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Pesrome. Pe3yJ’ITaTI/ITe OT CTPYKTYPHHUTE HU3CJICABAHUA IMOKAa3BaT 3HAYUTCIHU CXOACTBA MEXOY paHHO&HHHﬁCKHTC
Anexcannposcku rpanutd (CtpanmxaHcka 30Ha) u eoneHckure [Ipunekcku rpanutu (Pogomncka 3ona). ToBa ca yieB-
KOKpaTHU I'PAHATOUAHU, C KOUTO aComuuparT MHOFOGpOﬁHH XKWJIHMA TEJia OT allJIMTU U IICrMaTHUTHU. TCpCHHPITC JAaHHU HC
JaBaT BB3MOXHOCT [Ja C€ HC(bI/IHI/IpaT KOMIIAKTHA T'PAHATOUOHU MACHUBU U MHIUKHUPAT CHLICCTBYBAHCTO Ha CJIOXHH
CbCTaBHU HUHTPY3HUHU, Y€CTO OTHACICHU OT THHKHU MJACTHUHU OT BMECCTBALIUTE MCTaMOp(bI/ITI/I. FpaHHTOHZIHTC O6HKHO-
BEHO Ca KOHKOPJAHTHH U CaMO Hai-KbCHUTE XWIHM TeJla Ca CEKyLIM CIPSIMO pernoHanHara ¢osnuanus. J[Bata tuma
rPAaHUTOUIY Ca BHEAPEHH B 30HM HA CPSA3BAaHE C PETMOHAJIEH XapaKTep, KbIAETO ce HAaONIoAaBaT peiuna MHIMKATOPHU
3a NPUCHCTBUETO HA TPAHUTOUACH MATCpHUAJl CAHXPOHHO Ha MJIACTUYHUTE ZIC(l)OpMaIlI/II/I. 3aHC‘IaTaHI/ITC OT TrpaHu-
TOUOAUTE CTPYKTYpH COYAT KAKTO 3a MAarMaTHYCH IPOU3XOO, TaKa U 3a HAJOXKCHaA ne(bopMauua B TBBPAO CHCTOAHHUCE.
M3n0XeHUTE JaHHU Ca ChbBMECTUMHU C MOJEJI Ha BHEIPSBAaHE HAa I'PAHUTOUAMTE B KpAaWHUTE €Tamud OT CHHMETamopd-
HaTa €BOJIIONMS HAa 30HUTE HA CPSA3BAaHE M AEMOHCTPHPAT OTHOBO HyXZIaTa OT NPEOLEHKAa Ha Bb3pacTTa U OOCTaHOB-
KaTa Ha BHCOPABAHC HA TPAHUTOUIUTE OT BUCOKOCTCIICHUA (.l)yHIIaMeHT Ha IOXHa B"I)J'IFapI/IH.

Karwuosu C)yMLl TPAHUTOUIHU IIJIYTOHU, CbCTABHU UHTPY3UH, 30HU HA CPSA3BAHE, CaKapCKa CaAUHHIA, PO,I[OHCKB.

30Ha.

Introduction

Granitoid magmatism is spatially and temporally
related to the orogeny, and in recent years it is has
become a routine to use plutons to construct orogenic
history. This task requires precise analysis of absolute
and relative timing of pluton emplacement.
Numerous well-documented case studies provide
useful criteria to relate timing of the pluton em-
placement to the chronology of metamorphic
deformation events in the metamorphic co mplexes
(e.g. Paterson, Tobisch, 1988; Karlstrom et al., 1993).
These new techniques of structural analysis are based
on detailed field mapping and microfabric studies.
The crystallization ages of the syntectonic plutons
could be related to large-scale tectonic regimes and
may well be used to constrain the age of the enveloping
metamorphic basement. Arranging the studies in this
direction is one of the ways to solve the long-standing
problem with the age of the high-grade basement in
the southern part of Bulgaria.

The metamorphic basement of South Bulgaria
includes numerous granitoids. Starting from the work

of Dimitrov (1939, 1946) researchers used to designate
different ages to these various granitoids: the
penetratively deformed ones as Pre-Cambrian, those
with weak solid state overprint — as Paleozoic, and
those with no visible solid state overprint — as
Cretaceous. The criticism of these ideas (Arnaudov,
1979) was not taken into account and this line of inter-
pretation was used to compile the recent 1:100 000
scale geological map of Bulgaria. So 10—20 y. ago
the granitoids on Bulgarian territory were described
as Paleozoic or Mesozoic, whereas hodopes batholith
— Peytcheva et al., 1998; Osogovo pluton — Graff,
2001; Sakar pluton — Ivanov et al., 2001; Varshilo
pluton — Peytcheva et al., 2001). Another problem
with the granitoids in the metamorphic basement of
South Bulgaria is the lack of adequate description
of the fabric inside the magmatic bodies. The lack
of widespread penetrative solid-state fabric in some
of these granitoids led previous investigators to claim
that the magma emplacement has been posterior to
the main deformation stages in the enclosing
metamorphics. The present study documents the
tectonic setting, the nature of the fabric and the
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temporal relations between the granite emplacement
and the regional deformation on the example of two
traditionally regarded as post tectonic intrusions:
Aleksandrovo granites from the Sakar unit (part of
Strandja zone) and Pripek granites from the Rhodope
zone (Fig. 1). Our investigations specially focus on
the geometry, kinematics and microfabrics of granite
bodies emplaced into the regional-scale ductile shear
zones. These results are in agreement with the newly
published data for plutons in South Bulgaria
previously regarded as post tectonic (Veit et al., 2003;
Gerdjikov, 2004).

