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Active strike-slip faulting in the Chablais area (NW Alps) from
earthquake focal mechanisms and relative locations

BASTIEN DELACOU!, NICHOLAS DEICHMANNZ, CHRISTIAN SUE!, FRANCOIS THOUVENOTS,

JEAN-DANIEL CHAMPAGNAC! & MARTIN BURKHARD!
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ABSTRACT

The Chablais area is characterized by a complex geological setting, resulting
from the transport of nappes of various internal origins (the Prealpine
nappes), thrusted in Oligocene times onto the Helvetic cover of the external
zones of the Alps. While the structural setting and timing of nappe emplace-
ment are well understood, current tectonics and associated faulting remain un-
clear. The detailed analysis of the Bonnevaux and Samoéns earthquakes, pre-
sented in this study, constitutes a significant contribution to the active tecton-
ics of the Chablais area. The associated seismotectonic regime appears to be
constant with depth, both focal mechanisms yielding a strike-slip regime, one
in the crystalline basement at around 17 km depth and the other probably
cross-cutting the cover/basement interface at around Skm depth. Relative lo-
cation techniques, applied in this study to the seismic sequence associated to
the Samoéns earthquake, represents the best way to identify active faults in a
region where neotectonic evidence is scarce and controversial. The resulting
seismic alignment corresponds to the E-W oriented nodal plane inferred from
the Samoéns main shock focal mechanism, thus defining an active near vertical
E-W dextral fault. This strike-slip regime, compared to the current regional
stress field, corresponds to the one observed in the Jura/Molasse basin area
but contrasts with the exclusively dextral and NE-SW-oriented transcurrent
regime of the Wildhorn/Martigny region.

RESUME

La région du Chablais est caractérisée par une configuration géologique et
structurale complexe, résultant de la mise en place de nappes de charriage de
provenances variées (nappes Préalpines) chevauchantes sur les unités externes
Helvétiques durant ’Oligocene. Alors que I'historique de la mise en place de
ces nappes est bien compris, le régime tectonique actuel reste a définir. L’ana-
lyse détaillée des séismes de Bonnevaux et de Samoéns présentées dans cette
étude donne une bonne image du régime tectonique actuel de cette région. Le
régime sismotectonique associé a ces séismes apparait stable en fonction de la
profondeur, de type décrochant, 'un au niveau du socle cristallin (17 km de
profondeur), I'autre intersectant probablement I'interface socle/couverture
(5 km de profondeur). Les techniques de relocalisations relatives, appliquées
dans cette étude dans le domaine temporel sur la séquence sismique associée
au choc de Samoéns, représentent le meilleur, si ce n’est 'unique, moyen

d’identifié des failles actives dans une région ou les indices néotectoniques
sont rares et controversés. L’alignement sismique ainsi défini correspond au
plan nodal E-W du mécanisme au foyer du choc principal, permettant de défi-
nir une faille dextre, subverticale, orientée E-W. Ce régime décrochant, repla-
cé dans son contexte tectonique régional, correspond a celui observé dans la
région Jura/Plateau Molassique, caractérisé par un syst¢éme de décrochements
conjugués (dextre orienté E-W, sénestre orienté NW-SE) et contraste avec
celui exclusivement dextre, orienté NE-SW, observé au niveau de I’alignement
Wildhorn/Martigny.

