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The greenschist metamorphism of the rocks that build
up parts of the pre-Mesozoic basement of the Stara
Planina Mountain is traditionally related to an idea
about a pre-Variscan regional metamorphic event.
Typical products of these metamorphic changes are
the rocks of Diabase-phyllitoid formation — DFF
(Dimitrow, 1939). On the other hand, the Alpine tec-
tonics in these parts of the Balkanide orogen is as-
sumed to be brittle faulting at shallow crust levels.
The major fault zones are interpreted as north verg-
ing brittle thrusts (Kockel, 1927; Antonov, 1942; Tche-
chitev, 1958). Some recent detailed investigations in
Zlatitsa and Teteven Stara planina area evidence
compressional greenschist metamorphism, which is
spatially related to Early Alpine north verging brit-
tle-ductile shear zones (Gerdjikov, Georgiev, 2006;
Lazarova et al., 2006).
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Objects of the present investigation are rocks from
the pre-Mesozoic basement of the Tvarditsa Stara
Planina area: Shivachevo and Lazovo complexes
(Ivanov et al., 1974), Tvarditsa pluton as well as Per-
mian sediments and volcanics (fig. 1). According to
Ivanov et al. (1974), Shivachevo complex is composed
of gneisses which are supposed to be products of
high-grade “contact-regional” metamorphism of the
DFF rocks related to the intrusion of small granitic
bodies. The same authors interpret Lazovo complex
as metamorphosed under epidote-amphibolite to
greenschist facies DFF rocks. The slightly higher
metamorphic grade is explained with the protolith
lithology and different structural levels. According
to Ivanov et al. (1974), Tvarditsa pluton is intruded
into Lazovo complex to the north of the town of
Tvarditsa. The major zones of intensive deforma-
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Fig. 1. Schematic geological map of the studied area (after Ivanov et al., 1974)
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Fig. 2. S-C’ fabric in: (a) — Shivachevo metagranites (north of the town of Tvarditsa); (b) — Lazovo metagranodiorites
(Lazovo river valley); (c) — Permian metaconglomerates (Lazovo river valley); (d) — tension gashes into the
Permian sandstones (Lazovo river valley)

tion in the area (Strejeranski and Sapdere reverse
faults) are interpreted as Late Alpine (post-Maas-
trichtian) regional brittle structures (Ivanov et al.,
1974).

Our field and structural investigations along sev-
eral profiles in the southern slopes of Tvarditsa St-
ara Planina Mountain confirmed the opinion of
Statelova, Machev (2005) that the Shivachevo com-
plex is composed of strongly foliated granites. A well
pronounced south dipping (50-60°) foliation is ob-
served everywhere in these rocks. Rarely, visible south
dipping stretching lineation on the foliation planes
has been detected. Despite the presence of K-feld-
spar porphyroclasts we were unable to find reliable
shear-sense criteria, associated with main fabric in
the Shivachevo complex. The penetrative fabric is
cut by meter-scale shear zones (SZa) dipping 30-45°
to south which are especially numerous near the Stre-

jeranski fault zone. In the SZa the orthometamor-
phic rocks are strongly deformed and transformed
to ultramylonites and foliated cataclasites. In most
cases, the cataclastic parts of the shear zones are
located near or form domains in the mylonitic vol-
umes. The mylonitic parts of the shear zones are of-
ten presented by mica and quartz rich domains (fig.
2a). The foliation and stretching lineation dip SSW.
These are parallel in both foliated cataclazites and
mylonites. A special feature of SZa is the presence
of moderately dipping (40-20°) to south penetrative
meso-scale shear bands which cut and deform sig-
moidally the foliation (fig. 2a). This fabric corre-
sponds to S-C’ structures described by Passchier and
Trouw (1996) and Blenkinsop (2002). South- dip-
ping slickenside lineation is observed on the C’-sur-
faces. The geometry of the foliation fishes, shear
bands and slickensides indicate top-to-the-north tec-
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tonic transport and thrust kinematics of the shear
Zones.