Aleksandrovo granites

Numerous leucocratic granites are known in the
Sakar unit (western part of the Strandja zone). Some

of them were nominated by Kozhoukharov et al.
(1968) in the Maritza area (western part of the Sakar
unit) and interpreted as a result of a Variscan magma
emplacement into the consolidated Pre-Cambrian
metamorphic basement of the Sakar unit. Similar
ideas were expressed in later publications (Kozhou-
kharov, 1991; Kozhoukharov et al., 1995a). In recent
years Gerdjikov (1999), Gerdjikov, Ivanov (2000) and
Ivanov et al. (2001) proposed a contrasting model
for the early Alpine evolution of the Sakar unit and
presented data for the Alpine age of the metamorphic
basement and the associated syntectonic granitoids.
According to these new ideas the basement of Sakar
unit is build of two lithostratigraphic units —
volcano-terrigeneous complex (Pz?) and Topolovgrad
Group (Triassic — Chatalov, 1990), which hosts
several Paleozoic and early Alpine granitoids. The
early Alpine granitoids are regarded as syntectonic
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Fig. 1. Simplified tectonic map of part of the metamorphic basement in South Bulgaria. Position of the studied granites: 1,

Aleksandrovo granites; 2, Pripek granites

®ur. 1. TekToHcka ckuna Ha 4YacT oT MeTamopdHus pyHgamMeHT HA r0kHA Boharapus. Ilo3unus Ha u3cjieIBaHUTE TPAHUTH:

1 — AnekcanapoBcku; 2 — Ilpunexcku
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to the regional greenschist facies metamorphism and
the biggest bodies from this type are Sakar and
Izvorovo plutons. A major belt of distributed non-
coaxial deformation (Konstantinovo shear zone)
separates these huge granitoids (Fig. 2).

The Aleksandrovo granites form sill- and dyke-
like bodies, elongated mainly along the boundaries
of the major granitoid plutons of the Sakar unit —
Izvorovo and Sakar plutons. In most of the cases they
are spatially associated with the K-feldspar mega-
crystic granites of Izvorovo pluton. Similar leucocratic
granites crop out in the easternmost parts of the Sakar
unit, near the valley of Tundja river, where they are
complexly interfingered with porphyric granites.
Mylonitic leucocratic granites build up the northern
and central parts of the Gorata ridge (W of Harmanly
town), but it is not clear whether they belong to the
Aleksandrovo granites or represent earlier granitoid
emplacement (Gerdjikov, Sarov, 2000).

The Aleksandrovo granites are leucocratic and
contain microcline, plagioclase, quartz, white mica
and rarely minor biotite. They are medium to coarse
grained and at some places have abundant white or
pinkish K-feldspar megacrysts. In the case of K-
feldspar megacrysts bearing leucogranites, the only
criteria to distinguish them from the containing K-
feldspar megacrysts Izvorovo granitoids (Ivanov et al.,
2001) is the lower amount of biotite. North of the
village of Balgarin it is not possible to delineate the
clear boundary between the K-feldspar megacrysts

bearing Izvorovo and Aleksandrovo granites. In fact,
the detailed field observations along the northern
margin of Izvorovo pluton demonstrate close spatial
and mutually crosscutting relationships indicating
overlapping in time emplacement of these two
granitoid types.

Spatially related to the leucogranites are aplite and
pegmatite vein and dyke arrays. The oldest veins are
foliated, folded and sometimes transposed into the
mylonitic foliation of Konstantinovo shear zone (Fig.
3a). The youngest veins are not penetrativelly de-
formed, and in some places post tectonic veins are
observed (Fig. 3b). The occurrence of variously de-
formed in solid state veins and dykes suggest that the
melts emplacement occurred during progressive
shearing and is an evidence for the presence of melt
during deformation along the northern margin of
Izvorovo pluton.

The most detailed work in this study was carried
out along the northern margin of Izvorovo pluton
(Fig. 2) in and around the Konstantinovo shear zone
(KSZ) that was defined to explain the occurrence of
the rocks with spectacular high-strain fabric — my-
lonitic granites with extremely large K-feldspar
porphyroclasts and intensively penetrated by aplitic
veins biotite gneisses transformed to autoclastic
conglomerates (Gerdjikov, 1999).

