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SUMMARY

Focal mechanism solutions are determined for 11 small intraplate earthquakes that
occurred between 1990 and 1998 in Normandy and the Channel Islands. These mech-
anisms are obtained from the P-wave first-motion polarities recorded by stations from
local and regional seismic networks. The accuracy of each hypocentral location is closely
examined and the quality of each fault plane solution is discussed by considering
the influence of the velocity structure. The predominant feature of the computed focal
mechanisms is the relatively widespread near-horizontal NE-SW T-axis orientation.
Horizontal P-axes strike roughly NW-SE. Mechanism solutions for the earthquakes in
the Avranches region show left-lateral strike slip on a NNW-SSE fault zone. For the
overall region, it seems that nodal planes of normal faulting solutions trend NW-SE or
WNW-ESE, whereas those of thrust faulting solutions trend NE-SW. This is in agree-
ment with the general regional stress pattern. The NE-SW normal fault plane solution
of the 1990 Jersey event is unique because it is not consistent with the regional style of

faulting.
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1 INTRODUCTION

The studied region covers the northeastern end of the
Armorican Massif (Fig. 1). The seismotectonic pattern of
this region is poorly known because this is (i) a region of low
tectonic activity and (ii) a region where seismograph stations
are poorly distributed (Fig. 1). Thus, in this region the number
of available focal solutions is small. Indeed, the low availability
of the raw data (first-motion polarities), distributed both over
French and British seismological agencies, hinders the com-
pilation of a fault plane solution catalogue. This study is an
attempt to overcome these difficulties and obtain at least a
simple model of the seismotectonic regime of the eastern part of
the Armorican Massif. Our results update the synthetic studies
that have already been published on the seismotectonics of
France (Nicolas et al. 1990; Grellet et al. 1993). New data are
also produced for the fault plane solutions of some seismic
events of the English Channel near the Channel Islands. They
complement a study previously published by Walker (1991) on
Jersey’s seismicity.

©2000 RAS

2 DATA

The first-motion polarities used in this work are mainly pro-
duced by stations belonging to three separate seismic networks
(Fig. 1): (i) the LDG/DASE/CEA network (French Atomic
Agency), (ii) the BGS network (British Geological Survey)
and (iii) the ‘Siscaen’ network (University of Caen, Normandy).
Additional arrival times and polarities provided by the ReNaSS
(French National Seismic Network) are also used for locating
the seismic events and computing some focal solutions.

The present study updates the work of Nicolas ez al. (1990),
Delouis et al. (1993) and Grellet et al. (1993); therefore, our
computations consider only seismic events after 1989. In order
to calculate reliable fault plane solutions, it is necessary to use
a threshold number of records (first-motion polarities) per
event, thus our study does not consider M} <3 events: it is
thought that the distribution of stations is too sparse to provide
enough records for each event with local magnitude smaller
than 3. Between 1990 and 1998, the LDG reported 11 M >3
events in the area studied (2.6°W-0°E; 48.4°N-50°N) (Table 1).
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Table 1. List of seismic events with My > 3.0 that occurred between 48.4°N and 50°N and 2.6°W and 0.0°E
during the period 1990-1998. These parameters are extracted from the DASE/LDG bulletin, except for the

1990 April 30 event (marked by an asterisk), for which they are from Walker (1991).

Date Time Lat Lon M, Location
(Mo/Dy/YT) ©) )

04/30/1990* 23:35:57.3 49.13 —2.13 3.5 Jersey
11/08/1990 18:21:46.2 48.489 —1.481 3.0 Pontorson
07/26/1993 18:52:23.4 48.756 —1.091 3.5 SW Vire
09/17/1994 06:05:06.0 48.966 —2.517 3.4 W Minquiers
11/30/1994 16:31:21.5 49.436 —0.527 4.1 Arromanches
04/22/1995 13:10:14.3 48.635 —2.310 3.5 N Saint-Brieuc
06/01/1996 12:29:23.7 49.339 —1.329 3.0 Saint-Lo
11/26/1996 20:21:35.4 48.696 —1.524 3.9 Avranches
06/22/1997 16:50:16.3 49.204 —2.295 3.4 Jersey
08/08/1998 10:36:16.1 49.265 —0.571 3.5 Caen
12/07/1998 00:23:28.4 48.577 —1.659 3.3 Avranches

Finally, fault plane solutions have been produced for all of
these events.

