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: ,. "THE ORIGIN AND EMPLACEMENT OF THE VRONDOU GRANITE,

SERRES; N. E. GREECE

C. Kolocotroni* and J. E. Dixon*

ABSTRACT

The Vrondou Granitoid, NE Greece is an Oligocene |-type pluton consisting
mainly of quartz-monzonite, but with subsidiary more acid and basic components. It
was emplaced in the Lower Tectonic Unit of the Western Rhodope Massif, adjacent
to its western boundary, and borders the Strimon and Serres basins to the west and
south.

The southern and eastern contacts are strikingly different in character. The
east and north-east contacts are apparently undeformed, with the granitoid there
having a variable pre-full-crystallisation fabric. High-grade hornfelses are developed
in a himited zone within the pelitic country-rock. The southern contact is a wide
mylonitic shear-zone, dipping moderately to steeply to the SSE, with a gently SW-
plunging siretching lineation and top-to-SW sense of shear. It affects both country
rock and granitoid, and importantly, is cut by late melts which are also sheared,
implying active deformation during emplacement. The shear zone shallows in dip
northwards, but steepens southwards into the major normal fault bounding the
Serres basin. Immediately to the south of this fault and the main Vrondou body, the
roof of the Elaion granitoid is exposed as a flat mylonite zone overlain by a highly
deformed, stretched cover of Rhodope marble, in places as disrupted boudins, and
bearing a striking similarity to aspects of Western USA metamorphic core-
complexes. The emplacement of the body has occurred during WSW-directed
extension, probably between WSW-ENE bounding strike-slip faults. One of these
taults later served as the bounding fault for the Serres Basin.

The geochemistry of the granitoid is consistent with generation by crystal
fractionation of a single basic magma source from subduction-modified mantie, with
minor crustal input. Initial Sr and Nd isotope ratios for gabbro, enclaves and
granitoids are all closely grouped between 0.7052-0.7072 and 0.5124-0.5126
respectively, with enclaves close to host granitoid values.

The extensional setting of emplacement raises the possibility that granitoid
generation itself was driven by extensional melting of subduction-modified
lithosphere.

IYNOYH

0 ovtavimg mg Bpoviov, B tav Zeppwv, ewven evog OAvpokaivixag nivaog yeialuwkog
poviovimg, pe Sevtepevovia mo ofwva ko mo Booixa peAn xow “laype” yapaxmpa. Exel
torofemba otmmv Karotepn Textovixn Evomnte (Moryyoto) mg Podommg, xovia oTo dunixo oplo mg
palag pe v EepPopaxebovirn Ko CUVOPEVEL PE TG Asxooves Tov ZTpupova kKon twv Zeppav, A xoa
N, avngtoyo

