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ABSTHACT

{ Three dimensionnl velocily struclure of  the upper crust is
mined by inversion of P-waves in Lhe region belween 38.7°N -
2°N and 22.3°E - 24.4°E.

A6 " evants and 16 stotions , nll of them locnled in the above
Ltioned region, nre used. The daln wro inverted following the
d of AKT und LEE.

Lthe upper 15 Km of Lhe c¢rusl Lhe roasuliy show n strong
of Lthe lvcnl surficinl geology. l.ow wvelocilies are
inont  around Pangassitikes Gulf, Norlh Euboea and Thermnikos
where geolhermnl nren, fracture zones and sedimentory layers

High velocities are oblained in Lthe northern part of the
on , whore geologically old nnd slauble mossives
srvomacedonian, Rhodope) are predominant,

LYNOTI

Mpoatitapidcat Tpradidotata povitAo taxutiiny OTOV QVRTEPO
By, P oviiotpopn twy P Kupdtow, oLy peploxn  peotaZu Twv
T°N- A41.2°N Kl 22,.3°E - 24 .4°%.

Xpnoiponoronviean via To okond auvtd 406 ocropoi war 16 owadpoi
B puplokOviar  otnv npouvapcpdeion neproxi. Ta Sedopcdva
iotpipovial pe ctnv pncdodo twv AKI war LEE.

Fia to upewa 15 Km tou  9lorod, ta anoitcAcopaia Scixvouv pra
Xupin cnidSpdoun twy CLONT KWWY  yewAovikoyv  ouvinrdwy. Xapndee tipeg
Wiitey  cnlkpatouv yipw and tov llavaontikd Kddno, tnv Dopria
fora ko tov  Oeppairkd KoAno,  dnou anaveotv  yvewdoppixka wedia,
Fivevele Zovieg war aZnpata.

Yundce virpde vnoroviodnoav yvia tig tagirintog ote Bopecroe opnpa
g neproxng, S1nou untapyouv nalaloil  vewloyvikoi oxnpactiopoi (MaZa
¢ PobiGuue, LepBoparcdovikhd Zovn) .

EILArQrit - INTRODUCTION

The Tnslt Len yenr:s, il is widely ncceepled thot one of the
powerlfull melthods Lo inveslignte three-dimensional veloeily
lure of Lhe earlh, is Lthe inversion of residuals Trom arrival
dula (AT amd LEE, 1976; AKI et nl. , 1977; SHIDA, 1984;:
KMAN, 1986G) or the inversion of macroseismic intesilies dala
ASIIDA ol nl., 1987).
In Lhe preseal paper, Lthe melhod developed by AKI ond LEE
076) is uscd, an oulline of which is described below. Residuals
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arc  coused due Lo  the perturbation of inilial source parg
ui P ulwes, sboe the o showness operturbatlion of seismic roays
penelrale Lhe carth, lravelling from hypocenler to Lhe stal
Thkes: medlhod cilimobves the wpercentloge of coch residual due Lo
swhbove menlioned reasons, .
Iwteves!l ing - geophysical-ond geological lTeatures
fanil NorLlhiern Groece (Fig, '1'Y 7and  the existance of a
compnrison Lo olher rogions in Grecce) nelwork of 16 slations
rise Lo Lhe invesligalion in this region, in an atlempt Lo ext
information aboul the three-dimensionsnl velocily structure of
uppoer  cruasl.
Residunls From arrival Limes of g and I'*—- wauves are used
Due Lo Lhe lnek of deeop events only Lhe velocily structure
upper crusl is invesulipgatled.

