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ABSTRACT

This report of the Swiss Seismological Service summarizes the seismic activity
in Switzerland and surrounding regions during 2007. During this period, 531
earthquakes and 92 quarry blasts were detected and located in the region un-
der consideration. Of these earthquakes, 30 are aftershocks of the stimulation
of a proposed geothermal reservoir beneath the city of Basel in December of
2006. With 20 events with M, > 2.5, four of which were artificially induced, the
seismic activity in the year 2007 was far below the average over the previous
32 years.

ZUSAMMENFASSUNG

Dieser Bericht des Schweizerischen Erdbebendienstes stellt eine Zusammen-
fassung der im Vorjahr in der Schweiz und Umgebung aufgetretenen Erdbe-
ben dar. Im Jahr 2007 wurden im erwidhnten Gebiet 531 Erdbeben sowie 92
Sprengungen erfasst und lokalisiert. Dreissig dieser Erdbeben sind Nachbe-

ben der im Dezember 2006 erfolgten Wasserinjektion in 5 km Tiefe bei einem
Geothermie Projekt in Basel. Mit 20 Beben der Magnitude M; >2.5, wovon 4
im Zusammenhang mit dem Geothermie Projekt stehen, war die seismische
Aktivitdat im Jahr 2007 weit unter dem Durchschnitt der vorhergehenden
32 Jahre.

RESUME

Le présent rapport du Service Sismologique Suisse résume ’activité sismique
en Suisse et dans les régions limitrophes au cours de ’année 2007. Durant
cette période, 531 tremblements de terre et 92 tirs de carriere ont été détectés
et localisés dans la région considérée. Parmi ces tremblements de terre, 30
ont été induits artificiellement par la stimulation d’un réservoir au dessous
de la ville de Bale dans le cadre d’un projet géothermique. Avec seulement
20 événements de magnitude M, >2.5, et dont 4 ont été induits artificielle-
ment, I’activité sismique de I’année 2007 est inférieure a la moyenne de ces
32 années précédentes.

Introduction

Past earthquake activity in and around Switzerland has been
documented in an uninterrupted series of annual reports from
1879 until 1963 (Jahresberichte des Schweizerischen Erdbeben-
dienstes). Three additional annual reports have been published
for the years 1972-1974. These reports together with historical
records of earthquakes dating back to the 13th century have
been summarized by Pavoni (1977) and provided the basis
for the first seismic hazard map of Switzerland (Sédgesser &
Mayer-Rosa 1978). With the advent of routine data processing
by computer, the wealth of data acquired by the nationwide
seismograph network has been regularly documented in bulle-
tins with detailed lists of all recorded events (Monthly Bulletin
of the Swiss Seismological Service). Since 1996, annual reports
summarizing the seismic activity in Switzerland and surround-

ing regions have been published in the present form (Baer et al.
1997,1999,2001,2003,2005,2007; Deichmann et al. 1998,2000a,
2002, 2004, 2006). In the course of reassessing the seismic haz-
ard in Switzerland, a new uniform earthquake catalog covering
both the historical and instrumental periods has been compiled
(Fah et al. 2003). The data in the new Earthquake Catalog of
Switzerland (ECOS) are available online (http://www.seismo.
ethz.ch, Swiss Earthquake Catalogs). The new seismic hazard
map of Switzerland based on this catalog was officially released
in 2004 (Giardini et al. 2004). In addition, numerous studies cov-
ering different aspects of the recent seismicity of Switzerland
have been published in the scientific literature (for an overview
and additional references see, e.g. Deichmann 1990; Pavoni &
Roth 1990; Riittener 1995; Riittener at al. 1996; Pavoni et al.
1997; Deichmann et al. 2000b; Kastrup et al. 2004; Kastrup et
al.2007).