ZUSAMMENFASSUNG

Das Chablaisgebiet zeichnet sich durch einen komplexen geologischen Aufbau
aus, welcher Resultat des Transportes eines aus Einheiten unterschiedlicher
interner Herkunft aufgebauten Deckenstapels (die voralpinen Decken) ist, der
im Oligozin iiber die helvetische Bedeckung der externen Zone des Alpenbo-
gens geschoben wurde. Wihrend strukturgeologischer Aufbau und zeitlicher
Ablauf der tektonischen Bewegungen relativ gut bekannt sind, bleiben die tat-
sdchlichen Verschiebungen und die damit verbundene Bruchtektonik weitge-
hend unklar. Die in der vorliegenden Studie im Detail untersuchten Erdbeben
von Bonnevaux und Samoéns ergeben ein ziemlich genaues Bild der aktiven
Tektonik im Gebiet des Chablais. Das damit verbundene seismotektonische
Regime erscheint in Abhingigkeit der Tiefe konstant. Die Herdmechanismen
beider Erdbeben deuten auf ein Blattverschiebungsregime hin, wobei eines im
kristallinen Sockel in ca. 17 km Tiefe lokalisiert wurde und das andere hochst-
wahrscheinlich die Ubergangsszone zwischen Bedeckung und Sockel in ca. 5
km Tiefe iiberschneidet. Die in dieser Studie angewendeten relativen Lokali-
sierungstechniken (in der Zeitdomane) fiir die seismische Sequenz des Samo-
éns-Erdbebens représentieren den besten (wenn nicht den einzigen) Ansatz
zur Identifizierung aktiver Briiche in einer Region in welcher neotektonische
Indizien spérlich vorhanden und kontrovers sind. Die Ausrichtung der daraus
resultierenden seismischen Linie ist in guter Ubereinstimmung zu der dextra-
len E-W orientierten Verwerfung, welche dem Herdmechanismus entnommen
werden kann. Dieses Regime ist gut mit dem regionalen Stressfeld und der
aktiven Tektonik im Gebiet Jura/Molassebecken vergleichbar, unterscheidet
sich aber deutlich vom rein dextralen NE-SW gerichteten Blattverschiebungs-
regime im Gebiet Wildhorn/Martigny.
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Introduction and tectonic setting

The Chablais area is part of the Prealpine nappe system, which
consists of a complex stack of sedimentary nappes of various
internal origin (Valaisan, sub-Brianconnais, Brianconnais and
Piemontais), metamorphosed into anchizonal to greenschist fa-
cies (Mosar 1988) at around 27 Ma (Jaboyedoff & Cosca
1999). This nappe system was detached from its crystalline sub-
stratum in Oligocene times and thrust onto more external units
consisting of the autochthonous sedimentary cover of the ex-
ternal massifs, the Helvetic nappes and the Subalpine Molasse
(Schardt 1894; Schardt 1898; Escher et al. 1997; Mosar 1997,
Mosar 1999; Borel & Mosar 2000; Wissing & Pfiffner 2002).
The nappe stack, approximately 2 km thick, can be subdivided
into 4 different nappes, depending on their paleogeographic
origin and tectonic imbrication (Fig. 1). From external to inter-
nal, one can distinguish the Ultrahelvetic nappe, the Klippen
nappe, the Breccia nappe and the “Nappe Supérieure”; the
latter is subdivided into the Voirons and Simme nappes. The
structural setting of the Prealps is dominated by kilometer-
scale folds and imbricate structures (Mosar et al. 1996; Mosar

1997; Wissing & Pfiffner 2002), with a top-NW transport di-
rection, controlled by a thick evaporite detachment layer of
Triassic (Carnian) age in the “Préalpes Médianes Plastiques”
and at the base of the middle Trias in the “Préalpes Médianes
Rigides” (Baud 1972). For macrotectonic reasons, the Klippen
nappe is classically divided in two parts (Lugeon & Gagnebin
1941): the fold-dominated “Préalpes Médianes Plastiques” in
the northwest, and the large imbricate structure of the
“Préalpes Médianes Rigides™ in the southeast. The Breccia
nappe is disharmonically folded with respect to the Klippen
nappe, implying an early phase of folding, prior to nappe em-
placement (Wissing & Pfiffner 2002). Underneath the Pre-
alpine nappe stack, the autochthonous and allochthonous
(Morcles nappe) Helvetic cover was folded and thrust ina NW
direction under anchizonal conditions during Oligo-Miocene
times (Burkhard & Sommaruga 1998). Finally, the crystalline
basement was affected by large-scale buckling and uplifted in
Miocene times, forming the External Crystalline Massifs
(ECM) of the Mont-Blanc and Aar massifs (Burkhard 1986).
While tectonic setting and structural evolution of the Pre-
alps are relatively well-known, the current activity remains un-