The new field data, namely, (1) accurate mapping
of the northern border zone of the Izvorovo pluton
west of the Maritsa river (Sarov et al., 1999-2000,
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@ur. 2. Teosoxkka kapTa Ha odaacTTa MeXIy ceiata Y3yHaxoso u bearapun (mo Gerdjikov, 1999 u Sarov et al., 1999—2000

— HemyOJMKYBaH JOKJAJ)
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unpublished report with map of 1:25 000) and (2)
estimation of the finite strain (based of boudinage
structures study) in the rocks hosting the autoclastic
conglomerates, allow to revise the previous definition
of KSZ. Based on these new data it seems reasonable
to assume that KSZ includes not only the K-feldspar
bearing granites and autoclastic conglomerates but
also part of the highly strained rocks from the
volcano-terrigeneous complex. In this way, KSZ
could be characterized as a zone of distributed shear
deformation that widens significantly west of the
village of Balgarin. In the area of the villages of
Balgarin, Shishmanovo, Preslavets and Polianovo
KSZ reaches more than 3 km width in map view.
Fabrics related to KSZ gradually die out in the
mylonitic and strongly folded Triassic metasediments
3—4 km NW of the village of Uzundzovo. Typical of
the western part of KSZ are: (1) mylonitic S/L fabric
displaying consistent orientation (Fig. 4); (2)
association of horizontal stretching lineation with
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Fig. 3. a) Biotite gneiss from KZS shows rootless isoclinal
folds demonstrating transposition of foliation, east of
Preslavets village; ) Tabular, not penetrativelly deformed
pegmatitic veins crosscut mylonitic gneisses of KSZ, east of
Preslavets village; ¢) L tectonite fabric developed in the
leucocratic granites, south of the village of Polianovo

®ur. 3. a) be3kopeHHH U30KJIMHAJIHM I'bHKH B OMOTHTOBU
rHaiicn or KoHcTaHTHHOBCKaTa 30Ha Ha cpsi3BaHe, U3TOYHO
ot c. Ilpecaasen; b) HeHamncTeHH MerMaTUTOBM KHJIH,
CeKyIIH MWIOHUTHUTE rHaiicu or KoHcTaHTHHOBCKaTa 30Ha
Ha cps3BaHe, U3To4HO oT c. IIpecaasen; ¢) L—rexkTroHuTH,
Pa3BUTHU B JICBKOKPATHH I'PAHUTH, IOKHO OT C. IToasHoBO

variously dipping foliation; (3) common occurrence
of folds with axes 80—110° deforming the mylonitic
foliation; (4) localization of enormous amount of
granitic material with syn- to post-tectonic character;
(5) noticeable transition to lower grade metamorphic
alteration toward NW.

The sheeted structure of the mapped leucocratic
granites is well expressed in the studied area. The
leucogranitic sheets are between 20 cm up to 1 km
wide. Most often they are concordant and enclosed
into the mylonitic rocks of KSZ, associated with
steeply (dominantly to north) dipping foliation and
almost strike-parallel stretching lineation. The bigger
sheets often contain numerous concordant wall-rock
inclusions. The complicated interlayering of the
leucogranites with mylonitic host rocks and granitoids
from Izvorovo pluton produce field pattern that is
not possible to be reproduced accurately on the map.
Especially informative in this respect are the field
relations observed north of the village of Balgarin as



Fig. 4. Lower hemisphere stereographic plots of structural data from the areas marked with numbers in Fig. 2. Filled squares
are poles to solid-state foliation; triangles, magmatic foliation; filled circles, plunge of lineation; stars, fold axes

®ur. 4. Crepeorpad)cKH NPOEKIMHM HA CTPYKTYPHH eJleMEHTH OT AOMeHHUTe o3Ha4deHH ¢ nudpu Ha ¢ur. 2. Joxna noxycdepa,
paBHOIIOIIHA nmpoekuus. KBagpaTyera — moaiocu Ha HajokeHa (omanusi, Kpbryera — JIMHENHHOCTH, 3BE3TUYKH —

I'BHKOBH OCH

well as south and southwest of the village of
Shishmanovo. Here, the mylonitic rocks of the
volcano-terrigeneous complex (metasandstones,
metarhyolites etc.) are penetrated by a network of
often highly deformed leucocratic and K-feldspar
porphyroclastic granites. In this part of the studied
area Ivanov (1964) described xenoliths from older
fine-grained granitic dykes into leucocratic granites.
It is often difficult to distinguish between different
granites due to the strong mylonitization related to
the movements along KSZ.

