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Introduction

Up to now, not much data exist on the metamorphic
evolution of the pre-Mesozoic rocks in Stara Plani-
na Mountain, Bulgaria, connecting the intra-Alpine
Variscan and Caledonian fragments in Western and
Central Europe and in Turkey.

Here are presented preliminary data on some of
the rocks in Lazovo complex, the easternmost expo-
sure of the greenschist metamorphic basement of
Stara Planina Mountain — the so-called diabase-
phillitoid formation (DFE Dimitrow, 1939) (fig. 1).
Microstructural and geothermobarometry data sug-
gest that the metamorphic history of Lazovo com-
plex includes a HT-HP metamorphic event, as part
of a clock-wise path in the P-T field. The metamor-
phic history, the protolithes origin and the prelimi-

nary “Ar/*Ar age of the retrograde greenschist event
make questionable a correlation with the low-grade
metamorphites in Stara Planina Mountain or with
the higher grade metamorphites to the South in Sred-
na Gora Mountain.

Geological setting

In Stara Planina Mountain the greenschist meta-
morphic event in the rocks of DFF is considered as
pre-Variscan (pre-Upper Ordovician) by many au-
thors (see Haydoutov, 1991 and references therein;
Haydoutov, Yanev, 1997). The protolithes of DFF
are volcanic-sedimentary island arc rocks and ophi-
olite fragments, metamorphosed in greenschist fa-
cies (see Haydoutov, 1991 and references therein)
and granitoids metamorphosed in the same grade
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Fig. 1. Schematic geological map of the studied area after Ivanov et al. (1974) with corrections by Georgiev et al.
(this volume) and by this study. In the upper left corner the location of the studied area is shown on a scheme of

the pre-Mesosoic basement fragments in Europe.
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(Antonov et al., 2003; Statelova, Machev, 2005). They
are cut by Upper Paleozoic dykes and are intruded
by Late Variscan plutons (Kamenov et al, 2002; Car-
rigan et al., 2005), forming large contact aureole
Zones.

To the South, in Sredna Gora Mountain a
Variscan high grade metamorphic event (~335 Ma,
U-Pb age of zircon rims in migmatite leucosomes)
(Carrigan et al., 2006) is recorded in a succession
dominated by metapsammites, where metapelites,
garnet amphibolites, eclogites, orthogneisses and rare
lenses of serpentinites are also present (Zagorchev et
al., 1973). The timing of the retrograde cooling is
evaluated to be at the age of ~317-305 Ma (**Ar/*Ar
age of biotites and white micas) (Velichkova et al.,
2004). Late Variscan syn- to postkynematic plutons
intrude these rocks at several stages (Zagorchev et
al., 1973; Carrigan et al., 2005).

Lazovo complex (Ivanov et al., 1974) is exposed
in a wide band with E-W extension in the southern
slopes of Stara Planina to the North of Tvarditsa
town (fig. 1). It is cut by Permian (?) acid dykes and
overlain by Permian (?) volcanic-clastic sequence
to the North. To the East Tvarditza pluton intrudes
and forms thin contact aureole in Lazovo complex
(Kolcheva et al., 1978). From South Lazovo complex
and the pluton are overthrusted by Shivachevo com-
plex, low-grade metagranitoids (Statelova, Machev,
2005). The pluton, the metamorphites and the vol-
canites are overlain by Triassic clastic sediments.
Preliminary structural data indicate Early Alpine
overprinting of Lazovo complex contacts and the
overlaying sediments by north vergent brittle-ductile
shear zones in lower greenschist facies (Georgiev et
al., this volume).

