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SUMMARY 
More than loo0 earthquakes recorded during 7 weeks in 1986 in the Peloponnese 
and surrounding areas show shallow seismicity spread over a wide area bounded by 
the Hellenic trench. The highest level in the energy release is for clusters located 
along the Hellenic trench, where changes in the morphology are seen. A few 
clusters are also observed, as at the intersection between the Gulf of Corinth and 
the Gulf of Patras, near the Lake Trikhonis, or between Kythira and Crete. In the 
Peloponnese, the shallow earthquakes do not define single faults, but are diffusely 
distributed. A higher concentration and a deepening of the foci (within the whole 
crust) towards the west seem to reflect a higher strain rate there. Fault plane 
solutions exhibit a scattered pattern for earthquakes shallower than 11 km, but for 
earthquakes deeper than 11 km, they show some consistency in the orientation of 
P-, T-, and B-axes. Gently dipping nodal planes are seen all over the Peloponnese, 
with the conjugate vertical plane striking in various directions, and with no 
consistency in the sense of motion. These earthquakes are located between 8 and 
18 km deep and could reflect a decoupling between the lower and the upper crust. 
Reverse faulting is seen in the Gulf of Kefallinia and the western Peloponnese. The 
P-axes trend NE-SW to E-W. Normal faulting is seen in the Gulf of Corinth and in 
central Peloponnese with the T-axes trending N-S, and in the southern Peloponnese, 
where the T-axes trend NW-SE. The deformation over the western Hellenic arc, 
revealed by fault plane solutions of earthquakes with depth between 11 and 40 km, 
appears to be the superposition of two phenomena. First, throughout the Aegean, 
crustal extension with orientation roughly parallel to the trench dominates, with 
crustal shortening and subduction along the Aegean arc. Superimposed on this is a 
more local effect of the collision between the Aegea and Apulia which seems to 
induce horizontal compression roughly perpendicular to the Aegean arc west of the 
Peloponnese and Epirus. The compression due to this decays eastward, at a distance 
comparable with the width of the collision zone. The deepening of the brittle- 
ductile transition is likely to be due to an increase of the strain field towards the 
Ionian islands. 
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INTRODUCTION 

This paper is concerned with the seismotectonics of the 
western Hellenic arc, which includes the Ionian islands, the 
Peloponnese and the Kythira strait (Fig. 1). 

The geodynamics of the Aegean area is probably the most 
complex of the Mediterranean: the Aegean 'plate' is located 
between the European and the African lithospheric plates, 
whose relative motion is convergent in a N-S direction, with 

a velocity of about 2 cm yr-' (Minster & Jordan 1978). The 
relative motion between the southern edge of Aegea and 
Africa, across the Hellenic trench, however, is of about 
7-10 cm yr-' in a NE-SW direction (McKenzie 1972, 1978; 
Le Pichon & Angelier 1979; Jackson & McKenzie 1988). In 
contrast, the geological framework of the western Hellenic 
arc, inherited from tectonic episodes of the upper 
Eocene-Oligocene time, shows the thrusting of the Hellenic 
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Figure 1. Map of the western Hellenic arc. The main features of the bathymetry after Le Quellec el al. (1980) are represented by a continuous - 
barbed line when they are clear and triangles when they are less clear. 

nappes (Ionian and Gavrovo) over the stable Preapulian 
zone along NW-SE front (Aubouin 1959). 

Since upper Miocene time, important changes in the 
tectonics caused extensional basins to develop within the 
internal Aegean area (Mercier el al. 1979; Le Pichon & 
Angelier 1979). This time is thought to be the beginning of 
the subduction of the lithospheric African plate beneath the 
Aegea, at the Hellenic trench, a clear feature in the 
bathymetry west of the Peloponnese, but not as clear 
northward, west of Ionian islands (Le Quellec et al. 1980). 

Detailed neotectonic studies (Mercier et al. 1979; Sore1 
1976; SCbrier 1977; Angelier 1979; Lallemant, Lyberis & 
Thiebault 1983) over the Ionian islands, the Gulf of Corinth 
and the Peloponnese, show a complex strain pattern for 
Quaternary time: E-W compression in the external part of 
the Hellenic arc (i.e. the Ionian islands), but N-S extension 
around the Gulf of Corinth and E-W extension in the 
southern Peloponnese and western Crete. 

The shallow seismicity clearly defines the Hellenic arc 
from Corfu to Rhodos. The deepening of the earthquakes 
towards the internal Aegean (Papazachos & Comninakis 
1971; Makropoulos & Burton 1981) is associated with the 
subducted slab. Shallow seismicity is also spread over most 
of the Aegean area with concentration in some places, such 
as the Gulf of Corinth, and the western Peloponnese. 
However no clear individual faults can be mapped from the 
seismicity, even in the Gulf of Corinth, where several 

earthquakes occurred in 1981, several faults slipped. The 
western Hellenic arc has experienced several strong 
earthquakes during the past decade, in the Gulf of Corinth, 
the Ionian islands, and in Kalamata. 

The only reliable fault plane solutions, determined from 
the World-Wide Standardized Seismograph data (e.g. 
McKenzie 1972, 1978; Jackson, Fitch & McKenzie 1981; 
Jackson et al. 1982; Papazachos et al. 1988; Lyon-Caen el al. 
1988), clearly show compression in the external part of the 
Hellenic arc, but N-S extension in the Gulf of Corinth and 
E-W extension from the southern Peloponnese to Crete. 

We were interested in understanding better the tectonics 
of the western Hellenic arc, from the Gulf of Corinth to 
Crete, where a non-uniform strain pattern has been inferred 
(Le Pichon & Angelier 1979; Lyberis & Lallemand 1985; 
Mercier et al. 1987). The spacing between the permanent 
stations, in this area, does not allow precise location or the 
determination of individual focal mechanisms. Data from 
the WWSSN are not precise enough because of the strong 
lateral heterogeneity in the velocity structure. If the spacing 
between the stations is reasonably small, this should allow 
one to locate the earthquakes with a good accuracy and 
compute individual fault plane solutions. But the question of 
relating the information obtained from small earthquakes 
during a short period of time to geodynamical process will 
remain. In order to bring more detailed information about 
the tectonics of the western Hellenic arc, in the summer of 
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1986 we installed a dense network of 46 temporary stations 
and conducted a microearthquake survey during 7 weeks. 
This paper describes the results obtained for shallow 
seismicity. Another paper (Hatzfeld et al. 1989) is concerned 
with the results concerning the subduction zone. 

DATA ACQUISITION A N D  EARTHQUAKES 
LOCATION 

The seismograph network (Fig. 2) was designed to cover the 
western termination of the Hellenic arc, including the Ionian 
islands, the Peloponnese, the Gulf of Corinth and the 
islands of Kythira and Antikythira. The stations were visited 
every 2 days in order to change the records, make time 
corrections, and check the instruments. Readings of the 650 
seismograms gathered were made using a magnifying lens, 
and we assume a total uncertainty in time smaller than 0.2 s 
for P and 0.5s for S arrival times (Pedotti 1988). The 1070 
earthquakes recorded by a minimum of five stations were 
first located (Fig. 3) using the HYPO71 routine (Lee & Lahr 
1972), and a simple velocity structure (Makris 1978). 

