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[1] The Ubaye valley, one of the most active seismic zones in the French Alps, was
visited in 2003–2004 by a prolific and protracted earthquake swarm with a maximum
magnitude ML = 2.7. The seismic activity clustered along a 9-km-long, 3- to 8-km-deep
rupture zone which trends NW-SE across the valley and dips 80�SW. Focal mechanisms
for the larger shocks show either normal faulting with a SW-NE trending extension
direction or NW-SE strike slip with right lateral displacement. The activity initiated in the
central part of the rupture zone, diffused to its periphery, and eventually concentrated in its
southeastern deeper part. A permanent station situated above the swarm allowed us to
monitor the entire phenomenon from its inception to its conclusion. The complete time
series includes more than 16,000 events, with shocks down to magnitude ML = �1.3. It
shows bursts of activity, separated by quiescent periods, with no well-defined subswarms
as observed in other similar studies. The Gutenberg-Richter b value significantly varied
between 1.0 and 1.5 in the course of the phenomenon.
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1. Introduction

[2] Midway between Grenoble and Nice (France), from
the French-Italian border to the Serre-Ponçon reservoir on
the Durance River (Figure 1), the �60-km-long Ubaye
valley is one of the most active seismic zones in the French
Alps [Thouvenot and Fréchet, 2006]. Besides the classical
mainshock-aftershock sequences the valley is frequently
visited by earthquake swarms. These long series of large
and small shocks, with no outstanding principal event,
occur there every few months and last a few days to several
months.
[3] The temporal evolution of earthquake swarms cannot

be described by a simple law such as that proposed by
Omori [1894] to fit the occurrence rate of aftershocks.
Swarms are common in volcanic regions such as Japan,
central Italy, Afar, or oceanic ridges, where they occur
before and during eruptions [e.g., Kisslinger, 1975; Noir
et al., 1997; Aoki et al., 1999]. They are also observed in
zones of Quaternary volcanism such as California, Colo-
rado, French Massif Central, or Vogtland/NW Bohemia
(border region between Germany and the Czech republic)
[e.g., Bott and Wong, 1995; Hainzl and Fischer, 2002;
Fischer and Horálek, 2003; Klinge et al., 2003], where
fluid migration in a magmatic environment can be invoked.
The dynamic evolution of earthquake swarms in intraplate
regions [Špičák, 2000], for instance, those observed in
Arkansas, Vosges (France), England, or Scotland [e.g., Chiu

et al., 1984; Audin et al., 2002; Assumpção, 1981], remains
more mysterious, even if fluid migration is a likely regu-
lating factor.
[4] Ubaye is not a volcanic region. Close to the boundary

between Eurasia and the colliding Adriatic microplate,
usually likened to the Piedmont seismic arc 40 km to the
east [Thouvenot and Fréchet, 2006], it cannot be considered
a typical intraplate region either. However, the exceptional
earthquake swarm which occurred there in 2003–2004 is of
particular interest because the 16,000-event sequence could
be studied in detail from the inception of the phenomenon
till its conclusion using the surrounding permanent seismic
networks. Because this sequence contains potential data on
earthquake genesis and fracture propagation, this article
aims at presenting the complete time series, the migration
of seismic activity along the main fault direction, and clues
to significant variations of the Gutenberg-Richter b value
with time.

2. Tectonics and Seismicity

[5] The Ubaye valley crosses the Frontal Penninic Thrust,
the main boundary between the external (French) Alps and
the inner (mainly Italian) Alps (Figure 1). Making use of the
basement depression between the Pelvoux and Argentera
external crystalline massifs, the Embrunais-Ubaye nappes
spilled out to the southwest of the Frontal Penninic Thrust
onto the external domain. These nappes, made of the 1- to
2-km-thick Upper Cretaceous schist, limestone, and sand-
stone series known as Flysch à Helminthoı̈des, have
been in their present place since the Eocene (30 Ma). Their
current mobility is unknown, but the seismicity detected in
the underlying crystalline basement shows that normal
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faulting mechanisms with an extension direction perpendic-
ular to the Frontal Penninic Thrust are now the rule in this
area [Sue, 1998; Sue et al., 1999].
[6] Our study area (44�220–44�320N, 6�400–6�510E) is

located northeast of Barcelonnette, where the upper part of
the valley is particularly active. This is where the largest
earthquake in the French Alps occurred in the last century
(5 April 1959, M = 5.5). It was rated a maximum intensity
of VIII on the Medvedev-Sponheuer-Karnik scale at Saint-
Paul (Figure 2), where several gables and 80% of chimneys
collapsed [Rothé and Dechevoy, 1967]. Although this earth-
quake was recorded worldwide, seismic stations were few in
the western Alps at that time (with the nearest station at
Monaco, 106 km to the south). No foreshock was reported,
but many aftershocks were felt, with the Monaco station
recording a dozen. The instrumental epicenter computed by
Rothé and Dechevoy [1967] is, from the authors’ own
advice, much less reliable than their macroseismic epicenter
(Figure 1) on the northern fringe of the study area. When

relocating this event 40 years later, Nicolas et al. [1998]
shifted the epicenter 17 km to the SW of the macroseismic
epicenter on the western fringe of the study area. In the
present case, site effects cannot explain such a misfit. It
leads us to conclude that the epicenter position remains very
approximate, and the 1959 earthquake could have also
occurred within the study area. The focal solution computed
by Fréchet [1978] shows a right lateral strike-slip motion
along a N175�E striking plane with a small extensional
component. Although not well constrained, this is similar to
solutions computed for most events of the 2003–2004
swarm (see section 3).
[7] The fact that Ubaye is often visited by earthquake

swarms was recognized as early as 1977, when a pioneering
microseismic study with eight portable seismic stations
allowed the detailed observation of such a swarm over a
4-week period [Fréchet, 1978; Fréchet and Pavoni, 1979].
That swarm, as for most swarms in the area, occurred NE of
Saint-Paul, beneath the Chambeyron massif which marks

Figure 1. Simplified map of the southwestern Alps with main geological features. The cross patterned
area is crystalline massifs (Pelvoux, Argentera, and Dora Maira). The lightly shaded area is Embrunais-
Ubaye nappes. The heavily shaded area is Penninic Domain. The thick barbed line is Frontal Penninic
Thrust. Faults after Sue [1998]. Stars are macroseismic (M) and computed (C) epicenters of the 1959M-5.5
damaging earthquake. Triangles are permanent seismic stations (Sismalp, IGG, and LDG). Squares are
hot springs: PP, Plan de Phasy; BV, Bagni di Vinádio. The dashed line is the French-Italian border. The
boxed area near the center is the study area of Figure 2.
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