oq()!
[¢) e © © O © O O PIEMONTAIS e
O 01 SO 1(9)2 O O \0 O Voirons nappe
o o7'¥ oo o\ o
0o 0 0 o B W7 e 1935 E Simme nappe
[e] . o 5 o O 5 (e] 1901 L7 N1 !\\{»‘:‘ T \O @ Bréche nappe
N 190 L’ LEMAN L/ —— BRIANCONNAIS
O\ 0O et - O ) "M¢édianes rigides" nappe
o oONE 718, === ! — . "
o 18 e A A l::] M¢édianes plastiques" nappe
o 19} 1993 bwoo VALAISAN
18800 ) - 3 » 1080 - o - ‘// \ Sion-Courmayeur zone
// o o ) B X \ EXTERNAL / HELVETIC
onnevaux
o O o O o i 220"
2 R G—t— 5%y a0 14.02.1990 Ml:4.2 E] Ultrahelvetic 46°20'N
O | Molass basin
2% Helvetic cover
Permo-carboniferous graben
External cristalline massifs
) 1962 | 1019
- 98 1977
954 9
1897
46°10'N
= 26‘5 1948
14
+ 19 37
2 10
y
1905
Samoéns s £ ,
1 1 l 19.08._2lOOO M1:3.3§. 1685 (o 19k
Magnitude scale: o] a/ [ : J 1 l E N \1 \{: H p <547 NG5 o i3 & 1
& |° 2 ] ‘ Sre e
P A N S S e JE s T,
G < N N I 7%, _ AN | | [ :
| | 1 ! N
I a ] T T 2z -+ + 46°00'N
6°10'E 6°20'E 6°30'E 6°40'E 6°50'E 7°00'E 7°10E

Fig. 1. Geology and seismicity of the Chablais area, with the locations of the Bonnevaux and Samoéns earthquakes analysed in this article.
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clear. The seismicity of the studied area (Fig. 1) is considered
low to moderate, although several earthquakes have been felt
by the population and are listed in the historical catalog
(ECOS catalog, Swiss Seismological Service). Despite this
well-documented seismicity, modern seismotectonic studies
are still lacking, and the current tectonic setting and faulting of
the Chablais region are still largely unresolved. In this study,
we examine the current tectonic setting of the Chablais area by
the seismotectonic analysis of the 1990 Bonnevaux earthquake
and the 2000 Samoéns seismic sequence.

Data analysis

The earthquake of Bonnevaux, 1990

The Bonnevaux earthquake took place on February 14t 1990,
at 15:56 (UTC), with a local magnitude (M) of 4.2 (Fig. 1). A
preliminary location and focal mechanism have already been
published by Maurer (1993). However, because of the lack of
seismic stations at that time in the immediate vicinity of the
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Fig. 2. Location of seismic stations used in this
study. Grey dots: stations used for the study of the
Bonnevaux earthquake. White dots: stations used
for the study of the Samoéns earthquake. Black
dots: stations used for both studies. Underlined
station names: stations used for the cross-correla-
tion study of the Samoéns seismic sequence. The
rectangle delimits the area shown in Figure 1 and
the straight lines correspond to the ray-trace pro-
files analysed in this study (see Fig.3 for the dia-
gram of the N-37° profile).

44°N

epicenter (minimum distance is 26 km to station EMV, see Fig.
2) and because the routine location procedure is based on a 1D
velocity model, both the focal depth and the take-off angles of
the rays at the source are unreliable. As a consequence, the
focal mechanism parameters given by Maurer (1993) are poor-
ly constrained. Given the general lack of focal mechanisms in
the Chablais region, a re-evaluation of this earthquake is im-
portant for constraining the local seismotectonic setting.

In this study, we complement the data base used by Maurer
(1993) with additional data from stations in France and north-
ern Italy, and apply 2-D ray-tracing to obtain improved esti-
mates of the focal depth and take-off angles of the rays at the
source. Given a 3-D model of the crust-mantle boundary
(Moho), the focal depth can be constrained by comparing ob-
served and calculated travel-time differences between the di-
rect rays (Pg) and the reflected (PmP) or refracted rays (Pn) at
the Moho (e.g. Deichmann & Rybach 1989; Eva et al. 1998).
Seismograms of the Bonnevaux earthquake recorded at sta-
tions in northern Switzerland feature clearly identifiable Pn
and Pg onsets. We have thus constructed a 2-D crustal model

Active faulting in the Chablais area 191



Bonnevaux - azimut 37°

L L L

= &% -
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in a N37° direction from the epicenter (Figs. 2 and 3) based on
a model of the Moho topography by Waldhauser et al. (1998)
and on P-wave velocities obtained from various crustal refrac-
tion studies (Yan & Mechie 1989; Maurer & Ansorge 1992)
and earthquake studies (Deichmann & Rybach 1989; Pfister
1990; Maurer 1993). The ray-trace algorithm used was modi-
fied from Gebrande (1976). The best fit between the observed
and calculated travel-time differences is obtained for a focal
depth of 17 km (Fig. 3). Following Eva et al. (1998), we esti-
mate the remaining depth uncertainty to be on the order of +/-
3-4 km. The resulting focal depth is thus somewhat greater
than the 14 km given by Maurer (1993). Moreover, compared
to the focal depths of the well-constrained earthquakes in the
Valais (e.g. Maurer et al. 1997), which are concentrated in the
upper 10 km of the crust, the hypocenter of the Bonnevaux
event is unusually deep.

