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Α Β S Τ R Α C Τ 

The existence of a seasonal trend in earthquake occurrence 
in the area of Greece is examined for main, M~5.2 shallow, and 
M~6.0 intermediate depth shocks, for the time interval 1911-1985. 
The Sun's longitude was also analyzed for any seasonal trend. Α 

highly significant spring trend is found for shallow events of 
the areas of Thessaly, Northern Aegean Sea and the coast ο! 

central Western Turkey. Intermediate depth events of South Aegean 
Sea exhibit a significant summer trend. The Sun's longitude for 
events of the above zones is located between 3400 and 300 (around 
vernal equinox). 

ΕΠΟΧΙΑΚΟΤΗΤΑ ΤΗΣ ΕΜΦΑΝΙΣΗΣ ΤΩΝ ΣΕΙΣΜΏΝ ΣΤΟΝ ΕΛΛΗΝΙΚΟ ΧΩΡΟ. 

Buckthought,K. και Πολυμενάκος,Λ.Χ. 

Π Ε Ρ Ι Λ Η Ψ Η 

Στην παρούσα εργασία διερευνάται η ύπαρξη εποχιακότητας της 

εμφάνιση τwν σε ισμών στον ελληνικό χώρο. Μελετήθφιαν κύριοι, 

επιφανειακοί με M~5.2 και ενδιάμεσου βάθους οεισμοί με M~6.0 για 

το χρονικό διάστημα 1911-1985. Βρέθηκε μια πολύ σημαντική τάση 

εμφάνισης σεισμών κατά την άνοιξη για επιφανειακούς σεισμούς από 

τις περιοχές της Θεσσαλίας, του Βορείου Αιγαίου και της ακτής της 

κεντρικής Δυτικής Τουρκίας και κατά το καλοκαίρι για σεισμούς 

ενδιάμεσου βάθους από την περιοχή του Νοτίου Αιγαίου. Το 

γεwγραφικό μήκος του ήλιου για τους σεισμούς των ανwτέρω περιοχών 

βρίσκεται μεταξύ 3400 και 300 (κοντά στην εαρινή ισημερία). 

INTRODUCTION 

Studies of earthquake seasonality, have only been attempted 
very recently. McClellan (1984) observed that shallow Californian 
earthquakes tend to occur in spring before the large, 1906, San 
Francisco earthquake. The above trend was found to be 
statistically significant, exceeding seasonal frequencies 
expected from random variation in the earthquake occurrence rate. 
For the area of Greece, Tamrazyan (1970), using M~6.5 shallow as 
well as intermediate depth shocks for the interval 1900- 1957 
showed that all strong events (Μ: 7.2-8.3) tend to occur in 
summer and moreover that they are "timed to the daily rotation 
change curve οη its descending part". However, a careful 
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inspection of Tamrazyan's fig.10 revea1s that the 'strong events' 
are main1y intermediate depth events which occur particu1ar1y in 
the SUIlα/ler, whi1e sha110w events appear to be more uniform1y 
distributed throughout the year. Papazachos and Papadimitriou 
(1984) noted that an earthquake sequence in the North Aegean Sea 
(1954-1970, Μ:6.6-7.1) occurred between February and May. 
Ga1anopou1os (1985), using data with M~5.5 from the entire Aegean 
and surrounding area and for the time interva1 1902-1980, found 
out that the month1y number of earthquakes tends to be re1ative1y 
higher in March whi1e the amount of the seismic energy re1eased 
was found to be re1ative1y higher in August, where a1so the 
1argest sha110w shocks tend to occur. However, Ga1anopou1os 
(1985) arrived at the above resu1t considering a1so aftershocks 
whi1e he did not discriminate between different depth ranges. 
Most recent1y, Po1imenakos (1992) detected a pronounced sUIlα/ler 

trend in the occurrence of main, intermediate depth earthquakes 
from the He11enic Arc (M~6.0) whi1e he observed ηο trend at a11 
for main sha110w events from the same area. 

The above resu1ts provide evidence for a significant 
seasona1 effect in the occurrence of earthquakes. Ιη the present 
work, we wi11 try, by uti1izing on1y main shocks, to provide an 
integrated approach to the investigation of a possib1e seasona1 
trend in Greece and the surrounding area. 

