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EMPLACEMENT AND DEFORMATION OF THE SITHONIA GRANITOID
PLUTON (MACEDONIA, HELLAS)

MD.TRANOS, A.AKILIAS, DM.MOUNTRAKIS®

ABSTRACT

2 Sithonia granitoid pluton is an Eocene I-type calc-alkaline
emplaced, concordantly with its envelope, at the boundary
n the Serbomacedonian Massif and the Circum Rhodope Belt, in
1 Macedonia.
ts exposed part has a rather elliptical shape with the long
n NW-SE direction. However the internal structures and its
)le connection with the neighbouring granitoids (i.e.
oupolis and Gregoriou granitoids) indicate that the WSW-ENE
on has played a very important role in its emplacement.
Over most of its outcrop, the Sithonia granitoid pluton reveals
ar fabric (S-fabric), which varies in intensity, but increases
the margins. It is a magmatic foliation in the interior and
id-state one at the marginal parts, where the fabric is planar-
r (SL-fabric) with the development of a WSW trending stretching
tion. Both the solid-state foliation and stretching lineation
marginal parts are in a similar orientation to the foliation
retching lineation of the country rocks (Svoula Group, Chortia-
agmatic Suite and Vertiskos Unit) of the envelope.
regional deformation episode subdivided into two progressive
d D1' deformation stages and affected both the envelope and the
nia granitoid pluton, has been recognized. It is related to the
cement of the Sithonia granitoid pluton and is responsible for
ification of the initially magmatic foliation into the solid-
- one.
The D1 stage (shearing, top to ENE) is a pure ductile process
associated with the solid-state foliation and WSW trending
etching lineation observed in the envelope, contact aureole and
rginal parts of the Sithonia granitoid pluton. The D1'stage
-SSE shortening) is a ductile to ductile~brittle and even brittle

s, which caused the final configuration and folding of the
r fabric, as well as, the observed semi-brittle shear zones and
] joints' of the granitoid.

The Sithonia granitoid pluton reveals the characteristics of a
ctonic granitoid in respect to the regional deformation episode
d D1' stages). The possible emplacement mechanism could be the
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poming, dlap1ri§m and ballooning are forceful emplacement
chanisms. In centrifuge experiments, doming and diapirism are
hsideréd as the initial and final stage in the evolution of a
le processj diapirs are considered immature when they have domal
ﬂntiformql shapes (domes), and mature when they are mushroom-
bed (diapirs). ?hey may predominate in a deeper level of the crust
ohe 1991) or 1in the lower 1lithosphere and asthenosphere, as
qested by §nderson (1981), with the buoyancy stresses beiné the
ncipal variable of the ascent process.
when the mature diapir reaches its final emplaceme i
yrts to spread out laterally (balloon). Thus cgntinﬁegtoiegiiséf
7 injection of magma leads to a ballooning pluton. However, Castro
87), pointed out that in nature, ballooning plutons‘caﬂ be the
t ‘of a change 1in shape induced by a regional horizontal
-tening instead of a process resulting from the continued
ection of buoyant materials into the centre of the pluton.
yggmatlc_stoplnq and cauldren subsidence are passive emplacement
nisms (i:e. low viscosity magma), which may predominate in
er levels of the crust. Cauldron subsidence is considered as a
cial case of magmatic stoping and both of them create annular
lexes and are of leccal importance in magma transport.

syn-tectonic ballooning due to the external tectonic forces.

The fact that the Sithonia granitoid pluton is a syn-tectonjg
granitoid and crystallized in Middle Eocene times (about 50 Ma) le
us .to suggest a regional pre- syn- Middle Eocene deformation episode.
which was imprinted. in the Sithonia granitoid pluton and extended
least” to Oligocene.

INTRODUCTION

The relationship between deformation, metamorphism, and mnga
matism in complicated orogenic belts is critical in understandi
their orogenic evolution. Paterson & Tobisch (1988) pointed out
the timing of regional deformation can often be bracketed by us
radiometrically dated plutons and the relative timing of the
emplacement and regional deformation. Thus, the examination of
role and emplacement of the plutons within the orogen is crucial a
has challenged geologists for many years.