3 FAULT PLANE SOLUTION
DETERMINATION

3.1 Fault plane solutions and velocity model

Fault plane solutions are usually strongly influenced by the
velocity model used for their computation. The velocity structure
under the eastern part of the Armorican Massif is poorly deter-

REGIONAL SEISMIC STATIONS AND INVESTIGATED SEISMICITY:
O Epicenters of the investigated events (LDG locations)

mined. Therefore, there are problems in obtaining a realistic
velocity model for locating the seismic events and computing
the fault plane solutions. The Moho under the Cadomian block
occurs at depths of between 35 and 37 km (Matte & Hirn 1988).
Moreover, a recent refraction experiment between northern
Brittany and the Channel Islands revealed the following
structure (Grandjean et al. 2000): the mean crustal velocity
ranges from 5.5 to 6.8 km s 'at 15 km depth; lower crustal
velocities range from 7.0 to 7.5 km s~ ! at a depth of 35-38 km
and then from 7.5 to 8.1 km s~ ! at the crust-mantle boundary
located between 35 and 38 km depth. Thus, using these obser-
vations, we adopt the tabular velocity structure presented in
Table 2. The adopted Vp/V ratio (1.73) was computed from a
Wadati diagram by Walker 1991) for the 1990 Jersey event.
Hereafter, the structure that is presented in Table 2 is called
the NBCI (Northern Brittany and Channel Islands) velocity

O SISCAEN SEISMIC STATION del
model.
Z BGS SEISMIC STATION The computations (event locations and fault plane solution
LDG SEISMIC STATION determinations) have not been restricted by the NBCI velocity
< RENASS SEISMIC STATION model (Table 2) and therefore each event has been processed
4 P o > using both the NBCI and BGS models (Table 3).
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Figure 1. Map showing the region studied (outlined in black).

The reference velocity model used in this study (Table 2)
is, however, particularly relevant for the Armorican Massif;
therefore, the use of seismological stations located outside
this area may strongly bias the locations of the seismic events.
In this study, HYPOCENTER 3.0 (Lienert et al. 1986; Lienert
& Havskov 1995) is used for locating the earthquakes. It
is possible to reduce the influence of far stations by apply-
ing an appropriate distance weighting to the data. Here we
adopt 200 and 300 km as X, and X, values, respectively
[Xnear and X, are used to calculate the distance weight, wyg,

Table 2. NBCI velocity structure. M in the depth column signifies the
Moho for Moho phases (P, or S),).

P-wave velocity (km s~ ') Depth to top of layer (km)

5.50 0.00
6.20 5.00
6.70 15.00
7.50 35.00 M
8.20 40.00

Vol Vs=1.73, Xnear=200 km, Xpur =300 km

© 2000 RAS, GJI 143, 837-846
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Table 3. BGS velocity structure. M in the depth column signifies the
Moho for Moho phases (P, or S,).

P-wave velocity (km s~ 1) Depth to top of layer (km)

4.00 0.00
5.90 2.52
6.45 7.55
7.00 18.87
8.00 34.15~M

VplVs=1.73, Xnear=200 km, Xp, =300 km

using wq=(Xgar — A)/(Xfar — Xpear), Where A is the epicentral
distance]. Arrival times of stations beyond 300 km epicentral
distance are therefore not considered for event locations: the
use of a regional velocity model is then consistent with the data.
This restriction does not concern the first-motion polarities.
When locating the events, first arrival times are assigned a
weight of 1 and late arrival times are assigned a weight of 0.5.
Fault plane solutions are computed with FPFIT (Reasenberg
& Oppenheimer 1985) using the polarities of the first seismic
phase first motions. The quality of each fault plane solution can
be estimated from (i) the total number of first-motion polarities,
(ii) the misfit value (this value is an indication of inconsistent
polarities) and (iii) the station distribution ratio (Table 5).
The station distribution ratio is expressed as

> nt
STDR = ¥

k

where W4 is the weight assigned to the polarity observed at
station k for event j and W{* is a weight dependent on the
theoretical amplitude of the P wave computed at station k for
source model i. When the STDR value is smaller than 0.5, the
fault plane solution is possibly unreliable because many data lie
near nodal planes.