DATA 

The se1ection of earthquake data for the area of Greece is 
based οη the separation of Greece and the surrounding area into 
seismic zones after Papazachos (1980). The examined zones are the 
eighteen sha110w seismicity zones (SHZ 1-18) and the intermediate 
depth seismicity zone (IDZ). The location of the aforementioned 
regions is presented in Figure 1. Datasets inc1uding on1y main 
instrumenta1shocks (ηο foreshocks or aftershocks) with M~5.2 and 
M~6.0 were eva1uated for a11 the sha110w zones (1-18), whi1e a 
set with M~6.0 events was eva1uated for the intermediate depth 
zone. The data come from the cata10gue by Comninakis and 
Papazachos (1986). Sha110w events with M~6.0 and M~5.2 are 
considered as being comp1ete for the time interva1s 1901-1985 and 
1911-1985 respective1y (Comninakis and Papazachos, 1986). 
Intermediate depth events with M~6.0 are considered as being 
comp1ete for the time interva1 1901-1985 (Papazachos, 1990). The 
exc1usion of fore- and aftershocks was made by manua1 compi1ation 
of the above cata1ogue. This is a re1iab1e procedure for de1eting 
fore- and aftershocks as Gardner and Knopoff (1974) state. 

METHODOLOGY 

Ιη order to test the statistica1 signif icance of any 
unimoda1 or bimoda1 trend in the occurrence of earthquakes, that 
is a trend in occurrence at one or two opposi te seasons, we 
app1ied the Ray1eigh test (Lord Ray1eigh, 1880), known a1so as 
the Schuster test (Schuster, 1897). Un1ike other methods, this 
test was found to meet the need for avoiding any a priori 
grouping of data (see a1so Sh1ien, 1972; McC1e11an, 1984; 
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stothers, 1990) . 
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Fig.1. Location of the seismic zones (Modified after Papazachos 
1980, 1990). 

As used here, the test measures the tendency of a set of 
events to occur near the same time ('phase') of the year. Each 
earthquake datum is converted to a phase angle β ( β=earthquake 

datum χ (2π/ 365) } and the Ν phases are vectorially added, Ν 

being the length of the dataset. If Α=Σ cοsβ and Β=Σ sinβ then 

the resultant vector is at phase φ=arctan(Β/Α) and has a length 
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Ιη order to investigate any bimoda1 trend in the occurrence 
of earthquakes, a modification of the Ray1eigh test was used (see 
a1so Sh1ien, 1972). This was decided since the test, as it is 
origina1ly devised, would not detect an existent bimodal trend. 
Ιη this modified form the phase angle β is β=eq.datum χ (2n/183). 

The probabi1ity that the resu1tant is 1arger than r, or that 
earthquake dates come from a random distribution, is 
P=exp(-rl/N), where N~10, assuming that earthquakes occur 
independently of the seasons. Ιη the present work, any value of 
Ρ lower than 0.05 will be considered as significant 
(corresponding to the 95% level of significance). 

The Rayleigh test was a1so app1ied to investigate whether 
seasonality is a function of the Sun's position. Το do this the 
Sun's longitude was computed for each earthquake datum. The Sun's 
longitude is the angle along the ec1iptic measured from the first 
point ο! Aries in the direction ο! motion ο! the Sun. Ιη the 
present work, the mean solar longitude (MSL) is used, corrected 
for precession. It represents the longitude of a fictitious Sun 
moving a10ng the ec1iptic at a uniform rate, as wou1d be the case 
if the Earth's orbit was a circ1e. The MSL can be used as a 
measure of the phase ο! a periodicity, the period being in our 
case the interva1 between two successive passages through the 
verna1 equinox (unimoda1 trend) and a passage through the vernal 
and autumna1 equinox (bimoda1 trend). 

RESULTS 
! 

The probabi1ities Ρ resu1ting from the app1ication ο! the 
Ray1eigh test for an unimoda1 and bimoda1 trend are 1isted in 
Tab1e 1. 