TEKTONIKO SAQLELTOY - TECTONIC SETTING

The study region, where crusloal extension  occurred in the midd
Miocene Ltime, lies ol Lhe north of the lNellenic volcanic are (Fig
2). b

Axios Vardar  zone. Servomacedonian and  hodope massives al
the predominanl seismolectonic fenlures in Lthe northern  part
the roegion (Fig. 1). Axios-Vardar zone i nun eclongaled
slriking NNW-55E Lhrough Yugoslnvin nnd Northern Groecce.

missil is o pgeologicnlly old (or Mrecambirinn age)
vedumologically stable region of  low sceiumicily, comprised
me Lamorphic rocks. Servomncedonian massif of DPaleozoic

consistls of metamorphic rochs too.

In the Central -Lastern part of 1lhe region,
fentlures are the Sporndes graben (DEWEY and SENGORl,
extension of North Anatolian Fault (McKENZIE, 1972 ).
shown (PAPAZACHOS el al., 1979(a)) that the highest
aclivily in Norlhern Greece nnd the surrounding arcea, during th
prosenl  cenlury, has occurred along Scervomacedonion massifl, which
exlonds to the EFEast nlong the northernmosl ponrt of Lhe Aegeun arp
and  juins the North Anatolion  seismic  zonme (COMNINAKIS ant
PAPAZACHOS . 1981, 3

The  thickness of Lthe crust is about 10 Km, nccording to dee
seismic soumdingys (MAKNIS, 1978(0L})). ]

The Lhichness of Lhe sedimenlary Ionyer in Norlh Acgean Sen is
about 3 Km (MAKRIS, 1978(a)). Two drill holes in Thermnicos Gulfl,
penetraled 1.6 Km of sediments (FAUGERES und NOBERT, 1976). i

NMositlive Bouguer anomalies wilh o maximum nboult 150
charnclerize the region (MAKRTS, 1975).

In Lhoe Soulhweonlern partl ol Lha rogion, froclure zZones
(DEWEY and SANGOIL, 1979) and volennoes (Fig., 1) of Lhe westernmost
parl of the lellenic volennie  ore (NINKOVITCH  and [IAYS, 1972 ;
FYTIKAS el al., 1976) are predominant.

The investigaling region is o bock nre basin, The most of
carLlhguinkas are shnllow nnd tension nxes 1 genernlly strikes N )
bovautse  of Lhe covergence of Africon oond Acgenn plules, as il was
praved by Toeol mechanism sludies{McKENZTE, 1978 ; DPPAPAZACHOS and
COMNTHAKITS, 1970 ; DRAKOPOULOS and DELIBASIS, 1903).

MEOOAOAOI'TA — MITTHOD

In Lhe prosent sludy, the method of AK] and LEE has been
e, The carlth's slructure i5 modeled in reclangulnr blocks and
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Fig. 1 Simplificd summary of Northwesl Acgenn
teclonicu, following COMNINAKIS and PAPAZACHOS(1981) , DEWEY
and SENGOR(1979). The henvy line nnd the broken line are o
ault  and n poorly deTined fuull, reospectively. The st ippeled

aron shows o Neogoene Quarltenary graboen ., Solid trinnglaes are
voleanoes (NINKOVITCH nnd HAYS 1972, FYTIHAS oL ol ., 1976G)
‘__'l" : Porphyrion and A Achilleion.
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| Erhh'iu'%nnlgnnd to ench block, dnuqrihinﬁhlhn parlurbalion
Hwuve slowness in _the blockh, The dala sol comsists of first P
5 ol M.oegarLlhqunkes, observed al N 'slalions.

noling the'? arrival time froam Lthe  j**  ecarthquake,
ggt it the 1'% slalion as Tige®"  the arrival time ig given by

# '.‘l'ri_g'_"":'rl LEFRL {d'l'/dx); DXy _{d'l'!d]’) v DY 4 (l”'fd?.] vy D23 DTy

_i.[:'rij"'f:hlﬁ:lJ (1)
r h

Tiy™* " : the calculated I" orrival lime,

(dT/dX) vy, (dT/dY)sy, (dT/dZ) 4, : derivatives of
Lravel times with respect Lo X, Y and Z coordinates

of Lhe hypocenter, respeclively,

DTy.DX,;.DY, ,DZy : correcltions Lo the source paromelors
of Lthe j'*™ evoent,
EToj'"'Fa 3 travel Lime varintion due to the
k slowness perturbntion in block k,