In this paper, an additional parameter, which we call the
similarity coefficient (SC), is computed. This parameter indi-
cates whether multiple solutions for the same event are similar.
The similarity coefficient for two fault plane solutions is com-
puted by superimposing the two focal spheres. If the two focal

New seismotectonic data in Normandy — 839
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Figure 2. Principle of computation of the similarity coefficient (SC).
Focal spheres are superimposed. The similarity coefficient is defined as
follows: SC=1—(grey area)/(total area). When focal mechanisms are
identical (upper part of the figure), the similarity coefficient is equal to 1
(no grey area on the resulting sphere). When focal mechanisms are
antagonistic (middle part of the figure), the similarity coefficient is
equal to 0 (the whole resulting sphere is grey). In the lower part of the
figure, an intermediate layout is shown (SC=0.5).

mechanisms are perfectly superimposable (shaded quadrants
do not overlap blank quadrants and vice versa), the similarity
coefficient is equal to 1. If the two focal mechanisms are
perfectly antagonistic, the SC is equal to 0 (Fig. 2). For a given
earthquake, similarity coefficients can be computed as follows:

(1) within a group of fault plane solutions obtained using
the same velocity structure (multiple solutions automatically
computed by FPFIT and corresponding to relative minima in
misfit);

(i) within a group of fault plane solutions obtained using
different velocity structures (alternative solutions).

For each earthquake studied in this paper, minimum SC
values are computed both for the multiple solutions and for
alternative solutions (Table 4). Computing fault plane solutions
with different velocity structures is not meaningless: frequently,

Table 4. Minimal similarity coefficient (SC) values for the 11 earthquakes studied. Similarity coefficients
are computed between multiple solutions obtained for the NBCI velocity structure (NBCI x NBCI), multiple
solutions obtained for the BGS velocity structure (BGS x BGS) and between solutions obtained for the
NBCI and BGS velocity structures (NBCI x BGS).

Date Location SC SC SC
(Mo/Dy/Yr) (NBCI x NBCI) (BGS x BGS) (NBCI x BGS)
04/30/1990 Jersey 1.00 0.68 0.75
11/08/1990 Pontorson 1.00 1.00 >0.99
07/26/1993 SW Vire 1.00 1.00 0.58
09/17/1994 W Minquiers 1.00 0.65 0.71
11/30/1994 Arromanches 1.00 1.00 0.77
04/22/1995 Saint-Brieuc 0.44 0.42 0.42
06/01/1996 Saint-Lo 1.00 0.45 0.51
11/26/1996 Avranches 1.00 1.00 0.85
06/22/1997 Jersey 0.42 1.00 0.40
08/08/1998 Caen 0.84 0.87 0.84
12/07/1998 Avranches 0.81 0.54 0.59

© 2000 RAS, GJI 143, 837-846
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for a given earthquake, the use of different velocity structures
can lead to significantly varying fault plane solutions (this is
illustrated by minimum SC values smaller than or equal to
0.5 in the last column of Table 4). When very different fault
plane solutions are obtained for a given earthquake, we have
to choose which of the multiple solutions is the ‘best’ one.
Usually, we give preference to solutions with the smallest misfit
value. Multiple solutions in agreement (when considering the
strain pattern) with the solutions for the other earthquakes are
also favoured.

3.2 Fault plane solutions and hypocentral depths

Reliable determination of the hypocentral depth is a pre-
requisite before any conclusive computation of a fault plane
solution. Then, before presenting any results, we address the
quality of the hypocentre locations.

