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Recent seismicity of the northern Alpine foreland
of Switzerland

By NicoLAs DEICHMANN *

EXTENDED ABSTRACT

The Swiss national seismograph network, in operation since the mid-seventies, and
an additional local network, installed in 1983 in the central part of northern Switzerland,
have provided new information about the ongoing deformation and the rheological
behaviour of the earth’s crust below the Swiss Molasse Basin and Jura Mountains
(Mayer-Rosa et al. 1983), Deichmann 1987a, 1990).

The main seismic activity has been observed in two separate areas (Fig. 1). The first
comprises the southward continuation of the seismically active Rhinegraben and Dinkel-
berg regions, which, with a slight westward offset, extends well into the canton of
Fribourg (Frohlich 1991). The second is defined by a diffuse distribution of epicenters
extending from the northwestern end of the Lake of Constance to south of the Lake of
Zurich. Although the overall activity is low, and the magnitude of the largest earthquake
recorded over the last 20 years in this region did not exceed 4.2, it has been possible to
construct a large number of well constrained fault-plane solutions (Fig. 2). The resulting
focal mechanisms are of strike-slip or normal fault type, indicating a regional shortening
with a NN'W-SSE orientation, roughly perpendicular to the strike of the Alpine and Jura
mountain chains, and a corresponding WSW-ENE extension, parallel to the main axis
of the Molasse Basin (Pavoni 1980, 1984, 1987, Deichmann 1990). A characteristic
feature of the seismicity of northern Switzerland is the occurrence of many earthquakes
in clusters or small swarms. The individual events in a particular swarm exhibit almost
identical signal forms and evidently correspond to repeated slip on the same fault (e.g.
Deichmann & Garcia-Fernandez 1992). Whereas it is generally not possible to identify
the rupture plane from a single fault-plane solution alone, the application of a very
precise relative location technique to several earthquake clusters has enabled the map-
ping of the active faults (Deichmann 1987 a, 1990, Deichmann & Garcia-Fernandez 1992,
Smit 1989). Such a detailed analysis has been performed for clusters in the eastern part
of the Molasse Basin, below the Jura Mountains and in the western part of the Molasse
Basin. The results clearly show that deformation of the crust below the Molasse Basin
and the Jura Mountains is mainly being accomodated by sinistral as well as dextral
strike-slip mechanisms (e.g. Fig. 3) and involves both the sedimentary cover and the
crystalline basement.

Hypocenters below northern Switzerland are distributed throughout the entire depth
range of the crust (Deichmann 1987b, Pfister 1990). Such a focal-depth distribution
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Fig. 2. Fault-plane solutions in the western part (top) and the eastern part (bottom) of northern Switzerland for
the period 1977-1989. For focal mechanism parameters and references to the original solutions see Deichmann
1990.
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Fig. 3. Orientations of faults and directions of slip (thin arrows) corresponding to the earthquake clusters of
Giinsberg, Laufelfingen and Zeglingen (Deichmann 1990, Deichmann & Garcia-Fernandez 1992). The large
arrows show the directions of maximum crustal shortening and extension.
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Fig. 4. Focal-depth cross-section projected along a line from Basel to Locarno for the period between Jan. 1975
and Sept. 1990 (after Deichmann & Baer 1990). Only the more reliably located events are included here, selected
according to the following criteria: largest difference between epicenter-station azimuths of neighbouring stations
< 180 °, number of observation > 11, epicentral distance to nearest station < 30 km, RMS < 04s.
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contrasts with what is observed below the Alps and in most other intracontinental
settings, where earthquakes are restricted to the upper part of the crust (Fig. 4), (Garcia-
Fernandez & Mayer-Rosa 1986, Deichmann & Baer 1990). In addition, surface heat flow,
with a regionally representative value of about 80 mW/m? (Rybach et al. 1987), is rela-
tively high, and temperatures extrapolated to the lower crust reach values around 600 °C.
Such temperatures are well above the 300 °C and 450 °C generally regarded as corre-
sponding to the transition between brittle and ductile deformation for quartz and plagio-
clase controlled rheologies (Deichmann & Rybach 1989). There is no evidence for either
increased strain rates or a mafic lower crust, which could otherwise be reasons for a
greater depth of the brittle-ductile transition. It is, however, possible that fluids at high
pressures can lower the resistance to slip on preexisting fractures sufficiently to cause
brittle failure even at depth ranges where under dry conditions the rock would be
expected to deform in a ductile fashion (Deichmann 1990, 1992). The existence of
high-pressure fluids in the crust would also explain the occurrence of the observed
earthquake swarms (Deichmann & Garcia-Fernandez 1992).

Contribution number 710, Institute of Geophysics, ETH-Zlirich.
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