In the Hellenic orogen, having a complex history and includ
many plutonic bodies, such studies might be valuable in understand
its evolution. However, significant problems arise from the stra
patterns revealed in plutons. These strain patterns may be extremely
complicated since they are created either by the regional stre
field or by the force of the ascent and emplacement of the magma : .

In this paper, we describe the particular characteristics, t - al setting and petrolog
internal structures and the evolution of the Sithonia granite
pluton and outline its role and emplacement.

DESCRIPTION OF THE SITHONIA GRANITOID PLUTON

The granitoid pluton of Sithonia peninsula (fig. 1) is exposed
he boundary between the Serbomacedonian Massif and the Circum
lope belt, covering an area of about 350 km?.
Kockel et al. (1977) interpreted the Sithonia granitoid to be
ed to the Arnea granite and to be a Jurassic syn- or late-
%lc %ntru51on, whgreas Chatzidimitriadis et al. (1983) suggested
sizggi?ilejéura551c to pre- Middle Cretaceous intrusion age for
S tf uto§. Vergely (1984) pointed out the difficulty of
nerag 5 ? re a?lonshlp between the granitoid emplacement and
gr‘s eformation. De WeF et al. (1983) mentioned the Eocene
fism emplacement of the Sithonia granitoid and D'Amico et al.
?i:zﬁggnifed.an Eoceng syn-intrusive deformation and a post-
e ni uring the Ollgqcene (Christofides et al. 1990).
;diki?;r;maqedonlan Massif, which covers the main part of the
" a with a NW-5E general direction, includes two tectonic
i 1977)0w?§ Kerdlllla_Unlt anq the upper Vertiskos Unit (Kockel
4 Pre:Aloﬁh the units consist of polydeformed and polymeta-
e A pine crxstalllne ropks, biotitic gneisses, migmatitic
€ ;t yo mica gnelsseg,'aqph;bolites, mica schists and marbles
s .P;f?7, Chat{ldlmltrladis et al. 1985, Papadopoulos &
Esas fggl).ras et al. 1988, Sakelariou 1990, Dimitriadis &
he cir i
-Cedonggﬂ ?ﬁziggs Bglt, following the same direct%on with the
: B i : omprlses'low grade metamorphic rocks of
‘chori-hholéﬁ are p}aced in the Deve Koran-Doubia Unit,
AR ontas Unit and the Aspro Vrisi-Chortiatis Unit
e g.£ 19?6, Kockel et al. 1977).
envéi;;gu?'afnlnsgla (fig. 1) the_country rocks constitut-
- oditieed t: o _whlch the Sithonia graniteid pluteon has
Of Sikis ana e Circum Rhodope Belt. Only at some places such
edon N of Ormos Panagias village are rocks of the
an Massif (Vertiskos Unit) in direct contact with the

"aegﬁ'ﬁgﬁ%ﬁ luton.

rn and western parts of the intruded envelope

EMPLACEMENT MECHANISMS OF GRANITOID PLUTONS

Granitoid plutons generally appear as large bodies surrou
by metasedimentary or metavolcanic rocks developed under lesser P
T conditions than those required for granitoid genesis (Castro 198
This situation has been interpreted as the result of intrusion
granitoid magmas into upper crustal levels from their origin 2
which might be located either in lower crust or upper mantle.

To account for the rise of granitoid magma to higher lev
buoyancy can be considered the most important of the controll
physical factors of the ascent. Another important factor that
trols the emplacement mechanism is the viscosity contrast be
magma and wall rock, as has been suggested from the experime
studies with centrifuge models (Ramberg 1981). If the contrast
great (i.e. the magma has a low viscosity), magma will ascent a.
vertical zones as dike swarms. If the viscosity contrast is
emplacement may be forceful and the result is a concordant intru
Generally the density of magma of granitic and granodi®
composition is lower than that of surrounding metasediments bo
deep and shallow crustal levels (Ramberg 1980, Soula 1982).

