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Rb-Sr GEOCHRONOLOGICAL, PETROLOGICAL AND
STRUCTFURAL STUDY -OF THE KAVALA PLUTONIC
COMPLEX (N. GREECE)

K. KYRIAKOPOULOS, A. PEZZINO, A. DEL MORO

ABSTRACT

Pcetrological and petrochemical studies that carried out on samples from
Kavala plutonic body shown that it is mainly consisted of granitic-gra-
nodioritic composition. The mylonite granodiorites arc the most widespread
rock types that occur in the entire area of the plutone.

Major and trace element data indicate that these magmatic products dis-
playing a typical calcalcaline chemical character.

The Rb-Sr ages obtained on whole rock dating indicate a later pust-recry-
stallization closure of the Kb-Sr system, The lsotope re~cquilibration of
Sr that apparently was reached locally has dated the mylenitization cvent
that took place around 18 Ma. The mica apes (14-16 Ma) are slightly lowver
than the isochron ages and follow closely the defermative event.

TLe ostruetural, micro-ctructural and parapgenc: v cparacteristics ef the stu-
dyorecks suppest that they were deforuwed, arfter thelr cryscallivation in
border conditions Letween a quasi-plastic and elasto-frizional environment.
As a result, we suppose that this shear phase is strictly connected with
the overthrust of the Serbo-Macedonian massif onto the lower group of the
Khodope nassif during Miocene.

YNOWH

H reTpoloyunrd waL GeTpoxnpLxn ucAdTn mou €yuve oc bclynata ard To RAOUTW-

VLo oupa Tne KaBarac £€6e0fc dTL anoTeAelTal »uplus GEG RETPLUPATa YPaviTLang
NGL YRGUGS LI TLNAS oUoTaonc. OU YpavosLoplTunol BAGOTOMUAOVLTLS ukoTLAuly TO
wLd caTeTapdvo mMETpwpa MOV aravTdiaL o€ SAn TNV REPLOXN TOU MACUTWILUTH.

Ta wipLa xnir.®d OTOoLxela xaL LyvooToLxrla Forvfav 6TL autd Ta paypGiuad npol-
Gviu  RGPUUDLALOUV GUFCOTUARGALNG YIPAATHRAG.

OL nAurles mou mponugav uc tn plhobo yowyxpovoddynans Rb-St oto ohuxd néTpw-
Ha avTavarAoUv 10 TEAEuTado VOTCPO~UAYHAGTLXG WAECOLMO Tou ovoTrhpatoc Rb-Sr.
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0 xpévos tng Laotoaunhe cLLuappdnLune Tou Sr, mou dnws anobeuxvleTal can-
PEOOC TOMLAG TOV AGUTWILTN, auagiprTal 0T0 TrHTOVLAG YEYOVSS Mou Rpondic-

9C TR OUUAovLILwon, MpLY and 16 nrplnou cxatoupUpla xpduiu. Ou niuwiee Ty g KaZ32[KA-

poppapuyLdy M xaL 16 exat. ypdula edval ciagpds wuxpdtepcc and LS nAunleg “R J{A47“KAE3

Tov cAYONoUY e TNV Cyupnoyt T prudhou Tng LUGXPOVNG LUVLLAS HAL UVTwyg- \ }(A-GKA"

*AOUV 10 xpduo BT 10 TapUiopswTuxd YL jevos. £53i3 * AHALA
K

Ta LoToXoyLnd, PLKHAO-GOLLMG XGL TQPAYEVETLKG XGPAKTNALOTLHE TWY TETPWhE Twy
noU pelcTovuTal Bavepdvouy dTL undoTnday uetapopgLndg duepyaoles wetd Tny +
*PUOTAAAWOT Toug, 0 Oxe&dy opLuxes ouvdrKeg WETAES nuu-niaotunds ucxpu era- f v KA-4 +

OTULXAS naTdoTaons, oe Hepuoxpaolcc xapniolu fa’ " petapdpgwonsg.
] Tertiory ond i
i&h Quaternary depolils

TéAog, umopodpe va unoddooune Sty auTéc oL bratunturds pdocus mou ennpdagay
Jizsa R

TOV MAOLTWVLTN OuVBEOVTaL GHETa ME TLS EMwINTULAES ®UVAoELC ™s LepBo-Manegfio-
VLANS BAGAS MPOS TO KATWTEPO Tufua Tne pazag tnsg Fobduns mou draBuv xdpa xa-
TG TN 6. dpxE~a TOU OALyoralvoy - Mevonalvou.