Fa : slowness perlurbation in block k and

Ev«; :thigher order Lerms and errors in observatlon
Lling obuerved minug caleculated Lime { O-C ) ns n veclor d

] 3‘={dll.dll,.-‘,dll.dll. i vy ke sanovgalag) (2)

d denotes the transpose of d, equation (1) is transformed
d=Ami« _(3)

A is o NMx(AM+K) matrix willh componenls given in
in (1)
it a transpose of vecltor m, wilh components
(DX . DY ,DZy DTy, .o DXy DT Fay ool Fa)
i is the error veclor wilh components Eag.
In order to avoid an sunstable solulion, which satisfies the
funl ion

L)

AAm=Ad (4)
-‘gnnpml lensl squores melhod is used:
(AA10)m=Rd (5)
thaere, 0O is o diangonal mntrix with posilive ceclemenls 8,
nccording Lo LEVENBERG(1944).
Then Lhe damped least squares solution i given as
m = { AMO )-'Rd (6)
mis the solution which miniwmizes the
Am—-dl?* and Iml?*, simultaneously.
[herelore, Lhe resolulion malrix in Lhis case is given by

N=(AAIO)}-'RA (7)

! il has been shown by WIGGINS (1972), Lhe magnilude of diagonal
glemenl  is o wensure of Lhe roesolulion. [0 I is  Lhe idenlity
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it rix, L solulien dis complelely remolved.
e efvariandée matrix D, is given by !

Pz« *R(AAIO) -1 (8)
whaera, Ga® i Lhe voriaikce ol orrord in the dalan,

ANAAYEN AFAOMENON KA ATAAIKALTA ANTILTPOPHE

DATA ANALYSTS AND INVERS1ON _PROGEDURE

C The datn used din Lhis  study ope nrrival times of Pg-n
Pé whves nlp A6 Btations (Table 1)4 it Lhe waren included belweer
30.7°H - 11.2°N nud 22.3°FE - 24 _A°E (Fig. 1) "
The Geophysicnl Departmentl of the Avislolelioan Universily o
Thessaloniki  hos inslnlled o nelwork ol #§ seismological stalions,
in Lhe nron under invesligntion sipnce 19082, An  olher lemporary
nolwork of 9 stnlions has been installed in Lhe study region arn
the surrounding aren  from the Goeophysical Departement of Athens
Hnivarsily, nincae 1983, This network operaled uaup to 1985, Only 7
staliong of Lhe abovaed mentioned network nre used. Furthermore,
e more Stalion of Lthe "Nalionnl Secismoalogical Network" has been
incorporaled in Lhe snalysis.
Muny earlhquokes were recorded since  the operalion of the
slalionsg nnd Finnlly A6 ecnrlthgquokes, ol which Lhe hypocenlors o
Toezn Lird in Lthe invesligoling region, nre selected (Table 2).
arilevion lfor Lheir choice is their spalial distribution, in order
Lo ablain n stoble and  relioble solulion, A second criterion ig
the number  of slations Lo which ench  evenl has been recorded,
arder Lo oblnin  n large  number ol arrival times{data) . {
nelecled  evenl: are independenlt Lthan magnilude and  their foca
deplhs Tie boeltween 1 Km Lo 23 Km., The arrival Limes aond the
paramelors of each event, nre those published in I1SC bulletin
The enrth’ s crusl benecalh Lhe invesligoted region i divided
into (wo horizontal Inyers, of 15 Km thichknoss, Fach  loyer is
divided into 6x10 reclangular blocks in E-W and N-5 direclions,
respeclively. Flal loayer structure is assumed bocouse of the small
aren aof Lthe region. The block sizes in E-W and N-5 direclions, are
I Km and 30 Km, respeclively. The block confligurations, Lho
ovenls and Lhe slaliong used, nre shown in Fig. 4
In Ltolal, 36 residunls dalan nre inverLed. The number of
urhnown  poromelorsg, given Lheorelicnlly s AxMIK, is 304,

