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Abstract: The Frolosh Greenstone Belt (FGB) is traced at a distance of more than 200 km in the
territories of Bulgaria, Macedonia and Serbia. It consists of various greenschist-facies rocks (actinolite
schists, phyllites, calcareous schists, impure marbles, metasandstones, metadiabases, massive green rocks,
etc.) of the Frolosh metamorphic complex with bodies of metabasites (including lherzolites), and inliers
(retrogressed mica gneisses and migmatites) from the Ograzhdenian supercomplex. The complex is in-
truded by bodies of gabbro (occasionally with ultramafic cumulates), diorites to granites (Struma diorite
formation). U-Pb studies on zircons yielded Cadomian ages within the time span between c. 574 and 517
Ma. The Frolosh complex covers the ultrametamorphic (migmatized gneisses and amphibolites; tourma-
line-biotite schists; quartzo-feldspathic gneisses; lensoid bodies of metaperidotites to norites) of the
Ograzhdenian supercomplex. The Ograzhdenian rocks are intersected by diatectic metagranites over-
printed by amphibolite-facies metamorphism. Dominant U-Pb ages vary between 470 and 430 Ma. The
contact between the Frolosh complex and the Ograzhdenian supercomplex has been subject of long dis-
cussion and controversial interpretations. Now we emphasize on the multistage developments of both
complexes as demonstrated both by field evidence and isotopic dating. The Ograzhdenian supercomplex
has been subject of Precambrian tectonometamorphism witnessed by Rb-Sr whole-rock isochron data and
relict U-Pb zircon data. Ordovician to Silurian anatectites (metatectic migmatization, diatexis) are in-
truded by Permo-Triassic granites. The contact between the Ograzhdenian supercomplex and the covering
Frolosh complex is regarded as a thick complex zone of multistage tectonometamorphic development
rather than a “razor-blade” surface of one-stage origin. As a boundary between suprastructure and infra-
structure, it played an important role throughout the Phanerozoic, and acted as a screen with a steep ther-
mal gradient during the Ordovician-Silurian anatexis and metamorphism in the Ograzhdenian supercom-
plex. For to verify this hypothesis, new detailed structural and isotopic studies are needed.

Key words: Serbo-Macedonian Massif; Ograzhden Unit; Frolosh Greenstone Belt; Rhodope Massif;
Late Proterozoic and Palaeozoic tectonics

1. INTRODUCTION:
The Morava-Rhodope Alpine Collage (MRAC) and the Serbo-Macedonian Massif (SMM)

The Alpine tectonic structure of the Balkan
Peninsula is dominated by the Vardar Suture. This
relict from the Mesozoic Tethyan Vardar Ocean
divides the Peninsula in two well-outlined do-
mains: the western belt of Hellenides-Albanides-
Dinarides of Tethyan character, and the eastern
belt of the Balkanides s./. characterized by a Peri-
Tethyan Mesozoic evolution. Outwards from the
Vardar Suture, and along a transect trending North-

East towards the Moesian Platform, three major
belts may be distinguished (e.g., Dabovski et al.,
2002; Zagorchev et al., eds., 2009) in the Late Cre-
taceous structure: the “internal” Morava-Rhodope
Zone, the Late Cretaceous Srednogorie Volcanic
Arc transformed by end-Cretaceous time into the
Srednogorie Orogen, and the Balkanide Orogen
that consists of the Stara-planina (Balkan) Zone,
the Transitional Zone and the Fore-Balkan Zone.
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Whereas the south-western parts of the Morava-
Rhodope Zone possess a south-western vergence
being subducted by the Vardar slab, the north-east-
ern parts are thrust to North-East over the Sred-
nogorie, and each of the following external zones
has the same northern to north-eastern vergence
towards and over the Moesian Platform. Older tec-
tonic ideas regarded the structure of the Peninsula
as consisting of two divergent orogenic belts
(southern Dinaridic and northern Balkanidic
“branches of the Alpine orogen”) divided by a me-
dian Rhodope Mass (sensu Cviji¢), median belt (in
the sense of J. Brun) or a Zentralmassif (sensu
Kossmat).

The Morava-Rhodope, Srednogorie and Stara
Planina zones are characterized by a pre-Alpine
basement and a Mesozoic and Cenozoic cover. The
basement derived from pre-Hercynian continental
and oceanic crust and Hercynian continental crust.
The cover consists mostly of sedimentary forma-
tions of peri-Tethyan affinity, i.e., formed in epi-
continental shallow seas and back-arc environ-
ments. The Triassic volcanic activity is related to
rifting in the Moesian Platform and along the
Maritsa fault belt (at the boundary between the
Morava-Rhodope and the Srednogorie). Amag-
matic deeper sedimentation environments are re-
lated to troughs with restricted occurrences: the
East-Balkan (Kotel) trough (continuous Triassic to

Middle Jurassic sequence with olistostroms; Mid-
Jurassic folding), the Jurassic Treklyano trough,
and the Late Jurassic — Early Cretaceous Nish-
Troyan trough. Extensive igneous activity is typi-
cal of the Late Cretaceous Srednogorie Zone which
developed from an epicontinental rift with crustal
thinning to a volcanic arc with deeper sedimentary
basin environment.

Basement and cover tectonic elements have
been extensively deformed and imbricated
throughout the Alpine orogenesis. Alpine defor-
mations have been superimposed over the pre-Al-
pine basement elements at different structural lev-
els, and correspondingly, in different P-T meta-
morphic conditions.

The Morava-Rhodope Zone has a highly het-
erogeneous structure. It consists of structural ele-
ments of different ages and provenance that have
been gathered in a specific collage. From west to
east, 1.e., from the Vardar Suture towards the Sred-
nogorie Zone, the following major structural ele-
ments have been distinguished: eastern marginal
strip of the Vardar Zone that passes to south-east
into the Circum-Rhodope Belt; Serbo-Macedonian
Massif (partially identified as Morava Zone s.l.);
Morava Zone s.s. (Palaeozoic units thrusted mostly
in mid-Cretaceous times over the Struma Zone);
Struma Zone; units of the Rhodope Massif.

2. FROLOSH GREENSTONE BELT (FGB)

The Frolosh Greenstone Belt is traced directly
at a distance of about 200 km between the Bela-
sitsa Horst at the South (on the territory of Mace-
donia) and the area of Trun to the North (Fig. 1). It
is widely accepted that before the Alpine tectonics
the belt had been connected with the large outcrops
of similar composition that are traced between
Shipka Stara planina Mountain and the Deli Jovan
and Iuti massifs in West Stara planina and the
South Carpathian Mountains, respectively (e.g.,
Haydoutov, 1989; Haydutov et al. 2012). The pos-
sible correlations and geodynamic considerations
shall be discussed in the final parts of the present
paper.