The next steps were to estimate the Vp/Vs ratio and 
improve the velocity structure, and the final step was to 
estimate the absolute and relative uncertainties in the 
earthquake locations (Pedotti 1988). We divided the studied 
area into three different regions, according to the tectonics 
and the inferred velocity structure: region 1 is the Gulf of 
Corinth, region 2 is the Peloponnese, and region 3 is the 
Ionian sea. 

1 The V,/V, ratio 

The Vp/Vs ratio, which can vary from 1.65 to 1.80 
depending on the area, is an important parameter for the 
depth control of the earthquakes. 

First, we constructed individual Wadati plots for all the 
events having more than five S arrival times. As usual, the 
scatter is large for ratios obtained with only five readings, 
but a mean Vp/Vs ratio of 1.79 f 0.02 was found using 97 
earthquakes, and we did not observe a difference between 
three different regions. 

Second, we plotted, for all the earthquakes, the 
differences in P arrival times ( tp i - tp j )  versus the 
differences in S arrival times (tsi - tvj) at pairs of stations. 
This method allows us to use more data and smooth the 
results. For the Gulf of Corinth, we obtained a mean 
Vp/Vs = 1.797 f 0.003, which is close to the value found by 
King et al. (1985) in the same era. For the Peloponnese, the 
mean Vp/Vs ratio was found to be 1.773f0.004, and 
1.763 f 0.006 for the Ionian sea. 

2 The velocity structure 

We do not know the detailed velocity structure in this area. 
Seismic refraction profiles (Makris 1978) and traveltimes for 
Pn phases (Panagiotopoulos & Papazachos 1985) are 
consistent with a crustal thickness of 45 km in the 
Peloponnese, but only 20 km beneath the Ionian islands, 
with this crust overlying a mantle with a velocity of about 

Figure 2. Map of the seismological stations installed during the experiment. 
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Figure 3. Seismicity map of all the 1070 events located from 1986 June 6 to 1986 July 17. The different symbols represent different depths and 
the size of the symbol indicates the magnitude of the event. 

7.7 km s-'. This is a rough estimate of the velocity, which is 
not precise enough to yield accurate locations of the 
earthquakes. 

In a first step, to determine a more refined velocity 
structure, we selected 56 events for the Gulf of Corinth, 62 
for the Peloponnese, and 59 for the Ionian sea recorded by a 
minimum of 15 stations. We plotted the traveltimes versus 
the epicentral distance. Because we used earthquakes, there 
is a trade-off between the location and the traveltime. 
Moreover, using only first arrivals, we do not sample all the 
layers. Therefore this method is useful only for approximat- 
ing the mean velocity for the whole crust and the mantle. 
For the three regions, and for crustal events both shallower 
and deeper than 20km, we obtained the same value of 
V ,  = 6.00 f 0.02 km s-'. For the mantle velocity, we used 
waves refracted beneath the Moho, and obtained a mean 
value of V, = 8.0 f 0.2 km s-I. 

Second, in each region we located the selected events 
using several tens of velocity structures including one, two 
or three layers of different velocities for the crust and an 
overlying half-space, and examined the traveltime residuals. 
The mean rms minimization yielded to the same structure 
for regions 1 and 2, but a slightly different one for region 3 
(Table 1). The relatively thicker crust found in model 3, in 
apparent contradiction with the velocity structure found by 
Makris (1978) and Panagiotopoulos & Papazachos (1985), is 
likely to be due to the use of Pn phases which do not allow a 
precise determination of the model. 

3 Precision in the locations 

There are two main causes of mislocations of the 
earthquakes. The first is due to noise present in the data, 
which is introduced mainly by errors in the readings, time 

Table 1. Velocity structures for models 1-3. 

Model 1 Model 2 Model 3 

Velocity (km/s) Depth Velocity (km/s) Depth Velocity (km/s) Depth 

5.9 0. 5.8 0. 6.0 0. 
6.3 IS. 6.0 10. 8.0 45  
8.0 40. 8.4 20. 

8.0 40. 
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The magnitudes of the earthquakes were estimated using 
the HYPO71 formula (Lee & Lahr 1972). This formula, 
which uses the signal duration, has been established 
empirically for California. Therefore the estimate of the 
magnitude is not very accurate. 

corrections, and location of the stations. These errors can be 
estimated from the covariance matrix in the HYPO71 
routine, which gives us parameters rms (root mean square 
trave\time residua\), ERH and ERZ (horizontal and vertical 
error in location). We decided to keep only the earthquakes 
recorded with a minimum eight P and one S arrival t ime, an 
m s  w h e  sma\\e than Q S s ,  and ERN anh ERZ values 
smaller than 5 and 10 km, which gives us two different data 
sets. 

The second cause of mislocation can be due to systematic 
bias (for instance local effect or inaccurate velocity 
structure). These errors are much more difficult to estimate. 
It is not possible to conduct realistic synthetic tests because 
there is a strong influence of the noise of the data on these 
systematic bias, and there is no way to keep all the 
well-located events and eliminate all the poorly located 
events (Grange et af. 1984; Hatzfeld ef af. 1986). 

Our final goal is to keep only the earthquakes whose 
locations are uncertain by less than 5 or 10 km. To achieve 
this goal, we located all the earthquakes that passed the 
statistical tests described above, using different realistic 
velocity structures, and kept only those whose epicentres, 
and depths differ by less than 5 and lOkm, from those 
located with the different velocity structures found 
previously (Table 1) and that given by Makris (1978). Thus, 
even if we are not sure that we know the real velocity 
structure, we can trust the locations of our earthquakes. 

38.00 

37.00 

36.00 

35.00 

RESULTS 

Applying these criteria left us with 671 earthquakes located 
better than 10 km and 437 earthquakes better than 5 km, 
both in epicentre and depth (Fig. 4). 

We computed fault plane solutions for 80 shallow 
earthquakes, for which more than 12 polarities were 
available and the gap in azimuth was smaller than 90" (see 
the Appendix and Table 2). For a few specific areas, we 
could not fulfill these criteria, but we wanted to look for 
possible consistency with the general pattern deduced from 
the fault plane solutions. We therefore relaxed some of the 
criteria. The corresponding solutions are listed separately in 
Table 2. 

General description 

As pointed out in Pedotti (1988) and Hatzfeld et al. (1989), 
the seismicity is spread over a wide area and no individual 
fault can be clearly seen. The level of seismicity is higher 
towards the west and is bounded by the Hellenic trench. 