In addition, natural examples suggest that external (regil®
stress is also a major factor controlling the intrusion of T
(Castro 1987). Thus the intrusion process can be characterl2
pre-, syn- and post-tectonic in respect to the regional deforn
Consequently, it is clear that the interaction of qrav1tat
processes and horizontal movements (due to an anisotropic red
stress field) which is generally complex, is responsible :ﬁ
emplacement of granitoid magmas at the upper crust. The Erl
emplacement mechanisms referred to in the literature (inc
natural, experimental numerical and theoretical resenghesl
doming, diapirism, ballooning, stoping, cauldron suba@aeBiBAR

propagation.
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consist of Lower to ?Middle Jurassic phyllites, guartzites, and sope
carbonate intercalations belonging to the Svoula Group of the Cirgy
Rhodope Belt (Melissochori-Cholomonta Unit). The southwestern apg
southern parts comprise (except for some small outcrops of the
Peonias zone in the southernmost part of the peninsula) diorit
Yocks s.l, metamorphosed in the greenschist facies to greenschig
and gneisses (Sapountzis 1969, Kockel et al. 1977), which constity
the Chortiatis Magmatic Suite of the Aspro Vrisi-Chortiatis Uni
Unfortunately, the other parts of the envelope are concealed by
sea and are not observable.

The Sithonia granitoid pluton is an I-type calc-alkaline metaly-
minous to peraluminous body, which has been divided by Christofi
et al. (1990) into five main types: leucogranites, two-mica granite
(to granodiorite), Bi granodiorites, Hb-Bi granodiorites, Hb-]
grancdioritic tonalites.

Recent isotopic investigaticns, based mainly on the
method, have given an Eocene age to the intrusion of the Sithon
granitoid pluton (Vergely 1984, De Wwet et al. 1989, Christofides et
al. 1990). i

Shape of the pluton

The overall shape of the Sithonia granitoid pluton is not kne
pbecause it is half concealed by the sea. However, the exposed p
of the pluton has an approximately elliptical shape with the lo
axis in NW-SE direction. Two almost parallel narrow strips of coun
rocks striking WSW-ENE subdivide the outcrop of the granitoid bod
into three unequal parts (fig. 1). The WSW-ENE direction is clearl!
very important as it results from the internal structures of t!
Sithonia granitoid and on the reasonable assumption that the Sitho
granitoid pluton is related to the Ouranoupolis and Gregor
granitoid bodies which are located in the third leg of the Chalkid
peninsula. In addition, the WSW-ENE direction seems to play
important role in the emplacement of the granitoid plutons in
Rhodope Massif as has been described for the Vrondou gra
(Kolocotroni & Dixon 1991).

From the above mentioned, it is clear that to deduce
probable shape of the pluton we must recognize and define its inf
nal structures. In our case the Sithonia granitoid pluton has D&
found to be concordant with its envelope (figs. 1, 2), although
some places, there are some modifications of the regicnal trend-

J. 1. Generali i i
i lized geological and tectonic map of the Sithonia

iy ;;b;gngfogine and Quaternary sediments, 2. Sithonia granitoid
cedonian'M . Contact aureole, 4. Country rocks including:
-E:gicj naon, assif (Paleozo;c), Circum Rhodeobe belt (Triassic-
.fbliation on as zone (Mesozoic), 5.'strike and dip of foliation
.fﬂVerse A ajectories, 7. stretching lineation, 8. shear zone’
b ault, 10. fault. Thick solid arrows indicate thé

ion of movement (Ma: M
tic . : Marmaras, OrP: Or i : i
* Sikia, vr: Vourvourou) . ' nos Fanagias, s sarth

Magmatic and solid-state internal structures

Generally, the granitic rocks show a variety of stru
features. Some of these were developed in ductile conditions,.ih
others appear to represent late stage near-brittle deformatiof.
most important and critical structure, although the most ambilgy
is the foliation. E

Foliations in granitoids could be the result of: (1) flow du
ascent, (2) diapiric emplacement and ballooning, (3) emplac
during regional deformation, (4) regional deformation poste
emplacement or (5) combinations of the above.