Aclunlly. anly 55 blocks in  the upper Inyer omd 32 in Lhe lower
one are penelrated by seismic roays. Therelore, the eoeffcclive
number of unhnown pnramelers is reduced Lo 271,

Whon the donla are From loecnl cnrthguonkes, the source

paramelers  such as origin Lime and localion ol earlhqunkes, must
be  considered ns unknown paramelers (HOWIE and AKI, 1982). It has
been shown  (PAVLIS ond BOOKEWR, 1900 SPENCER and GUBBINS, 1980)
that  Lhe sovurce parametors can be eliminated from the equalions
and the problem mny involve only the slructure paramelers,
cupecially when o large number of carthquakes is dealt with.
Bincae, Lhe inversion procedure is Lime consuming, Lhe number
ol conrthqunhe:s is restriclted Lo 46.Thercelore, o direct eliminontion
ol hypocenter parameters is not adequate. llowever, by using these
seismic evenls, a sufficient distribulion is oblained. The
hypocanters are relocated before the inversion procedure and ta
minimize Lhe elffect of evenls parnmelers, high values are assigned
Lo Lhe square rools of damping foctors. For the X, Y and 2
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Tabla © 20 oardinales of Earthquuhkos

N D h T Lu;f-ii Lon( E)_ hpl(Nm)

M1L.00 24 .27 10

1 19207 00 0221456
Eers 1902 08 07 174610.8_ 40,57 23.51 10
4 FOBE S10 09 07510950 F141 .13 28.16 13
q 1963 01 01 0604198 38,26 28 71 20
5 F O 1983,01 09 186427.8 40,68 23.11 5
i 198201 19 J62647.4 19,53 2811 23
s THH3 G119 171100.3 349 07 268 17
0 1983 01 20 050159.6 a0, 41 24U 59 20
g 19083 01 21 061507.0 39,28 22496 2
10 1903 01 29 101116.2  40.51 21,27 9
B 1983 02 27 012607.7 38,95, 22 .10 21:
12 1983 02 27 035221.9  39.59 29,45 A
1 1904 03 19 094051.6  39.07 23.21 17
14 L9002 29 153925.5 2400 2.7 14
15 1982 04 03 064107.5 10.67 22 .77 10
16 1901 04 0§ 063600.9  39.76 23,96 11
17 1983 04 05 081441.5  89.37 22 .67 4
18 1983 04 10 004717.9  38.93 24.19 4
149 1983 04 19 150654 .4 10.27 24 .05 5
20 1983 04 22 001039.6  38.93 22 .85 19
21 1983 01 25 040226.4 168,99 22 .52 :
22 1983 05 01 075848.0  19.37 22,47 [
23 IR 06 04 004519.0  40.02 2358 6
24 1983 06 13 070102.5 39,07 2416 1
25 1983 06 21 183610.5  138.82 22.35 11
26 19683 07 10 125514, 1 39.47 24.26 A
27 1983 08 08 144256.7 39.82 24.28 8
28 1982 08 22 060346.7  39.98 24 .22 19
29 1983 To 11 222735.0 39.76 24.08 1
a0 190401 15 162549.4  39.51 23.48 10
1 1984 05 10 123729.4  40.32 22.76 16
32 1984 05 14 141803.5 40,39 22 87 14
1904 06 02 224904.2 41,20 23.19 10
1984 07 00 082304 .1 41.03 22.54 10
1984 07 16 135245.4 19.99 23.71 10
1984 10 06 142247.7 40,93 23.40 7
1984 10 24 0B1910.5  39.63 23.29 5
an 1904 12 15 090120.2 19,084 22,76 0
1984 12 10 130544.9  39.82 22.85 2
1984 12 22 140101.8  39.85 22 .87 1
LS a2 a1l 130440 2 10.14 24 .20 G
1985 03 16 114146, 0 41.04 24,90 10
1985 03 20 131036.0 40,86 23,59 I
1985 04 10 210720.6 40 .25 23,28 o
LURS 06 21 053042 .4 10.58 24 .20 14
L9UG 07 30 1853161 40.39 22.79 10
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Fig. 3 The corthagunkes (open polygons : OKm<dapth <l 5Km,
e saqunraess 15 K < depth < 30 Km)  and  stalions(solid
Lorinnnngg Larss ) vsed in Lhig study . The Lwo  block conliguerntions
are nlso shown .
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of hypocenter, 50 sec/Km is apssigned. To the square
ping! factor jof lorigin time lhe ausigned value is 50 and
ibal velocily s 20 sec¢. The problem was solved with