The principal constituents of the FGB are the
Frolosh metamorphic complex (FMC) and the
Struma diorite complex (“formation”, SDC).
Known since the pioneer works in the 19" century,
their first detailed description dates from the first
half of the 20" century when Stefanov and Dimi-
trov (1936) coined the name Struma diorite forma-

tion. There is a close relation between this Struma
diorite complex, and the greenschist-facies rocks
of the Frolosh complex: the Struma diorites to
granites occur solely amongst the rocks of the lat-
ter exhibiting different kinds of contacts, — from
irregular transitional contacts to sharp intrusive
ones (Zagorcev, 1966, 1987; Zagorchev, 2001).
The Frolosh metamorphic complex (FMC)
consists (Zagorcev, 1987) mostly of greenstones:
metadiabases, metamorphosed tuffs, actinolite- and
chlorite-actinolite schists. Phyllites (sericite-chlo-
rite schists), albitophyres to keratophyres, calcare-
ous schists to impure marbles, and metapsammites
(metasandstones to fine-pebble metaconglomer-
ates) have been also found. A few bodies of ser-
pentinized ultramafics have been observed mostly
as tectonic lenses: a body of lherzolite within the
green schists east of the village of Frolosh (De-
spov, 1959; Zagorcev, 1966), and a thin (5 — 8 m)
lenticular slice of peridotite from the basement tec-
tonically inserted along the Garbino thrust parallel
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to the schistosity within the basal parts of the
Lower Triassic section that covers the Frolosh
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Fig. 1. Simplified geological map for the position of the Frolosh Greenstone Belt and the Ograzhdenian metamorphic supercomplex
in the Alpine orogenic structure of the Balkan Peninsula. The detailed map areas (Figs. 2 and 3) are indicated.
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A number of metabasic bodies have been re-
ported by Zagorcev (1966), and Haydoutov et al.
(1993) interpreted them as two large blocks of me-
tabasites that belonged to oceanic crustal frag-
ments. Zagorcev (1966) pointed at the presence of
3 age groups of basic rocks: ultramafic and mafic
bodies pre-dating the greenschist-facies meta-
morphism, ultramafics and mafics that represent a
(mostly) early phase of the Struma diorite forma-
tion, and a late phase of microdiorite, dolerite and
lamprophyre dykes.

The petrologic features of the Frolosh meta-
morphic complex (Frolosh Formation) are impor-
tant both for reconstruction of the protoliths, and
for understanding their tectonometamorphic evo-
lution. In some cases, the tectonic reworking of the
rock has been so extensive that the exact nature of
the protolith cannot be established, and the rock is
designated simply as “greenstone” or “green schist”.
The dominant actinolite schists and chlorite-actino-
lite schists are usually of lepidoblastic, lepido-
granoblastic or nematoblastic texture, the melano-
cratic strips being built of actinolite, chlorite, epi-
dote, sphene, magnetite, and the leucocratic ones,
of quartz and albite with minor amounts of epidote
and chlorite. Actinolite and quartz form occasional
glomeroblastic isometric intergrowths with signs
of rotation. Relicts of ophitic texture are present,
too, with rotation and replacement of the primary
plagioclase by epidote-albite-quartz aggregations.
Relicts of the primary minerals and blastoophitic
texture are better preserved in the granular meta-
diabases: primary relatively coarse (1-2 mm) pla-
gioclase and hornblende (probably also pyroxene)
hypidiomorphic crystals totally replaced by albite-
quartz-epidote and chlorite-actinolite aggregates,
respectively. The intensive deformations have only
slightly affected the central parts of some of the
massive metadiabase bodies as well as the rarely
preserved pillows. The latter are built of glomero-
blastic aggregates of actinolite, quartz, albite, epi-
dote and abundant chlorite, with huge grains or
skeletal shapes of magnetite. Some of the metadia-
base bodies pass gradually into metagabbrodia-
bases and metagabbroic rocks.

Metakeratophyres and acid metatuffs have a
banded structure and granoblastic to lepidograno-
blastic texture. They are usually built of fine- to
microgranular aggregates of allothriomorphic
quartz, albite and epidote with single large crystals
of mafic mineral entirely replaced by glomeroblas-
tic epidote aggregates. Coarse single plagioclase

and quartz crystals are also entirely replaced, by
glomeroblastic quartz-albite aggregates. Usually
these rocks are strongly deformed into a thin mil-
limetric alternation of quartz and albite bands.

Phyllites often interlayer with actinolite-chlo-
rite schists, or rarely (along the road towards the
former barracks near Kadiytsa Peak; stratotype of
the Frolosh Formation) with thin beds of calcare-
ous schists and impure marbles. The thickness of
the thin beds in the calcareous schists varies be-
tween 1 and 10 mm. Light bands consist of grano-
blastic quartz-calcite aggregates, some bands being
enriched in epidote and sphene. The melanocratic
bands are finer-grained, with lepidoblastic struc-
ture, and are built of chlorite, epidote and magnet-
ite with some andesine fine crystals, and rare larger
calcite crystals.

Metapsammites have been recorded along the
road from the Kopriven River towards Frolosh
(Figs. 2, 3) and near the bridge on the Pehcevo-
Berovo road in Macedonia (Stojanov et al. 1997).
Another more controversial locality (Gabrovdol)
has been described by P. Gochev (s. Tenchov,
Zagorchev, 1989) but later Bonev (1996; Bonev et
al., 1995) denied their metapsammitic character. A
revision of all metapsammitic localities with a de-
tailed mapping and provenance analysis is needed,
and detrital zircon datings can be most helpful. The
metapsammites observed are small- to medium-
grained (0.5 to 2 — 3 mm rounded grains) with a
basal fine-grained recrystallized groundmass of
sericite and chlorite with some epidote, quartz and
albite-oligoclase. The grains are mainly of quartz
and feldspar, some fine (2 — 5 mm) rounded peb-
bles of granitoid composition being also present.
The composition of the metapsammites suggests a
close to moderately distant source with continental
character although more detailed research is
needed for to prove this assumption.

The Struma diorite complex (introduced as
Struma diorite formation) consists of a wide range
of basic to acid igneous rocks. The most frequent
rock varieties are diorites to quartzdiorites with
basic (mostly gabbro) enclaves. Gabbroic rocks are
observed also as separate bodies or parts of the
diorite bodies, and in a few cases (e.g., the Padar-
nitsa Hill north of Boboshevo) such bodies contain
pyroxenite parts probably formed as cumulates.
Plagiogranites and granites occur either as separate
bodies and dykes that often intersect the bigger
diorite bodies, or develop as anastomosing dykes
with transitional contacts with the host diorite.

Geologica Macedonica, 29 (2), 101-132 (2015)
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Fig. 2. Geological map of the Frolosh part of the Frolosh Greenstone Belt (after Zagorcev, 1974, Fig. 1)
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Fig. 3. Geological map of the Kadiytsa part of the Frolosh Greenstone Belt
(after Zagorcev, 1989; Stojanov et al., 1997; Milovanov et al., 2008)

The character of the contacts of the diorite
bodies with the green schists and rocks of the Fro-
losh complex shows also a wide variety: either
sharp intrusive contacts, or uneven transitional
contacts with gradual feldspathization and devel-
opment of patches and bands of diorites within the
Frolosh green rocks (Fig. 4).