The granitic bodies display sharp contacts with
the surrounding country rocks and no chilled margins
are observed at the sheets margins. It is important to
note that at the contact with the metapsammitic rocks
of Topolovgrad Group the leucocratic granites are
invariably mylonitic and the emplacement related
fabric had been obliterated. These contacts are well
exposed in the area north of the village of Uzundzovo
(along the road to Nova Nadezda — 25°427307,
41°59°27"; and at 25°38°59”", 41°59°54"" along the
Goliamata River). In this northwestern tip of both
KSZ and Aleksandrovo granites, a noticeable

lowering of the grade of mylonitic fabric is observed.
Here, the leucocratic granitoids are transformed to
muscovite schist, and it is often impossible to be
distinguished in outcrops from the mylonitic arcoses
of the Paleokastro Formation (Lower Triassic).
Nevertheless, it is obvious that at least some dykes
were emplaced into these metasediments and these
crosscutting relations were described by Boyanov et
al. (1965). This is a clear evidence for the Alpine age
of the leucogranites.

The Aleksandrovo granites and the associated veins
and dykes display various fabrics. In some places
they appear isotropic. Nevertheless, clear evidence
for solid state overprint could be detected, especially
in thin-sections. The strain distribution is uneven but
generally there is a tendency for highest strain to-
ward the northern margins of KSZ. The solid state
structures in the granites include a well-defined fo-
liation, small-scale shear zones and bands of S/C
mylonites (Lister, Snoke, 1984) with various thick-
ness. At the cores of meter-scale folds, L tectonites
have been observed (Fig. 3c). The most intensely de-
formed leucocratic granites are transformed to mus-
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covite ( biotite) gneisses or muscovite schists, de-
pending on the thermal conditions during myloniti-
zation. In these cases, a prominent E—W trending
lineation is observed that is expressed in stretched
quartz-feldspar aggregates or aligned mica flakes.
In sections parallel to the lineation shear bands as
well as y-type K-feldspar porphyroclasts (Hanmer,
Passchier, 1991) confirmed top—to—east shearing in
KSZ. In low-strain domains, the foliation is defined
by weak alignment of muscovite and quartz lenses
but even in these cases thin-section examination shows
evidence for solid state overprint such as deforma-
tion twins and marginal recrystallization of feldspars
(Fig. 5a) and often complete quartz recrystallization
of (Fig. 5b).

The microfabrics of the mylonitized leucogranites
show plastic deformation of all the rock forming
minerals. The intense ductile deformation completely
altered the original granite texture and the rocks are

transformed to typical banded quartz—feldspar
mylonites. The feldspars are completely recrystallized
and show equigranular patterns. The equilibrated
grain boundaries are often observed with triple points
made by neighbouring grains. Recrystallized grains
range up to 300 um in size. Four domain types could
be distinguished: (1) domains of recrystallized K-
feldspar (Fig. 5¢); (2) domains of recrystallized K-
feldspar and plagioclase; (3) domains of quartz
ribbons (Fig. 5d); (4) mica-rich domains, following
sometimes the extensional shear bands, often rich in
opaques that mark fluid circulation.

Pripek granites

The Pripek granites are cropping out in the eastern
margin of Central Rhodopes. They were described
as an example of magma emplacement completely
unrelated to the penetrative fabric of the hosting

Fig. 5. Aleksandrovo granite, microphotographs. Leucocratic granite with weak solid-state overprint, west of the village of
Aleksandrovo: a) Deformed igneous plagioclase with smaller recrystallized grains along the margins (arrows). The bar is 0.5
mm, N+; b) Recrystallized quartz grains forming foam structure. The bar is 0.3 mm, N+. Mylonitized leucocratic granite,
north of the village of Balgarin: c¢) Recrystallized, polygonal K-feldspar grains with microcline twinning inferred to be a result
of solid-state deformation. Quartz with prismatic subgrain boundaries (1). The bar is 0.5 mm, N+; d) Sutured quartz grain
boundaries in a thick quartz ribbon type 4 (Boulier, Bouchez, 1978). The bar is 0.3 mm, N+