Swiss Seismological Service, Institute of Geophysics, ETH Honggerberg, CH-8092 Ziirich, Switzerland. (http:/www.seismo.ethz.ch)
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Data acquisition and analysis

Seismic stations in operation during 2007

The Swiss Seismological Service operates two separate na-
tionwide seismic networks, a high-gain broad-band seismo-
meter network and a low-gain accelerograph network. The
former is designed to monitor continuously the ongoing
earthquake activity down to magnitudes well below the hu-
man perception threshold, whereas the latter is principally
aimed at engineering concerns and thus only records so-called
strong motions. Beginning in 2003, efforts are underway to
merge these two networks and to record the strong-motion
signals continuously and in real-time together with the high-
gain signals. First, 12 stations of the high-gain broad-band
network have been equipped with an additional accelero-
meter. Then as of 2006, 10 sites of the existing accelerometer
network as well as several new sites have been equipped
with modern sensors and digitizers featuring higher dynamic
range, broader frequency bandwidth and higher sensitivity
(Baer et al. 2007).
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To monitor with greater precision an ongoing sequence of
earthquakes in the immediate vicinity of the southern segment
of the new Gotthard railway tunnel that is still under construc-
tion, a set of eight stations with short-period seismometers and
in part with three-component accelerometers were installed
during the late Fall of 2005 in the region between the Lukmanier
Pass and the Leventina Valley. In addition, two accelerometers
have been installed in the tunnel itself. These ten stations are
operated under a contract with AlpTransit-Gotthard AG.

In the course of 2006 an additional array of seismic sensors
was installed in six boreholes at depths between 317 and 2740 m
below Basel. This array was designed to monitor the seismicity
induced by the injection of large quantities of water at high
pressure into a 5 km deep well in the context of a project initi-
ated by Geopower Basel AG, a private/public consortium, to
extract geothermal energy. The borehole array is operated by
Geothermal Explorers Ltd in Pratteln.

A complete list of the available stations in Switzerland and
maps with the station locations of the national network as well
as of the two local networks in the area of Basel and in the Gott-
hard region can be found in the annual report for 2006 (Baer et
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Fig. 1. Epicenters and focal mechanisms of earthquakes recorded by the Swiss Seismological Service during 2007. Epicenters of earthquakes mentioned in the

text are Basel (Ba), Chateau-d’Oex (Ch), Landeck (La) and Muotathal (Mu).
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al. 2007). The only changes to the network with respect to the
previous year, that were made in 2007, are the removal of two
borehole sensors in the Basel area during the course of the sum-
mer (RIEH2 and OTERT1 - see Figure 2 of Baer et al. 2007) and
the installation of an additional strong-motion station (SFRA)
in Frenkendorf (BL), at the beginning of December.

To improve the reliability of locations for events at the pe-
riphery or outside of Switzerland, we are engaged in an ongoing
cross-frontier cooperative effort to exchange seismic data in
realtime. Since 2005 we continuously record and archive signals
from stations in Austria operated by the Zentralanstalt fiir Me-
teorologie und Geodynamik in Vienna (ZAMG) and in Italy
operated by the Istituto Nazionale di Geofisica e Vulcanologia
in Rome (INGV), by the Istituto di Geofisica, Universita di
Genova and by the Zivilschutz der Autonomen Provinz Bozen-
Studtirol (Baer et al. 2007).

Hypocenter location, magnitude and focal mechanisms

Since the year 2005, hypocenter locations of most of the lo-
cal earthquakes have been determined using the software
package NonLinLoc (Lomax et al. 2000). The P-wave velocity
model used was derived from a 3D tomographic inversion of
local earthquake data with constraints from controlled source
seismics (Husen et al. 2003), and the S-velocities are calculated
from the P-velocity using a V,/V, ratio of 1.71.

Local magnitudes (M,) are calculated from the maximum
amplitude of the horizontal components of the digital broad-
band seismograms filtered to simulate the response of a Wood-
Anderson seismograph. The attenuation with epicentral dis-
tance is accounted for by an empirically determined relation
(Kradolfer & Mayer-Rosa, 1988). The final magnitude corre-

Table 1. Earthquakes with M, >2.5.

sponds to the median value of all individual station magni-
tudes.