cent volugs of |domping faclors und only the computed volue of
veloeities in ecach” bloek [lunctuntes. Qualitatively, the

i ‘nre_Lhe, somoe.  Therefore, Lho selocled voalues of domping
Ao nel alffedl the resul bs.
inilinl  valuey of velocities, 6.0 Km/mec and 6.75 Km/sec
ignoed Lo Lhe upper ond lower layer reuapeclively, according
velecily model used for Lhe delerminnlion of hypocenters in

oy  polhs Trom coch evenl lo.slalion oand Ltravel Lime
conch [ black @ee colculnled. Firsl, o station and a
¢ are comnealed by o straights 1ine., Nocks which Lhe line
Ahrough ore  found, ond  Lhe velocilics in the blocks are
milaled. Vig., 4 shows ray paths From evenls to stations, which
riale cach block. In the upper layer ray coverange is very good
Au). Tn Lhe lower layer (Fig. 4L) Lhe covernge is rather
due Lo Lhe lTack of deeper events,

Becautie of Lhe high values assigned Lo Lhe damping faclors of
i paramclers, Lhe dota are inverlad only one Lime.

lNesolution and covariance (londord error) matrices Tor palh
Lers, are nlso compulad, )

After  that, Lhe whole blockh conliguralion is shiflted by halfr
k mizel 15 Km ) Lo Lhe SW direction, ans il is shown in Fig. 3.
52 nnd 30 blochs in the upper and in Lhe lower layoer
peclively, are  penelraled by seismic roys, Lherelfore the
f[eclive number of  unknown paramcters in 266, The inversion
widlure is repented, in order Lo oblnin slighl varialions of Lhe
ocily in Lhe horizontal dirveclion,

> Aganin, resolulion and covarinnece mnlrices Tor pnlh paramelers
wre compulaod.

ANOTEAEEMATA - RESULTS

A lnrge number of unknown poaramelers coutses nonunique and
table solulion, but Lhe main good mensure of Lhe uniqueness of
it component of the solulion parametors, is the i'** diagonnl
lewment of rosolulion malrix,

In Figg. 6 resolublion matricens Tor both layers, for Lthe First
il Lhe second block configuralions, nre shown.
Consiidering nu relinble solulions, Lhhose wilh Lhe diagonnl
ements ol resolulion malerix higher Lhan 0.46, il's pessible Lo
[ iminte Lhat the resolution for the uppor layer i vory good,
From Lhe 55 and 52 sampled blocks{lfor the First und second block
gonfigurnlions) only in 13 blocks {(lfor ench configuration) Lhe
solulion is rot resolved well and the values of disgonal elments
are less Lhan 0.46.
In Lhe lower layer from Lhe 32 and 30 sampled blocks, lor
‘the Tirst and Lhe second bLlock configurations respectively, only
in 3 and 7 of Lthem Lhe solution is nol resolved well. Hut
gencrally, Lhe resolulion malrix is rather poor and the values of
all dingonal elemenls are arround 0.5 For both layers Lhe values
of Lhe off-dingonal elements of resolutlion matrix, are much
smaller thon those of dingonn) elements.