®ur. 5. MUKPOCKONICKY CHUMKH Ha CTPYKTYPH OT AJieKcaHApoBckuTe rpaHutu. Ciaabdo nedpoMupaH jJeBKOTrPpaHUTH (3amaaHO
OT ¢. AjlekcaHaApoBo): a) AedopmMupaH MarMaTU4YeH IJIArHOKJIA3 ¢ MPEeKPUCTAJIN3UPAIH 3bpHA mo prOoBere, N+, mamad 0,5
mm; b) npeKpucCTAIU3NPaIN 3bpHA, odopMmaIIU cTPpyKTypa TUN “nsana”, N+, mamad 0,3 mm. MuIOHUTU3MPAH JIEBKOKPATEH
rpaHuT (ceBepHo OT ¢. Bharapun): ¢) NMpeKPUCTAIM3UPAIM B Pe3yJTaT OT HajokKeHata Aedopmanus 3ppHa K-demgmmar.
KBapuoBu 3bpHa ¢ mpu3MaTHYHHM rpanunu Ha cyosspuara (1), N+, mama6 0,5 mm; d) kBapuoBu puGoHu TN 4 CHC CHIHO
Ha3b0EeHN IPAaHMIH HA NMpeKpHcTadu3upaure 3bppHa, N+, mamad 0,3 mm
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metamorphic rocks (Kozhoukharov, 1971; Kozhou-
kharov et al., 1995b). Analogously to the Aleksan-
drovo granites they are leucocratic and spatially
linked to belt of highly strained rocks up to 1 km
wide (Fig. 6), designated as Borovitza shear zone
(BSZ). This shear zone separates rather abruptly the
migmatitic orthogneisses of the Startsevo unit from
the medium grade metamorphites of Borovitza unit
(Sarov et al., 2003). The following description of the
shear zone and associated wall rocks is restricted to
the area where Pripek granitoids are occurring.

In the area east of Zlatograd town the immediate
footwall of BSZ is built up of coarse grained
orthogneisses — Dolen orthogneisses (Sarov et al.,
2003). They display various fabrics — at some places
the granitic protolith is well preserved, but in other
places Dolen orthogneisses display obvious features

24°54'0'E

of melting in situ as a formation of synmigmatic
layering (Vanderhaeghe, 2001). A great number of
aplitic and pegmatitic veins related to Pripek granites
penetrate the Dolen orhtogneisses and some of them
crosscut and seal the gneissic fabric.

Fine-grained biotite gneisses, amphibolites,
marbles and large bodies of deformed megacrystic
K-feldspar granites are predominant in Borovitza unit.
All these rocks are noticeably finer grained and posses
better expressed stretching or mineral lineation
compared to the rocks of Startsevo unit. The mega-
crystic K-feldspar granites are commonly mylonitic
transformed in augen gneisses with feldspar
porphyroclasts. Kozhouharov et al. (1995b) suggested
that the augen structure was formed as a result of
the migmatisation. But in fact, no signs of melting
were observed in the rocks of Borovitza unit.
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Fig. 6. Geological map of part of Central Rhodopes showing the Pripek granitoides and Borovitza shear zone (after Sarov et

al., 2003)

®ur. 6. l'eonoxkka xkapra Ha Orou3TounnTe dyactu Ha llenTpannure Pomomm, miroctpupama mo3unusaTa Ha Ilpunexckure
rpauuty 1 BopoBumkara 30Ha Ha cps3BaHe (mo Sarov et al., 2003)

11 Cnucanve Ha BBarapckoTo reojoruuecko ApyxectBo, kH. 1—3, 2005 81



Reconnaissance work in the Greek part of the
Rhodopes suggests that BSZ continues in the
vicinities of the villages of Medusa and Satre. In these
places, the most southern section through BSZ
(Gerdjikov, Gautier, Sarov — unpublished data) is
situated and analogously to the area east of Zlatograd,
similar association of leucocratic granites and
aplitic-pegmatitic veins with mylonitic rocks is
observed. The footwall of the zone is built up of
migmatitic orthogneisses similar to the Dolen
orthogneisses, but the features of the hanging wall
are obscured by widespread Tertiary sediments and
volcanics. In the area of the village of Satre the
hanging wall is dominated by ultrabasic rocks that
appear to be continuation of the large ultrabasic body
that crop out near Dobromirtsi on Bulgarian territory.

In the area where Pripek granitoids occur BSZ is
represented by mylonitic biotite and biotite-muscovite
gneisses and schists that most probably represent

metasediments. These rocks contain a single
penetrative fabric and no obvious traces of earlier
events are observed. Intensive synmetamorphic shearing
of these rocks is demonstrated by: (1) grain size
reduction in the shear zone; (2) complete parallelism
of fabric and veins inside the zone; (3) occurrence of
stretched aplitic and quartz veins (Fig. 7a); and (4)
abundance of high amplitude isoclinal folds with
axes parallel to the lineation. The fine grain mylonites,
as well as the occurrence of quartz in the necks of
the boudinage structures are an indication for
relatively low-grade conditions during shearing,
reaching probably lower amphibolite facies. These
features of the BSZ rocks make them easy to
distinguish from the migmatic Dolen orthogneisses
(Startsevo unit) and from granitoids with K-feldspar
porphyroclasts (Borovitza unit).

One of the best sections across BSZ is along the
eastern flank of Nedelinska River, along the road to

Fig. 7. Contact relations and character of the deformation of the aplitic veins in the Borovitza shear zone: a) Stretched and
boudinaged aplitic and quartz veins in fine-grained biotite gneisses. Typical is the complete parallelism of veins with the
mylonitic foliation. East of Dolen village; b) Isoclinally folded aplitic veins and undeformed veins parallel to the foliation. East
of Dolen village; c¢) Subvertical aplitic vein crosscutting the foliation and earlier, boudinaged veins. East of Dolen village; d)
Concordant sheet-like leucogranitic bodies with meter-scale xenoliths parallel to the contacts. Note the occurrence of variously
deformed aplitic veins — isoclinally folded and boudinaged. Width of the photo — 7 m. Northwest of Satre village.