Ol vOTEC Xt OGVOTOMKEG ERMOEC 10U MAOLTMVITN ME 1@ nepiPodlovio mETpLPaTX
epdovilovoon pe oadmg Siapopenxo yapartrpae. Or avaToAlxeg Kot popetoavatohixeg EnobEg EVVaL
HOAVOPEVIKG. CREPUEHOPHITES KO O YPOVITNG EXEL EXEL Sopeg "mpo—minpovs KpLOTEAAMONG”
Kepanteg vymiov Pobjiov avantuaoovion oF Hie TEPIOPLOPEVT) Lwvn oto manxoe nepifaiiov
netpojle. H vomo enudn avinmposmIEVeTol (Lno mhaeTete. {mvn mopoqlopemaTns (MaTInong). pe
peoeg e peyohec xAioelg mpog T NNA xot pia Yepaxmplonixm NA-Butilopsevn vro—opillovaa
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OPUKTOAOYIRT) RO jLwan) xen HEmve=TPOGENAT Bviox KIvIlong. AuTH T Gavi Ropapopewong
empealEn xin 10 mepiBarlov nepoyine el mo anpovake. Soxlletn (mo poeypanKo VALKG Kow
EYEL EMOTIG HEPOOpOmREL AL OF [P0 TEPO-Pediio. VIOSAWVOVTIS FVEpY MOPUHOPSOIT Karte
v torobemon tov mAovtavit. O xhioelg om Lovn Sietunong perwvovton stadokoe npog 1o B,
oMainpog 10 Ny Gavn Builerton i PEYRAEG KMOEIS TPOG 0 Py mou OPOBETEL TNV AfKeevT) Tav
o Zeppuv, ApEcng N-awtoy Tov pIatosxm Tou XUpPLDG GUYLITOE TOU RAOUTUVITH ™G Bpoviou,
gﬁmgw;n N 0pogn Tou ypavith tov Ehawva pe mgtopen mag opiiovnag Lwvne HUAOVITUXTG
70V PPIoKETn KETW QOO EVIOVOL TOPURIOPGOUEVEL O EOEARUAHOY, mEPIBAALOV TG poppap,
FOVEpPEILOVTON TomtKa Gay "hogieAtopEve boudins”, Bupiloviag evtova aroWElg v “metamorphic
Core-co xes’ wav Avtxoy HilAsw Hitorofemon towniovtavion copatog eAafe yope ket ™
Surpreic ANA gpeAxvonon, mbave cvopesa of ANA-ABA mepiBwpaxa pimota omlovnag
CUOTPOPIXTIE PETOTOMONG. Eve 0o oute 1o pRiyplate onoteAEoE apyoTEpE OpLUIKo pryjio mg
Aexovng tov Zeppay.

H yeoympaic tov ypevimy uredniuver Snpovpae Tou paplotog AoYm  kAaopan kTG
KPUTTOALDOTIG EVOG HOVO BOoiKOU HOLOTOS RPOEPYOHEVOL (LT HOVEVEKD VALK EMMPECTHEVD RO
xopakmprotka {avng vrofubiong, pe SEVTEpELGE TUPIPETOXN (RO TO dAoto. 1 TIHEG TV UPYIKMV
wotomxmwy Aoywv St xot Nd na yopfpo. ypoitoridn wm Pocike porpoanive EyRARIONaTO,
KUPOAVOVTOL OF OYETIKC REPLOPLOREVE opra, pETaby 0.7052-0.7072 xan 0.5124-0 5126 avaowiye. e
TG TUHEG TV EYKALIORATOY TOPOHOLES PIE (vTEC Tov tepifoiioviog Toug.

To epehwvonxo mepifodiov ToroBemane vmodtikvuel Ty mBavoT T SNpIouUPALS TOV
HOEHETOG oav anoeAsopa ™ENG A0 EGEAKUGROV. MBACOPAS HIE XUPUKTIIPES vnofuthong,

INTRODUCTION

The Vrondou or Serres-Drama granitoid complex is an Oligocene I-type
composite pluton (Marakis, 1969; Theodorikas, 1982), intruded in marbles and
schists of the Western Rhodope Massif, adjacent to its western boundary with the
Serbomacedonian Massif. It borders the Strimon and Serres basins to the West and
South, respectively, (Fig. 1).

Topographically (Fig. 2), the area under consideration can be divided into two
sub-areas, either side of the Serres basin bounding fault: high ground to the north,
and low ground to the south of the fault. Granite s./ crops out in both areas
(Vrondou to the N, Elaion to the S), together with its envelope. In the high ground,
alternations of schists, amphibolites, marbles and gneisses prevail (the Transitional
Zone, according to Chatzipanagis, IGME, pers.comm.), whereas in the low ground
the envelope is represented by the Menikio marbles.

