refraction modelling

(next step of data discussion)

ABSTRACT: Three Polish Antarctic Geodynamical Expeditions in 1979/80, 1984/85 and
1987/88 undertook seismic investigations in West Antarctica. Seismic measurements, including
multichannel seismic reflection and deep seismic soundings, were carried out in the region of the
west coast of the Antarctic Peninsula, between Antarctic Sound and Adelaide Island, Bransfield
Strait, South Shetland Islands and South Shetland Trench along several lines with a total
length of about 5000 km. Selected crustal sections and one and two-dimensional models of the
crust for this area are discussed in detail. The thickness of the crust ranges from 30---33 km in
the South Shetland Islands to 38—45 km near the coast of the Antarctic Peninsula. The crustal
structure beneath the through of Bransfield Strait is highly anomalous; a seismic discontinuity
with velocities of 7.0-—7.2 km/s was found at a depth of 10 to 15 km, and a second discontinuity
with velocities of about 7.6 km/s was found at a depth of 20—25 km. A seismic inhomogeneity
along the Deception-Penguin-Bridgeman volcanic line has also been found. A scheme for the
geotectonic division and a geodynamical model of the area are discussed. On the base of all
experimental seismic data, it will be possible to construct a continuous geotraverse from
Elephant Island, across Bransfield Strait, up to Adelaide Island with a total length of about
1100 km. Crustal section and seismic models along the northern segment of the geotraverse
from the King George Island to the Palmer Archipelago are discussed in detail here.
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Introduction

During the Polish Antarctic Geodynamical Expeditions in 1979/80, 1984/85
and 1987/88, seismic multi-channel reflection and deep seismic refraction
measurements were made by the Institute of Geophysics of the Polish Academy
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Fig. 1. Locations of seismic refraction and reflection profiles. I, II... = refraction seismic stations;

DSS-1, DSS-2... = deep seismic sounding profiles; GUN-1, GUN-2.. = seismic reﬂeqion profiles

of Sciences. Seismic measurements were carried out in West Antarctica
approximately between 61°—68°S and 56°—72° W. The studies covered the
western margin of the Antarctic Peninsula, from the Antarctic Sound to
Marguerite Bay, and the surrounding archipelagoes and islands: South
Shetland Islands, Palmer Archipelago, Biscoe Islands and Adelaide Island.
Seismic measurements were also carried out in Bransfield Strait, m Gerlache
Strait, on the shelf of the Bellinghausen Sea, and on the western shelf of the
refraction branch was located on the eastern shelf of the Antarctic Peninsula.
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Special atiention was paid to tectonically active zones and to the contact zones
between the crustal blocks and the lithospheric plates.

The network of profiles along which refraction and reflection soundings
were carried out is shown (Fig. [). Deep seismic refraction measurements
were carried out along profiles of a total length more than 4000 km. Shots were
fired in the sea at depths of 70--80 m, using dynamite charges of between 20
nad 120 kg. The distance between shot points was about 5 km on average.
Three and five channel refraction stations on land recorded all the shots made
along different profile lines. Altogether about 1500 seismic records of high
quality were obtained at distances from a few to about 200 km from shot
points. The largest distance at which good records could be obtained was 350
km. Seismic reflection measurements, using a multichannel system DFS-IV
with Bolt airguns, were carried out along profiles with a total length of about
1100 km.,

First results of the studies have been published by Guterch et al. (1985,
1987, 1990) and Birkenmajer ¢t al. (1989). Next step of interpretation of the
seismic refraction data is presented in this paper.

Interpretation

The results of the crustal studies presented in this paper are basad on the
interpretation of travel times of refracted as well as reflected waves. The
correlation of wave groups was based on their kinematic and dynamic
properties, using composite records and seismic record sections. Examples of
seismic refraction record sections are shown (Figs. 2. 3a, b, 4 and 5a, b). Each
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Fig. 2. Example of seismic refraction record section. DSS-2. station 1
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record on the sections corresponds to a 3-channel or 5-channel seismic record.
Multichannel refraction records, with 200 m distances between them, made it
easier to correlate waves. In particular, it is very important for correlation of
reflected waves and for interpretation of fracture zones and tectonic distur-
bances. .

Initial interpretation were achieved using simple methods of effective and
apparent velocities. For the particular branches of the travel times of reflected
waves, the effective velocities were calculated and, by considering the relations
between effective and mean velocities, the depths of the reflection boundaries
were determined (Grad 1983). Depths of refraction boundaries were determined
by assigning mean velocities to refracted waves. By testing one-dimensional
(1-D) models of the crust, it is possible to evaluate the validity of correlations
and also to determine the mean velocities and depths of the boundaries.
Theoretical travel times were calculated within the individual crustal blocks
using the ray method for multilayer models (Alekseev and Gelchinsky 1959,
Fuchs and Miiller 1971). The 1-D models were then used to develop
two-dimensional (2-D) models with curvillinear boundaries and complex
velocity distribution v (x,z) (Cerveny and PSencik 1983). As a result of
a multistage process of interpretation, good agreement between theoretical and
experimental travel times, and also qualitative agreement among the amp-
litudes of main wave types, were obtained.

Examples of seismic reflection record sections are shown (Figs. 6 and 7).
The multichannel reflection data have been processed by Geophysical Enter-
prise Torun in Poland, using standard processing procedures.
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Fig. 3a. Example of seismic refraction record section. DSS-5, station I
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Fig. 4. Example of seismic refraction record section. DSS-12, station ‘X
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