I.TNTRODUCTION

This paper summarises the new geochronological, petrochemical and structu-
ral data on the tectono-magmatic evolution of the Kavala plutonic complex.

The plutonite intrusion of Kavala is located on the south-western margin
of the Rhodope massif and forms the core of an anticline structure. It is a
SW-NE elongated granitoid body about 45 Km long dnd 5-12 Km wide (fig. 1)
KORKINAKTS, 1877).

The Rhodope massif is made up of a sequence of crystalline rocks of medium-
high metamorphic grade of pre-Paleozoic and Paleozoic age (BITSIOS et al.
1981). The rocks of the crystalline basement are subdivided into two main
units: i) the lower gneiss-amfibolite and ii) the upper carbonate (PAPANICO-
LAOU AND PANAGOPOULOS 1981, DIMADIS AND ZACHOS 1987).

The plutonite of Kavala intruded the lower unit of the crystalline base-
ment of the Rhodope massif. The North-Northeast boundaries come to contact Kinakis (1977).
with the high grade metamorphic rocks, mainly composed of gneisses,amphibo]ites, , -
gneiss-schists, micaschists and marbles. The plutonic and metamorphic rocks are £x. 1. Tewloyuxdg xdpTng TOU FAOUTWVLOY
both mylonitic (KOKKINAKIS, 1980, DERCOURT et al. 1980). Kowwvann (1977).

Part of the South Rhodope massif was not a stable structural block, but was
affected by intense tectonic metamorphic and widespread magmatic activity (BON-
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osed by
rrounding rocks are usually sharp and transp

CEV 1970). The contacts with the sy ' oqical types are gneiss granites- gra-
A large number of granitoid stocks intruded the entire area of the Rhadore tectonic shear events. The Tz;gd?gﬁ:i}cgrocks predominate in the Kavala gra
massif, ranging in age from 44-36 Ma in Western Bulgarian territory to 28.8-26.3 nodiorites. The my]qn1t1c gf various sizes are very frequent. )
Ma for Xanthi, 31.9-31.8 Ma for Leptokaria-Kirki, 29.8-28.9 Ma for Maronia and nitoids. Aplitic veinlets © ing in the area of the Rhodope massif are o
18.9-18.5 Ma for Samothraki (BOYADJLEV AND LILOW 1976, ELEFTHERIADIS AND LIPPOLT The igneous rocks outcropiicgactivity during Tertiary age._Accord1:gd0 .
1984, DEL MORO et al. in press, KYRIAKOPOULOS 1987). products of the intense magma] data. the main magmatic events in the REO eﬁe—
As reported by LYNBERG 1978, there are three different groups of granitoids the available geochronolog1ca . ta,es of the Alpine orogenic regime (Eac
in the area of the western Rhodope massit, i) the schistose qranitoids: tecto- massif occurred during the ]ai ai ?984 INNOCENTT et ai. 1984). de-
nically strongly defarmed and characterised by a marked schistosity and ] U]igocene—Miocene) (FYTIKAS e t din a éeotectonic environment which wss o)
lineation, mainly of granodioritic composition, i1} granitoids with migmatites: The granitoids were'genezatﬁ oceanic lithospheric slab of Axios ( ar1
granitic rocks with a close mixture of granitoids and host rocks of mainly gra- termined by the subduction ot ine nd the Rhodope massifs {BOCCALETTI et al.
nitic-granodioritic composition and iii) massive qranitoids: without parallel sone beneath the Serbomacedonagn1377) o
structure, and mainly of granodioritic or occasionally gabbroic composition. 1974, JACOBSHAGEN 1977, YARWO ool "the structural relations between E e
The schistose {mylonitic) granitoids, including those of Symvalo and Within this geodynamic frameifs Eand especially the lower unit of t ea )
Pangheon, were deformen during the same tectonic phase and in the same manner Serbomacedonian and Bhodqpe mi:ice in any reconstruction of the tegtonoaﬁeg
as the corresponding structures observed in the surrounding metasedimentary Rhodope) are of crucial impor e two massifs ¢

st i 1a plutonic complex. Thes of
rocks, resulting in schistosity and lineation with a characteristic NE-SW trend. Ao ents affecting tgzsggzglgagt tonfc complex. These ¢  mssi? cone