UNIMODAL TREND 

Probabi1ity that the observed dates are random1y distributed 
is low for events with M~5.2 in three out ο! the eighteen shal10w 
zones, name1y SHZ 10 (Ρ1=0.01, φ=108.4 0 

), 13 (Ρ1=0.01, φ=102.4 0 ) 

and 15 (Ρ1=0.001, φ=57.2 0 ), imp1ying a strong spring trend (at 
the 97% 1eve1 ο! significance) in the occurrence of earthquakes. 
Α strong trend is a1so found when considering SHZ 6-18 (i.e. the 
'interna1 zones') (Ρ1=0.05, φ=77.6 0 ), whi1e M~6.0 events in SHZ 
10, 13 and 15' were too few to be proper1y treated with the 
Ray1eigh test. Va1ues of Ρ1 vary from 0.11 to 0.95 for the rest 
ο! the sha110w zones. Intermediate depth events with M~6.0 were 
a1so found to show a strong seasona1 trend in their occurrence 
(Ρ1=0. 03), however shifted towards 1ate spring -ear1y summer 
(φ=217.6

0 
) (see a1so Po1imenakos, 1992). Evidence for a spring 

trend is a1so strong1y supported after considering the Ray1eigh 
test resu1ts for the Sun's longitude. For the seismicity zones 
for which a strong seasona1 trend is observed, the Sun's 
longitude (at the 97% significance 1eve1) is between 3300 and 
300, located around the verna1 equinox. 
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Table 1. Results of the Rayleigh test. Shallow zones (SHZ 1-18): 
M~5.2, M~6.0 (1911-1985}j indermediate depth Ζοηε (IDZ): M~6.0 

(1900-1985). 

+-_Ζ__ Ν_~:::::~\:~:~;'_ί-φ~::::~;:~:~:: Ρ' Ι
ο_n_e__

Ms~5.2 

SHZ	 1 52
 
2 54
 Ι i:;:~ ';;:~ :~; Ι i~~:i ~~:i :~; 
3 29 ι 253.7 173.0 .31!, 72.7 269.6 .80 
4 77 137.5 57.3 .95 137.6 340.1 .53 
5 40 200.0 119.6 .86 j 244.7 86.2 .44 
6 20 45.1 324.3 .25 78.3 277.8 .47:1· 

7 15 187.9 107.2 .59 351.7 187.9 .76 
8 35 Ι 44.9 323.9 .24 32.0 229.7 .45 
9 22 16.8 296.4 .64 223.6 63.4 .72 

10 12 108.4 29.0 .01 213.6 54.1 .14 
11 9 318.6 237.6 .62 235.4 84.6 .92 
12 14 178.7 98.1 .29 119.0 316.3 .82 
13 24 102.4 22.2 .01 15.1 215.6 .10 
14 23 335.9 255.3 .31 266.1 107.4 .51 
15 14 57.2 336.7 .001 141.9 343.2 .10 
16 15 231.8 150.9 .37 127.0 327.0 .03 
17 11 194.7 115.1 .76 60.8 261.3 .10 
18 12 180.3 100.4 .58 340.1 181.4 .87 

1-5 252 236.8 155.7 .78 194.0 35.3 .43 
6-18 226 Ι; ι 77.6 357.3 .05 83.3 280.6 .42 
1-18 478 86.5 6.7 .49 140.5 341.1 .58 

! 
'Ms~6.0 

SHZ	 1 8 322.8, 241.5 .92 243.5 82.6 .71 
2 16 266.5 185.4 .49 130.4 329.5 .70 
4 14 188.5 108.2 .64 89.6 288.6 .98 
8 6 92.5 12.5 .13 209.7 53.6 .82 
9 8 81.3 0.8 .73 270.9 110.4 .25 

10	 8 102.3 21.8 .08 194.9 35.0 . 14 
14 9 330.6 249.0 .85 230.5 71.3 .21 

. 1-5 46 257.6 176.2 .78 193.3 338.3 .40 
'~"'18 62 97.8 17.7 .11 186.3 27.5 .43	 Ι
1-"'18 108 101.5 26.1 .51 164.2 4.6 .24 

! 
IDZ 29 'L 217.6 137.1 .03 92.9 291.5 .72 Ι 

._---- _..• - _... _.-	 .- - ---------~.... 

BIMODAL TREND 

From Table 1 is evident that only shallow zone 16 exhibits 
a strong bimodal trend at the 95% level (Ρ2=0.03) with 
corresponding phase angle 127.00. This irnplies a significant 
spring-auturnn trend in the above zone. The Sun's longitude for 
Ζοηε 16 is 327.00 and is located near the vernal equinox. 
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DISCUSSION 

The above results provide evidence for a highly significant 
seasonal trend, confined to limited portions of the whole area 
of Greece. 

