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Abstract. We have determined the deformation features along the southern and south-western
contacts of the Rila-Rhodope batholith, as well as in the host metamorphic rocks, in order to
clarify the deformation conditions and emplacement mechanism of this large granitic pluton. The
studied area is located in the southwest Bulgaria, northeast of the town of Gotse Delchev. The field
and microstructural observations along cross-sections of the contact suggest syntectonic emplace-
ment of the Rila-Rhodope batholith relative to the last amphibolite facies metamorphism. The
features of the granites and their host rocks that support this conclusion are: (1) conformity of the
magmatic foliation and lineation to the solid-state foliation and mineral stretching lineation in the
granites, as well as in the host metamorphic rocks; (2) identical synkinematic shear determined in
both the granites and their host rocks indicating top-to-the SW direction of the tectonic transport;
(3) presence of non-deformed veins of granitoid material indicating the existence of granitic melts
after the imposing of the ductile deformation; (4) solid-state deformation at amphibolite facies
conditions. The intrusion of the granites could be related to the period of extension of the Rhodope
Massif resulting in exhumation of the deeper parts of the crust and the development of the Rhodope
metamorphic core complexes during Paleogene times.

Another ductile shear zone existing between the two distinguished metamorphic units is also
reported. It predates the one along the contact of the batholith and is characterized by higher
degree of shearing deformation.

Balkanska, E., Dimov, D. 2009. Ductile deformations along the south-western contact of the
Rila-Rhodope batholith, West Rhodopes, Bulgaria. Geologica Balcanica 38(1—3), 69—77.

Key words: Rila-Rhodope batholith, ductile shear zone, syntectonic structures, shear-sense
criteria, amphibolite facies.

INTRODUCTION

The structural analysis of solid-state deformation
has been successfully used for studying the rela-
tionship between processes of regional metamor-
phism, granitoid magmatism and deformation. The
studies of emplacement mechanisms of intrusive
bodies is of great importance for better understand-
ing of this complex relationship (Hutton, 1988). À
large number of scientific publications are discuss-
ing localization of deformation in the periphery
of large intrusive bodies, carried out after a ther-
mal pulse (Workley and Wilson, 1996; Karlstrom
and Williams, 1995). To analyse the relationship
between deformation and magmatism it is impor-

tant to determine the syn-, post- or pre-tectonic
deformation styles recorded within the intrusions.
The main features to define syntectonic magma-
tism include: conformity of the magmatic folia-
tion and lineation to the solid-state foliation and
mineral stretching lineation in the host rocks
(Archanjo et al., 1994); identical synkinematic
shear-sense criteria both in the magmatic body and
in the host rocks (Hanmer and Passchier, 1991;
Nicolas, 1992; Dimov, 1994); presence of features
indicating the existence of melts at the time of or
after the solid-state deformation (Bouchez et al.,
1992; Ghosh, 1993; Zurbriggen et al., 1997); sol-
id-state deformation at high temperature condi-
tions (Miller and Paterson, 1994).
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Fig. 2. Sketch map of the Rhodope Massif after Burg et al. (1995) with approximate places of the geochronological datings
(numbers in brackets: referred geochronology — 1. Boyadjiev and Lilov (1976); 2. Lips et al. (2000); 3. von Quadt and Peycheva
(2005); 4. Cherneva et al. (2006); von Quadt et al. (2008).
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This paper presents new meso- and microstruc-
tural observations for the granites from the south-
ern and south-western contacts of the Rila-Rho-
dope batholith, as well as for the host metamorphic
rocks. The studied area is located in the south-west-
ern part of the Rhodope Massif, east of Mesta Riv-
er valley and north-east of Gotse Delchev town. The
field observations cover outcrops along the Kanina
and Vishteritsa River valleys and several of their
tributaries (Fig. 1). The structural investigations are
carried out along cross-sections from the inner un-
deformed parts of the batholith to several km with-
in the host metamorphic rocks. The lack of detailed
structural studies for the region of interest, as well
as the contradictory literature data for the orienta-
tion of the existing structures, the type of deforma-
tion of the granites and the metamorphic events
recorded in host rocks along the southern contact
of the batholith, all motivated the present study. The
new structural data in addition to the existing geo-
chronological and structural data for other parts
of the batholith frame may help shed a new insight
about the emplacement mechanism and the pre-,
post- or syntectonic history of deformation of the
Rila-Rhodope batholith.