The last igneous phase is usually represented
by basic dykes of dolerites, microdiorites and lam-
prophyres. Outcrop observations usually reveal

that the basic dykes either cross-cut all rock varie-
ties, late granites included, or some late granite
dykes intersect the basic rocks. However, observa-
tions in the road cuttings south of Del¢evo (Stoy-
anov et al., 1997) suggest the presence of more
complicated relations: thick basic dykes cross-cut
the diorites but locally are boudinaged and par-
tially melted within the latter suggesting mixing
and mingling of basic and acid magmas.
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Fig. 4. Field photographs of outcrops of the Frolosh complex and the Struma diorite formation:
a — metadolerites, metatuffs, metasandstones; outcrop in the road cuttings south of Frolosh; b — another outcrop along the same road;
¢ — isoclinal folds in phyllites and metatuffs, detail of a; d — metasandstones, detail of a; e — Struma diorites in the Skrino Gorge (out-
crop in road cuttings near Pastuh); f — dioritization in metadolerites, and late anastomosing epidozite veins (near the contact between
the metadolerites and the Struma diorite, at the western entrance of Pastuh); g — basic enclave in diorite (same outcrop);
h — Struma diorite with enclaves and with cross-cutting basic dyke (almost horizontal) displaced by fault (same outcrop).
Photos a, c, e, fand g taken by D. Milovanovi¢, b, d and h — by 1. Zagorchev

Geologica Macedonica, 29 (2), 101-132 (2015)
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The chemical composition of the rocks of the
Frolosh Greenstone Belt shows large variations of
the main components (Fig. 5). The basic rocks (no
discrimination between earlier basic rocks and the
basic rocks related to the Struma diorites has been
made in the references used) shows a remarkably
good arrangement of the figurative points in the
magnesian gabbros field, and according to Hay-
doutov et al. (1992, 2012) corresponds well to
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field. Haydoutov et al. (2012 and former publica-
tions) made a thorough analysis of the chemistry
(including REE distribution), and regard these
rocks as typical MORB ophiolites but mark that
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is also typical of the intraplate tholeiitic basalts and
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Fig. 5. Diagrams for the chemical composition of the rocks of the Frolosh Greenstone Belt.
Primary data after Haydoutov et al. (1992, 1993, 1994), Graf (2001), Kounov (2002) and Kounov et al. (2012).

The data of Kounov (2002, Kounov et al.,
2012) show by far a greater dispersion of the sam-
ples: from peridotites to gabbros and alkaline gab-
bros. Even a greater dispersion is observed on the
K,0-Si0, diagram, the potassium content varying
from very low-K to extremely high-K even in
rocks of gabbroic composition. These features al-
low for different interpretations such as: (i) a great
diversity of the initial magmas, (ii)) magma mixing
and mingling, and (iii) alkali and silicic metasoma-
tism at different stages of the rock evolution. The
composition of the Struma diorite complex varies
from gabbro and alkaline gabbro through diorite,

monzodiorite and granodiorite to granite, and
again, with a considerable variability in the alkali,
potassium and iron content, and a more consistent
smooth evolution of the magnesium content. Hay-
doutov et al. (2012) specially indicate at the Ca-
alkaline character of the Struma diorite complex,
and their pronounced higher alkalinity when com-
pared to the Berkovitsa island arc association from
the Stara planina belt. They also have pointed
(Haydoutov et al., 1992, 2012) at the very different
chemistry of the metaplagiogranites from the Ko-
priven area which in turn also indicates a different
magmatic source.
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The U-Pb zircon dating (Graf, 2001; Kounov,
2002; Zagorchev et al., 2011a,b, 2012; Kounov et
al., 2012; Kiselinov et al., 2014; Anti¢ et al., 2015)
yielded Cadomian (Ediacaran — Cambrian) ages
(Table 1), mostly within the time span 578 — 514
Ma (Figs. 6 and 7). Taking into account the full
range of the zircon dates (within the confidence
limits), the data are partitioned as follows (from
geologically the oldest to the youngest rocks):

(1) Metadolerites of the Frolosh metamorphic
complex: between 517.1 £2.1 and 532.1 = 1.5 Ma.

(2) Basic rocks (gabbros, in enclaves inclu-
sive): between 552.3 + 1.3 and 578.6 = 1.8 Ma.

(3) Diorites and quartz-diorites: between
514.8 + 1.6 and 569 £ 11 Ma.

(4) Granites: between 536 = 7 (Delchevo),
543.5 £3.9 (Rakovo) and 549.6 + 1.8 — 560.5 + 5.1
Ma (near Tsurvishte).

(5) Detrital zircons in the covering Kadiytsa
Formation: 518.7 — 520.9 Ma.

The analysis of all single zircon measure-
ments from the samples from the four main rock
varieties of the Frolosh complex (Fig. 8) shows
practically the same distribution pattern for the
oldest varieties: metadolerite, gabbro from enclave
and diorite. This pattern corresponds to latest Edia-
caran (from around 555 Ma) to latest Cambrian (c.
500 Ma). Most unexpectedly, the youngest rocks
(K-feldspar granite veins with diffuse boundaries
within the diorite at Tsurvishte) yield a distinctive
pattern with strictly Ediacaran ages: from c. 575

Table 1

Ma to 540 Ma. For the time being, we are not able
to give a logical explanation to this anomalous
fact: the geologically youngest rocks yield the old-
est age. All rocks of the Frolosh metamorphic
complex and the Struma diorite formation have
been formed within a relatively restricted time
span (late Ediacaran to Cambrian), and these data
confirm the ideas about the Cadomian origin of the
Frolosh Greenstone Belt.

In the Bulgarian geological literature the
opinion about the Ediacaran-Cambrian (Vendian-
Cambrian) age of the FMC and SDF has been
dominant for nearly a century (s. e.g., Zagorcev,
1966, 1987; Aleksi¢ et al., 1988, and references
therein). S. Dimitrov (1939) suggested a Devonian
age for the Diabase-phyllitoid formation, and this
idea has been supported by Vrablianski et al.
(1962) and some other authors for the Stara-plan-
ina region. These ideas were rooted in the re-
stricted knowledge about the corresponding rock
complexes, and the attribution of all greenschist-
facies (and even lower-grade) rocks to the Dia-
base-phyllitoid formation. With the discovery of
the Devonian System in Bulgaria (Spassov, 1960)
and the consecutive age differentiation of the
greenschist-facies rocks, the pre-Ordovician age of
the FMC, SDF and their correlates has been gradu-
ally confirmed with sufficient geological evidence.
The Devonian in SW Bulgaria has been thoroughly
studied (Spassov, 1973).

U-Pb Concordia zircon data for the rocks of the Frolosh metamorphic complex, Struma diorite complex
and the Kadiytsa formation

Sample Rock variety Locality

Age range, Ma Source

294 metadolerite Near Tsurvishte

529 metadolerite Sushitsa
K928 gabbro

295BF  basic enclave Near Tsurvishte
Struma diorite Struma Unit

AK229  Struma diorite Struma Unit

295 Struma diorite Near Tsurvishte

296 KFs granite Near Tsurvishte
Granite Delchevo 536+7
Granite Rakovo

531,532 Sandstone, Kadiytsa Fm.  Kadiytsa Peak

517.1+£2.1-532.1+1.5
521.7+6.9

Near Razhdavitsa 557 +3.5

5523+ 1.3-578.6+ 1.8
569+ 11

560.1 £ 8.5

5148+ 1.6-531.4+42
549.6 £ 1.8 —560.5+ 5.1

543.5+£3.9

518.7 — 520.9 (detrital grains)

Zagorchev et al. 2011
Kiselinov et al. 2014

Graf 2001*; Kounov et al. 2012
Zagorchev et al. 2011

Kounov* 2002

Kounov et al. 2012

Zagorchev et al. 2011
Zagorchev et al. 2011

Antic et al. 2014

Milovanov et al. 2009

Kiselinov et al. 2014
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Fig. 8. Field photographs of outcrops of the Maleshevska complex of the Ograzhdenian supercomplex in the Ograzhden unit:

a — augen gneisses and stromatic migmatites in the road cittings along the road from Mikrevo to Tsaparevo; b — norite with aplitoid
veins in the village of Gorna Ribnitsa; ¢ — biotite gneisses with layer of quartzo-feldspathic gneisses, all subject of migmatization
(road cuttings near the tunnel south of Yavorov Railway Station; near sample 302); d and e — tourmaline pegmatite transformed in

quartzo-feldspathic gneiss hosted in tourmaline-biotite schists (along the road from Mikrevo towards Tsaparevo, second turn above