For the stronger events, the traditional determination of fo-
cal mechanisms from the azimuthal distribution of first-motion
polarities (faultplane solutions) is complemented by moment
tensors based on a full-waveform inversion. This procedure,
based on a time domain inversion scheme developed by Dre-
ger (2003), also provides a moment magnitude, M,, the best
fitting double couple, and an optimal depth estimate based on
the given location.

A more detailed documentation of the data analysis can be
found in previous annual reports (Deichmann et al. 2006, Baer
et al. 2007).

Seismic activity during 2007

Overview

During 2007, the Swiss Seismological Service detected and
located 531 earthquakes in the region shown in Figure 1. As
discussed below, of these 531 events, 30 are aftershocks of the
stimulation of a proposed geothermal reservoir beneath the
city of Basel. Based on such criteria as the time of occurrence,
the location, the signal character or on direct information, 92
additional seismic events were identified as quarry blasts.

Magnitude values of the events recorded in 2007 range
from M, 0to 3.9.The events with M, > 2.5 and the criteria used
to assign the quality rating for the given locations as well as
the corresponding estimated location accuracy are listed in
Tables 1 and 2.

Figure 2 shows the epicenters of the 810 earthquakes with
M, >2.5, which have been recorded in Switzerland and sur-

Date & Time Lat. Lon. XY Depth Mag. Q Location
[UTC] [°N] [°E] [km] [km] [(M,]

2007.01.06  07:19:52 47.581 7.601 612/270 5 3.1 A Basel, BS
2007.01.15 06:23:57 47.659 6.286 513/279 11 2.9 D French Jura, F
2007.01.16  00:09:07 47.581 7.604 612/270 5 32 A Basel, BS
2007.02.02  03:54:27 47.581 7.602 612/270 5 32 A Basel, BS
2007.03.21 16:45:18 47.580 7.600 612/270 4 2.8 A Basel, BS
2007.03.23  05:01:38 45.690 9.867 789/ 63 10 3.6 B Bergamo, I
2007.03.23 05:24:19 45.702 9.901 792/ 64 10 2.7 B Bergamo, I
2007.04.01 00:22:56 46.128 7.048 570/108 2 2.6 B Martigny, VS
2007.04.02  09:10:33 45.778 8.303 667/ 70 25 2.7 C Varallo, I
2007.05.19 16:19:38 47.168 10.605 840/229 2 3.9 C Landeck, A
2007.06.28 06:32:06 45.736 10.564 843/ 70 9 2.9 B Lago d’Idro, I
2007.07.12  00:09:32 46.949 8.771 701/200 0 3.0 B Muotathal, SZ
2007.08.05 11:15:41 47.066 9.623 766/215 0 2.7 B Malbun, FL
2007.08.23  21:35:00 46.758 9.449 754/180 6 2.8 B Paspels, GR
2007.10.04 15:17:26 46.281 7.967 641/126 3 2.5 B Glis, VS
2007.10.12  13:04:17 46.472 7.119 575/147 10 2.7 B Chateau-d’Oex, VD
2007.10.15 16:25:49 47.208 10.615 841/233 5 2.9 C Landeck, A
2007.10.24  06:14:53 46.473 7.115 575/147 10 2.6 B Chateau-d’Oex, VD
2007.10.31  06:07:17 46.322 7.368 594/130 7 2.5 A Anzere, VS
2007.12.11 16:57:39 46.471 7.120 575/147 10 25 B Chateau-d’Oex, VD
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rounding regions over the period of 1975-2007. These events
represent about 8% of the total number of events detected dur-
ing that time period in the same area. The chosen magnitude
threshold of 2.5 ensures that the data set is complete for the
given period and that the number of unidentified quarry blasts
and of badly mislocated epicenters is negligible.