The solulion is given os slowness perturbation, in
10-*(Km/sec)-', for the first(Fig. 6a) and the seccond {(Fig.6b)
block configuralions. Therefore, negalives values correspond Lo
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wtliin Lhe _inilial pssigned value) velocily ond posilive
? v welocidy, :

i o ard  enrors, as  shown' in Fig.7 for bolh bloch
irations, are less thon 0.67x10-*{Km/sec)-', for nll blocks
g]y are smaller Lthan the cilimaled slowness
iun.
ho innl results of the inversion arg shown in Fig., 8 (only
holirst layor) ufler superposilion ool Lhe solutions of the
gtk confliguralionscand only lfor blochs where Lhe mugnitude
nal olemenl of resolulion malrix iz greater Lhan 0.46.
sidoring Lthot the seccond layer {(hetween 15 Km and 30Km) is
golved well and that beneath it there nre loyers of unknown
iou, il'uw solution is not included in Lhe [inal results.

THEI KAL _EYMIOEPAEIMATA — DISCUSSION AND CONCLUSIONS

roe dimensionnl velocily slructore benenth the ocrust of
I Grecece amd Lhe surrounding sren is estlimoled by inversion
mven arrival Limes. Due to Lhe lack of deep evenls only
Ly slruclture of upper crust (195 Km) is estimanted.

carefull examination of Lhe resulls shows the exislance of
1 helevoganeilies nl shallow doepth, probably related to Lhe
-l.'"] peology .

In Lhe south and central part of Lhe invesligoted region, low
cilios nre prodominant.  These zones correnpond very woell Lo
olhermnl aren and Lthe (roaclure zones arround Poagasusitikos
NoLllh Fuboen in the Soulh parl of Lhe region nand Lo Lhe
i graben  nnd sedimenlary layers of  Thermaikos Gulfl in Lhe
itend port of Lhe region.

I|lu Lhe Norlhern poarl of Lthe inveslignled region Lhere is n
L velocily zone woll correspondineg to the old and stable zones
thodope und Sorvomacedonian masgives.

A direct compnrison Lo olher relovanl studies in Lhe same
ion i nol posnsible, because Lhe nizo of sompled blocks in Lhe
lical dircction is at lenst 35 Km (Christodoulou and llatzfeld,
17) Lherelore, Lhe wvelocily is nol offecled only by the
(ficinl geology like in Lhe presenl paper.

BIDBATOIPADIA - REFENLENCES

L Wl lee, 1976. Delerminalion of Lhree-dimensionnl veloelly
anomnlios under a seismic array using fCirst P avrvival times
from Toecal anrlhquohes. I A homogencous inilial model ., J.
- Geopliys. Nes.. 81(23). 4381-4399.

i.k. A.Christolffersson and FE.S.lHusebye, 1977, NDelerminnlion of
Lhe Ltheren dimensionanl seismic slruclure  of Lhe lilhosphere.
1 J. Geouphys. Hes., B2, No 2, 277-2006.,

irislodoulou, A, and Halzfeld,D., 1987, Tnversion of Lhe crustal
ol upper  montle structure beneath Chulhidiki {Nothern
Greece). Submilted for publication.

mninakis . P.E. and B. C. Papazachos, [981. Properlies of Lhe mnin
seismic  zone in Northern Greecce and surrounding area, P'roc.

Canfl . Introncontinental Earthquakes, Ohrid, Yugoslavia,
173 106,
woy,l.lI'., and Scngiér, A.M.C., 1979, Acgean and  surrounding
region:complex multiplate and conlinuum lLectonlcs in n
covoergenl zone, Bull. Geol. Soc. Am.., 490, 84-92.
rakopoulos, i, and Delibasis N, 1982 The focal mechnnism of

Wneiakn BiBAIoBNkn "©edppacTog” - Tunua MewAoyiag. A.M.0.