In general, any location algorithm is in every way more
stable and the hypocentral solution better constrained if P
and S arrivals are available at few stations than if P arrivals
only are available at many stations (Buland 1976). The addition
of S information improves the reliability of the locations
and reduces the standard errors of the location parameters
(James et al. 1969). In this study, we use S arrival times when
locating events. Nevertheless, this provision does not ensure
reliable focal depth estimates: in the usual iterative least-
squares location technique, focal depth can be traded for origin
time (Nordquist 1962) unless the studied earthquake occurs
close to one of the stations. The rough rule is that any focal
depth less than the nearest station epicentral distance will
be inaccurate. This condition is not met by most of the earth-
quakes studied (Table 5), but the proposed hypocentral solutions
are certainly not entirely unresolved because (1) the ability of
HYPOCENTER to locate shallow distant events accurately has
already been demonstrated (Lienert 1997) and (2) it is possible
to obtain reliable estimates of the error ellipsoids.

In HYPOCENTER, error ellipsoids are constructed through
the variance scale factor (Jordan & Sverdrup 1981; Lienert &
Havskov 1995), a posteriori estimated by

k+1&7
k+n—m’

where k, the number of degrees of freedom, is allowed to vary
continuously from zero to infinity (k=0 when the variance scale
factor is estimated a posteriori and k=oo when the variance
scale factor is perfectly known a priori), n is the number of
observed arrival times, m is the number of event parameters to be
determined (m=4 for a full solution) and &° is the residual
between the observed data and the computed values.

When the covariance matrix is not diagonal, Lahr (1978)
observed that the total error can be underestimated. In fact, the
diagonal elements of the covariance matrix define the inter-
section points of the error ellipse with the x-, y- and z-axes.
Thus, reliable projections of the error ellipsoids can be obtained
by computing the eigenvalues and eigenvectors of covariance
matrices.

The projections of the error ellipsoids presented in Fig. 3
are therefore computed (for the NBCI velocity structure) as
follows:

(a) assuming an a priori residual in arrival times equal to
0.05 s (for a weight of 1);

(b) taking k equal to 50, which is equivalent to assuming an
a priori error of 10 per cent in the variance scale factor (Jordan
& Sverdrup 1981);

(c) considering the non-diagonal elements of the covariance
matrices.

Fig. 3 and Table 5 show that error ellipsoids, when they are not
underestimated, can be quite big when the distance to the nearest
station is large. These results remind us that the fault plane
solutions presented in this article are coarse results. Refined
focal solutions could be obtained by constraining hypocentral
depths by waveform modelling. This modelling will be possible
when more information is available about the propagation
medium.

4 TECTONICS AND HISTORICAL
SEISMIC BACKGROUND

The structural regime of Normandy is characterized by the
occurrence of two sets of faults striking NW-SE and ENE-
WSW (Wynns 1977; Dupret et al. 1990; Chantraine et al. 1996;
Baize et al. 1998) (Fig. 3). The distribution of the regional
instrumental seismicity has already been studied in a previous
paper. Several of the regional main faults are considered to be
seismically active (Amorese et al. 1999). On Jersey, the principal
faults follow three main trends N-S, NW-SE and NE-SW
(Walker 1991).

Hereafter, ‘MM’ stands for macroseismic magnitude. As this
value is a crude estimate of the instrumental magnitude, we
note its decimal part in fraction form.

The area of the Channel Islands is of particular seismo-
tectonic interest because it experienced two MM=5 1/4
earthquakes in 1926 and 1927 (Levret et al. 1996). They were
located between the east of Jersey and the Normandy coast.
The largest one, in 1926, caused significant structural damage
to the upper parts of buildings (Mourant 1933). The western
part of the Cotentin peninsula, near Coutances, also experi-
enced a slightly damaging MM =5 3/4 earthquake in 1853
(Levret et al. 1996).

In other respects, the historical seismicity under Normandy
is not restricted to the area of the Gulf of Saint-Malo: the 1775
Caen earthquake (Lambert et al. 1996) and the 1889 MM =5 1/2
Cherbourg earthquake (Levret et al. 1996) are two other strong
historical earthquakes (with maximum intensities greater than or
equal to VI MSK) that have occurred in the area of investigation.