GEOLOGICAL SETTING

The petrological, geochronological and geochemi-
cal characteristics of the Rila-Rhodope batholith
have been discussed in numerous publications (Boy-
adjiev, 1959; Kozhukharov et al., 1959; Valkov et al.,
1989; Kamenov et al., 1999; Peytcheva et al., 1998).
Òhree main pulses of granitoid magmatism were rec-
ognized based on petrological, geochemical and
structural data: phase 1 — hornblend-biotite and bi-
otite granodiorites and rarely granites; phase 2 — equi-
granular mesocratic biotite- and two-mica granites;
and phase 3 — fine-grained leucocratic and aplitoid
granites. Isotopic data confirm the three magmatic
pulses of the Rila-Rhodope batholith. The U-Pb dat-
ing of zircons and monazites north of the investigated
area (von Quadt and Peycheva, 2005) determined ages
of 66.8—69.3 Ma for the first phase granite intrusions
and 37.5 Ìà for the second. The same authors also
dated metadiorites and a metagranitic vein of the host
metamorphic rocks, E—NE from the batholith con-
tact, affected by ductile deformation. The obtained
age within the range of 40—43 Ìà was interpreted as
the age of the synmetamorphic intrusion of the gra-
nitic magma. Boyadjiev and Lilov (1976) reported
36—38 Ma K-Ar cooling ages for the biotite from the
biotite granites (phase 2), located NW of our study
area, with similar to the U-Pb age of the second type
granites. For the granites of Dolno Dryanovo pluton,
located near the investigated region, Boyadjiev and
Lilov (1976) reported K-Ar age of 31 Ìà.

The Rila-Rhodope batholith was intruded in var-
ious metamorphic rocks. Several schemes for litostrati-
graphic or lithotectonic subdivision of the host rocks
exist in the literature. Kozhuharov et al. (1959) in-

cluded the host metamorphic rocks into the so-called
“Lower (high-crystalline) Series”, subdivided into
three formations, including amphibole-biotite gneiss-
es, leptitoid two-mica and biotite gneisses and varie-
gated sequence containing marbles, amphibolites and
schists. Katzkov and Marinova (1992) recognized the
same metamorphic rocks and regarded them as “Si-
tovo Group”. Burg et al. (1995) distinguished in the
Rhodope Massif two main units in the metamorphic
sequence (lower and upper terranes), separated by
major ductile mylonitic shear zones (Fig. 2). Accord-
ing to their division, the upper terrane includes part
of the investigated area in this study and consists of
meta-ophiolites, enclosed in a metasedimentary se-
quence. Burg et al. (1995) also described several thrust
sheets (intermediate terranes), stacked between the
upper and lower terranes. The high-grade metamor-
phic rocks, south of the batholith contact belong to
the migmatite-orthogneiss sequence (an intermedi-
ate terrane), characterized by intense recrystalliza-
tion. According to the lithotectonic subdivision sug-
gested by Sarov et al. (2008), the metamorphic rocks
in the investigated area belong to the “Sarnitsa Litho-
tectonic Unit” including migmatized parametamor-
phic rocks (schists, marbles, and gneisses), amphib-
olites, ultramafics and orthogneisses.

Based on structural and lithological features of
the studied rocks, we distinguish two units (terranes)
within the metamorphic basement. The considered
two units correspond to the intermediate thrust sheets
and the upper terrane of Burg et al. (1995). We call
them “lower terrane” and “upper terrane”, respec-
tively. We performed detailed structural studies of
the ductile mylonitic shear zone between the upper
and lower terranes.

The age of the metamorphism of the Rila-Rho-
dope batholith host rocks was determined by Lips et
al. (2000) who obtained K/Ar cooling ages of 40 to
35 Ma based on white mica from the Greek part of
the Rhodope Massif which similarly to our study area
constrains exhumed metamorphic complexes and their
amphibolite facies metamorphic frame. Cherneva et
al. (2006) obtained U/Pb age of monazites from small
bodies of anatectic granites (“baby-granites”) in the
diatexite migmatites of the studied area (N-NE of
Velingrad town) in the range of 59–63 Ìà. U-Pb-
zircon dating for some orthogneisses from the south-
ern parts of Western Rhodopes (von Quadt et al.,
2008), belonging to “Sarnitsa Lithotectonic Unit” of
Sarov et al. (2008), yielded a “poorly defined” age of
42 ± 20 Ma for the Late Alpine overprinting meta-
morphism of these rocks (Fig. 2).