Mikrevo); f— outcrop of metagranite (site of sample 307) along the road between the villages of Ribnik and Lebnitsa;
g, h and i — details of same outcrop showing different degree of resorption of xenoliths from biotite schists and biotite migmatites.
Photographs by 1. Zagorchev
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Moreover, basic (diabase) magmatism has
been proven also in younger Palacozoic formations
structurally and stratigraphically distinctive from
the Cadomian sequence: in the Ordovician(?) Ba-
zovitsa formation and the Lower Devonian in the
Kraishte area (Zagorev, Bonceva, 1988; Zagor-
chev, 2001), the latest Silurian? — Devonian
Razhcha Formation in the Osogovo Mt. (Lakova et
al., 1995; Lakova, 1997; Stojanov et al., 1997), and
the still undated Kadiytsa Formation (Zagorcev,
1987) around the Kadiytsa Peak (Fig. 3) at the
Bulgarian-Macedonian border.

Bonev et al. (1995) and Ricou et al. (1998)
arbitrarily correlated the FMC with very low-grade
formations of Jurassic age, and based on this erro-
neous supposition made far-fetched conclusions
about the Vardar-Rhodope relations. However,
besides the geological evidence (Zagorchev, 2000),
the groundless ideas about a Jurassic age of the
FMC have been rejected also based on U-Pb zircon
isotopic studies (Graf, 2001; Kounov, 2002;
Zagorchev et al., 2011a,b; Kounov et al., 2012).

3. OGRAZHDENIAN SUPERCOMPLEX

The Ograzhdenian supercomplex has been in-
troduced for amphibolite-facies metamorphic rocks
that crop out in the mountains Vlahina,
Maleshevska, Ograzhden and Belasitsa in the ter-
ritories of SW Bulgaria and Macedonia (s. Zagor-
chev, 1996, 2001, and references therein). Two
units (lower, Troskovo Amphibolitic Group with
three formations, and upper, Maleshevska Gneiss-
Migmatitic Group) have been introduced as formal
lithostratigraphic units but the complex internal
folded and sheared synmetamorphic structure does
not allow for a reliable lithostratigraphic descrip-
tion, and these two units are now regarded as in-
formal metamorphic complexes (from bottom to top
in the geometric generalized section): Troskovo
amphibolitic complex and Maleshevska gneiss-
migmatitic complex. The position and character of
a third (Belasitsa) complex regarded as situated at
the base of the section are not clear because of
even greater tectonic difficulties, and it is possible
that it represented a part of the Maleshevska com-
plex situated in the inverted limb of a huge recum-
bent fold. Both complexes are exposed in the cores
of two major tectonic units within the Alpine Mo-
rava-Rhodope tectonic zone: the Lisiya core of the
Struma unit, and the Ograzhden unit.

The Troskovo amphibolitic complex crops
out mostly in the southern part of the Lisiya crys-
talline core (in southern Vlahina Mountain) of the
Struma unit, and has a limited occurrence in the
southwesternmost part of the Maleshevska Moun-
tain (on Bulgarian territory, north-east of the
Zlatarevo checkpoint at the border with Mace-
donia). Three lithostratigraphic units have been
introduced (Zagorcev, 1989a) as follows (from
bottom to top): Dokatichevo Formation (dominant
amphibolites and biotite amphibolites interlayered

with biotite-hornblende gneisses and biotite
quartzo-feldspathic gneisses; relict lensoid bodies
of massive garnet amphibolites, and rarely of
metaperidotites); Starirechka Formation (biotite
and two-mica gneisses and schists interlayered
with hornblende-biotite gneisses and amphibolites;
thin amphibolite dykes; few lensoid bodies of
metaperidotites); Chetirka Formation (amphibo-
lites, massive garnet amphibolites, zoisite-horn-
blende gneisses, biotite-garnet-hornblende gneiss-
es, quartzo-feldspathic gneisses; few lenses of
gabbro-amphibolites; several lensoid 3-70 cm
thick marble layers). The composition of the
Troskovo complex points at metavolcanic proto-
liths with some metasedimentary interlayers, the
thickest ones (total thickness of 400 — 500 m) be-
ing concentrated in the Starirechka Formation. The
rocks of the Troskovo complex build the large
Simitli reclined fold (Zagorcev, 1976b), its core
being outlined also by the outcrops of the Starire-
bechka Formation.

The Maleshevska gneiss-migmatitic complex
builds the northern part of the Vlahina Mountain
and almost entirely, the mountains Maleshevska
and Ograzhden (Ograzhden Unit). It consists of
predominant biotite and two-mica gneisses, often
rich in mica and in transition to biotite schists.
They are occasionally garnet- and graphite-bear-
ing. Quartzo-feldspathic gneisses are frequent in
relatively thin layers. In the Ograzhden Unit, tour-
maline-biotite schists, staurolite-kyanite and silli-
manite-bearing biotite schists are present, too.
Amphibolites are widespread, mostly as layers
traced at distances of several kilometers, and often
boudinaged, too. Irregularly shaped or lensoid am-
phibolite bodies are also present as well occasional
lenses of metaperidotites, metapyroxenites and
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metamafics (gabbro, norite to troctolite). The rocks
of the Maleshevska complex are irregularly, and
often extensively migmatized, with formation of
different migmatite types (s. Zagorchev, 1996):
stromatic, diktyonitic, agmatitic, porphyroblastic,
nebulitic, etc. They are intruded by several genera-
tions of granitoids. The oldest granitoids (Zagor-
¢ev, 1976a; Zagorchev, 1996) are diatexitic quartz-
diorites, granodiorites and granites that contain
abundant xenoliths (formerly skialiths) of biotite
schists, biotite and two-mica gneisses and migma-
tites, amphibolites, pegmatites, and even, ellipsoi-
dal quartz xenoliths sometimes arranged in a bead-
like manner hinting at former disrupted quartz
veins. A body of similar (meta)granitoids (Ribnik
granitoids) has been dated by the U-Pb method on
zircons as Ordovician (Table 2, Figs. 9, 10, 12).
Later granitoids (mostly granodiorite and granite)
are coarse-grained to porphyric, massive, and have
been dated (Table 2) as Early to Middle Triassic.

The structure of the Maleshevska complex
differs in the Lisiya core (Vlahina Mountain) and
in the Ograzhden unit. In the Lisiya core, the
Maleshevska complex is situated over the Trosk-
ovo amphibolitic complex and is covered by the
Frolosh complex. The layers of the Maleshevska
complex are strongly elongated in NNW-SSE di-
rection, and are paralleled by fold axes and mineral
lineations. They outline a single (Lisiya) anticline
situated unconformably over the Troskovo com-
plex of the Simitli reclined fold (s. Zagorcev,
1981). In the Ograzhden Unit, a strongly com-
pressed and also NNW-SSE elongated isoclinal
structure of subparallel SW-vergent synclines and
anticlines with extensive shear in the limbs is
overprinted over a complex structure with interfer-
ence pattern of WNW-ENE, NE-SW and NNW-
SSE trends (Zagorchev, 1996).