U 

0 0 0 0 .  I 

22.00 23.00 24.00 1.00 21.00 

Fire 4. Seismicity map of the well-located events. The empty dots are the 671 earthquakes located with an accuracy better than 10 km (the 
black dots are the 437 events located with accuracy better than 5 km). Notice the clusters along the Hellenic trench and the decrease of seismic 
activity towards the eastern Peloponnese. A-B is the location of the cross-section shown in Fig. 5(b). 
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Table 2. Parameters of the fault plane solutions. 
- 
Nb 

73 
99 
103 
I I9 
123 
124 
158 
167 
173 
174 
209 
210 
212 
221 
315 
319 
322 
345 
352 
353 
358 
380 
390 
402 
418 
430 
431 
481 
482 
493 
504 
509 
515 
516 
535 
560 
573 
585 
588 
613 
614 
637 
649 
667 
677 
694 
718 
720 

- 

- 

D8te & Time 

86609 
8606 LO 
860610 
860611 
86061 1 
86061 I 
860612 
8B0612 
8606 12 
86061 2 
8606 13 
8606 I3 
860613 
860613 
860615 
860615 
860616 
860616 
860617 
860617 
860617 
8606 17 
8606 18 
860618 
860619 
86063 9 
8006 19 
860620 
860620 
860620 
860621 
860621 
860621 
86062 I 
860622 
880622 
860623 
860623 
860623 
860624 
860624 
860625 
860626 
860626 
860626 
860627 
86Oe28 

9:59 
8:48 
13:15 
6:55 
8:21 
8:25 
4:47 
8:31 
13: 0 
13:44 
15:21 
15:23 
16:l I 
23:25 
19:21 
22: 6 
1:46 
l6:19 
2:52 
3: 4 
6:42 
23:39 
I 1  :24 
14: 6 
2: 7 
5:45 
5:52 
3:40 
3:55 
12: 4 
2:12 
6:52 
14:22 
17: 4 
7:23 
22: 6 
14:31 
21:23 
21:55 
22: 4 
22:12 
18:33 
2:56 
14:20 
21:48 
5:30 
2:57 

860628 4 37 

L8t 
" 
37.69 
37.91 
38.17 
37.90 
37.63 
37.63 
38.37 
37.43 
37.30 
37.50 
38.02 
38.02 
37.94 
37.46 
38.37 
37.74 
37.85 
37.46 
38.15 
38.14 
37.75 
37.63 
37.43 
37.49 
37.56 
37.54 
37.54 
38.13 
38.12 
38.13 
38.33 
38.32 
37.37 
37.46 
37.49 
37.63 
38.50 
38.06 
38.33 
38.35 
38.36 
37.71 
38.26 
37.39 
37.91 
38.34 
37.96 
37.62 

'E 
21.73 
21.88 
21.42 
22.51 
2 I .68 
21.68 
21.94 
22.16 
22.17 
22.36 
21.56 
2 I .56 
21.59 
21.99 
21.79 
22.51 
21.13 
22.08 
21.67 
21.65 
22.03 
21.76 
22.16 
22.35 
21.80 
21.83 
2 I .84 
21.03 
21.02 
21.04 
22.07 
22 05 
21.63 
22.34 
21.62 
21.90 
21.64 
21.59 
21.68 
21 .77 
21.78 
21.49 
21.92 
22.10 
22.52 
22.07 
21.09 

- 

21.98 

z 
k m  
38.1 
10.2 
6.9 
15.3 
28.2 
29.1 
11.2 
15.9 
18.2 
12.6 
21.4 
20.9 
18.3 
11.8 
6.3 

11.1 
19.5 
9.0 
28.4 
26.0 
10.0 
8.0 
15.6 
10.7 
20.8 
32.5 
31.1 
25.4 
29.1 
23.9 
13.6 
9.3 
12.6 
8.4 
23.0 
12.1 
I .2 
22.2 
36.1 
16.9 
12.4 
22.5 
17.7 
13.3 
12.2 
13.0 
9.3 
15.8 

- 

- 

Intermediate depth events are located in the eastern part, 
beneath the Gulf of Argolia, but there are not many 
earthquakes deeper than 40 km, which we found surprising 
(Hatzfeld et al. 1989). 

A few dense clusters are seen in some places and will be 
described in greater detail below: along the Hellenic trench, 
with the Gulf of Patras and the Gulf of Corinth, between the 
Peloponnese and Crete. The number of earthquakes cannot 
be related directly to strain, because we have to take into 
account the magnitude of the events. We plotted on Fig. 6 a 
map of the energy released by the earthquakes. We used the 
method of the moving block (Bath 1982), the size of the 
block being 40 km. This map applies to a period of only 6 
weeks but it allows US to locate better the concentration of 
brittle deformation. This map shows a pattern slightly 
different from the seismicity map: the most active zones are 
located in the Ionian sea (along the Hellenic trench) and in 
the Kythira strait, where the crust is probably thinner. 
These observations agree with those of Makropoulos (1978) 
and Hatzidimitriou (1984). The western Peloponnese is 
more active than the eastern part, and we observe an active 

- 
Ma8 

13 
13 
18 
21 
15 
16 
19 
14 
24 
15 
15 
27 
17 
15 
26 
19 
26 
1 8  
19 
2 0  
17 
12 
13 
13 
2 0  
17 
22 
27 
2 8  
26 
2 2  
2 5  
3 2  
22 
29 
I 8  
31 
26 
23 
41 
28 
24 
28 
27 
26 
28 
3 2  
22 

- 

- 

P l m l  
A. PI 
300 50 
280 40 
280 50 
300 10 
180 60 
40 50 
100 70 
110 20 
260 90 
2 0 0 8 0  
270 50 
310 40 
170 30 
170 20 
270 30 
40 40 
180 LO 
100 50 

230 90 
280 80 
225 75 
210 80 
210 50 
170 40 
250 50 
220 88 
280 60 
295 60 
250 22 
280 80 
310 60 
275 15 
340 10 
190 70 
I 8 0  10 
240 48 
40 30 
220 70 
290 80 
210 60 
150 40 
180 70 
200 30 
180 10 
0 60 
30 80 
30 70 

190 50 

P I m 2  
A1 PI 
120 39 
40 67 
40 59 
80 82 
0 29 

280 59 
260 21 
290 70 
250 0 
70 41 
90 39 
160 53 
40 69 
70 86 
90 59 
140 81 
80 88 
0 78 
20 40 
140 90 
188 78 
320 71 
29 30 
19 40 

340 SO 
110 47 
40 I 
140 37 
130 30 
60 68 
169 59 
60 59 
60 77 

160 80 
60 29 
340 80 
35 44 
310 90 
330 46 
20 90 
0 33 

330 49 
310 29 
70 69 
272 89 
240 49 
300 90 
290 64 

P Axis 
A1 PI 
209 85 
154 15 
255 54 
175 3B 
269 15 
244 54 
21 64 
199 65 
170 45 
60 61 
180 85 
236 7 
113 21 
I42 38 
0 75 
I4 40 
0 45 

311 36 
284 4 
95 0 
144 15 
182 23 
1?0 75 
295 4 
74 5 
92 68 
310 43 
26 I2 
30 14 
152 23 
135 45 
274 45 
157 32 
250 35 
?96 21 
69 35 
317 I 
246 37 
174 46 
?45 7 
155 70 
59 5 
1?1 58 

11 59 
172 4 1  
216 54 
254 7 
251 33 

T Axis 
A. PI 
30 5 
267 54 
158 5 
343 5? 
90 75 
341 5 
181 24 
19 ?5 

350 45 
311 0 
0 5  

1?1 73 
341 59 
359 45 
180 I 4  
259 26 
160 42 
55 18 
58 83 
5 0  
53 0 
272 2 
299 15 
161 83 
211 82 
359 1 
130 47 
14G G6 
185 73 
323 66 
44 0 
5 0  

319 56 
70 55 
68 58 
249 55 
??O 77 
13 37 

?80 14 
154 7 
288 13 
239 85 
253 ? I  
143 21 

I 1  43 
117 6 
345 7 
159 3 

cluster of seismicity around the Rio located between the 
Gulf of Corinth and the Gulf of Patras. 