Several investigators characterized the relation-
ships of the Rila-Rhodope granitoids with the host
metamorphic rocks. According to Boyadjiev (1959),
the influence of this large batholith on the crystal-
line rocks from its frame is expressed by the forma-
tion of granite-gneiss aureol as a result of contact
methamorphism at great depth. Along the upper parts
of Kanina River valley (Fig. 1) Boyadjiev (1959) de-
scribed presence of granite-gneiss zones, interlayer-
ing the host metamorphic rocks at some distance from
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Fig. 4.

a. Magmatic foliation (Lm) in biotite granite (0.5 km north of Beslet forestry);
b. Mineral stretching lineation (Lm) in schistose granites (0.5 km SE of Lisets summit);
c. Well-distinguished ductile deformation in the schistose granites near the contact indicating top-to-the SW direction of the

tectonic transport (500 m SE of the confluence of the Vishteritsa and Kanina River valleys);
d. Amphibolite xenoliths within biotite granites, parallel to foliation planes, elongated parallel to the stretching lineation (Lm), 1.5

km SW of Chiftechark;
e. Similar orientations of the lineation (Lm) in the gneisses (b) and in the cross-cutting aplite veins (a) (1 km SE of Beslet);
f. “Core-and-mantle” structure and deformation myrmekites in potassium feldspar porphyroclast (KFs) indicating dextral shear

sense (top-to-the SW) in schistose granites (0.5 km NW of the confluence of the Kanina and Vishteritsa River valleys) in a
section normal to the foliation and parallel to the stretching lineation, crossed polarizers.

→

the direct contact with the granites. The concept of
Kozhukharov et al. (1959) is similar. According to
the above mentioned authors, the granitoids of Rila-
Rhodope batholith were intruded into the metamor-
phic rocks that had already been regionally meta-
morphosed and consolidated. These authors also
described imposed contact metamorphism affecting
the host metamorphic rocks.

Recently, Peytcheva et al. (1998) and Kamenov et
al. (1999) studied the granitoid rocks located south
and south-west of Velingrad (north of the studied
area), and recognized that these rocks appear to have
suffered ductile deformation. Although these au-
thors did not present detailed structural discussions
they did, however, reported schistosity and mineral
lineation in the granites as gently dipping (10—25°)
to N-NW—N-NE and plunging S-SE–S-SW, which
is similar to the orientation of the same features in
the host metamorphic rocks. Similar features were
described in parallel or cross-cutting aplitic veins at
the same location (Peytcheva et al., 1998). Dimov and
Georgiev (2000) confirmed the existence of conformity
between the planar and linear structures developed
in the granites and their host metamorphic rocks
along the NE batholith contact. These authors pro-
vided shear-sense indicators displaying top-to-the
N-NE direction of syntectonic transport.

The work of Ìàliakov and Belmustakova (2001)
is the only structural study of the south contact of
the Rila-Rhodope batholith. These authors focused
their efforts on the batholith and the host metamor-
phic rocks along Kanina River valley, nearly over-
lapping the study area of this paper. Ìàliakov and
Belmustakova (2001) characterized three different
generations of foliations, folds and lineations devel-
oped in the host metamorphic rocks with various
orientations, resulting from separate tectonothermal
events. The youngest foliation S3 was described as
continuous in the granites from the south contact
dipping to NW and N-NW. The mineral foliation
they believed to be due to retrograde metamorphism.
This was considered as a characteristic feature of
both the granites and their host metamorphic rocks.
Ìàliakov and Belmustakova (2001) supported the
idea of intensive deformation and metamorhism of

both the granites and their host metamorhic rocks
(at epidote-amphibolite facies conditions) long after
the batholith intrusion. According to these authors,
the retrograde metamorhism is expressed by biotite
which was partly or entirely replaced by muscovite
and by the appearance of epidote.

MESO- AND MICROSTRUCTURAL
CHARACTERISTICS

Granites of the southern and south-western
parts of Rila-Rhodope batholith

The rocks from the southern and south-western parts
of Rila-Rhodope batolith belong to the second type
of Peytcheva et al. (1998) and Kamenov et al. (1999).