Numerous field and laboratory data point at a
complex polymetamorphic and polydeformational
evolution of the Ograzhdenian supercomplex and
its structures (s. Zagoréev, 1976a; Aleksi¢ et al.,
1988; Zagorchev, 1996, 2001). The overall meta-
morphic conditions correspond to the amphibolite
facies. Zidarov, Nenova (1996, 1999) and Nenova,
Zidarov (2008) reported relicts of eclogite-facies
mineral associations in the metabasic bodies at
Gega and Gorna Ribnitsa villages. The polymeta-
morphic character of the Ograzhdenian supercom-
plex is reflected also in the results of the numerous
but still insufficient isotoping datings of different
rock varieties. The full results of our own datings
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are shown in Annexes 1-8 and Figs 7 and 8., and
the synopsis of all published data is shown in Figs.
11 and 12.

The oldest zircon data come from the meta-
basic rocks (partially amphibolitized gabbro-
norite) in the vicinity of Gorna Ribnitsa village
(Zagorchev et al., 2014). Numerous zircon data
points are scattered between c. 2600 and 1125 Ma
suggesting an upper intercept of about 2.7 Ga, and
a lower one, at ¢. 1.0 Ga. Different interpretations
may be made but they certainly point at the pres-
ence of very old (Neoarchean) recycled material.
The majority of the data points are situated over
the Concordia or near it, and cover the interval be-
tween 877.5 and 503.0 Ma. They may correspond
to a Neoproterozoic protolith with culminating
Ediacaran-Cambrian (Cadomian) emplacement and
cooling. Such a conclusion is consistent also with
the Rb-Sr whole rock isochrone obtained on 10
whole-rock samples from different rock varieties
of the Maleshevska complex in the Tsaparevo area
(Lilov et al., 1983) confirmed also on four addi-
tional samples analyzed by S. Moorbath at the
University of Oxford (Table 2). Zidarov et al.
(2007) reported zircons from a metagranite at Ko-
larovo (Belasitsa Mountain, Ograzhden Unit) with
core dates between c¢. 750 and 555 Ma, and outer
rims dated at c. 520 Ma. Zircons dated between
600 and 550 Ma are also present in the Ribnik me-
tagranite (Fig. 10, Annex 5, Table 2). All these
data point at a Cadomian history of the supercom-
plex which has been heavily overprinted by a later
stage of very extensive metamorphism and
anatexis in Ordovician and Silurian times as sup-
ported by the numerous ages obtained for zircons
from gneisses, migmatites and metagranites
(mostly diatexitic) within the range latest Cam-
brian — Late Silurian (c. 490 — 420 Ma, Figs. 9, 10,
12). An interesting result of the U-Pb zircon stud-
ies is the presence of Cadomian relict zircons in
the Ribnik metagranitoids, and the U-Pb Concordia
zircon ages in them that are older than the Concor-
dia zircon ages of the geologically older host mig-
matites. These facts clearly indicate that the eu-
tectoid leucosome of the host migmatites has been
mobilized for a longer period of time (compared to
the “encapsulated” granitoid body), and namely, up
to Late Silurian times

The youngest thermotectonic event is related
to the intrusion of the Permo-Triassic granites that
could also have some effect (with zircon crystalli-
zation) in their immediate vicinity.
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Table 2
U-Pb Concordia zircon data for the rocks of the Ograzhdenian supercomplex
Sample Rock variety Locality Age range, Ma Source
WR  isochron Maleshevska Mt. ~ Rb-Sr 531 + 13 — 548 + 30 Lilov et al. 1983; Zagorchev et al.
1989
Metagranite (zircons) Kolarovo, Belasitsa 518 + 19 (outer rims) Zidarov et al. 2007
Mt 750 £2.5 — 555 + 10 (cores)
302RW Bi migmatite Yavorov RW Stat. 4563 £1.8-475.1£2.6 Zagorchev et al. 2011,2012
GR2 Amphibolite after norite G. Ribnitsa 452.8+2.2 Zagorchev et al. 2011,2012
304 Bi gneiss Near Mikrevo 4394+1.6-451.8+1.5 Zagorchev et al. 2011,2012
306  Augengneiss Ribnik 433.0+1.5-4454+1.3 Zagorchev et al. 2011,2012
AK228 Two-mica orthogneiss Ograzhden 476+ 6 Kounov et al. 2012
leucosome Ograzhden 461 + 18 Zidarov et al. 2007
Plagiogneiss Maleshevska Mt. 472 +4 Anti¢ et al. 2014
metagranite Lozen 4519+ 1.3 Macheva et al. 2006
307 metagranite Ribnik 461.2+2.0 Zagorchev et al. 2011,2012
granite Igralishte 243.28 +0.84 Peytcheva et al. 2009
granite Skrut, Belasitsa 248.85+0.70 Zidarov et al. 2007
30TBR metagranite, Ribnik 306eR  biotite migmatic gneiss, Ribnik
0.085 mm emar elipses are B8.3% cont data-point emor elipses are £0.2% conf
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Fig. 9. Concordia diagram for the zircons from the Ograzhdenian supercomplex
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4. CONTACTS AND INTERRELATIONS

The problem about the character of the con- The majority of these hypotheses consider the
tact between the Frolosh diabase-phyllitoid com- protolith of the Frolosh diabase-phyllitoid complex
plex and the underlying Ograzhdenian supercom- as a fragment of oceanic crust or as fragments of
plex has been subject of long debates in the Bul- an ensimatic arc that contained fragments of oce-
garian and Macedonian geological literature. The anic crust. The continental-crust character of the
problem has been reviewed several times since the Ograzhdenian complex is considered as an obvious
recognition of the “Diabase-phyllite formation” by feature. Problems arise because the zircon data de-
Strashimir Dimitrov. The following major opinions fine the metamorphism of the Ograzhdenian as
have been published (s. Antonov et al., 2001): being of younger (Ordovician to Silurian) age

when compared to the Cadomian age of the rock

(1) Gradual metamorphic transition within a
complexes of the Frolosh Greenstone Belt.

single metamorphic complex, or interlayering of ; |
greenschist-facies and amphibolite-facies rocks A new view (hypothesis) on the contact zone

within a peculiar transition zone (V. T. Despov, S. Frolosh complex/Ograzhdenian supercomplex is
Belev). proposed with the present paper. Its main points

(2) Primary unconformable sedimentary con- are as follow:

tact later subject of tectonic and metamorphic re- (1) The contact is not a thin “razor-blade
working in greenschist-facies conditions (S. Boya- zone but rather a wide zone formed at the expense

djiev, D. Kozhoukharov, C. Dabovski, I. Zagor- of both complexes. _
chev, Y. Tenchov, P. Gochev etc.). (2) The contact zone has been subject of
’ polyphase deformations and metamorphism.

(3) Either primary unconformity, or obduc-
tion, or low-angle normal fault or thrust, the con-
tact pre-dated the greenschist-facies metamor-
phism. This means that the primary contact was of
Cadomian age.

(4) During Ordovician to Silurian mid-crustal

(3) Structural and metamorphic unconformity
(I. Zagorchev) possibly formed or/and reworked
during obduction along the periphery of a “Cado-
mian” basin.

(4) Overthrust that preceeded the greenschist-
facies metamorphism (Zh. Ivanov and co-authors).