In total, 25 events with an epicentral MSK intensity greater
than or equal to V are reported to have occurred in the studied
area since 1241 (Lambert et al. 1996).

5 RESULTS

Hereafter, a low quality rating is assigned to focal mechanisms
showing multiple solutions. The map of all the fault plane
solutions (Fig. 4) that we computed (Table 5) for earthquakes
in Normandy shows a complicated pattern. Details of all the
computed fault plane solutions are plotted in the Appendix.

5.1 Normal faulting

Many dominantly normal faulting events are shown in Fig. 4.
The Arromanches and Saint-Brieuc earthquakes show normal
fault plane solutions. For the Arromanches earthquake, two

© 2000 RAS, GJI 143, 837-846
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Table 5. Hypocentral parameters and fault plane solutions. Reported origin time, latitude, longitude, depth, RMS, nearest station distance and error values are computed with the preferred (NBCI)
structure. A/ and Az are not the usual Erh and Erz values. A/ is the length of the semi-major axis of the projected 90 per cent confidence ellipsoid on the horizontal plane. Az is the vertical gap between the
hypocentre and the deepest point of the 90 per cent confidence ellipsoid. Z is the focal depth (when the NBCI and the BGS velocity models provide different depth values, the Z column includes, first, the
value computed using the NBCI model and, second, the value computed using the BGS model). M is the local magnitude computed by the LDG. Dn is the epicentral distance to the nearest station. A is the
angle uncertainty on the nodal plane (this value is determined from the maximum half-widths of 90 per cent confidence ranges of strike, dip and rake values computed by FPFIT). N is the number of first-
motion observations used in fault plane solution. Mis is the solution misfit value. STDR is the station distribution ratio. In the case of multiple solutions, adopted mechanisms are marked by daggers.
Alternative fault plane solutions obtained with the BGS velocity model are marked by double daggers. The 1990 April 30 event is marked by an asterisk because a fault plane solution has already been
published for this event (Walker 1991). For this event, the M} value is the magnitude computed by Walker (1991).

Date Time Lat. Lon. Ah Z Az My  RMS Dn Location Plane 1 Plane 2 P axis T axis N/Mis/STDR
(Mo/Dy/Yr) ©) ©) (km)  (km)  (km) (s) (km)

o, o A @ & A Az Pl Az Pl
o O O 0 O 60 60 60 0 0

04/30/1990*  23:35:57.2  49.105 —2.172 2 8 3 35 0.29 9 Jersey 35 75 10 215 15 17 305 60 125 30  29/0.07/0.77%
15 9 11 285 45 11 25 30 140 30 29/0.10/0.78%

3570 11 215 20 15 305 65 125 25  29/0.07/0.78%

0 10 5 240 8 13 322 39 160 49  29/0.10/0.72%

11/08/1990 18:21:47.4 48457 —1.387 5 13 8 3.0 0.55 40 Pontorson 15 58 10 230 36 22 121 11 246 71  15/0.00/0.63%
18 57 12 232 38 25 122 10 242 70  15/0.00/0.68%
07/26/1993 18:52:21.9  48.823  —1.165 10 12, 10 29 35 0.48 51 SW Vire 88 17 6 301 76 6 24 30 224 58  20/0.10/0.39
115 45 10 227 69 31 346 14 93 49  20/0.10/0.50%F
09/17/1994 06:05:03.5 49.015  —2.700 8 8 6 34 0.32 42 W Minquiers 25 8 30 117 70 17 339 18 72 10 9/0.00/0.79

305 90 6 215 70 36 172 14 78 14 9/0.00/0.78%
160 35 10 340 55 20 250 80 70 10 9/0.00/0.77%%