Although a continuum is likely to exist between maqqﬂti
solid-state processes during the development of foliations in ¢
toids, there is also controversy over what criteria are rell

~ Over i i I
i f:EffEOfg};S outcrop the Sithonia granitoid pluten reveals
R s fns abric), which varies in intensity, but increases
i flcwgfolf g; 1s a S5; magmatic foliation in the interior
; brystallizat'la ion ﬁccordlng to Paterson et al. (1989); pre-
-:‘blid—state lon fabric (PFP) according to Hutton (1988)) and a
| i one at the marginal parts with the metasediments of
h the developﬁeyzfre the fabric is planar-linear (SL-fabric, SxL)
Th pment of a WSW trending stretching lineation.

€ magmatic foliation i i
. . . . AN1topj . is easil i 3 : .

useful for the distinction between foliations formed in the id, both in the field and in tﬁﬁnrzzzigéizd S;ltiifafi;2°“li
1] men

A . : nuul e ] .
the second case. Paterson et al. (1989) divided this continu Primary igneous minerals such as quartz, K-feldspar,plagi
. K- ,plagio-

: : : hornbl :
four types: magmatic flow, submagmatic flow, hlghqﬁﬁﬂﬁ %@5@13 ] ‘ ; ende and biotite. In parti ;
state flow, and moderate- to low-temperature solid—stﬁt Hﬁ*ﬂ I0TERAAYiOENBPars (fig. 3a) forgefuliiligv;gg;CZtngEZ“ﬁ]°f :be
agmatic
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foliation, since nowhere we observe their recrystallization op
plastic deformation. In addition, we have cbserved in thin sectiong
imbrication or 'tiling! of K-feldspar crystals something that implieg
non-coaxial magmatic flow, involving rotation of the crystals in a
viscous fluid (Blumenfeld 1983). However, following the idea of
Hutton (1988) it could be also the result of the pre-full crystallj-
zation fabric (PFC) caused by strain of the whole body of partially
crystalline magma. Anyway, the presence of the melt is of such amount
that leaves no trace of strain in the crystals themselves. f

Mesoscopically, the magmatic foliation is also recognized by
compositional and schlieren layering, which are the result o
variations in the amounts of the different crystals species or in th
crystal size of a single mineral species, although there are not ve
abundant features in the Sithonia granitoid pluton. Well develope
structures of this type have been observed particularly in
Vourvourou area (fig. 3b). Schlieren layering has also been obse
at the contact of the granitoid with the metasediments of the Svo
group to the East of Marmara village. Furthermore, the prefer 4 . .
alignment of elongate microgranitoid enclaves with centimetri =8 Block-diagram showing the general tectonic situwation of the
dimencions and sharp boundaries, but without showing any intrac nia granitoid pluton and the country rocks of the envelope.
ctalline deformation or recrystallization, implies the magmati
foliation (Bateman et al. 1983, Vermnon et al. 1988).

Oon the other hand, the S, solid-state foliation is dominant
the marginal parts. It is the result of the textural modification
the 5, magmatic foliation, which although is not uniform within
body increases towards/in the marginal parts. This modification
peen taken place in the solid-state, through moderate—- to low-tem
rature, ductile process and is related to a regional deformat.
episode. The later using only geometrical and kinematic criter
could be subdivided into two progressive deformation stages, the D
and D1'.

country rocks

late leuco-sheets

contact
" auresls

e) and penetrated by the 5;, foliation. However, other leuco-
S have_been observed to crosscut the envelope discordantly
ut showing to be penetrated by the 5;, foliation. In these cases
have bgen folded with shortening direction normal to the S
tion (fig. 4d). The fact that they can be easily traced from thg
iitoid out inte the surrounding wall rocks shows that their
-uqnt.wgs not at the transporting stage of intrusion (i.e
,diaplrlg a;cent}, but after it had reached its final posil
}, The majority of minerals formed in the aureole were of syn-
post-kinematic growth (Vergely 1984; our observations) showing
the thgrma} aurecle has been formed by ballooning deformation