An examination of the depths shows that the events are 
located within the whole of the crust, and not just in the 
upper part of it. A histogram of the depth of the events for 
the Peloponnese (Fig. 5a) shows that the depths range from 
the surface to 40km with a maximum around 15km. A 
cross-section (Fig. 5b) shows clearly that the deepest crustal 
events are located in the western part of the Peloponnese. 
This observation is in agreement with the results of 
Karacostas (1988), using ISC data. We are confident in the 
depth of these events; we conducted additional tests to 
ensure that there was no systematic bias, with P-wave 
velocities in the crust ranging from 5.6 to 6.0 km s-' and 
V,/V, ratios ranging from 1.70 to 1.77. Furthermore, some 
of these events are located with 22 P and 22 S arrival times, 
and with the azimuthal gap smaller than 90". It is usually 
assumed that the depth distribution of earthquakes is related 
to the brittle deformation of the crust (e.g. Sibson 1984), or 
in the upper mantle (Chen & Molnar 1983). The seismically 
active lower crust beneath the western Peloponnese could 
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- 
Nb 

72t 
738 
73( 
744 
75f 
771 
773 
8Of 
813 
823 
847 
888 
89C 
893 
895 
899 
917 
935 
956 
968 
972 
994 
Q99 

lo00 
1001 
1005 
1013 
1026 
1028 
1035 
1052 
1066 

81 
256 
536 
539 
543 
762 
805 
853 
806 
934 
973 

1035 

- 

Table 2. (continued) 

Date t Time 

860628 12:51 
860628 23:48 
860628 23:52 
860629 5:52 
860629 1Q:28 
860630 8: 3 
860630 9:57 
860702 11:15 
860702 20: 0 
860704 14: 6 
860707 17:14 
860710 3:57 
860710 6:30 
860710 7:34 
860710 8:24 
860710 18:14 
860711 13:32 
860712 4:39 
860713 1:57 
860713 I8:16 
860713 21:22 
860714 17:15 
860714 21: 5 
860714 22:54 
860714 23:30 
860715 6:34 
860715 11:12 
860715 23: 6 
860715 23:42 
860716 2:55 
860716 20:28 
860717 15:27 

860609 21:50 
860614 17:50 
860622 8:O 
860622 9:21 
860622 10:55 
860629 22:37 
860702 9:58 
860707 22: 8 
860711 1:51 
860712 3:27 
860713 21:58 
860716 2:55 

Lat 
" 

37.38 
38.14 
38.16 
37.70 
37.62 
37.71 
37.72 
37.17 
37.16 
38.11 
38.27 
38.34 
37.79 
37.79 
37.77 
38.43 
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For the solutions listed at the end (#8l to 1035) we relaxed some of the criteria. 

reflect a higher degree of fracturing of the crust towards the 
western Peloponnese, as proposed by Leydecker, Berckhe- 
mer & Delibassis (1978), but possibly also a deepening of 
the geotherm which limits brittle and plastic deformation or 
an increase in the strain rate towards the west. 

Fault plane solutions 

We plotted the fault plane solutions on 2 maps, one for 
earthquakes deeper than 11 km, the other for earthquakes 
shallower than 11 km. We separated them because it 
appeared that the shallower events do not show any clear 
consistent pattern (except for the focal mechanisms located 
around the Gulf of Corinth), while fault plane solutions 
deeper than 11 km seemed to show some consistent spatial 
patterns. 

The earthquakes shallower than 11 km (Fig. 7a), do not 
show a clearly consistent pattern in the type of mechanisms. 
We observe thrust faulting (#573 and #9), a few with 
strike-slip motion (#380 and 358) but also many normal 

faulting earthquakes, located in the western Peloponnese 
(#895) and around the Rio strait. We also observe some 
mechanisms with a sub-vertical plane and a sub-horizontal 
plane. 

The earthquakes deeper than 11 km (Fig. 7b) show a 
similar pattern of shallow dipping plane and vertical plane 
striking NE-SW (#322, 890, 893, 431) but also E-W 
(#677, 119, 173). A quick look at the other mechanisms 
might give us the idea of chaos, because we observe reverse, 
strike-slip, and normal faulting. 

A more careful look reveals a simpler pattern. The 
reverse faulting is mainly observed in the Gulf of 
Kephallinia and NW Peloponnese. The strike-slip faulting is 
seen around the Rio, in the northern Peloponnese and in 
central Peloponnese. All these strike-slip mechanisms are 
located between reverse faulting and normal faulting and 
generally show P-axes trending E-W and T-axes trending 
N-S. The normal faulting is observed in the Rio and 
northern Peloponnese, with T-axes trending mostly N-S, 
but also in the central and southern Peloponnese, with 
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Figure 5. (a) Histogram of the depth of the earthquakes in the Peloponnese. (b) Cross-section of the crust beneath the Peloponnese (location 
in Fig. 4). The earthquakes are not only located within the upper crust and the depth of the foci increases towards the west. 
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Figure 6. Map of the energy released during the experiment. The contour lines are the logarithm of the energy. The highest level is seen along 
the Hellenic trench with a maximum around the Matapan Mount, and within the Kythira strait. 
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Figure 7. Map of the fault plane solutions. Lower hemisphere projection with compressive quadrants shaded. (a) Earthquakes shallower than 
11 kin. which do not show a clear pattern except around the Gulf of Corinth. (b) Earthquakes deeper than 11 km show thrust faulting in the 
western Peloponnex and normal faulting in the Gulf of Corinth, the central and southern Peloponnese. 

T-axes trending NW-SE. So there is a regionalization of the 
faulting type, and also some continuity in the direction of P- 
and T-axes over most of the area. 

Now we will comment in greater detail on some specific 
areas, where clusters are seen, and where we computed 
more focal mechanisms, relaxing some of the quality 
control. 

The lonim Sea 

The earthquakes located along the Hellenic arc (Figs 3 and 
4), within the Ionian Sea, are outside our network (we 
installed one station over the island of Strophades). 
Therefore the accuracy of the location could be ques- 
tionable. Because most of the events were recorded by more 
than 15 stations, using both Pg and Pn, and because we 
conducted many tests for those events, we are relatively 

confident in, at least, the epicentres. Note that three clusters 
along the Hellenic trench are located in places where we 
observe a change in the direction of the trench as shown in 
Fig. 3. 