11/30/1994 16:31:21.5  49.437  —0.577 5 14 8 4.1 0.45 75 Arromanches 105 25 5 328 71 13 262 60 45 24 17/0.08/0.427%
40 15 18 310 90 0 234 43 25 43 17/0.12/0.50%
04/22/1995 13:10:13.3  48.698  —2.372 4 5,8 6 3.5 0.21 56 Saint-Brieuc 95 75 9 330 25 11 340 56 201 27 13/0.03/0.54

150 8 11 54 40 13 271 29 25 37 13/0.06/0.51
95 75 9 330 25 11 340 56 201 27 13/0.03/0.55%F
165 70 9 44 35 10 277 19 37 55 13/0.06/0.47%
06/01/1996 12:29:23.6  49.365  —1.367 3 13,11 3 3.0 0.29 52 Saint-L6 70 85 9 33 50 9 301 31 196 23 10/0.10/0.47
200 30 13 268 78 48 336 28 208 50 10/0.20/0.64%
125 70 8 35 90 22 348 14 82 14  10/0.10/0.52%+
335 90 5 65 25 8 268 40 42 40  10/0.20/0.48%

11/26/1996 20:21:35.5  48.704  —1.555 4 10, 11 11 3.9 0.38 62 Avranches 105 65 10 1 63 14 324 38 233 1 19/0.05/0.64+
90 55 5 348 74 14 303 37 43 12 19/0.05/0.59%
06/22/1997 16:50:16.4  49.204  —2.273 3 13,11 3 3.4 0.42 5 Jersey 355 8 32 256 30 45 236 42 110 33  16/0.14/0.88

40 85 8 139 30 10 338 42 105 33 16/0.14/0.65
285 80 6 19 70 21 240 21 333 7 16/0.07/0.57t

18 58 12 282 8l 8§ 235 29 334 15 16/0.16/0.56%
08/08/1998 10:36:16.2  49.287  —0.560 6 8, 11 8 3.5 0.37 15 Caen 70 13 9 281 719 26 5 33 199 56 18/0.06/0.63
91 85 1 339 13 3348 49 192 39 18/0.00/0.54%
75 10 8 280 81 20 7 36 195 54 18/0.06/0.62%
90 85 9 315 7 18 354 50 185 40  18/0.00/0.54%
12/07/1998 00:23:28.1  48.647  —1.680 2 5,10 6 33 0.37 67 Avranches 175 80 9 277 41 14 122 41 235 24  20/0.05/0.74
20 8 19 276 21 13 128 37 269 46  20/0.05/0.74
150 55 5 313 36 5 94 77 233 9 20/0.00/0.56%F
50 60 10 297 56 18 173 2 265 48  20/0.05/0.53%
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Figure 3. Projections of the 90 per cent confidence regions around each earthquake studied. (a) Epicentral map. (b) Depth profile along the E-W

direction. (c) Depth profile along the S-N direction.

different solutions are obtained depending on the velocity
structure used (NBCI or BGS). We adopt the focal mechanism
obtained with the NBCI velocity structure because this solution
shows the smallest misfit value. As the station distribution ratio
(STDR) of this solution is small (less than 0.50), we assign to it
a low quality rating (filled quadrants of the focal mechanism
are shaded with grey in Fig. 4). For the Saint-Brieuc earth-
quake, four possible solutions are computed by FpFIT (Table 5).
The best one, showing the smallest misfit value and the largest
STDR value, is the first focal mechanism obtained with the
BGS velocity structure. The Arromanches and Saint-Brieuc
earthquakes show T-axes trending N45°E and N201°E (Table 5),
respectively.

Apparently, three fault plane solutions are possible for
the event that occurred to the west of the Minquiers Islands
(Table 5). These solutions show T-axis trends varying from

N70°E to N78°E. We adopt the second focal mechanism
computed with the BGS velocity structure (Table 5 and Fig. 4).
This fault plane solution is selected because it looks like the one
computed for the nearby Saint-Brieuc event. This choice is
biased and the polarities are unevenly distributed on the sphere,
so a low quality rating is assigned to the fault plane solution of
the Minquiers earthquake.