The contact is only well exposed along the southern and eastern borders and
marked differences exist between the two. The east and north-east contacts are
apparently devoid of deformation, and the monzonite there exhibits a variable pre-full
crystallisation fabric in the sense of Hutton, (1988). Locally it shows a knife-sharp
contact between medium-grained unsheared monzonite and a hornfelsed zone of
country-rock. The southern contact, in contrast, is deformed by a flat-lying shear
system, which produced mylonitic foliations and a shallow, constantly SW-plunging
stretching lineation. Near the margin, a wrench-type shear-system steepens and
folds the flat-lying fabrics. The key observation is that the folded mylonites are
intruded by later melts, implying that the deformation was syn-intrusional.

Immediately to the South of the main Vrondou body, the roof of the Elaion
granitoid is exposed as a flat-lying mylonitic zone overlain by a highly deformed,
stretched cover of the Menikio marbles, in places as disrupted blocks and boudins.

This paper will consider the observed deformation in relation to : 1)
intrusion history and 2) the basin boundary taults,
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© Undeformed granitoid
The petrography and geochemistry of the Vrondou granitoid pluton have been | ¢ Less deformed granitoid| ,
described in three Ph.D. theses (Papadakis, 1965; Coucoulis, 1982; Theodorikas, | 16 1 , : Deformed granitoid
1982) and are therefore generally well established. 4 e i il
The pluton consists mainly. of quartz-monzonite, which occupies two thirds of 4 v
the exposed area, and-has' gradational contacts with the more acid members, /! 12 | a O Elaion granitoids
granodiprite and_granite s.s., and obscured contacts with the basic members,
monzonite (in the north-east- of the body) and gabbro. Microdioritic enclaves are
observed in all rock-types ‘except the gabbro. -
The petrology and.geochemistry-of the-granitoid-are consistent with it bein? a
composite |-type pluton, resulting most probably from fractional crystallisation of a
single basic magma source from a subduction-modified mantle, as proposed by
Theodorikas, (1982) and Kotopouli and Pe-Piper, (1989). Our own major and trace 4 |
1
1
1
1
|

PETROLOGY-GEOCHEMISTRY B 20 ' T - j

% Fe203t

element data are consistent with this hypothesis, as shown in Figs. 3 & 4, the
Fe203t v SiO2 variation diagram and the trace element spider diagram,
representative of a comprehensive data set which will be published elsewhere. The
rocks appear to behave as a coherent suite, with an increase of incompatible
elements with differentiation. The compositions of the youngest leucocratic sheets
are consistent with late apatite fractionation and show moderate LREE depletion.
The gabbro exhibits a distinctive relative Nb depletion, compared to RB,
consistent with a subduction signature. Coucoulis (1982) stressed the K enrichment -
of the monzonitic member in particular and therefore classified it as a subalkaline
potassic (calc-alkaline) complex.

40 50 80

% Si02

Fig.3 :ell::r%gg: v S'i(t)'z variation diagram, exemplilying the systematic major
Sr and Nd isotope results (Kolocotroni, unpublished) from gabbro, granitoids analyses of Kolocotron, —~ 0" £/2i0 suife. "Data from unpublished
and microdioritic enclaves, show initial 87Sr/86Sy ratios (age corrected for 29 Ma) in
the region of 0.7052-0.7072 and '43Nd/44Nd ratios in the region of 0.5124-0.5126,
with enclaves exhibiting equilibration with their hosts. The values imply some crustal
input in the genesis of the melts, probably in the form of assimilation during fractional
crystallisation processes. The isotopic equilibration of the enclave-host pairs
unfortunately means that no specific origin for the microdiorites can thereby be ruled
out. The relatively high values of the gabbros may imply an enriched {modified)
mantle source.

L e

1000

T

The rocks from the deformed south contact of the main body and from the
Elaion granitoid, south of the bounding fault show a close geochemical overlap with
the main Vrondou body itself, as can be shown by their similar behaviour in the
variation diagrams (Fig. 3) and also, by the REE normalised patterns (Fig. 5). 100 ¢
Generally, it seems that deformation has not altered the chemistry of the rocks
significantly. However, bulk assimilation processes at the time of emplacement
appear to have affected the first (more deformed) melts to be emplaced, resulting in
generally elevated SiO, contents relative to the main quartz-monzonite mass and 10 %
higher Sr initial ratios %0.?0?9-0‘?080}, The Elaion granitoid south of the fault is I
compositionally indistinguishable from the Vrondou body to the north and is regarded
as being derived from the same magma source at the same time.