Fig. 3. Mineral stretching lineation measured in: a) schistose
granites of the Rila-Rhodope batholith; b) host metamor-
phic rocks
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They are predominantly fine- to medium-grained
porphyritic two-mica, at some places purely musco-
vite, granites. Within 2—3 km N and NE of the batho-
lith contact shallow-dipping (commonly less than 35°
to the SW) magmatic foliation and magmatic linea-
tion of biotite (Fig. 4a) have been observed in the
granites. Towards the contact the magmatic folia-
tion and lineation grade smoothly to solid-state pla-
nar-linear fabrics (Fig. 3) with the same orientation.
In the same direction, the intensity of ductile defor-
mation gradually increases. The pervasive solid-state
foliation dips 15—40° to S-SW. The described by
Maliakov and Belmustakova (2001) foliation S3 of
the granites from the Rila-Rhodope batholith dip-
ping to NW and N-NW was not identified in the
studied area. Along the contact of the batholith with
the host metamorphic rocks the solid-state foliation
in the granites dips to SW and rarely to S-SE. The
well-developed mineral lineation (Fig. 4b) defined
by aligned biotite grains is observed in the region of
the summits of Lisets and Vlashka Mogila, as well as
along the Kanina River valley up to east of Beslet
forestry (Fig. 1).

The ductile deformation of the granites is inten-
sified close to the batholith contact (Fig. 4c). Am-
phibolite xenoliths often occur within the foliated
granites and are oriented parallel to the foliation
planes and the mineral stretching direction (Fig. 4d).
Biotite paragneiss xenoliths are observed in the same
position.

Numerous parallel to the solid-state foliation de-
formed aplitic and pegmatitic veins with thickness
up to 30 cm intruded the granites at various places.
Some cross-cutting veins were also observed. The ori-
entation of the mineral stretching lineation both in
the parallel and cross-cutting veins is the same as
that in the granites (Fig. 4e). Most of the cross-cut-
ting veins are folded with hinges parallel to the
stretching lineation in the host metamorphic rocks.

Meso- and microscopic synkinematic shear-sense
criteria (reduction of vein thickness next to „Ñ”-shears,
sigma and delta type porphyroclasts, S/C fabric, pres-
sure shadows — Fig. 4c, 4f (Dimov, 1994) have been

observed in the foliated granites at various places.
All these criteria indicate top-to-the SW syntectonic
transport.

Microscopic studies confirm the gradual increase
of the intensity of ductile deformation in the gran-
ites towards the contact with the host metamorphic
rocks. The microstructural features of the granites
located near the batholith contact have been observed
in polished samples and thin sections parallel to the
stretching lineation and normal to the solid-state
foliation (XZ section). In the thin sections sampled
2—3 km from the contact the features indicating in-
tracrystalline deformation are not clearly recognized
and only typical magmatic textures are present. Most
of the observed minerals record evidence for static
growth. The quartz grains are isometric and do not
show preferred orientation. Close to the batholith
contact the intracrystalline deformation is clearly
distinguished and S/C fabric (Berthe et al., 1979)
becomes typical for granite structures. Almost all of
the observed quartz grains and part of the K-feld-
spar grains appear to have suffered the effects of
dynamic recrystallization. Sweeping undulose extinc-
tion of quartz and plagioclase deformation lamellae
are common. Quartz ribbons, developed parallel to
the foliation (Boullier and Bouchez, 1978), are typi-
cal for the vicinity of the contact (see Fig. 5a). At
some places quartz ribbons are obliterated and quartz
grains are recrystallized in fine-grained aggregates
with grain boundary migration characterized by bulg-
ing of the quartz grains (Passchier and Trouw, 1996).
Mantles of fine-grained feldspar with sharp bound-
aries developed around cores of old grains forming
typical “core-and-mantle structures” as described in
Passchier and Òrouw (1996) (see Fig. 4f). Some of
the mantles around large feldspar grains consist not
only of recrystallized K-feldspar, but also contain
fine-grained quartz and plagioclase crystals. In thin
sections of samples close to the batholith contact
abundant myrmekite growth along the boundaries
of K-feldspar porphyroclasts (Passchier and Òrouw,
1996) has been observed. The asymmetric distribu-
tion of the myrmekites has been used as a shear sense