ctonlq, in our casej, rather diapiric ascent (England 1990)
IEH the Sithonia grénitoid the WSW trending L,, stretching lineat;
igs. 4a, 5b), which is the most characteristic and important
€ of the D1 deformation stage, diminishes rapidly towards the
rlof‘the granitoid. In contrast, the planar fabric remains
the? inwards, but its modification and intensity decrease,
3 € is a gradgallpassage from the 5;, solid-state foliation
J; mag§at1q foliation. Despite. the apparent or real scarcity
“aé¥§; ;; mlcrofractures }n granitoids, due to erasure or
f?magmati om scllq-state microstructures and the transient of
. c statg itshelf, we have observed from the marginal
1a trénsome_mlcroﬁractures such as the quartz infilled micro-
o asecplng single feldspar crystals (fig. 3c). These
e - ;Ti 1nd1gat}ves qf the submagmatic state and conse-
"-kity -tectonic intrusion of the Sithonia granitoid pluton.
€ 1s presented with more intensity in the well foliated

D1 DEFORMATION STAGE

This stage is very well established in the marginal parts of |
granitoid pluton with the metasediments of the Svoula group, Whe
a2 contact aureole up to 100 m is also observed (Kockel et al. 197
I+ is associated with the formed S;, solid-state foliation an
stretching lineation of the granitoid and the contact aureole.

Both the 5., solid-state foliation and the L stretchinq_
eation were found everywhere in concordance with the contil
(dominant) & _foliation and the L, stretching lineation, observe
the country rocks (Svoula Group and Chortiatis Magmatic Suit
Circum Rhodope Belt) away from the marginal parts. The g
gecmetrical distribution of the above structures in Sith
peninsula is shown in figs. 1, 2.

Moreover, isolated granitoid podies which are observed
country rocks and in the aureole have foliation and stretC Ehe granitod ;
lineation which are concordant with these of the country ro ation pgozg;SZ;d(giﬁ;;;?&tzéttlthis closely related to the
the aureole. i s j intcsh 1989, Vernon et al. 1983).

Within the aureole the S, foliation appears as transpe r eofsaiﬁznt213 (1975) mentioned the general polygenetic
foliation associated with the WSW trending Ly stretching 11N myrmekite formation and pointed to two main

. S: suc s ; .
as detected by the elongate biotite, streaking, elongate pods h as solid-state exsolution and interaction between
pbiotite, actinolite, and/ or epidote). Boudinaged and rotated

sheets bodies as well as o-rigid bodies along the Sy fi' tic folia{ECEPezfﬂ foliation appears usually as a gneissic

indicate a WSE-over-ENE movement (fig. 4¢). The same sense 01 Behna extreﬁelome]émall xenoliths with sharp boundaries

(the top to ENE) has alsc been indicated by gs—-porphyrocla ted without refracg, elongated with aspect ratios 10:1 and

asymmetric microfolds. Wnaiaks BIBA ' ion by the s, foliation. This attests to
The majority of the leuco-sheets intruding the'Lurg

4 féﬂgéh%ﬁiyiSCOSity contrast and reflects homogeneous strain
country rocks beyond, appeared concordant to the S_ (Sp in th!

nents in a bulk solid state.
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Under the microscope, the gquartz aggregates are elongated

owing undulatory extinction, polygonization, irregular and serrated
grain boundaries, recrystallization giving rise to a 'ribbon' texture
(fig- ad). The biotite has altered into chlorite. The feldspars,
;githout showing recrystallization, behave as fracturing rotate rigid
~rystals and the orthoclase inverts to microcline. In general, a
ngain size reduction took place.
] additionally, we have found S-C mylonitic foliations (type I S$-C
pylonites after Lister & Snoke 1984) associated with a strong stre-