Hence, the followinq points can be made: 
a. The reality of the seasonal trend. Α plot of the Ρ value 

versus the frequency of events occurred in the interval day 50 
-day 200 (hereby defined as the 'spring frequency') for each zone 
(Fig.2) reveals that the 'spring percentage' is generally high 
(30-60%) in all cases while it reduces with increasing Ρ1 value. 
Hence, there is a seasonal 'background' in the seismicity in the 
area of Greece. 
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Fig.2. Spring Frequency (SF) versus Ρ1 for the shallow zones. 
Dashed line calculated by least squares: SF ~ 0.49 - 0.10 
Ρ1 (SHZ 13 is excluded from calculations) 

b. The appearance of the seasonal trend with respect to the 
seismicity zones. It appears that seasonality is observed in 
those zones which have a simple seismogenic layout: for example 
SHZ's 10 and 15 in contrast to SHZ's 2 and 5 (for information οη 

the seismotectonics of the zones see Papazachos, 1990). This 
might not necessarily mean a single, dominant fault but, more 
likely, a seismotectonic framework which functions in a uniform 
way within the given distribution of stresses throughout the area 
of Greece (see also Polimenakos,1992). 

Another interesting observation from Table 1 is that the 
seasonal trend, as expressed by the Ρ1 value, reduces when going 
from the external zones to the internal ones, that is to the 
north and east. Evidence for the above comes from the 
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considerab1e decrease in the Ρ1 va1ue for both M~5.2 and M~6.0 

events when comparing the resu1ts of SHZ 1-5 with SHZ 6-18. This 
suggests a passage from a comp1ex seismotectonic environment to 
a reasonab1y simp1er one and is in genera1 agreement with the 
distribution of the b-va1ue in the area of Greece (c.f. 
Papazachos, 1980; Hatzidimitriou et a1., 1985; Papadopou1os and 
Kijko, 1991). The distribution of Ρ1 with respect to the b-va1ue 
is presented in Figure 3. 
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Fig.3. Ρ1 versus the b-va1ue. Dashed line ca1cu1ated by 1east 
squares: Ρ1 = 0.11 + 0.36 b. b-va1ue data from Papadopou1os 
and Kijko (1991) 

Οη the other hand, it is to be pointed out that the observed 
trend of earthquakes to occur in spring (in zones 10,13 and 15) 
is not observed οη an annua1 basis. Το i11ustrate the point we 
p10tted the cumulative number of all earthquakes and that of 
earthquakes which occur in spring ('spring / = 22 Feb-21 Ju1) 
versus time (Fig.4). The deviation of the spring events' curve 
demonstrates the non-annua1 periodicity of springtime occurence. 
It, thus, appears that annua1 processes may be of minor 
importance with regard to seasona1ity. 

Αη important issue related with the observed non-annua1 
per iodici ty of the seasona1 trend is whether this trend is' 
inf1uenced by dominant stress re1axation patterns characterizing 
a seismogenic area which are of recurrent nature , otherwise 
ca11ed 'seismic cyc1es'. McC1e11an (1984) has pointed out that 
the seasona1 trend observed wi th Californian earthquakes is 
strong1y connected with the 'seismic cycle' which appears to 
govern the stress discharge at the San Andreas fau1 t. The 
cnmn1ative nnmber of a11 M~6. Ο events which is plotted with 
respect to time in Figure 4 was used in order to see if there 
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Fig.4. Curnulative nurnber of earthquakes versus tirne. (a) shallow 
events (SHZ 1-18); (b) interrnediate depth events (ΙΟΖ). 
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exist periods of intense activity interchanging with periods of 
non-intense activity. As i11ustrated f there appear successive 10w 
and high activity interva1s of about 9 years 1ength. It is of 
interest to observe that interva1s of intense activity coincide 
with interva1s of high 'spring' activity. Hence t it is evident 
that, as in the case of Ca1ifornian events, the significant 
seasona~ trend appears in the 1atter (and most intense) part of 
a 'seismic cyc1e'. 