i ; i er-
in contact along @ line 71. KOUKOUZAS 1972) with NE vgrg1ngoci :
the study area), (KOCKEL Etsalirzadiﬁg overthrust surfaces dipping 309 -60

t frontal zone and NE-
zgziz—westwords (DERCOURT et al. 1980). igocene KOUKOUZAS 1372‘

i idered to be O a
e of the overthrust 13 €ons KCre, DERCOURT et al. 1980).
Wnoiat BiENOBIKn "Oe6@pdBToc" - Tyia FAMMOLEE M GUD SKARPELTS 1980) or post-Oligocene (
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Fig. 2. Plot of the studied samples in the Si05 vs (Naa0+K.0) diagram
after Miyashiro (1978). T
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2. CHEMICAL CHARALIERISTICS

Ten representative samples were analysed for major elements oy XRF, except
for Mg0 (by AA spectrometry), FeO (by tritation) and LOI.

Some trace elements were analysed in the same speciments hy XRT; accuracy
was evaluated by comparison with the results obtained on some rock-standards
(not quoted here);U and Th were determined by gamma spectrometry

Major and trace element contciits of the rocks analysed are ro, rted in
Table 1. The samples show a very small variation in S10p (69-74%; . low Ti0p
{<0.33), total Fe0 (<2.3%) and M0 (<G.9%);their composition is moderately
peraiuminous and (A/KCN ratio rance between 1 and 1.7).

On the whole, they have a calcalcaline affinity in terms of (Nap0+Kp0) vs
5102 (fig. 2), FeOt/M30 vs SiUp and FeOt/Mg0 vs FeOt plots (fig. 3a,b); the
HapQ/¥»0 ratio is always 1.

Tre k/Rb ratio is constant (200-300) with values typical of granitic rocks.

small but significant variations occur for trace elements of the speciments
KA-1a, Ka-1b and Ka-2. These have the lownest contents of Th, U, Zr, Ba, Sr,
La and Ce and come from the central southern and most deformed part of the
pluton. The Th/U ratio in these sampies is higher than 1.5, whereas in the
other samples this ratio is lower than 3.3. These chemical differences could
be the result of a fluid circulation along a preferentiai direction in the
plutonic complex (HICKMAN AND GLASSLEY, 1984). The ferromagnesian trace ele-
ments are generally, in very low concentrations. )
According to the multication ciassification of De La ROCHE et al. (1980),

the samples can mainly be assigned to the granodiorite field (fig. 4}.

3. Rb-Sr RESULTS

~ Fourtcen samples have been analused for Sr isotopic composition, tcgether
With their Sroand Rb elemental contents (Table 2). In a classic Sr isotope
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Table 1. Representative chemical analyses of ‘the Kavala plutoni body.

Major elements 2 and trace elements ppm abundances.
Sample KA-la  KA-ibh  KA-2 KA-3 KA-4 KA-5 . KA-6
SiO2 72.100  72.34 j2.74  70.30 72.29  72.99 69.9y
TiO2 0.20 0.20 0.13 0.17 0.18 0.16 0.26
A1203 15.29 . 15.09 - .14.78 16.39‘ 15.03  14.79 15.72
Fe203 1.00 0.96 0.61 6.92 0.88 0.85 1.09
MnQ 0.05 0.05 0.05 ¢.05 0.05 0.08 0.05
Mg0 0.53 0.54 0.33 0.54 0.42 0.36 0.83
Ca0 2.16 2.12 2.04 2.98 2.44 2.24 3.08
Na20 4.25 4.21 4.02 4.82 3.91 3.78 4.12
KEO 3.19 3.12 3.65 2.75 3.46 3.53 2.94
P205 0.08 0.08 0.05 0.04 0.07 0.05 0.10
LQI 0.51 0.60 0.40 0.42 0.58 0.60 0.75
A/CNK  1.06 1.07 1.04 1.00 1.03 1.05 1.01
Ni 2.00 3.00 2.00 3.00 2.00 2.00 4.00
Cr 4.00 3.00 2.00 5.00 3.00 2.00 3.00
v 19.00  20.00 12.00 27.00 14.00 14.00  34.00
Rb 127.90  126.00 139.00 73.00 125.00 144.00 114.00
Sr 465.00 466.00 306.00 706.00 545.00 460.00 676.00
Ba 572.00 564.00 358.00 701.00 778.00 643.00 701.00
Zr 117.00 116.00 9;.00 138.00 171.00 146.00 151.00
Nb 11.63  10.80 10.30 9.80  11.90 16.80 10.60
Y 15.90  16.10 15.80 14.00 18.90 37.10  16.70
Ce 37.00  45.00 28.00 44.00 75.00 66.00 60.00
La 20.00  23.00 14.00 22.00 34.00 28.00 30.00
Th 14.80  14.40 15.80 17.90 22.90 28.00 20.50
u 2.90 3.20 3.40 6.30 7.90  11.20 9.70
Th/u 5.10 4.50 4.60 2.80 2.90 2.50 2.10
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576.00
580.00
150.00
11.90
18.20
61.00
30.00
27.30
17.00
1.60