Description of samples

Lazovo complex is dominated by othogneisses in its
eastern parts. These include metaintermediate, me-
tabasic to metaultrabasic rocks (as lenses and irreg-
ular bodies in the metabasic rocks), the most basic
rocks being to the South (fig. 1). In its western parts,
mainly two mica schists with or without garnet (up
to 1.2 cm of diameter) and garnet bearing amphibo-
lites (garnet porphyroblasts up to 1 cm of diameter)
are present (fig. 1). In the northernmost parts, the
amphibolites form thicker layers, and in the inner-
most parts of these metaeclogites are found. Layers
of the eastern succession are found in the western
and vise versa, which suggests that these are rocks
of the same Lazovo complex.

Samples are collected from garnet bearing two
mica schists (GBMS) and garnet-zoisite-amphibo-
lites (GZA) from the western parts, and metapyrox-
enites (MP), basic schists (BS) and intermediate
schists (IS) from the eastern parts of Lazovo com-
plex. All samples are located at least 4 km away from
Tvarditsa pluton.

WAr/*Ar age dating results (unpublished data)
propose an age of ca. 338 Ma for the formation of
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the white micas in IS. Approximately the same ages
were obtained for mineral separates of dark amphib-
ole from IS and MB probably due to reopening of
the isotopic system in the amphiboles in agreement
with mineral chemistry and the microstructural ob-
servations.

Microstructures and mineral chemistry

In the GZA garnet (Alm,, ¢, Gr5S,, 51, SPSq.19> PYT515),
apatite and rutile/sphene (as abundant inclusions
in garnets) are a relict mineral association, where
equigranular amphibole (tchermakitic) and plagio-
clase (An,, ;) and minor zoisite, quartz, ilmenite/
rutile/sphene represent the latest pervasive metamor-
phic event. Metamorphic foliation is defined by pla-
gioclase and amphibole rich strips. Chlorite and
calcite form matrix with no preferred orientation and
fill in cracks in the minerals. Garnets have spessar-
tine rich cores. Pyrope molecule is increasing towards
the rims of the grains, where almandine shows M-
like shape of zoning. Almandine has complicated
correlation with spessartine and pyrope suggesting
that there was a change in the stable mineral assem-
blage during garnet growth, involving a different
ferromagnesian phase. Sphene inclusions in some
garnets show shape-preferred orientation, which is
not parallel to the rough matrix foliation and no
orientation of the Ti- phases is observed outside the
garnets. The cores of the amphiboles show the high-
est Mg concentrations and the lowest Na+K apfu.
Element distribution in plagioclase grains shows ir-
regular preference. Zoisite crystals are less abundant
in the rock showing homogenous compositions of
X, 0.5-0.64. Chlorite has a Fe/(Fe+Mg) ratio of 0.37-
0.52 with more Mg rich compositions in the matrix.

In the GBMS from the southern parts of the com-
plex, garnets reach up to 0.3 cm and have similar
composition as the garnets in GZA. Foliation is
formed by layers of white micas and chloritised bi-
otite and layers of plagioclase (An,,;,) and quartz.
White micas are muscovite-rich phengites (Si 0.3-
0.35 apfu) from the join muscovite-aluminocelado-
nite, with Mg/(Mg+Fe**) 0.68-0.75. Biotites are phlo-
gopite-annitic with AITV 1.22-1.36 apfu. Garnets are
often fragmented and displaced along the foliation.

In the MP, clinopyroxenes (diopside) are rare
relicts in the inner parts of the lenses as rounded or
irregular-shaped inclusions in large amphibole
grains. The rocks are composed mainly of amphi-
bole (magnesiohornblende) and rare chlorite and epi-
dote minerals (X, 0.45-0.55). Amphiboles have ex-
solutions of opaque minerals and sphene along
cleavage planes. Layers (cm scale) are observed where
zoisite (X, 0.54-0.64) forms large crystals, accom-
panied by slightly less Mg rich magnesiohornblendes
and rare plagioclase (An,y ;). Quartz is very rare,
filling in interstitial spaces and cracks.