The first (37.5"N, 20.5"E) is located south of Zakinthos, at 
the Zakinthos Trench, a basin as deep as 4000m (Le 
Quellec et al. 1980), which could be related to the Hellenic 
trench. It is not well defined and includes about 20 events of 
magnitude ranging up to 4.2. 

The second cluster is located around 36.7"N and 21.3"E. 
just north of the North Matapan trench. This was the most 
energetic area during our experiment (Fig. 6). and we 
recorded about 70 events of magnitude up to 4.7. This 
cluster shows a pattern trending NE-SW over 50 km, and 
could appear as an important fault, striking approximately 
NE-SW. This is approximately the direction of the 
Aegean-African relative motion in this part of the Hellenic 
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Figure 7. (continued) 

arc (Angelier et af. 1982). Because most of the events were 
located using both P- and S-waves, we are quite confident in 
the epicentral distance to the network, and therefore we are 
confident in the shape and orientation of the seismicity. For 
this cluster, we could not compute individual fault plane 
solutions. Using polarities for four events, we found them to 
be inconsistent with any strike-slip mechanism. This 
NE-SW feature does not correspond to any bathymetric 
feature with the same trend. Therefore we doubt whether it 
can be related to any important strike-slip fault as suggested 
by the linear belt of earthquakes. This place is located north 
of the North Matapan trench (Le Quellec et af. 1980), which 
is considered as the place where the African-Aegean 
convergence changes from a subduction of oceanic 
lithosphere (in the south-east) to a collision between 
continental blocks (in the north-west), according to tectonic 
observations (Lyberis & Lallemant 1985; Le Pichon & 
Angelier 1979; Mercier et af. 1987). Therefore this cluster is 
found in a place where an important change in the 
mechanism of the convergence is likely to occur. 

The third cluster is located south of the Peloponnese 

(36"N, 22"E). This is the location of the Matapan Mount 
(Fig. 8), a topographic high located between the North and 
South Matapan trench and which is thought to be a 
compressive structure due to the crushing of the sediments 
on the continental shelf (Le Quellec & Mascle 1979). The 
cluster is very well defined by about 30 events of magnitude 
up to 4.7. We computed one focal mechanism (#256), 
which is not very well constrained because the event 
occurred far outside of the network. This mechanism is 
consistent with normal faulting, with an important 
component of sinistral strike-slip motion, and with the 
T-axis trending ESE-WNW. This sinistral motion is 
contrary to the dextral strike-slip fault inferred by Le 
Quellec et af. (1980), south of the Matapan Mount, from the 
bathymetry. 

The Kythira Strait 

The Kythira Strait is located between the Peloponnese and 
Crete (Fig. 8), south of the South Matapan trench. This area 
is located at the southern part of the South Matapan trench; 
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Flgnre 8. Seismicity map of the Kythira strait. The main tectonic features are from Lyberis er 01. (1982) and Le Quellec er al. (1980). All the 
earthquakes are represented; the black symbols represent earthquakes which are located with accuracy better than 10 km. Fault plane solution 
#5 is from Lyon-Caen er 01. (1988). 

the tectonics is rather complex, showing two families of 
normal faults trending N-S and NW-SE, and probably due 
to the southern motion of Crete (Lyberis et al. 1982). 
Historical seismicity shows a gap for strong earthquakes 
during the last 2 centuries in this area (Ambraseys 1981; 
Wyss & Baer 1981; Papazachos & Comninakis 1982). 
Instrumentally located shallow seismicity, for the period 
1917 to now, is also lower than elsewhere along the Hellenic 
arc (Makropoulos & Burton 1981; Comninakis & Papaz- 
achos 1986), as it is for intermediate depth events (Martin 
1988). We had stations on Kythira and Antikythira and were 
able to locate quite accurately earthquakes in this area. 
During the 6 weeks of the experiment, we located about 15 
earthquakes of magnitude up to 4.2, and these events show 
a pattern striking NE-SW. This is quite surprising in light of 
the active N-S normal faulting as inferred from the 
bathymetry and seismic reflection data (Lyberis et al. 1982). 
We computed one focal mechanism (#1035), which shows 
normal faulting with the T-axis trending NW-SE, and is 
consistent with the two mechanisms both of moderate 
earthquakes in this area in 1965 (McKenzie 1978; 
Lyon-Caen et al. 1988) and in Kalamata (Lyon-Caen et al. 
1988; Papazachos et al. 1988). 

Before going farther, it is worth noting that all these 
clusters are located at places where we observe a change in 
the bathymetry of the trench: the Zakinthos basin, the 

North Matapan trench, the Matapan Mount, and the South 
Matapan trench. All of these clusters show a NE-SW 
orientation, and could be associated with stress concentra- 
tion in the places where the relative motion between Africa 
and Aegea is not uniform. 

The Gulf of Kephallinia 

The seismicity located around and west of the Ionian islands 
is well known, and an episode of intense seismic activity 
occurred in 1983 (Scordilis et al. 1985). We did not record 
many earthquakes during our experiment in this area, 
although we had stations on Kephallina, Zakinthos, Lefkada 
and Ithaki. On the other hand, we recorded a few 
earthquakes in the Gulf of Kephallinia, with magnitudes 
ranging up to 3.1, and which are very well clustered (Figs 3 
and 4). This place has not been considered seismically 
active, and no earthquakes were recorded during a 2-month 
experiment in this area in 1979 (H. Haessler, personal 
communication, 1986). The depths of the well-located 
(better than 5km) events range from 20 to 33km. We 
computed three fault plane solutions (#481, 482, 483 in Fig. 
7). These show reverse faulting, two with a P-axis trending 
NE, one trending NW. This pattern of reverse faulting is 
similar to the fault plane solutions computed in this area 
(McKenzie 1978; Jackson et al. 1981; Scordilis et al. 1985; 
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Figure 9. Seismicity map of the Gulf of Patras and the Gulf of Corinth. Notice the cluster located east of the lake Trikhonis, with reverse and 
strike faulting showing P-axes trending NW-SE. Notice also the cluster around the Rio and the location of the cross-section C-D. Fault plane 
solutions #6 and 10 are from McKenzie (1978), #17-19 are from Jackson et al. (1982). 

Anderson & Jackson 1987). Bathymetric and seismic 
reflection profiles (Brooks & Ferentinos 1984) show that this 
area has been in NE-SW compression since early Pliocene 
time. 

The Gulf of Patras and Gulf of CoMth 

In this area, there are two important clusters of seismicity 
(Fig. 9). 

The first, consisting of about 50 events of magnitude up to 
4.0, strikes N-S, east of the Lake Trikhonis. This area was 
not known to be seismically active (Melis, Brooks & Pearce 
1989). The depths of the well-located earthquakes range 
from 5 to 20 km. Because they are located outside of the 
seismological network, we used Pn polarities to compute 
fault plane solutions. Two mechanisms (#543, 573) show 
reverse faulting, with the P-axis trending NW-SE, and two 
others (#536, 539) show strike-slip motion with similar 
P-axes. The results are quite surprising, because the Lake 
Trikhonis is known to be located between two E-W normal 
faults (Doudsos, Kontopoulos & Frydas 1987; J. Jackson, 
1987, personal communication) in the Plio-Quaternary time, 
(Brooks et al. 1988). 