Fault plane solutions computed for the 1990 April 30 Jersey
event show a good compatibility (the minimum SC value is
equal to 0.68 in Table 4). Our preferred solution for this seismic
event is a normal faulting solution with a T-axis trend angle
near N125°E. We prefer this focal mechanism principally
because the same solution is obtained using both the NBCI and
the BGS velocity models (it also shows the smallest misfit value).

Several focal solutions are possible for the 1998 Avranches
earthquake (Table 5). The best is the first fault plane solution

© 2000 RAS, GJI 143, 837-846
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Figure 4. A summary of the fault plane solutions. Filled circles are initial epicentre locations (see Table 1). Lines are plotted between relocated
epicentres and focal mechanisms. Focal mechanisms with filled black quadrants are high-quality solutions. Focal mechanisms with filled grey
quadrants refer to low-quality solutions. Heavy lines are regional faults (Baize ez al. 1998). The 1983 July 7 earthquake fault plane solution (in a box in

the SE corner of the figure) is from Delouis et al. (1993).

obtained with the BGS velocity structure because it shows a
null misfit value. This solution is also a good candidate because
of its consistency with a NE-SW T-axis trend as inferred from
the 1996 Avranches earthquake. The 1998 Avranches earth-
quake is apparently located on a NNW-SSE fault zone (Fig. 4).
On this fault, the focal mechanism of the 1998 Avranches
earthquake implies normal motion. The quality of the fault
plane solution of the 1998 Avranches earthquake is low
(multiple solutions exist).

For the Caen earthquake, as it shows a null misfit value, we
adopt the second fault plane solution obtained with the NBCI
velocity model. This focal mechanism implies a N-S T-axis
trend and is inconsistent with the apparent regional stress
pattern. This fault plane solution is, however, a low-quality
result (multiple solutions).

5.2 Thrust faulting

The focal mechanism that has been determined for the
Pontorson earthquake is well constrained (Tables 4 and 5).
It represents an almost pure thrust faulting mechanism with
a P-axis trending N121°E. The strikes of the nodal planes
are approximately NE-SW. Dominant thrust faulting is also
suggested by a relatively poorly controlled fault plane solution
computed for an event near Vire (Table 5 and Fig. 4). For this
event, depending on the used velocity structure, two alternative
solutions are proposed (Table 5). The P-axis trend angle
N346°E inferred from the focal mechanism associated with the
BGS velocity structure seems to be consistent with the regional
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P-axis trend (as inferred from the Pontorson or the 1996
Avranches earthquake). This suggests that the solution obtained
with the BGS velocity structure is more likely. The fault plane
solution of the Vire earthquake is assigned a low quality rating.
Independently of multiple fault plane solutions, this focal
mechanism should be regarded with caution as its hypocentral
depth is very poorly constrained (Table 5).

5.3 Strike-slip faulting

The focal mechanism of the 1996 Avranches earthquake is
a well-constrained strike-slip solution showing a significant
normal component (Tables 4 and 5 and Fig. 4). The P- and
T-axis trends are, respectively, N324°E and N233°E. The fault
plane solution of the 1996 Avranches earthquake is similar to
that obtained by joint inversion of the stress tensor and fault
plane solutions for the Fougeres earthquake (Delouis et al.
1993). For the Saint-Lo earthquake, our preferred solution
is the focal mechanism showing the smallest misfit value and
the largest STDR value. This low-quality solution (minimum
SC value equal to 0.45 in Table 4), computed with the BGS
velocity structure, shows a P-axis trending N348°E and a T-axis
trending N82°E (Fig. 4).

The diversity of focal solutions is particularly great for
the 1997 Jersey event (minimum SC value is equal to 0.40 in
Table 4). Our preferred solution is the third focal mechanism
computed with the NBCI velocity structure because this solution
shows the smallest misfit value. This fault plane solution is
assigned a low quality rating (multiple solutions).
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STRIKE-SLIP

NORMAL THRUST
Figure 5. A ternary plot of the fault plane solutions. Strikes of the nodal
planes are plotted. Earthquakes are as follows: A, 1990 Jersey earthquake;
B, Pontorson earthquake; C, Vire earthquake; D, W Minquiers
earthquake; E, Arromanches earthquake; F, Saint-Brieuc earthquake;
G, Saint-Lo earthquake; H, 1996 Avranches earthquake; I, 1997 Jersey
earthquake; J, Caen earthquake; K, 1998 Avranches earthquake).