(5) Synmetamorphic shear zone (K. Bonev, anatexis in the Ograzhdenian-type basement (infra-
Zh. Ivanov, L.-E. Ricou) with character of low- structure), its contact zone with the Frolosh com-
angle detachment fault. plex (superstructure) had a screening effect: de-

(6) West-Bulgarian collisional zone (element formations and metamorphism in this zone oc-
of the Variscan Thracian suture) of intensive curred under a steep geothermal gradient, and iso-
mostly postmetamorphic and post-Cadomian de- lated the superstructure.
formations and metamorphism at the boundary For to prove or disprove the hypothesis, we
between the continental Thracian composite ter- need new detailed structural, petrological, geo-
rane and the Balkan terrane (I. Haydoutov). chemical and isotopic studies on the contact zone.
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5. DISCUSSION AND CONCLUSIONS

In the present paper we expose own new evi-
dence, and review the rich facts and ideas pub-
lished during the last decades.

The dominant ideas (Haydoutov et al., 2012,
and older papers by the same authors) in the inter-
pretation of the Frolosh Greenstone Belt consider
this here formulated structure as a part of the Ia-
petus Ocean that developed from MORB ophiolites
(ophiolitic fragments in the Frolosh Formation
consisting of peridotite and gabbro cumulates,
sheeted dyke complex, and pillow lavas, all similar
to these in Western Stara-planina Mts.) to the for-
mation and evolution of an ensimatic island arc
association (Frolosh Formation s.s., similar to or
identical with the Berkovitsa Group, and the
Struma diorite complex). Kounov et al. (2012, Fig.
13) and Anti¢ et al. (2015) developed an elaborate
concept for the latest Ediacaran times (577 — 540
Ma BP) that considers formation of the Frolosh
ophiolites in the Prototethys at the margin with a
continental magmatic arc (at the front of Gond-
wana, with the Struma diorites formed within it),
and a Vlasina back-arc basin at the boundary be-
tween the continental magmatic arc with Gond-
wana. Further on, they deduce continuing at the
beginning of the Palacozoic (540-470 Ma BP) a
continuous subduction of Baltica under Gondwana
(the Peri-Gondwanan region included) with the
obduction of the Frolosh ophiolites and the arc col-
lision (with the continental magmatic arc) and the
simultaneous transformation of the Vlasina back-
arc basin via rifting into a back-arc Rheic Ocean.
Furthermore (470—430 Ma BP, Ordovician to Early
Silurian), the initial continental magmatic arc of
the Struma diorites together with collided frag-
ments from the former Rheic Ocean, and the
newly-intruded Ordovician granitoids, formed all
together the Serbo-Macedonian massif whereas in
its back, the Veles “series” formed into the open-
ing Palaeotethys. The final shape of the region
would have been obtained during the Hercynian
(380-320 Ma BP) continent-continent collision.
This interpretation takes to a certain degree in con-
sideration some previously expressed and forgotten
ideas (Aleksi¢ et al., 1988; Rudakov, 1992; Zagor-
chev, 1998; Zagorchev in Cavazza et al., 2004)
about the very complex character of the Proto-
tethys and the whole Northern Peri-Gondwanan
Region as also partially reflected recently by Gar-
funkel (2015).

An extensive palacodynamic analysis of the
evolution of the Northern Peripheral Cadomian

Domain (Peri-Gondwanan Region) is beyond the
scope of the present paper. However, we would
like to emphasize within the following lines on
several important features of the region under con-
sideration.

The northern Peri-Gondwanan Region was
apparently (Rudakov, 1992; Nance, Murphy, 1994;
Zagorchev, 1998; Neubauer, 2002; v. Raumer et
al., 2003; Zagorchev in Cavazza et al., 2004) a mo-
saic of older continental blocks situated within the
complex Prototethys Ocean. The individual crustal
fragments drifted within that region, and have been
subject of rifting, obduction and/or subduction.
The Serbo-Macedonian (Dardanian) unit was one
of these continental crustal fragments that had un-
dergone a complex tectonometamorphic evolution
prior to the Ediacaran rifting that produced the Fro-
losh Greenstone Belt (FGB) as a branch of the Pro-
totethys. Late Cadomian (latest Ediacaran — Early
Cambrian, c. 550-520 Ma BP) collision resulted in
the obduction of the Frolosh Belt together with the
volcanic-arc products of the Struma diorite com-
plex over the Ograzhdenian supercomplex of the
future Lisiya and Ograzhden fragments. The colli-
sion zone had a thickness of at least 1 — 1.5 km
(Zagorcev, 1974, 1975), being formed at the ex-
pense of both complexes, and had suffered exten-
sive deformations during the Ediacaran collision,
when the FGB behaved as a superstructure in re-
spect of the infrastructure (Ograzhdenian super-
complex of the Lisiya core of the Struma Unit, and
the Ograzhden Unit). The same relations continued
to exist during the Ordovician and Silurian when
thermotectonic events with heating and melting
(both metatexis and diatexis) within the Ograzhde-
nian triggered crustal flow and contributed to the
formation (Fig. 14) of large brachyanticlines sepa-
rated by pinched-in synclines. The boundary zone
between the two complexes played the role of a
screen with a steep geothermal gradient, thus in-
sulating the Frolosh superstructure from the hot
Ograzhdenian infrastructure. This role of the
boundary zone was maintained also during the
Hercynian deformations as recorded and dated in
the northern parts of the Struma Unit (s. Zagor-
chev, 2001; Graf, 2001; Kounov, 2002), and even
during the Alpine deformations — e.g., the move-
ments on the Tsurvishte thrust (s. Zagorchev,
2001). However, the ductility contrast between
superstructure and infrastructure has changed sev-
eral times during these events: the relatively higher
ductility of the Frolosh metamorphic complex dur-
ing the Cadomian collision was followed by the
Ordovician-Silurian anatexis and flow (higher duc-
tility) of the Ograzhdenian, and during the Her-
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cynian and Alpine collisional events the boundary
zone between the two complexes was again mostly
a higher ductility zone that enabled intense re-
peated deformations, and epidermal (thin-skinned)
thrusting.

In conclusion we wish to stress on the relative
paucity in modern detailed evidence, and the need
to proceed with extensive complex research within
the whole area of the Frolosh Greenstone Belt in
the territories of the three countries, with special
emphasize on the stratigraphic, petrologic, struc-
tural and isotopic studies across the boundary zone
with the Ograzhdenian supercomplex to the East,

and within the amphibolite-facies complexes to the
West.
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Kityunu 360poBH: CPIICKO-MaKEJIOHCKH MAacHB; OTPaKICHCKa eANHHULA; M0jac Ha 3eeHH Kapiu Pposton;
POJIOTICKH MACHB; JIOLICH NIPOTEPO30HK; MaIe030jCKa TEKTOHHKA