Significant earthquakes of 2007

Landeck

With a magnitude M, of 3.9, this earthquake, that occurred on
May 19th, was the strongest event recorded in Switzerland or
in its surrounding regions in 2007. The epicenter was located in
Austria, near the town of Landeck. There are no reports of it
having been felt in Switzerland. Given an epicentral distance of
36 km to the nearest station, the hypocentral location is uncer-
tain. However, the shallow focal depth of 2 km (Table 1) agrees
with the fact that this event was not felt out to larger distances.
Moreover, unusually high travel-time residuals of the location
are also an indication of a shallow focal depth in a region with
a complex and laterally heterogeneous crustal structure.
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Table 2. Criteria and location uncertainty corresponding to the quality rating
(Q) of the hypocentral parameters in Table 3. GAP = largest angle between
epicenter and two adjacent stations; DM = minimum epicentral distance;
H = horizontal location; Z = focal depth.

Rating Criteria Uncertainty
Q GAP DM H Z
(degrees) (km) (km) (km)

A <180 <1.5%xZ <2 <3
B <200 <25 <5 <10
C <270 <60 <10 >10
D >270 >60 >10 >10
Muotathal

At2:09 in the night (local time) of July 12th, the area of Muota-
thal was jolted by an earthquake of magnitude M, 3.0. Despite
its occurrence in the middle of the night, there are several re-
ports of it having been clearly felt in the village of Hinterthal
and some reports from scattered localities at larger distances
from the epicenter.
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Fig. 2. Epicenters of earthquakes with Magnitudes M, > 2.5, during the period 1975-2007.
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Fig. 3. Arrival times of the Urnerboden event of 2003 and the Muotathal
event of 2007 observed at stations to the N of the epicenters. The data for the
two events were aligned with respect to the arrivals of the waves refracted in
the upper crust (Pg). The fact that the arrivals of the refractions at the Moho
(Pn) match for the two events implies that their focal depths are very similar.

The routinely determined location puts the hypocenter at
a depth of 0 km. The closest station (MUO) is situated 10 km
from the epicenter. Consequently, this focal depth is constrained
only by the travel times along the rays refracted in the upper
crust and in the upper mantle, and is very sensitive to the 3D
velocity model used by the location algorithm. As an indepen-
dent check of the focal depth, we compared the observed travel
times of this earthquake with those for an event that occurred
in 2003 near Urnerboden, 11 km to the east and 4 km to the
south of Muotathal. The focal depth of the Urnerboden event
was determined to be 3 £ 1 km by comparison with the Linthal
event of 2001, that in turn is well-constrained by P- and S-ar-
rivals observed at a strong-motion instrument 1 km from the
epicenter (Deichmann et al. 2002 and 2004). As shown in Fig-
ure 3, the cross-over distance of the travel-time branches of the
refracted rays in the upper crust (Pg) and in the upper mantle
(Pn) are practically the same for the two events. This implies
that the focal depths of the two events must also be similar.
The slightly later arrival of the Pn phase at station SIND in
Figure 3 suggests, in fact, that the Muotathal event could ac-
tually be even slightly shallower than the 3 km determined

Muotathal 2007.07.12

Fig. 4. Faultplane solution of the M, 3.0 Muotathal event (above) and opti-
mal double-couple moment tensor based on a full-waveform inversion (be-
low). The stereographs are lower hemisphere, equal area projections. Solid
circles and shaded quadrants correspond to compressive first motion (up);
empty circles and white quadrants correspond to dilatational first motion
(down).

for the Urnerboden event. Thus, the hypocenter of this event
was certainly located in the sediments, that are 5-6 km thick in
this region (Maurer & Ansorge 1992). For the construction of
the faultplane solution, we fixed the depth at 2 km and calcu-
lated the take-off angles with a 2D ray-tracing algorithm. The
resulting focal mechanism is shown in Figure 4 together with
the optimal double-couple moment tensor derived from a full-
waveform inversion of the seismograms observed at six stations
located at epicentral distances between 28 and 81 km. Both so-
lutions correspond to a strike-slip mechanism with NNW-SSE
and ENE-WSW striking nodal planes (Table 3), which is very
similar to the focal mechanism of the 2003 Urnerboden event
(Deichmann et al. 2004).