The foliation in BS is defined by amphibole pre-
ferred orientation, as well as by metamorphic layer-
ing of quartz (and rare plagioclase) rich and poor



layers. Fragments of garnets up to 2 mm are pre-
served as rare inclusions in quartz. In the transitions
to IS, more epidote minerals (with allanite cores) and
biotite appears, as amphibole is decreasing. White
mica and epidote minerals form the foliation in the
most acid IOS, where hornblende is rare as fragment-
ed large grains, replaced by chlorite along the cracks.
Rutile and opaque minerals are abundant accessory
minerals. Amphibole in both IS and BS has interme-
diate composition between the amphiboles in GZA
and MP (tschermakite and magnesiohornblende).
Biotites have the same composition as the biotites in
the GBMS. White micas have similar Al distribution
as in GBMS, but are slightly Fe-enriched (Mg/
(Mg+Fe** 0.46-0.63), probably reflecting the lack of
biotite in the metamorphic association. As in GZA,
plagioclase shows patchy distribution of Na in a single
grain and a very large span of compositions (An,g ;).
Epidote minerals have irregular zoning compared
to the shape of the crystals seen as light and dark
gray areas in BSE imaging on electron microscope.
Light areas have X,  0.42-0.49 and dark grey areas
—X,,0.24-0.31.

In all described rock types the central parts of
some tschermakites and magnesiohornblendes have
barroisitic amphibole compositions (Na; = 0.505-
0.802). The distribution of Na in a single grain is
not well established and will be a focus of future
studies.

Amphiboles in different rock types have differ-
ent compositions, reflecting the different stability in
the P-T field of this phase reflecting the different
bulk composition. However in all rock types they show
retrograde zoning towards the rims of the crystals.
Based on microstructure, the most An-rich plagio-
clases in GZA are assumed to be in equilibrium with
middle to rim parts of the amphiboles. Irregular
patchy zoning of Ca-bearing phases (epidote min-
erals and plagioclases) probably reflects large sta-
bility fields of these minerals during fast changing
local equilibrium and metamorphic fluid composi-
tion. Similar composition of micas in GBMS and IS
is interpreted as due to similar PT conditions of crys-
tallization during the retrograde metamorphism.
Microstructures show that this crystallization oc-
curred at a later stage than the garnet/amphibole
crystallization. This was probably synchronous to the
plagioclase final re-equilibration as micas have very
narrow compositions. Garnets in GZA and GBMS
are a relict mineral phase with prograde composi-
tional zoning from core to rim areas. Re-equilibra-
tion or growth during the retrograde phase is not
established along cracks or rims, but there is evidence
for consumption of rims and fragments of garnet.

Conditions of metamorphism

Mineral composition and microstructures suggest a
clockwise path in the P-T field for the rocks of Lazovo

complex. The prograde metamorphism is marked
only by garnet and its inclusions of apatite and Ti-
bearing phases. Unfortunately there are no applica-
ble geothermobarometers to this assemblage, so quan-
titative measurement is not possible in the studied
rocks.

The retrograde path is marked by plagioclase and
amphibole recrystallisation and growth. The P-T
conditions, estimated based on amphibole-plagio-
clase pairs in GZA using the geobarometer of Fer-
shtater (1990) and the geothermometer of Holland
and Blundy (1994, the average of reaction A and B)
are similar to those obtained using the amphibole
geothermobarometer of Gerya et al. (1997) in the
frame of 2 sigma errors of the methods. GZA re-
corded a retrograde path in the interval 683.9—
617.0°C and 9.3—6.2 kbars. For amphiboles in BS
and IS were obtained 618.9—561.9°C and 7.2—5.8
kbars. The largest interval of P-T conditions is record-
ed in the amphiboles from the MP, 595.9—422.3°C
and 6.5—2.5 kbars, but these estimates should be treat-
ed with caution and further methods to be applied,
asin these rocks quartz and plagioclase are very rare
phases. However, an approximation of the P-T con-
ditions could be assumed. As expected from mineral
chemistry, amphiboles formed at different P-T con-
ditions in the different rocks with little overlapping.
The retrograde path, drown in the P-T field begins
from above the amphibolite wet solidus in the Ky
stability field, crosses the Ky-Sill-And point and fur-
ther enters the And stability field. It has a gentle slope
of simultaneous decrease in P and T, allowing re-
equilibration of some phases as seen by the chemis-
try of the minerals. Relict mineral assemblages, show-
ing the peak metamorphic conditions, will probably
be hard to define. Further work will focus in other
rock types and thicker rock “layers”, where these
could have been preserved.