Table 2. Rb, Sr contents (ppm) and Sr isotope data from ora-

nitoids of the Kavala plutonic complex.

Sample Rb Sr 87Rb/%Sr 87Sr(865r v 20
;A—l 126 466 0.78 0.707%8 + 8
KA-2 139 306 1.31 0.70817 + 4
KA-3 73 706 0.30 0.70703 ¢ 9
KA-4 125 545 0.67 0.70750 ¢+ 8
KA-5 144 460 0.91 0.70761 =11
KA-6 114 676 0.49 0.70688 ¢+ 9
KA-7 122 576 0.61 0.70692 *+ 8
KA-8 162 163 2.87 0.70802 * 4
KA-27 179 366 1.42 0.70741 ¢+ 5
KA-29 145 653 0.64 0.70732 + 4
KA-30 199 70 8.27 0.71008 + 4
KA-31 168 106 4.56 0.70782 + 8
KA-32 2932 174 4.88 0.70845 + 6
KA-33 57 6.89 0.70882 + 9

136

3

Corrected by 0.7080 (Eimer and Amend SrC03 standard)

Table 3. Rb-Sr mineral isotepic data frow the Kavala plutonic complex.

Sample Mineral Kb Sr Byﬂblsﬁsr ﬂ?SrIBESr + 20 Age Ma
KA-2 Biotite 1000  31.4 92.23 0.72630 + 20 14.0 * 0.4
KA-5 Biotite 973 36.5 77.48 0.72422 + 28 15.3 + 0.5
n Muscovite 966  37.3 74.98 0.72342 + 24 15.0 + 0.5
KA-7 Biotite 986 5.4  534.39 0.82770 + 12
" K-feldsp. 319 708.0 1.30 n.70728 + 6 16.0 + 0.5
0.12 0.70695 + 9

Plagioclase 21.5 503.0

. . _ a-
Rb-Sr mica ages are calculated using mica-whole rock isochron. Whole-rock an

lyses are shown in Table 2.
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evolution diagram of the whole rock samples shaw a qood linear array but
scatter along a 21 Ma reference Tine (I.R. = 0.70721-2) obtained data
using main frame computer system. This suggests either secondary distur-
bances of the whole rock Rb-SrosysStem or an initial isotepic heteroge-
neity or both.

The widespread effects of the pervasive strain of the samples suggest
that the first hypothesis is more reliable, indicating an open-system
behaviour of the rocks, which, to different extents, lost their Rb ana Sr
during the deformative event without aschieving a general Sr isotopic
rehomogenization.

Accarding to recent studics on deformational and metamorphic processes
(DIETRICH et al. 1969, ABBOT 1972, GRIFFITH et al. 1977, ETHERIDGE AND
cooper 1981, O'HARA AND GROMET 1983, HICKMAN AND GLASSELEY 1984) a total-
rock Rb-Sr isochron on a shear zone generally dates the time of the last
strain episode.

In the Kavala plutonic complex the total lack of unsheared zones pre-
vents any determination of its intrusion age by radiometric techniques.

However, in the 87Sr/86Sr vs 87Rub/86Sr plot in Fig. 5 four Tinear ar-
rays give a similar age but different initial Sr isotopic ratio, which
could be interpreted as the result of a process loading to Sr isotopic
equilibrium on a few Kn-scale. So these regression lines could indicate
the age of the shear event,

Even though the specimens are, on the whole, chemically homogeneous,
the Sr isotope families described earlier have some distinctive features.
Samples KA-1 and KA-2 (KA-30 was not analyzed chemically), which have hig-
hest Sr isotope value, have Ba, Zr, La, Ce. U, Th and, to a minor extent
Sr and Ca0, contents that distinguish them from all the other samples.