hing lineation L., (on both planes) showing that the sense of shear
,_ag top to ENE. The intersection angle of the S-C surfaces was about
2p° (fig. 4b).
r (Ingthe eastern part of the Sithonia peninsula, the country
‘rocks, which belong to the Vertiskos Unit, have a S_ foliation
striking WSW-ENE, but always concordant to that of the granitoid,
ereas the L, stretching lineation has a relatively constant WSW
rrend with the sense of shear top to ENE.
- The general strain patterns of the envelope and the aureole as
well as the granitoid margins, are rather of flattening type caused
py general shortening normal to the foliation with the addition of
'shearing component in the WSW-ENE direction. It results from the
bserved competent particles of the quartzites and quartz-mica
hyllites of the Svoula group which are boudinaged and usually form
yinch-and-swell structures. The boudins have rather oblate forms. The
inaged leuco-sheets found within the aurecle alsc behave as
etent layers. In some of these instances we observe a small
unt of rotation showing the WSW-over-ENE sense of shear. Moreover,
the S-fabric dominated parts of the granitoid the maximum
ening of the finite strain ellipsoid is inferred to be normal
the S-fabric (Ramsay 1989), and the observed microgranitoid
nclaves have an oblate form.

oy

] .
‘ fas, P

3 - B8 ey 3 . —_‘-7'.
ARGV N SN,

o D1' DEFORMATION STAGE

This stage is characterized by a general NNW-SSE shortening of
> area. It affects the earlier structures of both the granitoid and
envelope, but also creates new ones in geometrical andfor
nematic compatibility.

- It is considered as the stage responsible for the final
iguration of the planar fabric (§; or Sy foliation) of the
thonia granitoid pluton and fairly recognized, macroscopically, by
general standing, which at the most part of the granitoid shows
W-ENE strike coinciding with the B-axes trending (figs. 1, 5a).
ing structures involving granitic material and country rocks are
aligned along this WSW-ENE direction (fig. 4e).

Furthermore, D1' stage has created, locally and parallel to the
4l planes of the folds, a S;,, solid-state foliation.

The fact that the maximum shortening axis of the D1' stage is
ed orthogonally to the maximum extension axis of the D1 sta-ge,
bly, implies the progressive relationship of the D1 and D1‘'
/€S (Watkinson 1975).

Dispersed xenoliths of various dimensions, possibly derived from
ic stoping processes, have been found everywhere in concordance
the s, magmatic foliation. Both the xencliths and §; foliation
been folded during this D1' deformation stage (fig. 4f).
Additionally, the two WSW-ENE trending narrow strips mentioned
r have to be controlled by this NNW-SSE shortening.
Hog%ggp«) in many places the folded S; foliation has been
- "“later, undeformed, leuco-sheets implying that the

‘mation was at least synchronous with intrusion (fig. 44).

Fig. 3. (A), (D) photomicrographs of rock samples and (B),(C) L
photographs from the Sithonia granitoid pluton: (&) Magmatic
liation defined by alignment of feldspars; they surrounded by
recrystallized aggregates of gquartz (crossed nicols, x40)
Magmatic foliation as defined by schlieren layering in the Vourvovt-
area (hammer: 35 cm long), (C) OQuartz infilled micro-fract
transecting a single feldspar crystal subma ic te},
feldspar, Qz: quartz, (D) Solid-state foliat&on de%?%ﬁ@gﬁ}§i§5§é
recrystallized aggregates of quartz. Sense of shear is top to T
(crossed nicols, x40).
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: morthwestern to
norihern part
: noriheastern part

5. Equal area, lower-hemisphere projections of (a) poles to
ation of the Sithonia granitoid pluton (squares; n = 82), (b)
s to stretching lineation of the Sithonia granitoid pluton and
3 country rocks (circles; n = 64).

The most important conclusion of the structural analysis is that
D1' deformation stage, although is a pure ductile process as
rly implied by the folding of S; or S;; foliation, continuocus up
ductile-brittle and even brittle processes related to the late
ing stage of the granitoid emplacement. The following observa-
support this conclusion. :
‘Within the granitoid we observe planar semi-brittle shear zones,
are vertical or steeply inclined and have generally a NW-SE
NNE-SSW direction (fig. 1). They occur in parallel sets with
- sense of displacement or in crossing sets with two directions
ing a conjugate arrangement of broadly synchronous aspect. Within
conjugate sets, the NW-SE striking set always shows a dextral
orizontal sense of displacement and the other NNE-SSW striking
OwWs a sinistral, also sub-horizontal, sense of displacement.
overall displacement of the shear zones, either conjugate or not,
uch as to imply shortening in a NNW-SSE direction. The width of
shear zones is a few centimetres and the pre-existing foliation
flected into these zones. Along the shear zones biotite has
ed to chlorite.
Analogous vertical or steeply inclined shear zones, but with
er width, have been found in the country rocks (Svoula Group and
atis Magmatic Suite) around the granitoid. They show a well
toig S-C fabric giving the same NNW-SSE shortening observed in
: 18
e have alsc observed some reverse faults affecting both the
rocks and the granitoid pluton. These reverse faults strike
1y E-W and have been observed to modify the southern contacts
i the granitoid and the Chortiatis Magmatic Suite.
y“rthermore, the 'early joints', which are post-crystallization