EMPLACEMENT

4 Gabbro

® Microdiorite

O Otz-monzanite
v Granite

=] Lgucoshee[

As was mentioned above, the contacts of the pluton with its envelope have a
markedly different character in different places.

Rock/Chondrite

o

Eastern contact PbRbBaTh K NbLaCeSrNd P Zr Ti Y

At the Eastern contact (Fig. 2), near Kato Vrondou village, the granitoid is
apparently devoid of shearing. It is porphyroidal with an undeformed isotropic matrix

Fig.4 : Trace element spidergram for the Vrondou-Elaion suite. Normalisation
values after Thompson (1982), (rock/chondrite, except K. Rb, P 1or
which rock/primordial mantle). Unpublished data of Kolocowon
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Undeformed Vrandou granitoids and aligned K-feldspar megacrysts 3 to 4 cms long which indicate some pre-full
' crystallisation fabric {according to Hutton, 1988), apparently in two directions.

The envelope is represented here mainlypg]a( pelites with minor psammitic
intercalations. High grade pelitic hornfelses, with andalusite-cordierite-corundum-
spinel-Kspar and hints of partial melting in the more psammitic layers are developed
e in a poorly exposed zone up to ¢.20m thick. The pressures implied by the hornfels

] assemblages are no more than 2-3kb. These are consistent with the results of
aluminium-in-hornblende geobarometry in the gquartz monzonite of the Vrondou
body. The contact, where observed, is sharp, dipping steeply to the ESE (under the

' homfelses) and the monzonite is undeformed having only a minor chilled margin.

— Qtz-monzonite

{ b - Granodiorite = Southern contact
—— Granite

Rock/Chondrite

At the Southern margin, near Oreini village (Fig. 2), the picture is altogether
different. The envelope here is represented in the high ground by alternations of
psammites, amphibolites, schists and marbles, the Transitional Unit of IGME
workers, and in the lower ground (Elaion village) by the thick Menikio marbles.

The quartz monzonite here is strongly deformed by a flat-lying shear system,
which produces S-C mylonitic foliations, generally dipping to the SE and a sirong
stretching lineation shallowly plunging to the SW. The sense of shear from
porphyroclast tails and S-C intersection sense, is top to the SW. The intensity of the
deformation diminishes towards the north (centre of the pluton) where it is
represented by a very weak planar fabric.

Near the margin, towards the Serres basin fault, an increase in strain is
observed. A steep shear zone affects the granitic mylonites and envelope,
developing tight asymmetrical folds. with steep axial surfaces and shallow hinges
| plunging to the SSW. The asymmetry of the folds is consistent with a dextral sense
of motion, with a NW vergence.

The folded mylonites are intruded by later, less deformed melts and
leucocratic sheets, implying that the deformation was synchronous with intrusion.
These later melts are themselves affected by a flat-lying shear deformation.

This sequence of intrusion-deformation-intrusion is illustrated by the field
photographs (Fig. 6) and summarised by a schematic cross-section approximately

rpendicular to the SW-plunging stretching lineation at the Vameno stream locality
just east of Oreini,(Fig. 7).