®ur. 7. Me3zomamadHu CTPYKTYpPH, 0()OPMEeHH OT AIIUTHH kujiu B bopoBumkara 30Ha Ha cps3BaHe: a) Pa3Bieuenn u
OyAMHUPAHH AIUIMTHM M KBAPLOBH KMJIM BbB (PMHO3BPHCTH OMOTHTOBM rHaiicu, m3touHo ot c. doaen; b) U3okiuHaano
Or'bHATH M Heae(OpMHPaHU AILUIMTHU KWIH, JeXKAIIH B IJIOCKOCTTa Ha ¢onauanuara, u3Ttouno ot c. Hoaen; c¢) Pannu,
Pa3KbCaHM ANJIMTHU KHJIM NapajieJHd HAa MHJIOHMTHaTa doJuanus U ceKyma cyOBepTHKajJHAa alINT-MErMaTHTHA KUJA,
U3TO4YHO OT ¢. /losieH; d) KoHKOpIaHTHM KMJIM OT JIEBKOT'PAHTH, BKJIIOUBALIY KCEHOJIMTH OT BMECTBALMTE CKAJIHU, NapajieTHO
pa3noJjiokeHN Ha KOHTakTute Ha xkuaurte, C3 ot c. Carpe. Ibiara oc Ha cHumMkata — 7 m.
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the village of Dolen. Here, the mylonitic foliation
dips moderately to SE and bears stretching lineation
dipping to SSE-SE (Fig. 8). In sections parallel to
the lineation, asymmetric foliation fish and
asymmetric boudinage structures indicate top—to—
the NW shear sense. All observed kinematic indicators
are restricted to deformed leucocratic material or
more rheologically heterogeneous domains. Typically
fine-grained biotite gneisses lack meso-scale evidence
for non-coaxial flow.

The Pripek granite and associated dykes are
intruded along the sheared contact between the mig-
matitic Startsevo unit and the lower-grade Borovishka
unit. In general, they are medium-grained, equigra-
nular and contain quartz, plagioclase, K-feldspar,
muscovite, T biotite, etc. Even in cases when there is
a pronounced solid state overprint, the finer grain
size as well as the more leucocratic character clearly
distinguishe Pripek granites from neighboring
orthogneisses. An undeformed sample from the
Pripek granite yielded 51—53 Ma U—Pb zircon date
(Ovtcharova et al., 2003).

East of Zlatograd town, the Pripek granites form
NNE—trending magmatic complex. On the maps,
Pripek granites form compact body, traced from
25°117°2777, 41°27°507 to 25°9°57", 41°22°46"".
However, no single main plutonic body could be
distinguished. In fact, the Pripek granites form swarm
of several sill-like elongated bodies, separated by wall
rocks screens. Large xenoliths (width normal to the
foliation >5 m) are observed, but smaller xenoliths
are extremely rare. These wall-rock inclusions are
concordant to the contacts of the bodies. The contacts
of the individual bodies are most often parallel to
the mylonitic foliation and are sharp, but in some
cases, leucoctaric granites cross-cut the gneissic
fabric of Dolen orthogneisses (e.g. NE of the village
of Dolen). In all cases no noticeable chilling along
the margins is observed. Toward the borders of the
swarm, intensive injection of aplitoid and pegmatitic

veins is observed in the mylonitic host rocks. Aplitic
and pegmatite intrusions occur as thin pods, dykes
and sills. Many of the pegmatite bodies are foliated
and appear to be synmetamorphic and syntectonic
with respect to the foliation. Some thin veins are
folded with fold axes parallel to the lineation and
axial planes parallel to the foliation (Fig. 7b). Other
bodies have sharp contacts, are not deformed, and
must be younger than at least some of the deformation
(Fig. 7¢). He intimates interlayering of veins totally
devoid of solid state deformation with deformed ones
(Fig. 7d) strongly suggest that multiple intrusions took
place during transient magmatic pulses.

In most of the outcrops the leucocratic granites
display little evidence for solid state deformation.
Foliated granites could be found in rare shear
zones inside the magmatic bodies. They are typical
of the margins of the bodies. The foliation is
parallel to the mylonitic fabric in the host rocks
and is defined by aligned muscovite, quartz and
feldspar grains. Solid state origin of this fabric is
indicated by: (1) dynamic recrystallization and
recovery by grain-boundary migration of quartz
and (2) ductile deformation of feldspars by
dislocation creep processes as shown by core and
mantle structures. S/C fabric could be observed in
some small leucogranites bodies with thickness up
to 20 m, whereas in other cases S/C fabric is
developed along the margins of large bodies. In
all observed cases S/C fabric shows kinematics
consistent with the movements along BSZ. Typical
examples could be observed along the road to the
village of Dolen and also along the road to the
village of Satre, west of this village.