As a p1ausib1e physical explanation of the observed 
seasonality, various factors may be considered. Two rnajor 
rnechanisrns, that is (a) pore-fluid pressure increase due to water 
influx and tida1 factors and (b) increase in shear stress due to 
fluctuations in p1ate rnotion have been proposed by McC1ellan 
(1984). Ostrovsky (1989), in cornrnenting McClellan' s resu1ts, 
suggested that seasona1 fluctuations of the wind speed rnight be 
associated with increase in seisrnic activity. 

The reasoning for seasonal pore fluid pressure increase as 
a potential earthquake triggering factor seerns to fit the depth 
ranges associated with sha110w events. But it certainly does not 
with depths associated with the interrnediate depth events 
(h:70-160 krn). Moreover, one has to note that only three out of 
the eighteen sha110w zones do actually show a seasonal trend. 
Sirni1arly, atrnospheric and/or sea 1evel f1uctuations seern not to 
be related, particu1ar1y in the Aegean, to earthquakes at sha110w 
or interrnediate depths, as stated in the work of Sh1ien (1972) 
and of Churchin and Pennington (1987). However, there has been 
ηο atternpt to correlate rainfa11 or pressure fluctuations with 
seisrnic activity in the area of Greece. It appears that stresses 
in the Earth's crust rised due to the tidal effects caused by the 
Sun and Μοοη are srnall cornpared to the existing stresses a10ng 
fau1ts. 

The distribution of stresses within the lithosphere, 
associated with the re1ative rnotion of the c011iding plates 
across the Hellenic Arc rnight be responsible for the observed 
seasona1ity (see a1so Discussion in Polirnenakos, 1992). This is 
strongly supported by the seasonal trend observed with the 
interrnediate depth events. Evidence for the existence of a 
seasonal effect οη the p1ate rnotion comes frorn observations such 
as those οη fluctuations of the rotation rate of the Earth 
(Larnbeck and Hopgood, 1982}. F1uctuations of the rotation rate 
are genera11y thought to be an irnportant factor for both short 
and long terrn changes in g10bal geodynarnics, affecting earthquake 
occurrence, v01canisrn etc. (Weze1, 1988; Morner, 1988). Such 
fluctuations are expressed through the variation of the length 
of day (LOD). Larnbeck and Hopgood (1982) acknow1edge two kinds 
of fluctuations associated with the LOD. Α 'high frequency' 
cornponent accounts for annua1 f 1uctuations of rneteor010gical 
origin, which arrive at their rnaxirnurn during 1ate spring and 
surnrner. As a resu1t an interaction at p1ate boundaries of torques 
at the core-rnantle boundary results frorn the spring tirne 
dece1eration of the Earth's rotational spin. Α 'low frequency' 
cornponent consists of 3-5 yr and 20-30 yr period f1uctuations 
originating in geophysica1 processes. 

Should seasonality be associated with the seasona1 variation 
of the earth's rotation rate, peaks in seasonality at other s01ar 
longitudes should emerge. Το test this we fitted the earthquake 
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frequency for every 20 degrees of solar longitude to a truncated 
Fourier series, using moving averages. Four such series were 
generated for respective sets of zones and different magnitude 
thresholds. Figure 5 illustrates a very interesting difference 
in the trend which is followed by every set. Especially 
noticeable is the difference between sets 1-5 and 6-18 (M~5.2) 

as well as between sets 1-18 for M~5.2 and M~6.0, respectively. 
Α Fourier series representation of the observed seasonality of 
the earth's rotation rate is also presented for comparison. Α 

correspondence between the rotation rate series and that of sets 
1-18 (M~5.2) and 6-18 (M~5.2) is present. However, this does not 
necessarily imply a connection between the variations in the 
earth's rotation rate and triggering of earthquakes. 
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Fig.5. Fourier series representation of the earthquake occurrence 
frequency with respect to the Mean Solar Longitude. 
Frequency scale is arbitrary. 
1- SHZ 1-18 M~5.2; 2- SHZ 1-18 M~6.0; 

3- SHZ 1-5 M~5.2; 4- SHZ 1-18 M~5.2; 5- Rotation rate. 
Rotation rate data from Lambeck and Hopgood (1981). 

Ιη conclusion, the investigation of seasonality reveals a 
complex interaction of various potential factors. Seasonality 
shall be regarded as a part of a system rather than an 
independent phenomenon. 