The second cluster is located around the Rio, between the 
Gulf of Patras and the Gulf of Corinth. This is known to be 
a very active seismic area (Papazachos & Comninakis 1971; 
Makropoulos & Burton 1981; Melis et al. 1988). During our 
experiment we recorded about 80 earthquakes of magnitude 
up to 3.0 in this area. A cross-section, striking NE, shows a 
deepening in the events, from 5 to 15 km, towards the NE 
(Fig. 10). This observation is consistent with the results of 
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Figure 10. Cross-section of the Rio cluster showing the deepening 
of the earthquakes towards the NE. 

Melis et al. (1989). We computed 16 focal mechanisms (Fig. 
9); most of them show N-S normal faulting which is 
consistent with the mechanisms computed for larger events 
in this area (McKenzie 1978; Jackson et al. 1982), o r  surface 
faulting of historical events (Papazachos et al. 1984); a few 
(#613, 899, 1013) show strike-slip faulting. Two 
earthquakes located in this area, at 53 and 71 krn deep, also 
show N-S extension with a strike-slip component (Hatzfeld 
et al. 1989). The tectonics of this area are complex, located 
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Figure ll. Seismicity map of the Kalamata region. The star is the epicentre of the earthquake of magnitude 5.8 which occurred on 1986 
September 13. Fault plane solution #22 is from Lyon-Caen ef al. (1988). 

at the intersection of two graben systems (Doudsos, 
Kontopoulos & Ferentinos 1985; Brooks & Ferentinos 1984; 
Ferentinos, Brooks & Doudsos 1985). Brooks et al. (1988) 
interpret the pattern of neotectonics and seismicity as a 
transfer fault system between the Gulf of Corinth and the 
Lake Trikhonis. Our observations do not show any 
strike-slip motion west of the lake Trikhonis, but could be 
consistent with strike-slip east of the lake. 

Kalamata 

Eight weeks after our experiment, a destructive earthquake 
of magnitude Ms = 5.8 occurred in Kalamata (Lyon-Caen et 
ul. 1988; Papazachos et al. 1988). Because our network 
included a station in Kalamata, we tried t o  look for any 
peculiar pattern of seismicity. We checked carefully the 
Kalamata records and did not find any abnormal pattern in 
the level of the seismicity. Also, the seismicity map (Fig. 11) 
does not show any specific cluster. One fault plane solution 
(#935) shows NW-SE normal faulting which is in 
agreement with the focal mechanism of Kalamata. Focal 
mechanisms were also computed west of Kalamata. Most of 
them show normal faulting, the T-axes trending NW-SE 
(#805, 806, 813, 934, 935), or NE-SW (#906). 

DISCUSSION 

The fault plane solutions 

Focal mechanisms are representative of the displacement 
and strain fields and (with some hypotheses) of the stress 
field. For strong earthquakes (mb > 5.5) we can consider the 
crust as a homogenous medium compared to the fault 
length, and the slip vector is the important parameter. For 
smaller magnitudes, however, local heterogeneities (as 
pre-existing faults) could introduce weakness zones and the 
relation between the stress tensor and the P-, B- and T-axes 
is not obvious (McKenzie 1969; CClCrier 1988). Within a 
pre-fractured medium, as is often the continental crust, for 
such small fault lengths, it is not practical to discuss every 
single fault plane solution to get a fault plane and a slip 
vector, but we have to look for consistency in the pattern 
deduced from the P- and T-axes. In the following part we 
will attempt to deduce a strain pattern for the western 
Hellenic arc from the focal mechanisms. 

As mentioned before, we observe four different families 
of focal mechanisms. 

(a) Shallow dipping nodal planes are observed for 
earthquakes over all of the Peloponnese. For these we 
observe several orientations of the steep planes: most of 
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them have the vertical plane trending E-W, usually with the 
northern hemisphere moving down (#119, 173, 515, 677, 
726, 847, 1026), but also up (#322, 890, 893) around 
Kyllini. We observe others with the vertical plane trending 
NNW-SSE (#516, 560, 585, 1005) and one with the vertical 
plane trending NE-SW (#431), which is the deepest event 
of this family. 

There is no obvious explanation for these shallow dipping 
mechanisms. Neither the P-axes nor the T-axes show any 
consistent pattern, and there is no geographical regionaliza- 
tion. We can only observe that most of these earthquakes 
occurred between 8 and 18 km. The only consistent pattern 
is the flat nodal plane, and one possible explanation for such 
type of mechanism over a wide area could be a surface of 
decoupling between the upper and the lower crusts. 

(b) Reverse faulting is mainly observed in the 
westernmost part of the studied area around Kefallinia, as it 
is also in neotectonic observations (Sore1 1976; Mercier et al. 
1979; Lyberis & Lallemant 1985) or from seismic reflection 
data (Brooks & Ferentinos 1984). It is also observed in the 
western Peloponnese, and around the Trikhonis lake, where 
neotectonic studies suggest N-S extension (Mercier et al. 
1987). Only one thrust is observed in the central 
Peloponnese (#744). The mean azimuth of the P-axes for 
two focal mechanisms in the Gulf of Keffalinia (##481, 482) 
is N43"E, similar to the value of N55"E computed using 
stronger earthquakes (Anderson & Jackson 1987). It is 
N95"E for the earthquakes located further east in the 
Peloponnese (#352, 212, 1052, 968, 418, 535, 744). Thus we 
observe a slight and progressive rotation of the P-axes of 
earthquakes from east to west, which is consistent with the 
two mechanisms located in the western Peloponnese (#210 
and 637). The foci are located between 10 and 29 km deep, 
with a maximum around 22 km. 

(c) Normal faulting is observed from the Gulf of Corinth 
to Kythira, with the T-axes trending in various directions. 
Around the Gulf of Corinth and northern Peloponnese, the 
T-axes trend mostly N-S, as they do for stronger 
earthquakes (McKenzie 1972, 1978; Jackson et al. 1982). 
This direction of extension is also consistent with 
neotectonic observations (SCbrier 1977; Angelier 1979; 
Mercier et al. 1979) and faulting of historical events 
(Papazachos et al. 1984). 

Normal faulting is also seen in Central Peloponnese, but 
the trend of the T-axes changes from N-S to NW-SE. This 
NW-SE orientation is seen near Pilos and Kalamata (Fig. 
l l) ,  but also around Antikythira (Fig. 8), and also was 
observed for the available mechanisms computed from 
WWSSN data (McKenzie 1978; Lyon-Caen et al. 1988; 
Papazachos et al. 1988). 

Neotectonic observations (Stbrier 1977; Angelier 1979; 
Mercier et al. 1979; Angelier et al. 1982; Lyberis, Lallemant 
& Thiebault 1983) also show a rotation in the direction of 
extension, trending N-S around Olympia but NW-SE south 
of 37.5"N, but the change in strain pattern that they inferred 
is more abrupt than what we observe. 