A continium of microstructures ranging from that,
recording medium-temperature deformation to those
reflecting low-temperature deformation is present in
the deformed parts of Pripek granites. The evidence
for low-temperature deformation is most obvious in
the leucogranites with S/C fabric. Here, the matrix is

Fig. 8. Lower hemisphere stereographic plots of structural data from the area east of Zlatograd: 7, Dolen orthogneisses; 2,
Borovitza shear zone; 3, Hanging wall of Borovitza shear zone. Filled squares are poles to solid-state foliation; filled circles

— plunge of lineation; stars — fold axes

®ur. 8. Crepeorpadgckn NpoeKUHH HA CTPYKTYPHHU €JIEMEHTH OT 00JacTTa HA M3TOK OT 3jatorpaa: I — J0JeHCKH OPTOrHaicH;
2 — boposBumika 30Ha Ha cpsa3BaHe; 3 — BucAl0 Kpuio Ha boposumkaTa 3ona. J{osHa nmoaycdepa, paBHOIUIOIHA POEKIIUS.
KBangpaTuera — mosrocu Ha HajoxKeHa (oamanusi, Kpbryera — JMHENHHOCTH, 3B€3JIMYKH — I'bHKOBU OCH
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characterized by strong grain-size reduction that
affected mainly quartz and micas. Feldspars show
mainly brittle deformation fabrics, including cracks,
bending and kink bands (Fig. 9a) that suggest de-
formation under low-temperature conditions, below
the minimum temperature for feldspar recrystalliza-
tion (Tullis, Yund, 1991; Pryer, 1993). On the other
hand, except these micro-scale features, medium-
temperature deformation fabric is also observed. Both
plagioclase and K-feldspar show recrystallization
along intragranular fracture planes or grain
boundaries (Fig 9b). The recrystallized grains are
small (up to 100—200 pm in diameter). Along the
margins of some K-feldspar porphyroclasts myrmekite
is observed (Fig. 9c), suggesting temperatures >500°C
for some of the deformation (Simpson, Wintsch,
1989). The microstructural record of quartz is highly
heterogeneous. In the strain shadows around feldspar
porphyroclast large grains with highly sutured grain

boundaries are observed. Very finegrained re-
crystallised aggregates with a pronounced crystallo-
graphic preferred orientation along C-planes reflect
intense plastic flow by dislocation creep (Fig. 9d).

Discussion

Aleksandrovo and Pripek granites share a great
number of common features, despite the fact that
they belong to different tectonic zones and are of
different ages. The most prominent common feature
is the close spatial relation with the crustal-scale
ductile shear zones. The elongated shape, concordant
orientations of the magmatic bodies, wall-rock
inclusions and bounding wall rocks is a result of
emplacement into preexisting weak zones. All this
strongly suggests that the emplacement of the
granitoids was controlled by the shear zones and is

Fig. 9. Thin section photographs from mylonitic leucocratic granite (1 km west of the village of Satre, Greece), crossed
polarizers, scale 500 um, unless stated otherwise: a) Kinked K-feldspar crystal displaying limited marginal recrystallization.
Scale 250 pm; b) K-feldspar porphyroclast (1) displaying marginal recrystallization (2). Recrystallized quartz and biotite
define the foliation; ¢) Myrmekite (3) at the contact between two feldspars grains. One of the porphyroclasts (1) display
marginal recrystallization (2); d) Grain-size reduction of dynamically recrystallized quartz along C-plane. Horizontal foliation,
NW is to the left

®ur. 9. MUKPOCKONICKM CHUMKH Ha MHJIOHMTH3UpaHM JeBkokpatHu rpanutH (1 km 3anmaaso ot c. Carpe, I'npuus), N+: a)
OrbHat kpucraa K-dexgmnar, okosio koiiTo ce HaOmoaaBa orpaHuveHa npekpucraiausanus. Mamao 250 pm; b)
IIpexpucranuszanus (2) mo pnoosere Ha 3bpHO K-dengmmar (1). Mama6 500 pm; c¢) Ilnaruokiaasos mopdpupokiaact (1)
NPEKPUCTAIM3NPAT YaCTHYHO B nepudepHute uactu (2). MupmekuTu, pa3Butu no nepudepusira Ha 3spHo K-denqmmnar
(3). Mama6 500 pm; d) Penykuusi B pa3mMepa Ha 3bpHATa Ha AMHAMHYHO MpeKpucTtagu3upai ksapy mo C-miockoct. JIsBo
— C3, Mama6 500 pm
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in agreement with a great number of contributions
presenting data about close relations between pluton
emplacement and shear zones (Karlstrom et al., 1993;
Ingram, Hutton, 1994; Neves et al., 1996). The
generally weak solid state deformation in the
granitoids compared to the mylonitic wall rocks as
well as truncation of the wall-rock fabric in some
cases suggest that much of the movements along both
KSZ and BSZ occurred before emplacement of the
Aleksandrovo and Pripek granitoids. However, locally
observed solid-state fabrics in the granitoids indicate
that a similarly oriented strain field persisted during
magma emplacement.