171



et tiiquakes ig ) thie mp;ol area of ﬂr.ono the period 1947:L
Uui v .ol Athens | Salsm. Lab., Publ. No 2,1-72. i
Fnubalp L. und Robertl, C., 1976. Etudes Sédimentologique
Mindralogique desdeux . forages | Eur le Goll Thermaiqu
Ezée). Anm. Univ: Provdnce, Géol. Mdditor., [I1,4,209-218
FyLiknsiM Givliani, 0., Innoconti,F., Marinelli,G
Muzzuoli L., 1976, Geochronological data on recent magma
of Lhe Acgenn Scon. Tecdtonophysics, 31, T29-T34.

Hovesvi dn 0T L= Stnvrokakis G, and Shimnzaki K.,
MThree-dimensional seismic atlenuatlion slructure beneath
" Aegoenn regiofn= and its tectlomic implication. In

o

Treetonaophysics., :
Horieghos sandoAkd g Kogoo 18820 Three=dimensionnl  velocily struclup
boeneath Lhe Kanto District, Japan. J.Phys. Earth,30,255-281,
lshidon M., 1984.The spatial distribution of earthquahes hypoceuL'
and Lhe three-dimensional velocily structure in ]
honto Tokni District, Jopan. J.0Phys. Enelh, 32, 399-422.
Lavenberg . K., 1944. A method for the solution of certain 1
linenr problems in least squares. Quort. Appl. Math., 2, 1

1G3. .

Makris, J. .- 1976, Crustal slructure of the Aegean Sea an
Hlellenides oblained from geophysicnl surveys. J. Geophy!
Res., 41, 441--443. ]

Makeris,J. ., 1978(n). Some geophysicnal considerations on  the

geodynomic situntion in Greece. Tactonophysics . A6, 251-268
Mokrig,d., 1978(b). The crust amd upper manlle ol the Aeg
rogion  Trom  deep seismic soundings, Tectonophysics, 46
69 204
McKenzie,D., 1072, Active Ltectonics nof the Modilerranean rngidp
Geophys.J.R.AsLlr.Scc., 30, 109-185. '
McKenzie D, 1978, Active tectoniecs of the Alpine-llimalays
belt:the Aegean Sen and surrounding reglons. Geophys.l.
Astr.Soc,., 55, 217-264. '3
Ninkoviteh, D, and Hays,J.D., 1972. Mediterrannean island arcs Al
origin of high polash volcanoces. Eorth and Planet. Sc. Lelt
16, 331-145. ]
Papnzachos , . C. and Comninakis , IP.E., 1978, Deep structure
toctonics  of the Eastern Mediterrancan. Teclonophysics, 4
206 -296.,
Papnzonchos , D.C., Moundrokis,DD., Psilovikos, A, and Leventakis,G.,
1979(n) . Surfoce faull Lronces nnd  null plane solutions of
the May-June 1970 major shocks in Thessaloniki uren, Greece
Teclonophysics, 53, 171-183.
Pavlis, G.L., ond J.It. Booker, 1980, ‘The mixed discrete-continuous

inverse problem i Applicalion Lo the simul Laneou
delermination of earthquake hypocenters and veloei
structure, J. Geophys. Res., 85, 4801-4810.

Spukman,W., 1986. Subduction bemeath Eurnsinn  in connection with
the Mesozoic Tethys. In press, Geol. Mijnbouw.

Spencaor ,C. and D. Gubbins, 1980. Travel-time inversion for
simul taneous earthquake location qnd velocity structur

determination in laterally varying media, Geophys. J. #@
Astron. Soc., G3, 965-116.
Wiggins R.A., 1972. The general linear inverse problem:
Implications of surface waves and free oscillations for earth

siructure. Geophys. Space Phys., 10, 251-285,

172 Wnoiakn BiBAI0BAKN "OedppacTog” - TuRua Mewloyiag. A.MN.O.