Judging from the almost identical seismograms (the lower
four traces in Figure 5), it was part of a small sequence of four
events with the same source, that occurred between June 1st

Table 3. Focal mechanism parameters based on first-motion polarities (lines with M, ) and on an automated full-waveform inversion method (lines with M,,).

Location Date & Time Depth Mag. Plane 1 Plane 2 P-Axis  T-Axis
[UTC] [km] Strike/Dip/Rake Az/Dip

Basel 2007/01/06  07:20 4 M, 3.1 091/79/-176 ~ 360/86/-011 315/11 046/05

Muotathal 2007/07/12  00:09 2 M, 3.0 076/82/-178  346/88/-008 301/07 031/04

5 M, 2.9 080/88/-160  349/70/-002 306/15 213/13
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Fig. 5. Seismograms of two rain-induced events in the area of Bisistal and
Riemenstalden during 2005 (above), and the four Muotathal events of 2007
(below), recorded at station MUO — N-S component, band-pass filtered
1-20 Hz.

and August 9th. As summarized by Deichmann et al. 2006 and
documented in detail by Husen et al. 2007, during the heavy
rainfalls in August 2005 this region witnessed a remarkable case
of precipitation-induced seismicity, with 33 events occurring
within 24 hours. Contrary to what might have been expected,
the sequence of 2007 does not correspond to a reactivation of
the sources that were triggered by the rainfall two years earlier.
This is illustrated by the two seismograms (top two traces in
Figure 5) that are typical for the two clusters that were active
in 2005, and which differ significantly from those recorded in
2007. In fact, the epicenters of the four events recorded in 2007
lie roughly inbetween the Riemanstalden and Bisistal clusters
of 2005.

Chateau-d’Oex

The most prolific single cluster to occur naturally in 2007 was
located near the town of Chateau-d’Oex. It consisted of 23
events with magnitudes M, between 0.7 and 2.7 that occurred
between September 15th and December 11th. Almost half of
them occurred within 26 hours, between October 12th and
13th. Judging from the striking similarity of the recorded seis-
mograms shown in Figure 6, the source and focal mechanism of
all these events must have been nearly identical. However, even
the records of the strongest event are not sufficient to construct
a reasonably well constrained faultplane solution.

To improve the consistency of the measured arrival times
across the whole sequence, we took advantage of the high
signal similarity and applied a cross-correlation procedure
to the P- and S- phases recorded at the four closest stations.

664 N.Deichmann et al.

Consequently, the calculated epicenter locations of the weaker
events, that were recorded by only these four stations, form a
point-like cluster in the epicenter map shown in Figure 1. The
systematic shift of this cluster relative to the location of the
three stronger events is an artifact of the location procedure
and is due to the fact that additional, more distant, arrivals
were available for locating these events. In addition, given that
the closest station to the epicenters is AIGLE at a distance of
almost 20 km, the focal depth of about 10 km, listed in Table 1
for the three M, > 2.5 events, is only constrained by a few P, ar-
rivals refracted at the Moho. On the other hand, the computed
focal depths of the weaker events, for which observations of P,
arrivals at large distances are lacking, put their hypocenters at
the earth’s surface.

2007 09150415 3 MO.
20070917021319 M1 4
%WMWWJ\/\W
%W\WWWWMW
207 1012 002 M3 gt e
2007 1012130747 M20

2007 1012131240 M 1.4

2007 10 121358 13 M 1,1

2007 1012151320 MO

2007 1012151342 M1

2007 10 121559 33 M 0,9
2007 10 1222 0240 M 0.8

2007 1013 1407 28 M 1,5

2007 1013142545 M 0,8

2007 10 24 06 14 56 M 2,6

2007 10241222 3 M1,

2007 1211 16 57 43 M 245

2007 1211170314 M 1.4

2007 1211181044 M1,3

| | | | | | | J
-2 -1 0 1 2 3 4 5 6
seconds

Fig. 6. Seismograms of the 23 events of the Chateau-d’Oex sequence,recorded
at station AIGLE - vertical component, band-pass filtered 1-20 Hz.