Detailed mapping demonstrated that the studied
granitoids do not form large compact plutonic bodies,
but instead the occurrences of these granites consist
of belts of elongated, coalesced, sill-like magmatic
bodies. In the case of Aleksandrovo granites, the
concordant wall-rock inclusions are abundant and
often, thin wall rock screens separate the individual
leucogranitic bodies. This structural pattern is also
characteristic of Pripek granites and leads to great
difficulties to present the field relations on small-
scale maps. Sheeted plutons with steeply dipping
contacts are regarded to be typical of plutons that
ascend or are emplaced along shear zones (Ingram,
Hutton, 1994; Mahan et al., 2003).

The structures of the studied granitoids clearly
indicate the occurrence of solid-state fabric. The latter
is parallel to the regional scale S/L fabric and the
observed shear-sense indicators are consistent with
the kinematics recorded by mylonitic host rocks. S/C
fabric is observed both in Aleksandrovo and Pripek
leucogranites and except for indication for solid state
overprint, this type of fabric is regarded as typical of
syntectonically emplaced granitoids (Gapais, 1989).
On the other hand, the existence of few late,
crosscutting the fabric of the host rocks leucogranites
and associated aplitic and pegmatitic veins is a clear
indication that at least in some parts of the studied
shear zones, the magmatic activity outlasted ductile
deformation.

The solid state overprint, the lack of contact
aureole and chilled margins clearly demonstrate that
there are no grounds to describe the Aleksandrovo
and Pripek granites as post-tectonic. Because of the
lack of pronounced magmatic fabric, it is difficult
to explain solid-state fabric with buoyancy-related
emplacement deformation. In contrast, the close
spatial relations between these magmatic bodies with
the most important shear zones is implying that they
are related to or controlled by active movements along
these shear zones (e.g. Ingram, Hutton, 1994).
Additional constraints on the relations between the
deformation in the shear zones and the timing of
magma emplacement are provided by the aplitic and
pegmatitic veins, associated with the leucogranites.
In both of the studied areas numerous field relations
suggest that melt was present during and after the
main movements along the shear zones. Nominated
as earlier veins are variously deformed ones: (1)
isoclinaly folded or boudinaged, but not displaying

mylonitic fabric (In this case the deformation resulted
only in change of the shape of the veins, because of
the great rheological contrast with the enclosed fine-
grained matrix); (2) intensively foliated veins,
emplaced into more competent host rocks. It is
important to note that extreme deformation and
disintegration of veins is observed only in KSZ and
in such cases spectacular autoclastic conglomerates
and augen gneisses are described (Gerdjikov, 1999).
As syntectonic veins could be regarded: (1) emplaced
into mylonitic host veins displaying weak solid-state
overprint and with parallel orientation of S/L fabric
in the mylonites and in the veins; (2) folded veins, in
condition that the folds of the veins are coaxial with
those in the country rocks but are more open; (3)
Veins, emplaced along the axial surfaces of folds.
All these relations demonstrate that the emplacement
and deformation were coeval and just few late melts
could be characterized as true post-tectonic. A
detailed geochronological work is needed to constrain
well the timing relations in the studied areas. The
isotopic data will provide not only constraints on the
ages, but could be used together with quantitative
strain estimate techniques to calculate the strain rates
within the crust.

Conclusions

1. There is a clear spatial relationship between the
major shear zones in the Sakar—Strandja zone and
Rhodope zone with elongated sill—like leucogranitic
bodies.

2. The occurrences of Aleksandrovo and Pripek
granites consist of belts of highly elongated, coalesced,
sill-like magmatic bodies usually separated by thin
screens of wall-rocks. They could be regarded as a
good example of sheeted intrusions.

3. In a number of places pronounced solid state de-
formation in the Aleksandrovo and Pripek granites
were documented to be geometrically and kinemati-
cally related to the movements of the enclosing shear
zones.

4. Field relations undoubtedly demonstrate the
presence of melts during the movements along KSZ
and BSZ in the areas of distribution of Aleksandrovo
and Pripek granites. The emplacement of the biggest
sheet-like plutons was posterior to the emplacement
of the earlier swarm of deformed aplitic and
pegmatitic veins. The active shearing along KSZ and
BSZ was sealed by late crosscutting, leucogranitic
and aplitic veins.
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