The isotopic qroups are subdivided areally and distributed along SW-

NE parallel bands in the map (Fiq. 6). The two leucocratic dyvke samples
(FA-8 and KA-30) however fall outside the main groups.

The Rb-Sr mica ages that are reported in Table 3, range between 14 and
16 Ma, are slightly lower than the isachron ages and follow closely on the
deformative event KOKKINAKIS (1980), ELCFTHERIADIS AND LIPOLT (1984) repor-
ted similar biotite ages on the same plutom by K-Ar radiometric method. The
first author (op. cit.) also obtained significantly older discordant U-Pb
zircon aqes.

The slight discrepancy between the Rb-Sr mineral ages (14-16Ma) and Rb-
Sr whole rock dating (18-19 Ma), indicates a later post-recrystallization
closure of the Rb-Sr mica system and a similar behaviour of the biotite and
muscovite clocks in this case.

The variable Rb-Sr mineral ages seem to be related with the intensity
of tectonization, decreasing from the SW sector to the NE. The less deformed
rocks are in fact located near Kavala, in the narth-eastern part of the plu-
tonic body.

4. STRUCTURAL AND PETROLOGICAL EVIDENCE

Structural analysis of a representative sections from the Mirtofiton area
revealed that deformational events affected both the plutonic and associa-
ted metamorphic rocks.

These are effectively mylonites s.1. (from protomylonites to ultramylo-
nites) with a penetrative foliation (Fn) that in some cases entirely oblite-
rates the originel structures. This foliation is less marked in the mica po-
or lithotypes with coarsc grain (Phot.1). Stretching lineation (bg) on this
surface trends mainly NW-SE, dipping RE. )

The direction of these lineations depents to a great extent on the size
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Axial plane shistosity of aplitic veins in the granodioritic rocks. Em
foliation is less marked in the mica poor lithotypes with coarse grain.
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of the porphyroclasts;the lineations arc more marked and irreqular where
there is a predominance of granites with large feldspathic augens.

In areas in which the deformative events accured at shallower aapths,
pseudo-tachylites of a few millimeters in size have developed parallel to
the cataclasticsurfaces.

Analysis of the mesostructural features indicates that this defcrmati-
ve episode definitely occurred after the emplacement of the plutonic complex
since the contacts between the later and the host metamorphites were adop-
ted and reoriented in Fm by the dynamic event. This foliation in the meta-
morphites followed, and in sone cases mobilized, an axial plane schistosity
of isoclinal folds. '

The structural features of this foliation show no change throughout the
section analysed, except a variation in intensity.

Under microscope the mesoscopic structural evidence in the granitoid
rocks is confirmed;the microstructural characteristics differ according to
the grain and ¢ of mica. The predominant lithotypes are protomylonites (SIB-
SON, 1977, 1983) with 10-20 % of recrystallized matrix. Their S planes (cor-
risponding to the mesoscopic Fm) are well-defined and the C planes less so.
There are numerous protomylori: = with 40-50 % matrix and mylonites with mo-
re than 50 ¢ of recrystallized matrix. The latter have SC I and SC II type
structures (BURG and LAURENT 1978, BEKTHE et al. 1979, LISTER and SNOKE 1984,
VAUCHEZ 1987) that are very well-defined (Phot.2). Less frequent are the pro-
tomylonites with more than 90 % of matrix.

Rotational structures in the porphyroclasts occur frequently in the 1i-
thotypes with an average or high percentage of matrix, whereas SC 1} type
structures can be noted in the mica-rich lithotypes (LISTER and SNOKE 13984).

Mylonitization not only reduced the grain size and increased the C and
C'planes, but also reduced the a angle between the S and C planes (Fig. 7).
The lowest value found in the most deformed lithotypes was 200 .

As regards mineralogical composition, the main asemblage is that produ-
ced by: K-feldspars in porphyroclasts, even of large size (4-5 cm), with ro-
tational structures, C and C'conjugated shear systems, with extension frac-
tures perpendicular to stretching (Phot. 3, Fig. 8); Quartz rarely in phe-
noclasts, usually recrystallized in the graoundmass in continous S-oriented
bands (=Fm) and in microgranoblastic aggregates around the phenoclasts; Mus-
covite both in microcrystalline eggregates grouped in thin films along S, C
and C'or, in the samples richest in mica, in isolated fish-type lamellae
with planes (001) set at an angle of 0-350 with respect to S; Biotite in
crystallized microlamellar aggregates along S or in "fishk" laminae, of a pre-
tectonic nature, lying along S (=Fm}; Plagioclase oligoclastic, usually in
the groundmass and sometimes in fairly large porphyroclasts. Also garnet,
zircon, epidote and sphene, usually in the groundmass.