The depth of the events showing normal faulting are 
mostly located between 4 and 22 km, with a strong 
maximum around 12 km, and another around 18 km. It is 
worth noting that all the normal faulting events shallower 
than 18 km are located in the western Peloponnese while the 
deepest events are located in the centre. 

(d) Strike-slip faulting is observed around the lake 
Trikhonis, where the P-axes trend NW-SE (consistent with 
two reverse mechanisms of this area, #543 and 573). 
Strike-slip faulting is also observed around the Gulf of 
Corinth, where the P-axes trend E-W and the T-axes N-S, 
which is also consistent with the normal and reverse faulting 
in this area. We do not observe strike-slip faulting in the 
area south of where reverse faulting is observed. 

One strike-slip fault, with the same orientation for the T- 
and P-axes, was computed using WWSSN data (McKenzie 
1972; Lyon-Caen et al. 1988), for an earthquake located in 
the western Peloponnese (Fig. 12). 

As far as we know, there is no observation of strike-slip 
faulting from neotectonic studies. Nor do we observe a 
pattern of seismicity which could be related to such faulting. 
Therefore the observed strike-slip mechanisms probably 
represent a transition between regions of normal and thrust 
faulting. 

Strike-slip faulting shows two families of depths: one 
around 10 km, and another around 18 km. As for shallow 
dipping mechanisms, there is no regionalization with depth. 

The style of deformation 

A map of the style of deformation (Fig. 12) allows a better 
visualization of the different types of deformation. We use 
the data from our study as well as reliable fault plane 
solutions deduced from WWSSN data (McKenzie 1972, 
1978; Jackson et al. 1982; Lyon-Caen et al. 1988). We 
observe reverse faulting in the western Peloponnese but 
only north of 37.5"N. Published focal mechanisms show that 
reverse faulting is also observed all along the Hellenic 
trench. In the internal part of the arc, we observe normal 
faulting, from the Gulf of Corinth to Crete. The transition 
between reverse faulting and normal faulting is rather sharp, 
but with some overlap of the two families, especially in the 
northwest. In the same area where the normal faulting 
exists, we also observe strike-slip mechanisms; these 
mechanisms characterize earthquakes only north of 37SoN, 
where reverse faulting is observed. 

The strain pattern deduced from the fault plane solutions 
is different from that deduced from neotectonic observations 
(Angelier et al. 1982; Mercier et al. 1987). Both observations 
show the compression in the western part of the Hellenic 
arc, the N-S extension around the Gulf of Corinth and 
E-W extension in the southern Peloponnese. But our 
observations differ in that we find compression in the 
western Peloponnese, where neotectonic studies show E-W 
extension. 

The pattern of horizontal strain 

The next step will be to map the trajectories of the 
horizontal principal strain, assuming that the P-axes 
represent principal axes of shortening, and the T-axes 
principal axes of extension. 

Figure 13 shows the strain field deduced from our data 
and other WWSSN fault plane solutions. The pattern of 
strain trajectories is somewhat different from both that 
proposed by Le Pichon et al. (1982), deduced from 
sea-beam and neotectonic observations, and that proposed 
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Table 3. Parameters of the fault plane solutions (WWSSN). 
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F i i  13. Map of the stress trajectories deduced from our study and other focal mechanisms. Ticks are interpolation of the observations. The 
compressive stress, rotating from NE-SW along the trench to E-W in the Peloponnese is likely to be due to the locking of the overthrusting of 
the Aegean plate over Apulia. Normal faulting is seen in a more internal position. A rotation of the T-axes is observed where the trench is less 
marked in the bathymetry. 

by Mercier et al. (1987), using neotectonic observations and 
fault plane solutions. 

Along the western Hellenic arc the compression is 
orientated NE-SW, from the Ionian islands to south of the 
Peloponnese. This direction is slightly different from that 
observed south of Crete (Taymaz 1989). Within the western 
Peloponnese, we observe E-W compression, implying a 
rotation of the axis of compression, from NE-SW on the 
coast to E-W inland. This E-W direction is also observed, 
in scattered areas, far from the trench. For instance, some 
strike-slip mechansims within the Gulf of Corinth show 
P-axes trending E-W; this is also the case in central 
Peloponnese. Similarly, the orientation of extension, which 
is N-S in the northern Peloponnese rotates to be E-W 
towards the southern Peloponnese and Crete. This rotation 
is seen north of the North Matapan trench, where the 
morphology of the Hellenic trench changes from a deep 
feature southward to a smooth topography northward (Le 
Quellec et al. 1979). This change in the topography is 
sometimes associated with a difference in the subduction 
mechanism, north and south of this point. 

The transition from dominantly E-W compression to 
dominantly N-S extension occurs in a few tens of 
kilometres, and in this transition zone we observe strike-slip 
motion. Therefore, we think that the deviatoric stress is 
probably small, because the earthquakes are due to 

differential stress, and because stress cannot change very 
much over a short distance. If over a short distance reverse 
faulting gives way to normal faulting, the values of the 
extensile and the compressive stresses are similar. The 
strike-slip faulting represents the transition between the two 
stress fields. 

However there are a few exceptions to this pattern, with 
pairs of focal mechanisms (normal and reverse) having the 
same B-axis, and therefore interchanging P -  and T-axes 
(e.g. #212 and #999, #744 and tf1005). For those pairs we 
have to imagine abrupt heterogeneities in the stress field 
which could be due to pre-existing faults as seen in the 
Mygdonian graben (Hatzfeld et af. 1986). 

Implications of the strain pattern 

Several maps of strain trajectories have been proposed for 
the Aegean arc. These maps come mainly from neotectonic 
observations, from fault plane solutions of the large 
earthquakes and from the bathymetry. Their geodynamical 
implications are quite different from one another. 

As pointed out by Mercier (1981), Angelier et al. (1982), 
Lyberis & Lallemant (1985) and Mercier et al. (1987), 
extension is approximately N-S around the Gulf of Corinth, 
and E-W in the Southern Peloponnese and Crete, but the 
neotectonic observations are very scarce, and the model of 
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strain pattern will strongly depend on the way the 
observations are smoothed. The new observations coming 
from our data show a slight rotation of the maximum 
compression strain in the western Peloponnese and also 
show a progressive and important rotation of the extensile 
strain within the Peloponnese. This rotation is observed 
approximately in the area where we mapped a dense cluster 
in the seismicity; this cluster is located where a marked 
change in the morphology of the trench is also observed. 

Assuming that the strain field is proportional to the 
deviatoric stress field, it is not possible to explain 
non-uniform stress pattern in a rigid lithospheric plates 
scheme; therefore, we will try to examine the different strain 
patterns and their geodynamical implications. 

