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ABSTRACT

Three component seismograms from local earthquakes recorded
during two field experiments in the summers 1991 (Patras area)

and 1992 (Volos area) have been analyzed in order to detect
shear-wave splitting. In the western part of the Gulf of Corinth,
the observed S-wave splitting 1is 1likely to be due to

crack—-induced anisotropy, as the fast S axis and hence the
hypothetical cracks which may generate it, would be oriented in
the East-West direction, roughly parallel to the major
compressive stress axis. The network in the Volos area was
denser, and concentrated near the northern side of the Almiros
basin. The preliminary analysis of the data also show S-wave
splitting , with a fast axis E-W, also consistent with a
crack~induced anisotropy related to the present strain field.

ANIZOTPOIIIA ACTQ PHT'MATQN XTIZ NEPIOXE:X THX IIATPAS KAI TOY BOAOY
AJIC IEIXMOTPAMMATA TPIQN IYNIZTQZQN TOIIKQN IEIZMON KAI
LYZXETIZH ME TO INIEAIO TQN TAZEQN

Bouin,M.-P., Bernard,P., Hatzfeld,D., Lyon-Caen,H.,
Deschamps,A., Maxpdmouviog,K., Mamadnunipliovu,Il.
wal Xatdndnuntpliovu,Il.

OEPIAHVYH

ZELOHOYPAHUATA TPLWV OLUVLITWIWY and TONMLHOUG T LTUHoVg TOou
natTaypdenxav »atd Tn Sidpreia 00 MelpAPETWV OTn MEPLOXH TNG
Ilatpag To 1991 uat Tou BSAou To 1992 avarldfdnuav yLa Tn HEAETN TNG
aviogotpoTiag He Tn pébodo Tou SLaxwplopol Twv dLevdlbvoswv ISAwong
TWV  S-uLpGTWV. ZTo dutind TuRpa Touv KopivBiaxod KSEAmou n
TapaTnpoVpuevn avigotponia anodidstal oge prypata emeld o afovag
HE Tn HeyaAltepn TaxVTnTa €xet Siedbuvon A-A, meplimov MapdAAnin
HE TNV 51e0BLVON TWV CUUTILETTLHWYV TATewWV OTn MepLoxr. To diuTuLo
otn MepLox Touv BSAou {TaV TUNVSTEPO AL TUYHEVTPWHEVO aTo PBdépelo
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TURHa TNG Asmdvng Tou Alpvpol. H mpdtn avdiuon Twv dedopdvwv
belxveLr emiong dLaywpLoud Twv S HUPdTWY, PE TOV TPHYOopo dZova va
gxeL BiLevBuvon A-A, mou PploxeTal oOe ocvugwvia pe Tn dnuioupyia
avigoTponiag AdYw pnyHdTwv mou oxeTilovTal pe To mapdv medio Twv
TACEWV .

INTRODUCTION

We present here preliminary results concerning the
anisotropy of the upper crust in Greece, obtained from the
analysis of three component records during two field experiments,
in summer 1991 in the Patras-Aigion area (two months) and in
summer 1992 in the Volos area (two months).

This study was based on the model proposed by Crampin (e.g.,
Crampin, 1985; Crampin and McGonigle, 1981) that the present
stress field in tectonic areas controls the orientation of cracks
of the upper crust, and hence has a significant and detectable
effect on seismic waves due to the resulting anisotropy of the
elastic parameters: This 1is the EDA (extensive dilatancy
anisotropy), partlcularly noticeable through the splitting of the
S wave, which is the separatlon of the incident S wave in two
nearly orthogonal quasi S waves travelling at different
velocities. Numerous field studies confirm the presence of an
upper c¢rust anisotropy in relation with the stress field
direction (e.g., Zollo and Bernard, 1989; Iannacconne and
Deschamps, 1989 ; De Chaballier et al., 1992).

For the Patras experiment, our aim was to study anisotropy
in relation with the regional stress or strain deduced from the
seismic activity recorded during two months, and from the
geodetic measurements (GPS). We used two kinds of three component
stations: analogue recorders (Lennartz, 3 <channels) with
velocimeters, and digital recorders (Reftek, 16 bits, 6 channels)
with velocimeters and accelerometers, in total 31 three component
stations, which were installed with a spacing of about 10 km.
As the main objective of the network was to record P and S phases
of the local seismicity for mapping the active zones, these
stations were located in the mountains north and south of the
Corinth Gulf, in order to avoid the site effects of sedimentary
basins, which usually present high noise level and produce large
delays in the P and S wave arrival times. Nevertheless, we also
installed a Reftek station at the southern end of the delta of
Nafpaktos, where the recent sediments are expected to be the
deepest, and where we expected a large anisotropy effect.
Several questions were addressed : What 1is the lateral
variability of the direction of crack-induced anisotropy? What
is the relation between the stress deduced from focal mechanism
of local earthquakes and the deformation ? Could the deformation
be inherited by previous tectonic phases with a different strain
orientation from the present one ? Could the depth range be
constrained for the anisotropic volume ? Unfortunately, the mean
spacing between stations was a priori too large to allow a site
to site correlation.