The earliest batch of melt appears to have intruded into an active,
possibly flat-lying, shear zone, accompanied by minor stoping at the contact, as
implied by the numerous mylonitised, stretched amphibolite xenoliths found in it (Fig.
6a). Continuation of the deformation in the cooling contact zone produced a
mylonitic foliation in the hybrid contact facies and in the subsequent melts as they
were injected and crystallised. The "melt/enclave/leucocratic sheet” facies became

rogressively flattened and stretched-out (Fig.6b,c.d). Close to what is now the
unding fault, tight asymmetrical folds developed in this sheared hybrid facies in a
steep marginal zone, (Fig.6e,7). The folds plunge significantly more steeply than the
stretching lineation and imply vergence towards the north-west. The folded
mylonites were intruded by later melts and leucocratic sheets, which closely follow
axial surfaces.

In the southern hemisphere stereoplot of the observed structures (Fig. 8) from
the vicinity of the transect east of Oreini, the consistent stretching lineation shallowly-
plunging fo the SW, is clear. The SE-dipping planar fabrics become steeper towards
the wrench margin. The fold hinges while also shallowly plunging, are steeper than
the lineation and more southerly, i.e. oblique to the lineations and consistent with
their development as an oblitaue transpressional feature.

Intensification of the flattening component of strain and the development of
folds. ars to have occured together. Progressive shear brings the early
eu ic sheets increasingly into sub-parallelism and the planar fabric that results

o FewA mg%%‘. active element in the deformation.

100

10

Rock/Chondrite

100 ¢

Rock/Chondrite

...... Range of undeformed Vrondou granitoids

1 1 1 1 i n n 1 i L 1 L

La Ce Pr Nd Sm Eu Gd Dy Ho Er Yb Lu

Fig.5 : Chondrite-normalised REE diagrams of undeformed Vrondou,
compared with deformed Vrondou and with the Elaion granite,
(Normalisation values after Royal Holloway and Bedford New Coll
London, internal reference set: La 0.33; Ce 1.09; Pr 0.12; Nd 0.63; 5Sm
0.20; Eu 0.08; Gd 0.27; Dy 0.34; Ho 0.08; Er 0.22; Yb 0.22; Lu 0.0.)
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Fiald photographs of the marginal facwes ot tha Via
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2

Fig.7 : Schematic N-S cross-section at the Vameno stream locality, as in

Fig.8 : Southern hemisphere stereoplot of the observed structures at the
Foliation poles reflect progressive sieepening

towards the southern contact, effectively rotation about a SW axis
close to the sirelching lineation direction.

Note thal fold hinges are




The proposed interpretation of the observed sequence of events is one of

grq%lacemen! of the granitoid in a wrench-shear boun extensional space (Figs. 9

A, iy

. -Space for tha emplacement was created via a flatlying shear zone, with top
lo the SW sense of shear, which aided.the relative movement of the envel
blogks, creating a hole behind them. Magma existing at the time, moved to ﬁil?ﬁ:
holé, .The early bateh, caught in the initial stages of deformation, stoped the
intensely sheared'envelope. for a while, preserving the envelope deformation state at
the instant of stoping, and was then itself deformed as the marginal facies cooled.
The magma away from the toof absorbed the extension while it remained liquid,
tecording less net"post-solidification strain and .may_well have remained largely
undeformed if the locus of shear remained close to the original margins of the space
even after it began to be filled.

Continuation of deformation and addition or progressive dominance of a
marginal wrench-shear component, folded the earlier fabrics. possibly through the
interaction of irregularities along the southern margin. Since magma was still being
intruded, the folded mylonites are themselves cut by later melts. This steep,
marginal zone later served as the steep basin-boundin% fault, so thal the present
level of exposure reveals a succession of increasingly brittle and steep structures
developed as unroofing proceeded.

S

‘
)
el

i — |
Idealised Extensional Ramp Space Idealised Pull-apart Hole

Granite Emplacement in
Wrench—-Shear—-bounded
Extensional Spaces

THE ELAION AREA : SOUTHERN EXTENSION OF THE BODY

Combined Ramp-space with Wrench margin
The structural evolution of the root of the pluton cannot be followed in the

Vrondou body where uplitt and erosion has largely removed the record. However it
can be examined in the lower ground (south of the Serres basin fault), in the area of
the Elaion village (Fig. 2), where down-faulting has preserved the roof.