Lazovo complex is one of the least studied parts
of the metamorphic basement of the Stara Planina
Mountain. Since the name Lazovo complex was pro-
posed for these rocks by Ivanov et al. (1974), its char-
acter remained controversial. The same authors sug-
gested that Lazovo complex is part of the Lower Pa-
leozoic DFE Ivanov et al. (2001) proposed correla-
tion with the supposed continuous Upper Paleozo-
ic-Triassic section from Sakar Mountains, whereas
Kanchev et al. (1995) failed to recognize the specif-
ics of these rocks and correlated them with low-grade
metamorphics from Western Stara Planina. Our data
indicate different and more complicated structur-
al-metamorphic history of the Lazovo complex. The
rocks of the Lazovo complex, which are exposed in
the Lazovo river valey and to the northeast of the
village of Pchelino, comprise predominantly orth-
ometamorphites (metaultrabasic, metabasic and
metaintermediate) and schists. In Lazovo complex a
dominantly south-dipping foliation is developed and
the associated deformation stage is referred to as D,.
Rarely a stretching lineation on the S, foliation sur-
faces is observed. It dips gently to WNW or ESE. An
earlier deformation stage D, can also be defined. D,
fabric formed in high-grade conditions as indicat-
ed by gneissic lamination, flaser structure of mylo-
nitic gabbros, occurrences of garnet-bearing schist
and garnet-bearing amphibolites (garnet up to 1 cm
in diameter). Recent petrological data support HT-
HP origin of D, fabric (Statelova in this volume). D,
is related to strong retrogression and almost com-
plete obliteration of D, fabric. The age determina-
tions of syn- D, white micas yield ca. 340 Ma (State-
lova in this volume). The latest synmetamorphic
structures in Lazovo complex are represented by dis-
crete shear zones (D;) displaying similar features as
SZa in Shivachevo complex. They are typical for the
contact zone between Lazovo and Shivachevo com-
plexes (along the Strejeranski reverse fault) as well
as along the contact between Lazovo complex and
the Permian sediments. In both places the rocks are
strongly deformed and transformed to spatially re-
lated ultramylonitic and foliated cataclastic domains.
The S-C’ structure is the predominant mesoscale fab-
ric into the mylonites (fig. 2b). The S-C’ structure
and slip fibers indicate top-to-the-north direction
of tectonic transport and thrust kinematics of the
D, shear zones.

Permian volcanics and (meta)sedimentary rocks
are located at the northwestern parts of the studied
area. They are presented by acid volcanics, conglom-
erates and sandstones. Near to the contact with the
rocks of Lazovo complex, the Permian (meta)sedi-
ments are strongly foliated and transformed to my-
lonites. The penetrative foliation and the stretching
lineation dip SSW. They are concordant to the folia-
tion and the lineation of the D, zones of Lazovo
rocks. The S-C’ structure as well as the slip fibers in
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the Permian (meta)sediments evidence top-to-the-
north direction of tectonic transport and reverse fault
kinematics of the shear zones (fig. 2c). Away from
the contact, the sediments are not penetratively de-
formed and are gently dipping to NNW. Criteria as
tension gashes filled with quartz also indicate top-
to-the-north tectonic transport (fig. 2d). It is worth
noting that zones with rough schistosity and top-to-
the-north S-C’ structures have been observed even in
the competent Permian volcanites.

Our interpretation relies on the structural evidence
for ductile shear zones that have affected the rocks
of the pre-Mesozoic basement of Tvarditsa Stara
Planina Mountain. The structural investigations
show that these shear zones have similar structural
features. Some of them are the presence of mylo-
nites, S-C’ type fabric and rarely the existence of fo-
liated cataclasites. We assume the fabrics of these
zones to be ductile to brittle-ductile because: (1) the
deformation is spread in relatively large rock vol-
ume with a development of penetrative foliation and
stretching lineation; (2) the existence of S-C’ fabric
interpreted to be formed in ductile to brittle-ductile
conditions; (3) the presence of quartz bands in al-
ternation with mica-rich domains are indicative for
intensive recrystallization and diffusive mass trans-
fer; (4) the lack of typical shallow-level fault rocks
as non-cohesive cataclasites and breccias. This pro-
cess is accomplished at conditions corresponding
to lower greenschist facies. The existence of quartz-
filled tension gashes indicate brittle-ductile behav-
ior and operation of diffusive mass transfer even in
rocks situated away from the shear zones. The field
and laboratory structural investigations point out to
the thrust kinematics of the documented shear zones.

Most often the SZa and D, shear zones are devel-
oped along the contacts of the studied rock com-
plexes. The data obtained indicate that the defor-
mation along the Strejeranski fault is of ductile char-
acter. The same features possesses the contact be-
tween Lazovo complex and the Permian (meta)sedi-
ments, representing a ductile to brittle-ductile shear
zone.

Conclusions

1. The Shivachevo and the Lazovo complexes are
well-defined units which cannot be correlated with
the section of the DFF from Western Stara Planina.
2. The Shivachevo and the Lazovo complexes should
be regarded as polymetamorphic and polydeforma-
tional terrains.

3. There is a striking similarity between the latest syn-
metamorphic shear zones (SZa in Shivachevo and
D, shear zones in Lazovo complex) and the Early
Alpine shear zones in Zlatishka Stara Planina (Ger-
djikov, Georgiev, 2006). The structural arguments
and the stratigraphic constraints available suggest
wider occurrence of Early Alpine tectonics in the
Stara Planina.
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IlnacTnuHM 10 KpeXO-ILUIACTUYHU 30HUA HA CPA3BAHE
B JIOM€e3030iicKaTa nouioxkka Ha Tsppaumka Crapa miianuHa:
NpeABAPUTETHU JAHHU OT TEPEHHU U ME30CTPYKTYPHU U3CJIEABAHMS