The network in the Volos area was denser (23 three
component stations with a 3 to 5 km spacing), and concentrated
near the northern edge of the Almiros basin. Part of the stations
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were installed between the two normal faults which were recently
activated, one in 1980 and the other possibly in 1950. We
expected a rotation of the direction of the cracks and a higher
crack density 1in the area close to the step separating the two
faults. The other part of the network was installed in the basin,
south of the fault scarp, where we expected a different
anisotropic signature with respect to the sites on the
outcropping bedrock on the northern side of the fault.

PRELIMINARY RESULTS FOR THE PATRAS AREA

The 31 three component stations are mapped in Figure 1. The
events used in this study are those selected by Rigo et al.(see
joint paper). An example of S-wave splitting is presented in
Figure 2. The polarization vectors of the horizontal velocity in
the S window are plotted as a function of time for Malamata
station (in the Nafpaktos basin). We clearly see the two
S-waves, the fast one with a direction of polarization NS50E and
the slow one arriving with a delay of about 0.1 s, with a
different polarization. Usually, split S waves are nearly
orthogonal to each other. Here, however, the angle between the
two S significantly differs from 90°, and we did not carry yet
the waveform modeling which would explain this unusual
observation.

We selected the records which are in the S window, 1i.e.,
records for which the near-surface incidence angle of the seismic
ray 1s smaller than the critical angle {above which the free
surface effect has a destabilizing effect on the polarization
of the S wave). The S-window effect is described in more details
in Booth and Crampin (1985) and Bernard and Zollo (1989). Four
stations have been analyzed up to now: Malamata, Psaromita,
Elaia and Sotena. In Figure 3, the direction of the fast S-wave
polarization is plotted on an equal area projection of the
upper hemisphere for the selected events. We see that for a given
site, the directions obtained are very similar,
within 10°. Two ranges of direction of polarization are
identified: One is N55E-N75E, for Malamata and Psaromita, and the
other N105°E-N120°E at Elaia and Sotena stations. The mean time
delay at Malamata is about 0.1 seconds, greater than those for
the other stations (0.05s): This larger delay for Malamata
suggests a thicker anisotropic volume, or a stronger crack
density {(or both) in the thick sediments of the Delta. The
directions of rapid S at Elaia and Sotena are compatible with the
maximum compressive stress deduced from the focal mechanisms (see
Hatzfeld et al,.(1990), and see Figure 5 in Rigo et al., this
issue): The NNE-SSW extension is supposed to preferentially open
cracks orientated in the same direction, giving rise to a rapid
S polarized also in that direction, which is indeed observed.
However, for Sotena, the azimuthal distribution is not good
enough to unambiguously interpret the homogeneous direction of
polarization obtained in terms of an anisotropy effect, as
similar location and focal mechanism of seismic sources also
provide a constant first S polarization.

360

WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.



Patras-91

Stations 3Chan.
21° 45" 21° 54' 22° 03" 22°12'
38°33' - - 38° 33
38° 24' - 38° 24'
38°15' 4 L 38° 15"
pantp . REF
38° 06' - - 38° 06' o Len
21° 45 21° 54' 22°03' 29 12

Fig.l. Map of the three-component network used in Patras
experiment (Len is for Lennartz recorders and Ref for
Reftek recorders).
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The direction N55E-N75E at Malamata significantly differs
from the E-W to WSW-ENE orientation of the maximum compressive
stress deduced from the focal mechanisms (see Figure 5 in Rigo
et al., this issue). Possibly, tectonic stress and strain

Malamata (mal2) station

T
North

0.0061 0648

East
0.00874028

Up
0.00080R567

Fig.2. Three component velocity record and horizontal polarigram
in the North-East plane. The two successive main directions
of polarization of the split S-wave are indicated by arrows

(S1: fast, S2: slow).
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Fig.3. Polarizations of the local fast S waves, plotted on the
upper hemisphere, equal area projection. The inner circle
represents 45° incidence angle.

rotation may occur there, as the site is at only 10 km from the
western extremity of the Corinth Gulf, where the tectonic strain
significantly changes for building the Gulf of Patras, whose
geometry differs from that of the Corinth gqulf. We can not
conclude yet if the direction of fast S-polarization reflects the
local stress field or a particular structure related to the
sedimentation of the delta. The rapid S direction at Psaromita
is also significantly different from the expected W-E to WSW-ENE
direction. At this site, it may be possible that inherited
fracturation of the pre-tertiary carbonate platform may
partially control the anisotropy.
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Although certainly not sufficient for allowing any reliable
conclusion, these preliminary observations and results for four
stations are very promising; the complete set of anisotropy
direction for the 31 sites will most probably bring a much better
understanding of these rapid § direction.

PRELIMINARY RESULTS FOR THE VOLOS AREA

We used 21 Reftek stations with a spacing about 2 to 5 kn,
near the northern edge of the Almiros basin. Unfortunately, the
seismic activity was significantely lower than in Patras (5 to
20 events per day for Volos with respect to 150 events per day
for Patras).

The very preliminary analysis of the data show S-wave
splitting, as for the Corinth Gulf, with a fast axis orientated
E-W, consistent with the present regional stress field. The
comparison of records at stations on the bedrock to records at
stations on the thick plioquaternary sediments of the basin shows
that the anisotropy 1is not significantly affected by these
sediments, contrary to the observation in delta of Nafpaktos: The
anisotropy is hence probably distributed between the surface and
at least several kilometers in depth. However, even with short
distances between stations of a few kilometers, the fluctuations
of the anisotropy parameters appear quite large, indicating
strong heterogeneities in the crack distribution within the upper
crust.
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