Focal mechanisms based on stereographic plots of first-mo-
tion polarities, in particular for dip-slip events, are especially
sensitive to the correct identification of the corresponding
phases and to a realistic estimate of the take-off angles of the
rays at the source. For stations north of the epicenter of the
Bonnevaux event we derived the take-off angles from the ray-
trace model in Figure 3. For stations in the south, we con-
structed a second ray-trace model along a profile towards
Grenoble in a N220° direction. With 46 identifiable first-mo-
tion polarities evenly distributed around the source, and with
only 3 inconsistent polarities, the focal mechanism is particu-
larly well-constrained (Fig. 4). It corresponds to a strike-slip
mechanism with either dextral slip on an ENE striking fault or

192 B. Delacou et al.

180 200 220

po et B0
times (black crosses) is obtained for a focal depth

of 17 km.

sinistral slip on a NNW striking fault. The style of faulting thus
differs significantly from the normal faulting mechanism pro-
posed by Maurer (1993). However, the azimuth of the T-axis
for the two mechanisms is practically the same (N34° vs. N27°).

The seismic sequence of Samoéns, 2000

The mainshock of the earthquake sequence of Samoéns oc-
curred on August 19" 2000 at 08:37 (UTC) with an Ml magni-
tude of 3.3 consistently computed both by SED and Sismalp.
Six additional events with magnitudes between 1.5 and 2.4 and
with almost identical signals were recorded during the follow-
ing 10 days (Fig. 5) by both the Sismalp network of the Uni-
versity of Grenoble and by the network of the Swiss Seismo-
logical Service. Routine location procedures give a focal depth
of 5 km. Given the good azimuthal coverage (gap = 103°) and
a station at an epicentral distance of only 5 km (OGO03), this
focal depth is reliable (+ 2 km). This shows the importance of a
dense seismological network (note that no Sismalp stations
were operated in the Chablais area during the 1990 Bonnevaux
earthquake).

As for the Bonnevaux event, the faultplane solution of the
mainshock was constructed using take-off angles calculated by
2-D ray tracing. Given 34 identifiable first-motion polarities
with an even azimuthal distribution, the result is a well-con-
strained strike-slip mechanism with N-S and E-W striking
nodal planes and a NW-SE oriented P-axis (Fig. 6).

The striking waveform similarity of the different events
shown in Figure 5 for station EMV and visible also at the other
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Fig. 4. Fault plane solution for the Bonnevaux earthquake (lower hemisphere
equal area projection with black dots, positive first motions, and white dots,
negative first motions). The focal mechanism parameters are given as strike,
dip and rake of the two nodal planes and as azimuth and plunge of the P- and
T-axis.

stations demonstrates that the earthquakes in this sequence
must all have similar source locations and the same focal
mechanism. In fact, previous studies of such sequences of
similar earthquakes have shown that their hypocenters lie on a
common plane that closely coincides with one of the nodal
planes of the common focal mechanism solution (e.g. Fréchet
1985; Logan 1987; Deichmann & Garcia-Fernandez 1992;
Augliera et al. 1995). By taking advantage of the signal similar-
ity and applying a cross-correlation procedure in the time or
frequency domain to the signals of pairs of events, one can re-
solve travel-time differences with a precision on the order of
milliseconds (e.g. Fréchet 1985; Deichmann & Garcia-Fernan-
dez 1992; Augliera et al. 1995). Due to the nearly common ray
path from each hypocenter to a given station, errors in the as-
sumed seismic velocity model have no effect on the location of
the events relative to each other, which can thus be deter-
mined with a precision of a few tens of meters.