The Elaion granitoid represents a continuation of the Vrondou body. Near the
sub-horizontal contact it is an S-C mylonite, with a flat-lying fabric with the same
prominent shallowly-plunging stretching lineation to the SW, and the same sense of
shear (top to the SW) as the main Vrondou body at its southern contact.

The roof is represented by the thick Menikio marbles, which thin from ¢.400m
in the Diavolorema ravine 5km east of Elaion, essentially to zero at Elaion itself. At
the limit of the marble cover the marble roof has been reduced 1o isolated marble
boudins between which the sediments of the fill (sands and conglomerates with
granitic clasts) rest directly on a thin marble cataclasite sheet covering the S-C

laion granitic mylonite. The isolated blocks are massive and microbrecciated and
cut by steep normal faults, dipping to the SW (Fig. 12a,b), consistent with extension
in the same direction as implied by the S-C mylonite fabric. A summary diagram of
the critical section is shown in Fig.11.

At the base of the boudins, which range in size down 1o 2m , towards the
contact, an unconsolidated fault-gouge is developed (Fig.12¢). This lies on top of
the actual detachment surface, which consists of a 10-20cm sheel of carbonate
ultracataclasite (Fig.12c). The detachment surface is subhorizontal, striking NE-SW,
and locally, minor folds are developed in this ultracataclasite sheet.

Immediately underlying the detachment surface is the Elaion S-C mylonite,
which has itsell undergone cataclasis and pervasive chloritisation and sericitisation
near the contact (Fig.12a,c). In the extreme case, where the roof has been
completely stretched out to zero, the basin's mainly granitic fill directly overlies the
detachment surface and is itself sheared (Fig.12d), implying that continuous
deformation had stretched the pluton's marble cover to zero thickness and that this
deformation had continued after the pluton had become unroofed elsewhere to the
extent that undeformed granite was exposed and transported to this location..

It is noteworthy that the roof contact here has high-level extensional features

in the same orientation as the duclile, syn-intrusional ones observed to the north of
the Serres basin fault,

[ itoi t in an active
i : i sed model for granitoid emplacemen T i
R ¢ féggg?ser?e;?ea&unded extensional space, giving styn-tmtrusmn
\:eiormalion at the top and sides but not at the foot-wall contact.

Ui

Sheared obliquely-trending folds

e *f -structure” ) )
E:tfs?elv?:l t?;::%rtrg:ning bend Later basin—bounding fault

Models for Fold Development in a Compound Sheared Margin

: Models elopment in a compound sheared margin from the
i éupérpos'it?;ri\ogd:vwra%ch-shear component on an active flat-lying

hematic representation of
shear . The folded surfaces are a sc sy
1 " - Tun rﬁwwiﬁw flattening fabric. The role of a restraining bend in
o reasi g B margin Bhear+m inngraaﬁng a ductile flower structure and hence

olds, while speculative, is supported by the offset in the
?;uelted boundary of the granite east of Oreini.
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‘ Vrondou-Elaion Evolution 3
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Fig.13  Schemaiic evolutionary block diagram for the Vrondou/Elaion bodies:
1) Intrusion of granile in an extenswonal ramp space with the addition of
a wrench-shear marginal component, and 2§ Actvation of the steep
boundary as a basin fault, with tectomic unroofing of the Elaion plutan

due to extreme stretehing of the cover, continuing alter solidificalion of
Vrondou fo tha N
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}12 : Field photographs of the Elaion contact illustrated in Fig.11. a: View

of the marble ultracataclasite detachment Surfaie (witarI\I r?zc:;s)acr:) a; ril;g
granite mylonite is seen at the lower left. sm j

i [ in fill.
ﬁg@ is i ntre, overlain by unconsolidated basin
1 Tﬁﬂ}&:ew mi 'gg?dgg with SW-dipping fractures, resting on lhe;
detachment ultracataclasite. sheet. ¢: Close-up of the ‘co'r;tsaife
zone;A=marble cataclasite, B=fault gouge, C=marble ultracatac
sheel, D=S-C mylonitic granite.



