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ABSTRACT: Seismic refraction studies on Central Spitsbergen have shown that there is
the fault systems with north-south strike directions, which divide the crust into western, central
and eastern blocks. Thickness of the crust in this area varies from 35 to 40 km. Interpretation
and modelling of seismic refraction data indicate that the Moho boundary beneath the Central
Spitsbergen Basin is a complicated transition zone between crust and upper mantle with the
thickness of about 5 km.
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Introduction

The Svalbard Archipelago is the subject of the present discussion. It is
located at the northwestern extreme of the Eurasian continental plate, and is
separated from the landmass by the shallow epicontinental Barents Sea. The
Knipovich Ridge spreading axis is located only 100—200 km west of the
archipelago and of the Barents Sea continental margin (Fig. 1). Spitsbergen is
the largest island within the Svalbard Archipelago.

Crustal refraction data of central part of Spitsbergen upon which this paper
is based, were obtained during joint expeditions undertaken as a part of
cooperative efforts between the following institutions: Bergen University,
Norway; Hamburg and Miinster Universities, FRG; Polish Academy of
Sciences, Warsaw, Poland and Saint Louis University, USA. The main purpose
of the expeditions were to investigate the crustal structure in the Spitsbergen
region by explosion seismology method. Fieldworks were carried out in 1976
and 1978. Results of the study have been published earlier by Mitchell et al.
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(1978); Guterch et al. (1978); Guterch et al. (1982), Pajchel et al. (1982) and
Sellevoll (1982). The present discussion concentrates on the deep crustal
structure of the sedimentary basin of Central Spitsbergen.
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Fig. 1. Main geological features of the Svalbard region (after Sudvor et al. 1982)
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Area of investigation

Spitsbergen being the largest island within the Svalbard Archipelago, is
composed of sedimentary, igneous and metamorphic rocks of Precambrian to
Cenozoic age (Fig. 1). The tectonic development of the region is characterized
by three major tectonic events.

The first major tectonic phase is related to the Early to Mid Paleozoic Ny
Friesland Caledonian Orogenic event (Birkenmajer 1981), a pulse of intense
tectonism whose effects are particularly well recognizable in the Eastern
Svalbard, and to a lesser exient, in Western Svalbard. In the east the Hecla
Hoek geosyncline was deformed and in the west the geosyncline suffered
deformation possibly continuing through Silurian. The later Old Red Sands-
tone succession is a typical late-orogenic sequence formed in response to uplift
of the Caledonic belt (Early and Middle Devonian).

The second major tectonic phase occured in the Late Devonian. Is has
lately been interpreted in terms of major sinistral transcurrent faulting, during
which Eastern Svalbard moved northward at least 200 km, and possibly more
than 1000 km, from a position adjacent to the present east of Greenland to
a point north of Greenland and near Queen Elisabeth Island. There it joined
Western Svalbard which had moved from a lesser distance if it was not already
there (Harland and Cutbill 1974).

The third important tectonic element in Svalbard history is of Cenozoic age
and tended to reverse the second by dextral transcurrent movement along
a zone somewhat west of the Paleozoic line. Accompanying this lateral
movement, however, there was also compression and tension deforming the
Greenland and Eurasian plates during the Palacogene West Spitsbergen
Orogeny (Harland and Cutbill 1974; Steel et al. 1985). During The West
Spitsbergen Orogeny a narrow thrust and foldbelt developed along the west
coast of Spitsbergen. This crustal shortening led to increased loading along
Svalbard’s Western margin, and turned the epicontinental, littoral basin of
Central Spitsbergen into a rapidly subsiding foreland basin where more than
1.5 km of clastic sediments were accumulated and subsequently gently folded.

Crustal structure

Main seismic refraction profiles in the region of Spitsbergen are shown
(Fig. 2). Results from the Isfjorden and Central profiles are discussed in this
paper. Travel times branches obtained from phase correlation of seismic
refraction sections and crustal section along Isfjorden profile are shown
(Fig. 3).

The seismic measurements along Isfjorden have shown that there are two
deep and distinct fault systems at distance of 60—70 km and 110 km from the



Fig. 2 The seismic profile lines on Spitsbergen
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Fig. 3. Travel time brancl.s ai. i the crustal modei along the Isfjorden profile; KL — Kapp Linne;
SB - sonobuoy; C — Colesbukta; D — Deltaneset; T — Tempelfjorden; S — Svanebergfjellet

[270]





