To identify the active fault plane of the Samoéns cluster,
we used the time-domain cross-correlation method of Deich-
mann & Garcia-Fernandez (1992). This procedure calculates
cross-correlations of P- or S-waves for all possible event pairs.
Then the optimal arrival-time differences relative to a chosen
master event are obtained through a least-squares adjustment
of all the correlation results (Deichmann & Garcia-Fernandez
1992). Examples of cross-correlations are shown in Figure 7.
As master event we chose the seventh event in the sequence
(Fig. 5), which had an intermediate magnitude (Ml 2.2) and
thus a frequency content and waveform most similar to all

T T T T T

2000/08/19 08:37 M 3.3

2000/08/19 08:54 M 2.3
2000/08/19 16:33 M 1.6
2000/08/20 02:06 M 1.6
2000/08/26 02:00 M 1.5

2000/08/26 07:00

2000/08/29 14:56

Station EMV

(-E component)

Fig. 5. Seismograms (EW component at station
1 EMYV) of the seven events of the Samoéns earth-

Seconds

quake sequence for which relative locations have
been determined (see Fig. 8).
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Fig. 6. Fault plane solution for the Samoéns mainshock (lower hemisphere
equal area projection with black dots, positive first motions, and white dots,
negative first motions). The focal mechanism parameters are given as strike,
dip and rake of the two nodal planes and as azimuth and plunge of the P- and
T-axis.

other events. From the arrival-time differences to our chosen
master event we calculated the relative locations with the
method proposed by Console & Di Giovambattista (1987).
This method is based on the assumption that the sources are
located very close to each other compared to the distance to
each station at which the signals are recorded. In this case, the
take-off angles of the rays from each source to a given station
can be regarded as constant, and the otherwise nonlinear lo-
cation procedure reduces to a simple linear inversion prob-
lem. In addition to the arrival-time differences, the algorithm
requires only the seismic velocities in the source region (to
which it is not very sensitive) and the take-off angles at the
source. The latter were estimated from 2-D ray-tracing. One
advantage of this method is that one can also use arrival-time
differences between PmP phases (in our case, recorded at
station GRN), which can improve the precision of the relative
focal depths significantly. The results of our relative location
procedure, shown in Figure 8, demonstrate that the hypocen-
ters of the Samoéns cluster indeed define a plane. The strike
of this plane (261°) coincides to within less than 10° and the
dip (83°) to within less than 20° with the E-W striking nodal
plane of the fault plane solution. We therefore conclude that
the seismic sequence of Samoéns occurred as dextral slip on a
steeply dipping more or less E-W striking fault at a depth of
about 5 km.

194 B. Delacou et al.

Despite its proximity to the external crystalline massif of
the Aiguilles Rouges, the pre-Triassic basement is considered
to lie at a depth of about 6 km in this region (Burkhard 1988).
Given the remaining hypocentral uncertainty of + 2 km and
the 1.2 km vertical extent of the whole cluster, we can not de-
termine whether the fault is located in the crystalline basement
or in the Helvetic cover or whether it intersects the sediment-
basement transition.

Discussion and tectonic interpretation

In a region where the current active tectonics are still largely a
matter of debate, our seismotectonic study provides some in-
teresting new insights of active faulting in the Chablais area.
The source of the Bonnevaux earthquake was located in the
crystalline basement at a mid-crustal depth of about [7km.
However, the Samoéns earthquake sequence, with a focal
depth of 5 km, could be located either in the crystalline base-
ment or in the Helvetic cover; or it could also cross-cut the
basement-sediment interface (hypothesis comforted by the
1.3 km extent of depth locations of the sequence). In both
cases the focal mechanisms are transcurrent, with either dex-
tral slip on a ENE striking fault or sinistral slip on a NNW
striking fault in case of the Bonnevaux event, and with dextral
slip on an E-W striking fault in case of the Samoéns sequence.

Previous seismotectonic studies in the Chablais area are
few and contradictory. Whereas a normal focal mechanism
(with a NE-SW oriented T-axis) has been computed by Mé-
nard (1988) for an earthquake that occurred on August 19
1968 at Abondance (near Bonnevaux), a compressive mecha-
nism (with a weak transcurrent component and a NW-SE
oriented P-axis) is reported by Delouis et al. (1993) for the
Cluses earthquake recorded on May 3" 1984 just west of
Samoéns. Given the low density of seismological networks
operated at that time, the quality of the focal mechanism
computed for the 1968 Abondance earthquake is question-
able. However, this normal-faulting solution is consistent
with the swarm activity observed there from June 1968 to
January 1969, swarms being very often associated with nor-
mal faulting. It is also comparable to the focal mechanism
proposed by Maurer (1993) for the 1990 Bonnevaux earth-
quake, but differs significantly from the revised strike-slip so-
lution obtained in this study. In contrast to this strike-slip to
normal faulting regime, the compressive mechanism comput-
ed by Delouis et al. (1993) for the 1984 Cluses earthquake is
comparable to the one computed by Fréchet et al. (1996) for
the Grand-Bornand earthquake (see Fig.9), which occurred
on December 14" 1994 in the Bauges subalpine massif, and
which was interpreted as a reactivation of a NE-SW oriented
basement fault (late-Hercynian “Cévenoles” fault) under an
E-W to ESE-WNW oriented direction of maximum shorten-
ing (P-axis).