Fig. 5.

a. Quartz ribbons in two-mica schistose granite (0.5 km ESE of Chiftechark), section normal to the foliation and parallel to the
stretching lineation, crossed polarizers;

b. Lense of potassium feldspar (KFs) included in quartz (Qz) in two-mica schistose granite (0.5 km E-SE of Chiftechark), section
normal to the foliation and parallel to the stretching lineation, crossed polarizers;

c. Synmetamorphic folds with hinges parallel to the streching lineation (2 km North of Vireto Summit);
d. Migmatic folds in paragneisses (1.25 km east of Kanuch Summit). Width of view 1.5 m;
e. Boudins of amphibolites in amphibole-biotite striped paragneisses (0.5 km NW of Kovachevitsa village);
f. Reduction of vein thickness next to reactivated C-shear in biotite metagranites, indicating top-M muscovite “fish” in paraschist

indicating dextral shear sense (top-to-the SW), the confluence of the Kanina and Vishteritsa River valleys, section normal to the
foliation and parallel to the stretching lineation, crossed polarizers.

←
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indicator (Passchier and Òrouw, 1996) which reveals
SW direction of the tectonic transport. K-feldspar
grains are most often surrounded by bands of biotite
and muscovite, while recrystallized quartz grains are
concentrated in pressure shadows. Some of the K-
feldspar grains have ó-type asymmetry serving as an
independent shear sense indicator. Lenses of K-feld-
spar in quartz grains are also common (Fig. 5b).
Rarely some thin sections may possess evidence for
static recrystallization, i.e. “foam structures” of Pass-
chier and Òrouw (1996).

In the granites, the ductile deformation is local-
ized within a zone 1—2 km wide.

Host metamorphic rocks

Deformation of host metamorphic rocks near the
batholith contact has also been studied. The lower
terrane consists predominantly of biotite, two-mica
and muscovite leucocratic metagranites, metadior-
ites and rarely thin intercalations of migmatized two-
mica schists, paragneisses and amphibolites. They
suffered intense non-coaxial ductile deformation and
mylonitization. These rocks were described as lepti-
toid gneisses (Kozhukharov et al., 1959). Metadior-
ites occur as small intrusions within the mylonitized
metagranites. The upper terrane consists of more
variegated rocks containing mostly marbles, parag-
neisses, metabasic and ultramafic bodies, altered into
talc-chlorite-muscovite schists.

In the studied area the Rila-Rhodope batholith is
often in contact with metagranites from the “lower
terrane”. A contact of the batholith’s granites with
rocks from the “upper terrane” was observed only at
one place (the confluence of the Kanina River and
Garmadsko Dere valleys).

Close to the contact with the Rila-Rhodope batho-
lith the metagranites appear strongly foliated and
forming S/C mylonites with well-defined mineral
stretching lineation. The lineation direction plunges
to the SW resembling the one in the granites of the
Rila-Rhodope batholith (Fig. 3). The observed ubiq-
uitous foliation planes also dip to the S-SW and SW.
We found no traces of pre-existing foliation or min-
eral lineations and no signs of retrogression of the
mineral assemblages.

In many cases the host metamorhic rocks are in-
tersected by numerous parallel to foliation and cross-
cutting apltitic and pegmatitic veins derived from
the granitoids. The orientation of the foliation planes
and the mineral lineations in the veins is the same as
the one found in the metamorphic host rocks. The
aplitic and pegmatitic veins in the host metamor-
phic rocks are often folded with hinges parallel to
the mineral stretching lineation. The synmetamor-
phic folds with hinges parallel to the regional stretch-
ing lineation plunging to the SW are common both
in the ”lower” and in the “upper” terranes (Fig. 5c).
The folds are often centimetre- to metre- in size, iso-
clinal to open in morphology. They have been ob-
served mainly in the region of Bardo Summit, along
Padinsko and Garmadsko Dere River valleys, SE of
Beslet forestry and in the vicinity of Kovachevitsa
village. The folds with hinges inclined to the E-NE
and to the W-NW are exceptional and bend only the
observed foliation, recorded both in the granites and
in the host rocks. These folds are oblique to the min-
eral stretching lineation and represent typical syn-
metamorphic folds not managed to re-orientate par-
allel to it. Many non-deformed aplitic and pegmatitic
veins intruded the metamorphic host rocks at some
later, post-deformation times.