al

(continued): sense of shear is top to left, (D) Folded early

: "Sheets with axial pl 1 '
. ) . observed in ; ¥lal planes parallel to S south of Sarti, (E)
Fig. 4. Field photographs of mesoscopic structures Al part of the Sithonia granitoid plﬁ%on, south of Sarti.

. : . . i rocks of the enve. A F E
Sithonia granitoid pluton and the country Ng of the granitic material with the country rocks of the

: ' ineati Ly, and, _(B) ' % : :
(hammer: 35 cm long): (A) Stretching lineatlion qgﬂwwqﬂﬂhaoﬂ ' eioyiogilP.s-fabric (5;) parallel to S, (F) Asymmetric folds,

1 i top to left, in the f ] ‘3 : S
mylonitic fabric, sense of shear ' _ ins D1' deformation stage, affected both the Sithonia granitoid
to Parthenonas village, (C) Rotated early leuco-sheet boudi ana the pountry rocks (é.r). g

asymmetric o-rigid bodies within the aureole east of Marmaras,
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Pole-density diag-
ram (Equal area, lower he-
misphere projection) sho-
wing the preferred orien-
tation of the ‘'early jo-
ints' (n 999) of the Si-
thonia granitoid pluton.

Fig. 6.
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e ? a% wl #T
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el

WECRIL

are

g stage of emplacenment,
later

nd related to late coolin : :
g??;ﬁzssafzng a NNW to NNE direction of shortening, which the
could be incorporated into the D1’ deformation stage (fig. 6).f al
An important problem concerning the 1nternal.structure ok o=
Sithonia granitoid pluton in its ngrthe;n pqrt is thg_remar athz
change in the trend of the Ly, stretching lineation. Spe01f1call§, i
stretching lineation in the country rocks,. thg aurgole gg} .
granitoid has a NW-5E (N300°-320°) trend, yhlch is quite di ereof
from the constant WSW-ENE trend of the L, in all the opher argassE
the Sithonia peninsula (fig. 5b). The sense of shear is top ohiaﬁ
as indicated by K-feldspar o-porphyrpclgstg and the s-C fabric w !
is the dominant feature of the granitoid 1in that part. It 1s veryld
difficult to attribute this change in the D1 or p1' stage. It cogne
be the result of the D1 stage which has been affected %a@ter ?{ i
D1' stage or is the result of the D1' stage. In our oplnlgn,dlrlec_
a progressive result of the D1 to the D1' stage, since this te il
tion in the trend is not abrupt from that of the southern par S'ala
gradual. Moreover, the same is also inferred, 1n more regional sgonié
from the similar bending of the general trending of the geotec

zones in this area.

DISCUSSION .
. . - . e

As we mentioned in previous section the dlscrlm{natlon gilsgr
processes of the emplacement mechanism 1s a very cgmpllcatetprctutes
since the criteria which commonly used to distinguish the stru g

paterson #
related to each or the other are no e
Tobisch 1988). The problem is enlarged when the emplacement mgg?;nl-
involves both magmatic and sclid-state processes, as comﬂ D oy chel
been demonstrated in syn-tectonic granlto;ds. Thus! BngeF uighiﬂﬁﬂ
(1970) drew attention to the difficulty 1qvolved in FllstlnghaSe of
fabrics developed in pluton that consolidated during a pence of
regional compression, from those developed as a conse%: :
forceful emplacement of magma. In tpat case thg problem i
the discrimination between magmatic and solid-state str
Paterson et al. (1989) !
plutons evidence of high—temperatu;e subsolidus pi
deformation of magmas by *submagmatic flpw{ should occur. T
contrary, Brun et al. (1990) stated that w1th%n syn-tectonilc pctD
the transition between intrusion-induced fabrics and purely te

t generally admitted (

uctu

th
o

oot nic
pointed out that within the siﬁ%ﬁFCFﬁl“
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abrics has no basic reason to coincide with the magmatic - solid-