Heeen TI'eopeues, Suko I'eposwcuxos, FOaus Cmamenosa

TpanunnoHHO B OBIATapcKaTa reojIoKka JUTepaTy-
pa OMTyBa CTAaHOBHIIETO, Y€ OCHOBHUST €Tal Ha
CTPYKTypooOpa3yBane, KOWTO 0OpMsi ChbBPEMEHHHUS
o6k Ha LlenTpanna Ctapa miaHuHa, € CBbP3aH C
KbCHO-JIMUACKUTE KPEXKU HABJIMYAHUS IO 30HUTE
Ha Crapormrannackus u llunyencko-CauBeHCKus
HaByanu. OT ;Opyra cTpaHa, pa3sKpUBAIIUTE CE B
FOXHUTE CKJIOHOBe Ha TBBbpauinka Ctapa rmianuHa
BHCOKOCTEIEHH! MeTaMOoppuTu U aehpopMupaHu
rpaHWTH, Ca OTHACSAHM KbM T.Hap. [{uabazoBo-
¢umuTounana dopmarus (APP). HeszaBucumo ot
¢akra, ue Ivanov et al. (1974) noguepTaBaT BUCOKO-
CTENEeHHUs XapakTep Ha MeTaMop(u3Ma B CKaJu-
Te, U3rpaxaamniy JoMe3030icKaTa MOAJI0KKa Ha
Tebppaumka Ctapa miaHWHA, BBPXY T€0JOXKaTa
kapTa Ha bbyrapus (M 1:100 000) JIazoBckusaT u
[lluBaueBCKUAT KOMILIEKCH Ca O3HAYCHU KaTO HUC-
KocTeneHnd Mmetamopoutu Ha JIP®. Hamure nan-
HU COYAT, Y€ B CKAJIMTE HA BAaTa KOMILIEKCA SICHO
Morat ja ObJaT pas3jIMYeHd Pa3jIMuHUA €Tamu OT
TSXHATa CTPYKTypHA U MeTaMop(dHa uctopus. Kem
paHHUTE CHOWTHS OTHACSIME: IPOHUKBAIATA MU-
JIOHUTHA cTpykTypa B lllMBavyeBCKUs KOMILIEKC;
BUCOKOCTEIICHHUTE MeTaMOp()HU U3MEHEHUs Ha
ckanute oT JIa3oBCKuUs KOMILIEKC, POPMUPAHU ITPU
HT-HP ycnoBus (Statelova B TO3u TOM), KaKTO U
HAJIOKEHWUTE BBPXY TSX IIPe3 XEPIMHCKO Bpeme (ca.
330 Ma) no-HuCcKOCTeneHHN u3MeHeHus (Statelova,
TO3u TOM). KbcHUTE MeTaMOp(hHU U3MEHEHHS Ca

CBBP3aHU C IUTACTUYHHU 10 KPEXKO-TLUIACTUIHA 30HH
Ha Cps3BaHE, KOUTO MPECUYAT U Ca HAJIOXKEHU BhPXY
MO-PaHHUTE CTPYKTYpPHU. 30HUTE Ca Pa3BUTH Haii-
Beue MO MPOTEKEHWE HAa IPAHUIIATE HA CKAIHUTE
KOMILIIEKCH, U3rPaXIaIlu 10-Me3030ickaTa moj-
JIOXKa Ha u3cjieABanus paion. Jedbopmanusata uma
0o0eMeH xapakTep, IoqYepTaH OT Pa3BUTH HIPOHUK-
Bamu (ouanus 1 JMHEWHOCT Ha pastsrane. Cre-
nuuyHa 0COOEHOCT HA TE€3H 30HU € MPUCHCTBUETO
Ha S-C’ cTpoex, KOUTO MapKupa CEBEpPHO-BEPTEHT-
Ha Bb3CEHO-HaBJIauyHa KuHeMaTruka. OT U3JI0KEHO-
TO 0 TYK MOraT Ja ObIaT HANpPaBEHU CJICIHUTE
3aKJIFOYCHUSI:

1) llluBauyeBckUAT U JIa30BCKUAT KOMILIEKCH Ca
SICHO Ae(UHUPAHU €JUHWIIM, KOUTO HE MOTraT 1a
6baaT kopenupanu ¢ paspesa Ha JOK (ADPD) B
3amagna Crapa IUIaHUHA;

2) llluBaueBckuAT U JIa30BCKUAT KOMILIEKCH O1
Tpsi6BaIO na 6bAAT BH3MPUEMAHM KaTO MOJIUMETa-
MOpPGHHA U MOIUAePOPMHUPAHH TEPCHM;

3) ColnecTBYBa IOJIIMO CXOJICTBO MEXY KbCHU-
T€ CHHMETaMOpP(HH 30HU Ha CPS3BaHE B JO-ME30-
30lcKaTa MOJJIOXKKA HA U3CJIEIBAHUSI pallOH U paH-
HOAIMUMCKUTE 30HU Ha Cps3BaHe B 3naturika Cra-
pa miauuna (Gerdjikov, Georgiev, 2006). Tosa cxon-
CTBO, KaKTO U (haKkTBT, Y€ B M3CJICIBAHUS PAOH TO3U
THI geopManus 1 MeTaMop(OuU3bM 3acsarat u mnep-
MCKH CKaJIU, HACOYBAT KbM HJIESTa 32 PAHHOAJIIHA-
CKa BB3pACT Ha 30HUTE Ha CPSI3BaHE.
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