Basel 2007.01.06

Fig. 7. Faultplane solution of the M, 3.1 Basel event. The stereograph is a
lower hemisphere, equal area projection in which solid circles correspond to
compressive first motion (up) and empty circles to dilatational first motion
(down).

Induced seismicity in Basel

To stimulate the reservoir for a “hot dry rock” geothermal
project, that was initiated by a private/public consortium in the
city of Basel, approximately 11500 m? of water were injected
between December 2nd and 8th, 2006, at high pressures into a
5 km deep well below Kleinhiiningen. As summarized by Baer
et al. (2007) and documented in detail by Hiring et al. (2008),
the microseismic activity induced by this procedure increased
steadily until the evening of December 8th, when a magnitude
M, 3.4 earthquake occurred within the stimulated rock volume.
At that time, water injection hat already been stopped; sub-
sequently the well was opened and the water allowed to flow
back. In the following days about one third of the injected wa-
ter volume escaped the well, and the seismic activity declined
rapidly thereafter (Baer et al. 2007, Hiring et al. 2008). How-
ever, in the beginning of 2007 and although the water pressure
at the wellhead had returned to near-normal levels, the seismic
activity picked up again. This activity included four events with
magnitudes M, between 2.8 and 3.2, that were clearly felt by
the population (Table 1).

The network of high-sensitivity borehole sensors, that had
been installed by the operators of the project to monitor the
stimulation, detected more than 14'000 events by the end of
2006 and an additional 1046 events during 2007. The hypocen-
ters of the more than 3500 locatable events are restricted to
a NNW-SSE oriented lens-shaped cloud, about 1.2 km in dia-
meter and 200 m wide, with a single offsetting branch to the
ESE (Hiring et al. 2008). The center of this cloud is at a depth
of about 4.5 km below ground level.

In 2007, a total of 30 events associated with the Basel geo-
thermal project were also recorded by the network of the Swiss
Seismological Service. Their magnitudes (M, ) range between
0.8 and 3.2. The sources of all these events are located in the
upper SSE corner of the hypocentral cloud.

In Figure 7 we show the faultplane solution of the first of
the three events with M, >3. Given the large number of sta-
tions in the epicentral area and the good signals-to-noise ratio

out to distances of almost 200 km, the solution is very well con-
strained. The strike-slip mechanism with N-S and E-W striking
nodal planes (Table 3) is in excellent agreement with the stress
field derived from the natural seismicity observed in the past in
the wider Basel region (Plenefisch & Bonjer 1997, Kastrup et
al.2004). A detailed documentation of the 28 focal mechanisms
available to date for the Basel induced seismicity is in prepara-
tion (Deichmann & Ernst, 2009).

Discussion

In 2007, the total number of only 20 events with M, >2.5 was
below the 25 events per year observed on average over the pre-
vious 32 years in this magnitude category. The activity low of
2007 is even more striking if one considers that four of these
events are aftershocks induced by the geothermal reservoir
stimulation in Basel. Thus the general trend of lower than av-
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Fig. 8. Earthquake activity during 2007: magnitude of each event and cumula-
tive number of events (above); histogram of magnitudes (below).
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erage activity, that started in 2005, persisted through the year
2007.

As in previous years, most of the earthquakes occurred
in the Valais and in Graubiinden. Routinely calculated fo-
cal depths for all but 14 events recorded in 2007 are less than
16 km. Except for two events south of the Alpsin or close to the
Ivrea Body, for which the routinely calculated depths are 19 and
25 km, all the deeper hypocenters are below the Molasse Basin
and Jura of northern Switzerland and southern Germany.
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