Geomorphological studies in the Chablais area by Ray-
mond et al. (1996) reveal some major alignments, possibly
related to the neotectonic activity of this area. The two main
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alignments are the N-10/20° Bonnevaux fracture (see Fig. 9),
defined by Badoux and Mercanton (1962) as a sinistral fault,
and the N-125° alignment, which runs from Bucheresse to
Evian (see Fig. 9) and which corresponds to the southern ex-
tension of the Buchillon-Evian sinistral fault (Badoux & Mer-
canton 1962). Raymond et al. (1996), on the basis of geological
observations and geophysical data, conclude that the neotec-
tonic activity associated with these alignments is governed by
recent to present-day normal reactivation of these fractures,
possibly associated with gravitational escape toward the N
(following the downgoing topography towards Lake Leman).
In comparison to the present seismotectonic study, the Bon-
nevaux alignment could correspond to the N-S sinistral nodal
plane of the 1990 Bonnevaux focal mechanism. However,
given the relatively large focal depth of this earthquake
(17 km), a direct link to the surface morphology is unlikely.
For the Bucheresse -Evian alignment, no equivalent is found in
our seismotectonic analysis, but a subsurface gravity-driven
extensional reactivation towards the N-NE, as proposed by
Raymond et al. (1996), appears compatible with NE-SW-
oriented T-axes of the Bonnevaux and Samoéns focal mecha-
nisms computed in this study.

On a larger scale, the current seismotectonic activity of the
portion of the Alpine belt studied here is situated within the
following framework (see Fig. 9):

— A conjugate transcurent regime dominates the Molasse

Basin and the Jura mountains (Mosar & Borel 1992; Thou-

venot et al. 1998; Delacou et al. 2004; Kastrup et al. 2004).

This system, conjugate around compressive axes perpen-
dicular to the Alpine trend (Delacou et al. 2004), progres-
sively rotates anticlockwise from north to south, following
the curvature of the Alpine belt. Thereby sinistral faults
progressively rotate from a N-S direction in the northern
Jura and Molasse Basin (e.g. seismic relative location align-
ment of Kastrup et al. (2004) near Fribourg, see Fig. 9) to a
NW-SE direction in the southern Jura (Vuache fault seis-
mic alignment of Thouvenot et al. (1998), see Fig. 9). Dex-
tral faults belonging to this system and showing a current
activity are rare, but many conjugate systems recognized in
the field show large scale dextral faults that are supposedly
potentially active (in a favourable orientation compared to
the current stress field). Mosar and Borel (1992), on the
basis of paleostress analyses in the “Préalpes Médianes”
(Switzerland), conclude that a comparison of paleostress
results from faults with results obtained from earthquake
data in the Molasse Basin and the Jura mountains reveals
striking similarities both in fault and stress orientations,
with a strike-slip environment linked to large N-S trending
vertical sinistral faults and N-110° oriented dextral faults.
However, these paleostress results concern the ancient
faulting history and the current activity of this fault system
remains uncertain.

— A compressive zone is associated with several compressive
focal mechanisms in the Bauges massif area (Ménard 1988;
Delouis et al. 1993; Delacou et al. 2004). No associated ac-
tive compressive fault has been identified in this area, nor
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by relative location nor by seismic alignments or neotec-
tonic studies. Nevertheless, on the basis of the orientation
of nodal planes of the 1994 Grand Bornand focal mecha-
nism, Fréchet et al. (1996) conclude that NE-SW oriented
basement faults should have controlled the slip associated
with this earthquake. Actually, given a WNW-ESE to NW-
SE orientation of compressive axes in these zones (Dela-
cou et al. 2004), NNE-SSW to NE-SW striking thrusts (see
Fig. 9) would be optimally oriented.