375 
Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



REFERENCES 

Churchin,J.M. and Pennington,W.D., (1987). Tidal triggering of 
indermediate and deep focus earthquakes. J.Geoph.Res.,92, 
Β13: 13,957-13,967. 

Comninakis,P.E. and Papazachos,B.C., (1986). Α catalogue of 
earthquakes in Greece and the surrounding area for the 
period 1901-1985. Univ. Thessaloniki Geophys. Lab. Publ.1, 
167ρρ. 

Galanopoulos ,A.G., (1985). Οη the earthquake activity occuring 
per month in Greece. Proceed. Acad. Ath., 60: 151-175. 

Gardner,J.K. and Knopoff,L., (1974). 1s the sequence of 
earthquakes in Southern California, with aftershocks 
removed, Poissonian?, Bull.Seismol. Soc. Am., 64:1363-1367. 

Hatzidimitriou,P.M.,Papadimitriou,E.E.,Mountrakis,D.M. and 
Papazachos, B.C., (1985). The seismic parameter b of the 
frequency-magnitude relation and its association with the 
geological zones of Greece. Tectonophysics, 120,141-151. 

Lambeck,K. and Hopgood,P., (1981). The earth's rotation and 
atmospheric circulation from 1963 to 1973. Geophysical 
Journal, 64:67-89. 

Lambeck,K. and Hopgood,P., (1982). The Earth's rotation and 
atmospheric circulation: 1958-1980. Geophys. Jour. RAS, 71: 
581-587. 

McClellan, Ρ. Η., (1984). Earthquake seasonali ty before the 1906 
San Francisco earthquake. Nature, 307: 153-157. 

Morner,N.-A., (1988). Seismicity and rotation. 1NQUA (Neotectonic 
Commission) Bulletin, 11: 21-23. 

Namias, J., (1989). Summer earthquakes in Southern California 
related to pressure patterns at sea level and aloft. 
J.Geophys.Res. 94, Β12: 17671-17679. 

Ostrovsky,A.A., (1989). Possible reason for seasonal periodicity 
οί Californian earthquakes. 25th Gen.Assembly of 1ASPE1, 
1stanbul, Turkey, August 21-September 1,1989. 

Papadopoulos, G.A. and Kijko,A., (1991). Maximum likelihood 
estimation of the eart.hquake hazard parameters in the 
Aegean area from mixed data. Tectonophysics,185:277-294. 

Papazachos ,Β. C. , (1980) . Seismicity rates and long-term 
earthquake prediction in the Aegean area. Quaterniones 
Geod., 3:171-190. 

Papazachos, Β. C., (199 Ο). Seismici ty οί the Aegean and surrounding 
area. Tectonophysics, 178:287-308. 

Papazachos,B.C. and Papadimitriou,E.E., 1984. Seismicity 
regularities in Greece as premonitory patterns, Proceed. 
1ntern.Symp.on Contin. Seismicity and Earthquake 
Prediction, Beijing, China, Sept. 1982, 191-197. 

Polimenakos,L.C., (1992). Search for seasonal influence in 
earthquake occurence in the Hellenic Arc. Phys.Earth 
Planet. 1nter., (in press). 

Rayleigh,Lord, (1880). Οη the resultant of a large number of 
vibrations οί the same pitch and of arbitrary phase. 
Philosoph. Magazine s.5,v.l0,n.60:73-78. 

Schuster,A., (1897). Οπ Lunar and Solar periodicities οί 

Earthquakes. Procs.Royal Soc.London, v.61:455-465. 
Shlien,S., 1972. Earthquake- tide correlation, 
Geophys.J.RAS, 28: 27-34. 

376 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



Stothers,R.B., (1990). Α search for 1ong-term periodicities in 
large earthquakes of southern and coastal central 
Ca1ifornia.Geop. Res.Let., v.17,n.11: 1981-1984. 

Tarnrazyan,G.P., (1970). Seismicity of Greece in relation to 
cosrnic conditions. Ann.Geol.Pays He11.,22,28-39. 

Wezel,F.-C., (1988). Earth structural patterns and rythrnic 
tectonisrn. Ιη F.-C.Wezel (Editor), The origin and evolution 
of arcs. Tectonophysics, 146:1-45. 

377 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.