Evidence for processes of migmatization have been
observed only in a level into the lower terrane along
Kanina River valley, west of Kovachevitsa village.
Migmatitic folds have been observed in the parag-
neisses (Fig. 5d). The leucosome is folded with hing-
es plunging to NE or SW. Cleavage mullions were
observed in the paragneisses north of Kovachevitsa
village, formed by harder layers of orthogneisses with
long axes parallel to the regional stretching lenea-
tion. Locally, along the Kanina River valley boudins
of amphibolites occur in the gneisses as well, and
their axes are plunging to SW (Fig. 5e).

Almost all host metamorphic rocks contain numer-
ous shear sense criteria indicating top-to-the-SW sense
of shear — “ó-type” K-feldspar porphyroclasts, „S-C”-
fabric, reduction in thickness of amphibolite layers
and parallel to foliation veins next to “C”-shears (Di-
mov, 1994) (Fig. 5f). For determining the shear sense
in the metamorphic rocks some micro-shear sense cri-
teria in oriented XZ thin sections were used. In schists

Fig. 6.

a. Fibrolite (Fb) on biotite (Bt) in paraschist, the confluence of the Kanina and Vishteritsa River valleys, section normal to the
foliation and parallel to the stretching lineation;

b. “Core-and-mantle” structure and deformation myrmekites in potassium feldspar porphyroclast (KFs) indicating dextral
shear sense (top-to-the SW) in biotite orthogneiss, the confluence of the rivers Kanina and Vishteritsa, section normal to the
foliation and parallel to the stretching lineation, crossed polarizers.

c. Refolding in gneisses (1.25 km N-NE of Vireto Summit).
d. Rods, isoclinal folds and refolding in the ductile shear zone between the two metamorphic terranes (1.25 km N-NE of Vireto

Summit).
e, f. Sheath folds indicating top-to-the SW shear sense (1.5 km NE of Bardo Summit).

→
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of the “lower” terrane muscovite “mica fish” (Lister
and Snoke, 1984) are common (Fig. 5g). Microscopic
“C”-shears are characteristic both of the metagranites
and the metamorphic para-sequence. Deformation
myrmekites in “ó-shaped” K-feldspar porphyroclasts
have been observed in the biotite orthogneisses. In the
two-mica schists we observed fibrous sillimanite in-
clusions in quartz grains that were formed at the ex-
pense of biotite (Fig. 6a). Most of the K-feldspar grains
have been recrystallized into “core-mantle” structure
of Passchier and Òrouw (1996) (Fig. 6b).

In the host metamorphic rocks close to the con-
tact, a ductile shear zone between the two terranes
crops out in a small area SW of the confluence of
the Garmadsko Dere and Kanina River valleys. The
intense ductile deformation at this part of the sec-
tion is presented by S-C fabric formation in the
metamorphic rocks, pervasive foliation, presence of
rods, sheath folds, strong mineral stretching linea-
tion and mylonitization. The rocks in this zone show
features of typical L-tectonites. Refolding of the
foliation in the metamorphic rocks was also observed
and is shown on Figure 6c. The pegmatitic and
aplitic veins intruding the metamorphic rocks in
the shear zone are refolded as well. The observed
folds are coaxial, isoclinal to open. The rods’ long
axes and most hinges of the imposed folds are paral-
lel to the regional stretching lineation. Some of the
fold hinges are oblique to the stretching lineation,
not managed to re-orientate parallel to it (Fig. 6d).
In the shear zone thin veins of granitic material
occur isoclinally folded having NE-SW oriented
mineral lineation. The sheath folds are typical for
the biotite para-gneisses of the “upper” terrane. They
occur predominantly in Y/Z section, face to the NE
and close to the SW (Fig. 6e, f). The presence of
parasitic folds with characteristic vergence give ev-
idence that part of the metamorphic section in the
shear zone is overturned. Synkinematic criteria in
the S/C mylonites and para-gneisses determine the
shear sense (top-to-the SW). Away from the ductile
shear zone, the folds are rare, but foliation and the
stretching lineation prevail. In that part of the sec-
tion, along Garmadsko Dere River valley, the folia-
tion planes dip to NW.