— A dextral system, following the External Crystalline Mas-
sifs (ECM) alignment extends from the northern Valais
(Wildhorn area) to Martigny. This transcurrent system,
very well documented by the Wildhorn seismic alignment
and associated relative locations (Maurer & Deichmann
1995; Maurer et al. 1997) and by relative locations of the
2001 Martigny sequence (Deichmann et al. 2002), docu-
ments an exclusively dextral strike-slip regime that follows
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' dard deviation of the location errors and the lines
0 200 represent the trace of the best-fitting plane
Distance (m) through the hypocenters (261/83°).

the local curvature of the Alpine arc. A possible continua-
tion of this system to the south could be found in the dex-
tral seismic alignment of the front of the Belledonne massif
(Thouvenot et al. 2003) and, even further south, the High
Durance/Argentera dextral fault system (Thouvenot 1996;
Sue 1998; Sue et al. 1999; Sue & Tricart 2003).

In this framework, the Chablais area appears to be geograph-
ically located just in between these three tectonic provinces
(Fig. 9). However, the strike-slip focal mechanisms computed
in this study appear to rely to the Molasse Basin/Jura tran-
scurrent tectonic field, as the studied focal mechanisms are
compatible with the conjugate system described in these
areas, and are at a high angle with the strike of the dextral
Wildhorn/Martigny alignment (Maurer & Deichmann 1995;
Maurer et al. 1997; Deichmann et al. 2002). These results
confirm the conclusions of Mosar and Borel (1992) regarding
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Fig. 9. Active faulting of the NW Alps synthesized from (Maurer & Deichmann 1995; Fréchet et al. 1996; Raymond et al. 1996; Thouvenot et al. 1998; Delacou et
al. 2004; Kastrup et al. 2004). Two sketches (top and left) schematize the strike-slip regimes belonging to the Central Jura/Molasse Basin and Southern Jura tec-
tonic provinces (see text for more details). The rectangle delimits the area shown in Figure 1. Grey stars represent the location of the 1994 Grand Bornand (asso-
ciated to black arrows representing the P-axis orientation) and 1990 Bonnevaux earthquakes. In the Bonnevaux area, neotectonic alignments of Raymond et al.
(1996) are represented (Bu-E: Bucheresse-Evian lineament, Bon: Bonnevaux lineament). The sinistral N-10 oriented Bonnevaux lineament could be associated to
the N-S oriented nodal plane of the computed 1990 Bonnevaux focal mechanism.

the Swiss part of the Prealpes on the basis of paleostress  Conclusions

analyses. The studied earthquakes show that the Chablais

area, despite its geographical proximity to the Wildhorn/ In aregion where the geological and tectonic history is as com-
Martigny area, belongs to the external Molass Basin/Jura tec-  plex as in the Prealpes, the study of the current tectonic activi-
tonic province. ty should represent the basis for the understanding of the re-
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cent evolution of this part of the Alpine belt. Seismotectonics,
analysing the present-day seismicity, represents a powerful
tool to identify active faulting and to define the current regime
of deformation. The relative location of earthquakes belonging
to a seismic sequence and activating a single fault represents
the best way to identify active faults, especially in a region
where evidence of neotectonic activity is scarce (e.g. Badoux
& Mercanton 1962; Raymond et al. 1996). Our study of the
1990 Bonnevaux and 2000 Samoéns earthquakes in the
Chablais area enable the recognition of a transcurrent faulting
regime (Figs. 4 and 5) with NW-SE oriented P-axes. The pre-
cise relative location analysis of 7 earthquakes belonging to
the Samoéns seismic sequence permits the identification of an
E-W oriented subvertical fault (Fig. 7 and 8) which corre-
sponds to the E-W dextral nodal plane of the focal mechanism
of the main shock.

This evidence, together with a comparison to the seismo-
tectonic regime of adjacent parts of the Alpine belt (Fig. 9),
shows that the Chablais area belongs to the larger scale tran-
scurrent regime that prevails in the external zone of the Mo-
lasse Basin and the Jura mountains, a regime characterized by
conjuguate strike-slip faults, associated with orogen-perpen-
dicular P-axes progressively rotating with the curvature of the
Alpine arc. This system contrasts with the exclusively dextral
transcurrent regime of the Wildhorn/Martigny region, charac-
terize by faults striking parallel to the alignment of the Exter-
nal Crystalline Massifs.
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