6 DISCUSSION AND CONCLUSIONS

For continental areas, the interpretation of fault plane solutions
of small earthquakes is not straightforward and should be
conducted cautiously. In these areas, since minor faulting with
no relation to the regional stress can occur, small earthquakes
that are not representative of the regional stress field are also
possible (Jackson 1983). When considered individually, a fault
plane solution (for a small earthquake) cannot lead to a reliable
interpretation. In fact, stress directions obtained using the
P- and T-axes of an individual focal mechanism for a small
earthquake can be in error by 30°—40° (McKenzie 1969; Zoback
& Zoback 1980). It is difficult to produce a comprehensive
interpretation of fault plane solutions for the area owing to the
quality and size of the data set (11 events). Our purpose is just
to highlight the apparent coarse features of stress and strain
regimes in western Normandy.

Fault plane solutions of small intraplate earthquakes in
Normandy show diverse styles of faulting and deformation, and
a comprehensive discussion of the results is facilitated by using
Fig. 5. Solutions with near-horizontal T-axes, and particularly
normal solutions, are predominant; except for Jersey’s earth-
quakes, normal and strike-slip faulting mechanisms (D, E, F,
G, H, J, K in Fig. 5) show T-axes consistently oriented roughly
N-S to NE-SW (Table 5). Except for the 1997 Jersey earth-
quake, from strike-slip and thrust solutions (B, C, H in Fig. 5)
it seems that when P-axes are near-horizontal, they strike
roughly NW-SE. These results agree with the stress pattern in
western Britain: the regional direction of the axis of maximum
compression is N315° in Cornwall and N338° in North Wales
(Ritchie & Walker 1991). In the same way, minimum axes of
compression are horizontal and oriented, respectively, NE-SW
and ENE-WSW in Cornwall and North Wales (Ritchie &
Walker 1991).

The nodal planes of our 11 fault plane solutions for
Normandy do not appear to be randomly oriented. Nodal
planes of solutions showing large components of normal faulting
commonly strike roughly NW-SE or E-W, and those with
large components of thrust faulting commonly strike roughly
NE-SW. The juxtaposition of normal and thrust faulting along
roughly perpendicular directions is likely to be indicative of a
strike-slip stress regime. Statistically, any conclusions made
from our observations are weak because of the small data set.
Nevertheless, for Normandy, such a global strain pattern is
consistent with geological and geomorphological observations
(Lagarde et al. 2000). Our results can be compared to the stress
pattern determined by Delouis et al. (1993) in the Central and
Armorican Massifs. These authors obtained an extensional but
close to strike-slip stress pattern with o3 oriented N35°E.

The 1990 Jersey earthquake presents a unique focal mech-
anism. This normal fault plane solution has NE-trending nodal
planes. This is not in agreement with the regional strain pattern
suggested earlier. In the same way, this solution does not agree
with the focal mechanism previously computed by Walker
(1991). Two possible explanations are suggested: (i) the com-
putation is performed with errors in polarity data or (ii) the 1990
Jersey earthquake merely indicates a local stress readjustment
that is not representative of the regional stress field. The 1997
Jersey earthquake also shows a singular focal mechanism
(Fig. 3), but in this case it is probably due to the low stability of
the fault plane solution (the minimum SC value is equal to 0.40
in Table 4).

The identification of the driving forces for earthquakes in
Britain and Normandy is based on speculative assumptions.
In agreement with the assumed stress orientations, both the
NW-SE ‘ridge push’ (from the Mid-Atlantic Ridge system)
(Marrow & Turbitt 1988; Golke & Coblentz 1996) and the
NW-SE ‘Alpine push’ (Bevan & Hancock 1986; Golke &
Coblentz 1996) are conceivable additive causes.
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