DISCUSSION AND CONCLUSIONS

Based on the field and microscopic observations the
following conclusions can be made: 1) the well de-
veloped solid-state foliation and the associated min-
eral stretching lineation in the host metamorphic
rocks are conformable both to those in the batholith
granites in the vicinities of the contact and to the
magmatic foliation and lineation in the granites at
distance of 2—3 km of the contact; 2) the solid-state
foliation in all investigated rocks dips predominant-
ly to SW; 3) the magmatic lineation in the granites
and the mineral stretching lineation both in the gran-
ites and host rocks trend everywhere in the investi-
gated region in NE—SW direction (Fig. 3); 4) the

meso- and micro-scale shear sense criteria observed
in the Rila-Rhodope batholith granites and their host
metamorphic rocks are unambiguous and indicate
top-to-the SW shear sense.

The presented structural field and microscopic
data indicate strong ductile deformation observed
parallel to the southern and the southwestern con-
tacts of the Rila-Rhodope batholith. The presence
of folded aplitic and pegmatitic veins injected into
the host metamorphic rocks with hinges parallel to
the mineral stretching lineation, as well as the de-
formed granitic material, all evidence high temper-
ature deformation. Microstructural observations
(recrystallization of K-feldspar porphyroclasts and
formation of “core-mantle” structures, the re-ori-
entation of quartz grains in bands (ribbons), the pres-
ence of lenses of K-feldspar in quartz grains and de-
formation myrmekites in K-feldspar porphyroclasts)
also support the high temperature deformation sce-
nario. The sillimanite fibres formed at the expense of
biotite is a distinguishing feature for the high-temper-
ature recrystallization of the parametamorphic rocks.
The observed structures in both the granites and the
host metamorphic rocks suggest recrystallization at
amphibolite facies conditions and temperatures in
access of 500—550 °Ñ. The existence of un-deformed
granitoid veins intruding the host metamorphic rocks
provides evidence for the presence of melting that is
synchronous or after the ductile deformation.

The new data presented here justify the existence
of a ductile shear zone along the south-western con-
tact of the Rila-Rhodope batholith. We assume that
it is formed after the shear zone between the two
metamorphic terranes that is characterized with high-
er degree of shear stress. On the basis of our results
an assumption can be made for the syntectonic char-
acter of the granites of the Rila-Rhodope batholith
from its southern and south-western contacts.

The data from the present investigation can be
related to similar studies along the other contacts of
the Rila-Rhodope batholith. The shear sense in the
granites and their host metamorphic rocks along the
N-NE batholith contact determine top-to-the NE
shear (Dimov and Georgiev, 2000; Gerdjikov et al.,
2006). Our preliminary studies along the SE contact
of the batholith indicate that the shear sense in the
granites deformed at amphibolite facies conditions
is top-to-the SE. We thus assume that the intrusion
of the granites may be related to the period of exten-
sion of the Rhodope massif and the exhumation of
the deeper parts of the crust during the development
of the metamorphic core complexes (Ivanov et al.,
2000; Jolivet and Brun, 2010). It could be assumed
that an “orogenic collapse” (Burg and Ford, 1997)
followed the Rila-Rhodope batholith exhumation,
caused the shear in various directions and towards its
contact. From deeper parts of the crust, where the tem-
perature was much higher, granitoid magmas rose to-
wards the Earth’s surface. The question for the age of
the magmatic processes could not be discussed fur-
ther due to unsufficient geochronological data for the
studied region. The age of the anatectic granites —
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“baby-granites” (59—63 Ma) (Cherneva et al., 2006)
suggests that the onset of melting in isolated batches
took place without structural control. However, here
we consider this process to predate the extension of
the Rhodope massif. Comparing U/Pb ages of the sec-
ond phase granites (37.5 Ma) with those of deformed
host metamorphic rocks (40—43 Ma) to the north-east
(von Quadt and Peytcheva, 2005) and 42 ± 20 Ma to
the south-east (von Quadt et al., 2008), as well as with
the obtained cooling ages of 36—38 Ma for the second
magmatic phase (Boyadjiev and Lilov, 1976), may re-
veal the upper boundary of batholith intrusion and
the rapid exhumation of the granites. The collapse
following the exhumation shaped the current posi-
tion of the batholith. Further geochronological data

will greatly contribute for the clarification of the geo-
dynamic evolution of the entire region.
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