It seems clear that the Aegean 'plate' is thinning and 
extending over the African plate. This idea has been 
introduced for the Aegean crust by McKenzie (1978) and 
developed for the whole lithosphere by Le Pichon & 
Angelier (1979) with the addition of forces coming from the 
sinking slab which progressively retracts towards Africa. 
The Mediterranean Ridge is the front of the underthrusting 
of the African plate beneath Agea when the Hellenic trench 
is considered as a fore-arc basin. The slope of the subducted 
lithosphere is very shallow for about 250 km between the 
Mediterranean Ridge and the Hellenic trench (Le Pichon et 
af. 1982). It is dipping slightly more (about loo), beneath the 
Peloponnese, from the trench to the Gulf of Argolia 
(Hatzfeld et af. 1989), and also beneath Crete (Martin 
1988). It is difficult to imagine any other mechanism to 
explain this very shallow dipping slab over 400 km. The 
slope of the subducted slab is the response to the loading of 
the accretionary prism of sediments for the first portion (Le 
Pichon et al. 1982) and to the Aegean lithosphere for the 
last portion (Hatzfeld et al. 1989). 

The change in the morphology of the Hellenic trench 
north of 36.5"N and 21.O"E reflects the difference in the type 
of the overthrusting. As proposed by Lyberis & Lallemant 
(1985), it seems probable that the convergence rate is 
smaller north of the Ionian islands. One cause would be the 
difficulty for the Aegean 'plate' to overthrust the Apulian 
plate, because of the buoyancy of a thick continental 
lithosphere. But palaeomagnetic measurements do not 
support the idea of an important discontinuity between 
southern Apulia and northwestern Greece (Tozzi et al. 
1988). 

Using tectonic observations, Angelier et al. (1982) suggest 
that the N-S extension observed in the northern 
Peloponnese rotates clockwise to be E-W in the southern 
Peloponnese and Crete. Their model associates the direction 
of extension of the Aegean lithosphere with the flow of the 
Aegean lithosphere. The locking of the Ionian branch 
behaves as an obstacle and modifies the flow in the southern 
Peloponnese (Lyberis & Lallemant 1985). 

Mercier (1981) and Mercier et af. (1987) suggest that the 
orientation of extension rotates counterclockwise from the 
Gulf of Corinth to Crete. In their model the compression is 
perpendicular to the boundary, which is the Hellenic arc, 
and the extension is parallel and due to the variation of 
crustal thickness and the deep thermal structure. 

In Lyon-Caen et al. (1988), the observed stress field in the 
Peloponnese and the Kythira strait is the superposition of 
the main Aegean N-S extension, observed from the 

northern to central Aegean, and a secondary E-W strain 
field due to the incoming African margin across the Hellenic 
subduction, observed only in the southern part. 

As shown by experimental modelling (Merle 1989), 
spreading produces a complex pattern of finite deformation 
which does not follow the particle trajectory: in the centre 
the stretching is mostly radial and the elongation ratio can 
reach values up to 40, then going to the periphery it 
becomes concentric and finally the stretching is mostly 
tangential near the convex side of the nappe. Moreover the 
maximum strain is observed at the contact between the base 
and the nappe. 

Therefore, assuming a spreading mechanism for Aegea, 
we should observe compression at the trench and 
longitudinal extension in an internal position; this is roughly 
what the fault plane solutions are showing in the area where 
the Helenic subduction is clear. 

In the western Peloponnese, Aegea is not spreading freely 
towards the west because of Apulia. In order to estimate the 
effect of the collision of Aegea with Apulia we can consider 
it as an indenter for Aegea. England, Houseman & Sonder 
(1985) showed that the rigid indentation of a thin viscous 
sheet produces a field of deviatoric stress over an area 
whose width is of the order of its length. Moreover, 
Houseman & England (1986) show that the compression, 
which is perpendicular to the indenter at the boundary, 
rotates progressively when going away from the boundary. 
In our case this would produce a clockwise rotation of the 
P-axes from the Ionian islands inland. 

Therefore, we suggest that the observed strain field in the 
western Hellenic arc is the result of the superposition of two 
stress fields (Fig. 14), keeping in mind that the boundary 
conditions are different and the effect non-linear. One is due 
to the buoyancy of the crust and hot upper mantle of Aegea, 
which is responsible for the radial compression observed 
along the arc and for the longitudinal extension observed in 
the Gulf of Corinth and in southern Peloponnese and Crete. 
The other due to the collision with a continental block, 
Apulia is a good candidate even the boundary is not clear 
(Tozzi et al. 1988), and superposes a compressive stress field 
which varies progressivly from NE-SW to E-W. In the area 
where the maximum compressive stress of one equals the 
maximum tensile stress of the other, we observe a switch 
from E-W compression to N-S extension, or strike-slip 
mechanisms. But small perturbations in the stress field (due 
to local conditions) could modify the resultant stress field 
and this is the reason why we observe, locally, P-axes 
trending E-W, far from the boundary. 

CONCLUSION 

Results from microearthquakes surveys are always suspi- 
cious in terms of understanding geodynamical processes. 
The energy released during such experiments is fairly small 
compared to that from earthquakes with a magnitude 
greater than 6.0, and the faults inherited from previous 
tectonics can make any interpretation difficult. 

In order to overcome these difficulties a few precautions 
have to be taken into account. It is necessary to record 
enough earthquakes to smooth the local conditions, and see 
a possible pattern. They have to be recorded by many 
stations in order to bring more detailed information than 



198 D. Hatzfefd et al. 

3w 

37.00 

36.00 

35.00 

0 c 

#'@re 14. The observed stress trajectories is likely to be due to the superposition of two stress fields illustrated very crudely (boundary 
conditions are different and effects are non-linear) as follows. (a) A stress field due to the spreading of Aegea. This stress field is deduced from 
incremental deformation of gravity nappes observed in experimental modelling (Merle 1989). (b) A deviatoric stress field due to Apulia which 
behaves as an indenter for Aegea. The contour of Apulia is certainly oversimplified. This stress field is deduced from numerical experiments 
computed by Houseman & England (1986). 

strong earthquakes. If these conditions are fulfilled, they 
allow a significant interpretation. 

Installing a dense network of seismological stations over 
the western Hellenic arc, we were able to locate 
earthquakes with an accuracy better than 5 km, both in 
epicentre and depth. The accuracy of the locations and the 
large number of fault plane solutions allow us to get a 
tectonic image complementary to that obtained from strong 
earthquakes. The highest seismicity is seen along the 

Hellenic arc and located in places where changes in the 
bathymetry are seen. In the western Peloponnese we 
mapped compression where neotectonic studies show 
extension; we also located earthquakes within the lower 
crust, which is rather unusual and suggest that there is a 
relation between the strain level and the brittle deformation. 

Our ability to compute 80 fault plane solutions in a small 
area allows us to map a heterogenous strain field in the 
western Hellenic arc, different from neotectonic observa- 
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tions. We observe compression in the western Peloponnese 
which rotates from NE-SW t o  E-W; in the northern 
Peloponnese the extension is oriented N-S and rotates 
counterclockwise to  become E-W in the Kythira strait. 

The observed strain field is likely to  be due t o  the 
superposition of the one due to  the spreading of Aegea and 
to the other due to the collision against Apulia which 
behaves as an indenter. This collision could explain both the 
crustal thickening observed in Northern Peloponnese and 
Epirus as the deepening of the brittle-ductile transition. 
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