:tate transition as Paterson et al. (1989) have pointed out. The
jatter is obviously directly controlled, in space and time, by the
mal evolution within the pluton, whereas the former, which

i cts the relative ratio between internal forces and tectonic
reflects, . : . .
forces, 185 clegrly linked to bulk crystal mechanlc; operating during
& Jacement. Finally, Castro (1987) mentioned that in most cases such
a distinction is irrelevant and unrealistic because deformation
structures (foliations, shear zones etc.) can be caused by emplace-
ment dynamics, and flow structures can be the result of an external-
ly,induced deformation processes.

The Sithonia granitoid pluton reveals characteristics (fig. 2)
such as of a syn-tectonic granitoid in respect to the regional
deformation state (D1 & D1' stages). These characteristics are:

(a) The similar orientation of both the S, foliation and L
stretching lineation of the granitoid with the S _ foliation and L,
stretching lineation of the country rocks.

(b) The presence within the granitoid of xenoliths which have
peen deformed by the regional deformation (D1 & D1' stages).

(¢) The syn-kinematic-to-D1 stage growth of minerals of the
contact aureole.

; (d) The simultaneous folding of both the granitoid and the
country rocks, due to D1' stage.

(e) The fact that there are both leuco-sheets which have been
affected by the D1 stage and others which crosscut the S . foliation

- without having any internal deformation.

) (f) The superposed development of the S;, solid-state foliation
- onto the S5, magmatic one through the submagmatic state.

o The fact that the Sithonia granitoid pluton, presents a
F "onouncad planar fabric (S-fabric), which although controlled by the
- regional stress state, is parallel to the contacts and more intensive
'tbward them, indicates that, although the internal forces are less
i@tehsa in comparison with the external ones, have played a quite
significant role in the emplacement mechanism. Besides, the above
-eature and the syn-kinematic growth of metamorphic minerals in the
contact aureole have been used as evidence of a ballooning emplace-
ment. This emplacement mechanism can be caused either by buoyancy
forces (Ramsay 1981, Bateman 1985) or tectonic shortening (Castro
- 1987). In addition, D'Amico et al. (1990) stated that in rather the
{ﬁgﬂtrél part of the Sithonia granitoid pluton there was a dome-like
;ti%:thEly younger intrusion of Bi granodiorites into Hb-Bi granodio-
- "ites to Hb-Bi granodioritic tonalites.

Consequently, we are in favour of a syn-tectonic ballooning
vplannent mechanism for the Sithonia granitoid pluton due to the
~ tectonic fo;ces rather than to the buoyancy ones.

! eaiifErrlng to the regional geolpgy we could compare the D1 stage
*ear‘ng' top to ENE) .of the Sithonia area with the D1 stage

1ng, top to SW) which took place in Eocene-Oligocene times in
p if, as suggested by Kilias & Mountrakis (19%90) and
o ﬁ1991), althgugb the sense of shear is opposite.
stallithat_theI81thon1a granitoid pluton was a syn-tectonic one
egion iéd in Mldd}e Eocgne tlmgs (about 50 Ma) lead us to suggest
: waa‘ de?ormat}on eplgode in pre- syn- Middle Eocene times,
tnﬁnlpptlnted in thg Sithonia granitoid pluton and extended at
i ligocene. Likewise, the D1' stage of the Sithonia peninsula
sif wha_nalogous to the D1 comprgssive stage of the Rhodope

-wPﬂéggéﬁEfe? Kilias & Mountrakis (1990), took place in the
emat ;. (= t%mes. The similarity in the geometrical and

features in both areas support this comparison.
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