Discussion and conclusions

The metamorphic history of Lazovo complex is dif-
ferent from the history of DFF in Stara Planina
Mountain. All studied rock types show evidence of
a high-grade metamorphic event, which is not re-
ported for any metabasic or metaintermediate rocks
in DFE The age of micas and amphiboles correlates
better with the age of zircons in leucosomes from the
high-grade metamorphic sequence in Sredna Gora
Mountain, however no Alpine overprint is found in
the rocks of Lazovo complex in terms of “Ar/*Ar
isotope system reopening. Structural data suggest the
development of Early Alpine discrete zones as North
vergent thrusts (Georgiev et al., this volume), proba-
bly preventing Late Alpine thermal overprint. Ac-
cording to the available data, there are differences
in the protolithes between Lazovo and Sredna Gora
metamorphites, as in the latter metasedimetary rocks
are dominant. Thus, correlation of Lazovo complex
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with the basement in Sredna Gora or in Stara Plan-
ina is not possible and should be the focus of future
detailed studies of these sequences.
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XepUuMHCKHA BUCOKOCTENIeHHU MeTaMop(uTtu ot JIazoBckus
koMIuiekc, Ilenrpasna Crapa mianuna, bearapus

IOaus Cmameaosa

Bce ome He ca u3BecTHH MHOro (hakTu 3a MeTa-
Mop(}HATA eBOJIIONMS HA CKAJIUTE OT JJOME3030KC-
kata nomioxka Ha Crapa IUIaHWHA, CBbp3Balla
KaJIEAOHCKUTE M XEPIIUHCKUTE PparMeHTH B ATt -
ckus nosic B EBpona u B Typuus. [Ipegcrasenu ca
MpeIBapUTEIHU JaHHU 32 MUKPOCTPYKTYPHUTE B3a-
MMOOTHOIIIEHUS U ChCTAaBUTE HA MUHEPAJIUTE B HSI-
KOM OT ckajiuTe Ha JIa30BCKU KOMILIEKC, CUUTAH 32
Hai-U3TOYHOTO Pa3KpUTHE HA 3€JICHOIIMCTHATA
nomioxka Ha Crapa miaHuHa — T.Hap. Auabas-
¢umuTongna ¢popmanus. Mzsegenust P-T xox Ha
MeTamMop(u3Ma € 0 YaCOBHHMKOBATA CTpEJIKa U
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BKJTIOYBA METAMOP(U3bM B YCIIOBHS HA BUCOKO Ha-
JiAraHe U Temneparypa. MeramopHaTa uctopus,
CKaJIHUTE PAa3sHOBUIHOCTHU, MPOTOJUTUTE B MeTa-
MOpGHMS pa3pes, KaKTO YW MOJIYUYEHUTE JAHHM 3a
BB3pacTTa HA HAKOU MeTaMOp(HU MUHEPAJTH mpa-
BST HECUT'YPHU MPEIMIITHKA KOpeanuu ¢ nquabdas-
dunurounuata Gpopmanus. Kopenarusita ¢ Buco-
koMeTaMopduust paspe3 ot CpeaHa ropa ChIIo €
HEBH3MOXXHA HA TO3M eTam OoT paboTa, ako He ce
npueme, ue JIa30BCKM KOMITJIEKC IPEACTaBIIsBA BU-
COKM HHMBA Ha TO3W pa3pes.