_ - The marblé'bodies: gecording o theirsize, record to a greater or lesser ext

their previous. syn-metamorphic ductile structures. The smallest, a few
acioss, -are devoid of any wisible planarstiuctures and in thin section are ent

cataclastic. Towards the ENE the marble bodies merge into a continuous cover a

over 3-400m; the intensity ©f Microbrecciation diminishes, revealing disrupted re

‘patches of a ductile fabric. FUrtherto,the ENE still, high-level brittle deformation i
absent. Open, upright, metr_e-scale tolds pradatnng granite intrusion have be

deformed in a ductile regme iNto extremely atténuated isoclines close to sheets of

granite s./. interpreted as sulp-horizontal off-shoots from the main body below. The
granite is converted into an ultramylonite. These features will be described in detail

elsewhere.
In summary, the impucations of observed high-level structures in the Elaion

area are: 3 G -
1) Tectonic unroofing of the Elaion granitoid was fast and related to high-level

extension to the SW. ; ; . :

2) This extensional event is parallel to the syn-intrusional stretching of the.
Vrondou (=Elaion) granitoid, 25 they share the shallow-dipping shear system. :

3) Extension in the El&iOn body has occurred or continued after solidification
and exposure of the Vrondou P0dy to the North, as the latter is the obvious source of
undeformed clasts. .

There are clear parallels of style if not scale, between the structures and
intrusive relations described here, and the characteristic features of some Western
Cordillera metamorphic core-complexes, for example, the Catalina-Rincon
Mountains, Arizona, (Davis, 987). There Tertiary quariz-monzonite is transformed
to S-C mylonite below a detachment marked by a cataclasite ledge, above which is a
series of deformed and/or tilt€d cover rocks. Regionally, there is clear evidence of

intrusion synchronous with myylonitisation, (Keith et al., 1980).

CONCLUSIONS , )
The conclusions of thiS Paper are that the Vrondou-Elaion complex is a cale-

alkaline composite pluton ermplaced into a space created in a top-to-SW shear
system with wrench shear poundaries. There was apparent continuity from ductile
(syn-intrusional) deformation through to brittle extension with activation of the steep
margin as a basin boundary fault. Tectonic unroofing of the pluton due to high-level
extension of the roof resulted. in the Elaion marble cover being thinned to zero
beneath the Serres basin fill (Fig- 13). If this continuity is real, it suggests that the
low angle shear system with €X!ensional ramps, which was exploited by the intruding
pluton, may have been developed as a mid- to upper-crustal response to the same
regional extension that formed_the present Serres and Strimon Basins, and that they
were therefore initiated in tH© Oligocene. Two alternative connections between
these events and magma gert€ration on the area can therefore be considered:

Magma was generated Dy Oligocene subduction (although since K/Ar ages
are cooling ages the generation of the magma may have been earlier than
Oligocene), with the emplace@ment being related to extension. In this case, the
extensional event could repreSent a phase of extensional orogenic collapse in the
Rhodope arid so be directly related to the pervasive mylonite-forming event

described by Burg et al (1990) -

Alternatively, both the €MPlacement and the generation of the magma could
be related to OIigocene-MioGene'Hecem lithospheric extension in a broadly NE-SW
direction. In this case, the F™agma could represent a differentiation product of a
basic parent produced by extensional melting of the lithospheric mantle or the
thermal bou layer, The l-type, calc-alkaline character would arise from the
thoroughly modified (metasoralised) nature of the mantle in question, following an

earlier subduction episode.
Wneiokn BiBAI0Brkn "@edppaocTtog” - TuAua Mewhoyiag. A.MN.O.
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