The quartzose dyke manifestations cutting the Fm belong to a post-myloni-
tic event. A late folding phase affected both the Fm and the quartzose dykes.

5. CONCLUSION REMARKS

The Rb-Sr isotope method applied to the strongly deformed granitoids of
¥avala plutonic complex was unable to provide the age emplacement and of cry-

stallization of the magmatic body, because of chemical and isotopic variations.
In similar situations these processes have been shown to occur during dynamic

recrystallization in the shear (mylonitic) zone.
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2. < (PAVOOLOPLTN PHE SLARTUNTULHES st - -~ . . . . ’
pnTLxEg erugdveles S, C xaw €' Fy. 7. Ixfon wetafy S-enigavcuwy pUAAwdng, C wxat C' SLaTuntunwy £TLYAVELUY

KAL EQEARDITUNEY puwyhiv (Fm). ¥ ®wau 2 elval o HeyaAUTEPOS KaL O HL-
wpdteEpog agovag TOU eMApLdueLdods Twy TdoEwy avtigToLya.

Feldspatic clast oriented in the S-foliation surface. C—C' -shear
surfaces and extentional fractures welded with quartz in filling are
shown as well.

Ix. 8. 8padoua wéunou adtpluv €XEL tpodavatoiLaTel xatd TLE enLgdveLc s WUAku-
gng S. C wnav C' SLATUNTUKES ERLPAVELES KaL €GEAXUTTUNES PUYHES TATPWS

péves pe xelaguao.

1 I ic an 1 i - i 1
rgqupdtlL clast oriented in the S-foliation surface. Whereas C-sheal
surfaces arc evident, C'-s) . ) i
cunfaces & s e, shear surfaces are not. Quartz crystallized
ntinues S oriented bands and in micro-granoblastic apprepates
around the phenoclasts, (phot, 2% X) o
Gpadopa KJdns ol *x
'Gigu :u ;z;nq? adTplwy €XEL MPogauaToALopEVES S ErLgdveLes yUiiwong.
Jro Op Auaiovmu ouv C dratuntuixés enugdvercs, cvd ou C' ev galvo-
. xaiaflug wxpustalduddnxe ge ! ! X
] ouvexels tawvles & B AKINOES
SO, : 9 ( . S SnerkndBiIB o8 kM " OedppacT
n ?nF¢aVELG S xal g¢ pLxpofluctuxd gugowpatdpata yu a:d¢LoU( N
FALVOXPUOTAAAOUG, e )
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The overall open-system behaviour of the rocks also excludes any pos-
sible petrogenetic conclusions based on calculations of the initial Sr isg-
tope ratio.

Viceversa, the isotope re-equilibration of Sr that apparently was rea-
ched locally has dated the mylonitization at around 18 Ma.

This age was confirmed by the mica analyses, which indicate that the
shear process developed in the midle Miocene, decreasing in intensity from
the south-western sector north-eastwards towards the plutonic complex.

At the same time, different proportions of some trace elements could
have been removed by the fluid circulation during the same event but along
different paths within the plutonic body.

The textural, microstructural and paragenetic characteristics of the
plutonic rock samples suggest that they were deformed, after their crystal-
lization, in border conditions between a quasi-plasticand elasto-frizio-
nal environment, at temperatures of lower grade metamorphism (SIBSON 1977).

The shear nhase responsible for the formation of the SC 1 and SCC' 1
mylonitic structures in the granitoids and for the displacement of the in-
trusive contacts with the host metamorphites is likely associated with the
compiex tectonic phases involved in the convergence and interaction between
the African and European plates and, in particular, with system of shears
connected with the overthrust of the Serbo-Macedonian massif onto the Tower
group of the Rhodope massif. The contact surface between these two comple-
xes runs just south of the study area with a NE vergence dipping 30-600.

For high values of shear strain, the lineations in the mylonitic foli-
ation also indicate the direction of transpo:i across the shear zone (RAM-
SAY and GRAHAM 1970, SIMPSON and SCHIMD 1983). The lineations dippind NE
wards in the Kavala plutonic complex indicate an overall movement south-
westwards along NW-SE trending planes.
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