IMojacor Ha 3enenn kapnu ®ponom (FGB) ce mporera
Ha pactojanue rnoroixemo ox 200 km na tepuropuure Ha Byra-
puja, Makenonuja u Cp6uja. Ce COCTOM O Pa3IHYHK KapIiu
Ha (¢anyjaTta 3eJeHH IKPWIIH (AKTHHOJUTCKY IIKPWIIH, (H-
e, Ca-IIKPUILK, HEYUCTH MEPMEPH, METAIIeCOYHULH, Me-
Tanujaba3u, MaCUBHHM 3€JICHH KapIH U 1p.) 0] METaMOP(HHOT
komriekc dposont co MeTaba3uTH (BKIYIHUTEITHO JEP3O0THUTH)
¥ 00JIaCTH Ha TIOCTAPH KapIly ONKPYKEHH CO TIOMIIaau (PETpo-
rpaJHA MOMHPOYHY I'HAjCEBU U MUTMATHTH) O OTPaXKICHCKH-
oT cynepkomiuiekc. Komiiekcor e npobuen of Tena Ha rad-
poBH (HamecTa co ynTpabda3udHu KyMyJIaTH), IMOPUTH 10 Ipa-
Hutu (nuopurcka ¢opmanuja Crpyma). U-Pb-npoyuyBamara
Ha LMPKOHHM MOKA&XaJle KaJOMHCKAa CTapoCT CO BPEMEHCKH
nepuon nomery cca. 574 u 517 Ma. Kommnexcor ®posnomr ru
MOKpUBa ynTpameTamopuTuTe (MHUTMATH3NPAHHU THAjCEBU H
aMpUOONIHUTH; TYpMaJTHHCKO-OMOTUTCKH IIKPWIIH; KBapIl-
(enycaTcKu I'HAjCEeBH; JIEKOBUIHH TeNNa HA METallepUIOTHTH
JI0 HOPUTH) Ha OTPaXJEHCKHOT CylepKoMIuiekc. OrpaxueH-
CKHUTE KapIli C€ HCIPECEUCHU CO JMjaTeKTHYKH METarpaHuTH
NIPENOKpUeHH co MeTamopdu3aM Ha ampubonuTcka anuja.
JomunantHata U-Pb-cTapoct Bapupa nomery 470 u 430 Ma.

KonTaktoT momery xommiekcor ®porom u orpaxieH-
CKHOT CYIIEpKOMIUIEKC OWJI TpeaMeT Ha JoJIra AUCKycHja U
KOHTpOBep3HH uHTeprnperanuu. Cera HHE TO HOTEHIUpaMe
noBeke()a3sHUOT Pa3Boj Ha JBaTa KOMIUIEKCA, KaKo IITO € J0-
Ka)XaHO CO TEPEHCKHTE IOJATOLM M M30TOIHATA CTapoCT.
Orpax1eHCKHOT CYNEePKOMIUICKC OWJI MOAJIOXKEH Ha IpeKaM-
OpPHCKHOT TEKTOHOMETaMOop(u3aM, IITO € JOKaKaHO CO H30-
XpOHUTE TmojaaTony 3a Rb-Sr Ha 1ena kapma U HUPKOHCKUTE
nogarory 3a U-Pb Ha penuktn. OpJOBUIUCKATE IO CHITypPCKH
aHaKTeTUTH (METAaTeKTHYKa MHUIMaTH3alldja, JUjaTeKCHC) ce
HHTPYIVPaHH O NEPMO-TPHjacKH rpaHuTH. KOHTaKTOT rmome-
I'y OIPaKICHCKUOT CYNEPKOMIUIEKC U OKPOBHHUOT KOMILIEKC
®posour ce cMeTa 3a MOKHAa KOMIUIEKCHA 30HA Ha roBekeda-
3€H TEeKTOHOMeTaMOp(peH pa3Boj NOBEKE OTKOJIKY OCTpa MOBP-
muHa co enHogasHo motekno. Kako rpanuma momery cympa-
CTpYKTypa 1 HH(PACTPYKTypa, Taa OJUrpaja BaXkKHa yJiora BO
BpeMeTo Ha (haHepO30HK U IOCITYXKHIAa KaKO eKpaH CO BHCOK
TepMaleH TPaJUeHT 3a BPeME Ha OpPIOBHIHCKO-CHIyPCKHOT
AQHATEeKCHC U MeTaMop(hH3aM BO OIPaXKICHCKHOT CYHNEPKOMII-
JeKc. 3a Ja ce BepuUIMpa OBaa XMUIOTE3a, HEONXOIHH Ce
HOBH JICTAJIHU CTPYKTYPHH M U30TOIHH NPOYUyBamba.
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Annex

Isotope data for the zircons in sample 294B, metadolerite, road cuttings between the villages of Tsurvishte and Frolosh, near the Kopriven River

1

Isotope ratios Apparent ages Best age Conc

U (ppm) ““Pb/”™Pb U/Th *“Pb*/*'Pb* + (%) *Pb/A°U* +(%) *“Pb/7*U =(%) errorcorr. *Pb"/2*U" +(Ma) *’Pb’/~U +(Ma) *Pb"™Pb" +(Ma) (Ma) =(Ma) (%)

RO294B-2 251 73128 1,7 17,3352 49 0,6838 5,3 0,0860 1,9 0,36 531,7 9,7 529,1 21,7 517,8 107,9 53,7 9,7 1005
RO294B-3 905 257628 7,7 17,3036 19 0,6825 2,2 0,0857 1,1 0,52 529,8 5.8 528,3 9,1 521,8 41,5 5298 58 1003
RO294B-4 356 129286 83 17,0259 25 0,7100 2,8 0,0877 1,3 0,47 541,8 6,8 5447 11,9 557,2 543 5418 68 99,5
RO294B-5 739 57614 22 17,0820 3,8 0,6500 43 0,0805 2,1 0,49 4993 10,1 508,5 17,4 550,1 82,8 4993 10,1 982
RO294B-6 199 24528 43 17,0609 6,4 0,6834 6,5 0,0846 0,7 0,11 5233 3,7 528,8 26,6 552,8 1402 5233 3,7 99,0
RO294B-7 760 91858 22 16,8605 2,0 0,6656 2,9 0,0814 22 0,74 504,4 10,5  518,0 11,9 578,5 433 5044 10,5 974
RO294B-8 613 140488 3,7 17,2899 23 0,6873 2,3 0,0862 0,5 0,23 532,9 2,8 531,2 9,7 523,6 50,0 5329 28 1003
RO294B-9 307 114384 50 16,8408 55 0,6921 5,7 0,0845 1,2 0,21 523,1 59 534,0 23,5 581,0 1202 5231 59 980
RO294B-10 373 40726 1,8 16,8329 34 0,7104 4,6 0,0867 3,1 0,67 536,2 158 5450 19,3 582,1 73,5 5362 158 984
RO294B-11 463 200114 47 172119 20 0,6695 2,3 0,0836 1,0 0,44 517,4 5,0 5204 9,2 533,5 443 5174 50 994
RO294B-12 187 42006 14 17,1110 5,1 0,7235 5,7 0,0898 2,5 0,45 5543 134 5527 242 546,3 111,0 5543 134 1003
RO294B-13 53 14338 22 164437 114  0,7753 11,4 0,0925 1,2 0,11 570,1 6,6 582,8 50,7 632,7 2454 570,01 6,6 978
RO294B-14 23 3076 1,9 16,7300 32,6  0,7249 32,7 0,0880 2,2 0,07 543,5 11,3 553,6 140,4 5954 7247 5435 113 982
RO294B-15 390 32586 2,1 17,3531 2,7 0,7015 3,1 0,0883 1,5 0,47 545.4 7,6 539,7 12,8 515,6 594 5454 7,6 101,1
RO294B-16 1507 47002 29 16,8346 1,5 0,6422 2,9 0,0784 2,5 0,85 486,6 11,6 503,6 11,6 581,8 334 4866 11,6 96,6
RO294B-17 585 116230 52 17,3750 24 0,686 2,5 0,0864 1,0 0,38 534,2 4,9 530,1 10,5 512,8 51,7 5342 49 1008
RO294B-18 743 196960 3,0 17,5077 13 0,6596 1,4 0,0838 0,6 0,43 518,5 3,0 514,4 5,6 496,1 27,6 5185 3,0 1008
RO294B-19 587 44552 L6 17,1163 2.2 0,7259 23 0,0901 0,6 0,26 556,2 3,1 554,1 9,6 545,7 475 5562 3,1 1004
RO294B-20 330 27336 33 17,7075 2,0 0,6423 2,4 0,0825 1,4 0,58 511,0 7,0 503,7 9,7 471,0 439 51,0 7,0 1014
RO294B-21 353 123576 53 17,3948 1,8 0,6601 33 0,0833 2,7 0,83 515,7 13,4 5147 13,2 510,3 40,0 5157 13,4 1002
RO294B-22 619 114418 22 16,7396 12 0,7688 2,1 0,0933 1,8 0,84 5752 9,8 579,1 9.4 594,1 249 5752 98 993
RO294B-23 551 109954 3,9 17,3566 2,7 0,6917 2,8 0,0871 0,9 0,32 538,2 4,6 533,8 11,7 515,1 589 5382 46 1008
RO294B-24 856 452474 43 17,3409 12 0,6682 1,9 0,0840 1,4 0,75 520,2 7,0 519,6 7,6 517,1 27,2 5202 7,0 1001
RO294B-25 219 35926 45 17,4072 3.2 0,6769 3.4 0,0855 1,1 0,32 528,6 54 524,9 13,8 508,8 70,0 5286 54 1007
RO294B-26 222 21836 33 17,5276 52 0,6614 73 0,0841 5,1 0,70 520,4 255 5154 29,6 493,6 1157 5204 255 1010
RO294B-27 1114 114178 22 17,2495 08 0,6657 23 0,0833 2,1 0,94 515,7 10,6 518,1 9,2 528,7 16,5 5157 10,6 99,5
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Annex 2
Isotopic data for sample 295BF, basic enclave in Struma diorite, road cuttings near the village of Tsurvishte

Isotope ratios Apparent ages Best age Conc

U,ppm  Pb/™Pb  U/Th **Pb’/2Pb" + (%) *Pb’/7U" + (%) *Pb/P*U £(%) error corr. “Pb"/2U" +(Ma) Pb’/7°U £(Ma) Pb*/'Pb" +(Ma) (Ma) +(Ma) (%)

RO295BF-1 61 5200 1.2 16.7138 11.7 0.7467 119  0.0905 2.2 0.19 558.6 11.8 566.3 51.6 5975 253.5 558.6 11.8 935
RO295BF-2 79 8016 1.0 16.1729 7.0 0.7580 7.1 0.0889 1.5 0.21 549.1 7.9 572.9 312 668.3 149.2  549.1 7.9 82.2
RO295BF-3 44 34012 1.7 15.0004 10.3 0.8622 103  0.0938 0.8 0.08 578.0 4.6 631.3 48.6 827.3 2153 578.0 4.6 69.9
RO295BF-5 181 12152 0.9 16.2255 6.3 0.7608 6.3 0.0895 1.1 0.17 552.8 5.7 574.5 27.9 661.3 134.1 552.8 5.7 83.6
RO295BF-6 116 31002 1.1 17.3456 5.7 0.7377 59  0.0928 1.3 0.22 572.1 7.1 561.1 253 516.5 125.7 5721 7.1 110.8
RO295BF-7 79 8644 1.5 17.1206 8.1 0.7249 8.5 0.0900 2.8 0.33 555.6 14.9 5535 36.4 5452 176.3 555.6 149 1019
RO295BF-8 111 18574 1.1 16.1973 8.0 0.7455 9.6  0.0876 5.4 0.56 541.2 28.1 565.6 41.7 665.1 170.7 5412  28.1 81.4
RO295BF-10 163 5000 0.9 16.7995 53 0.7119 5.6  0.0867 2.0 0.35 536.2 10.2 545.9 23.8 586.4 1145  536.2 102 914
RO295BF-11 78 11180 1.4 17.0459 124 0.7227 124 0.08%4 0.9 0.07 551.7 4.7 5523 52.9 554.7 2709  551.7 4.7 99.5
RO295BF-12 115 37586 0.9 17.8796 5.5 0.6747 5.8  0.0875 1.8 0.31 540.7 9.2 523.6 23.7 449.6 122.6  540.7 9.2 120.3
RO295BF-13 116 30344 1.0 17.6407 7.0 0.6883 7.1 0.0881 1.1 0.15 544.1 5.6 531.8 29.2 479.4 1542  544.1 5.6 113.5
RO295BF-14 102 18384 1.2 17.2108 8.8 0.6906 9.3 0.0862 3.1 0.33 533.0 15.7 533.2 38.7 533.6 193.0  533.0 15.7 999
RO295BF-15 75 18672 1.4 16.6989 10.6 0.7336  10.8  0.0888 2.0 0.19 548.7 10.6 558.7 46.5 599.4 230.7  548.7 10.6 915
RO295BF-16 112 14072 1.2 17.1188 5.4 0.7263 5.5 0.0902 0.7 0.13 556.5 3.7 554.4 234 545.4 118.7  556.5 3.7 102.1
RO295BF-17 74 9490 1.2 16.3839 9.7 0.7841 9.9  0.0932 1.5 0.15 574.2 8.3 587.8 44.0 640.5 209.8 5742 8.3 89.7
RO295BF-18 92 44294 23 15.9841 72 0.7610 7.3 0.0882 1.4 0.19 545.0 7.3 574.6 32.1 693.4 1532  545.0 7.3 78.6
RO295BF-19 56 20236 1.3 15.9113 184  0.7724 184  0.0891 1.4 0.08 550.4 7.6 581.1 81.7 703.1 3942 5504 7.6 78.3
RO295BF-20 54 18412 1.9 16.7815 124 0.7357 127  0.0895 2.4 0.19 552.8 12.7 559.9 54.5 588.7 270.6  552.8 12.7 939
RO295BF-21 70 11982 1.9 15.3656 7.7 0.8226 8.0  0.0917 1.8 0.23 565.4 10.0 609.5 36.5 776.9 163.0  565.4 10.0 728
RO295BF-22 81 60424 0.7 16.1675 9.9 0.7724  10.1  0.0906 1.6 0.16 558.9 8.8 581.1 44.5 669.0 2129 5589 8.8 83.5
RO295BF-23 40 6958 L5 17.7904 15.8 0.6898 16.1  0.0890 3.4 0.21 549.6 18.1 532.7 67.0 460.6 351.7  549.6 18.1 1193
RO295BF-24 65 90746 22 16.5125 7.4 0.7817 7.6 0.0936 1.9 0.25 576.9 10.4 586.5 34.0 623.6 159.8  576.9 104 925
RO295BF-25 82 33836 1.5 15.9447 6.1 0.7736 6.2  0.0895 1.0 0.16 552.3 53 581.8 27.5 698.6 130.6 5523 53 79.1
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Isotope ratios Apparent ages Best age Conc

U,ppm  Pb/”™Pb  U/Th 2“Pb’//Pb" £ (%) *"Pb’/~°U" + (%) Pb’/**U (%) error corr. 2Pb’/**U" +(Ma) 'Pb"/*°U +(Ma) Pb*/”Pb” +(Ma) (Ma) =+(Ma) (%)

RO295BF-26 71 25402 2.0 18.5914 12.8 0.7163 12.8  0.0966 0.7 0.05 594.3 4.0 548.5 54.3 362.2 289.3 5943 4.0 164.1
RO295BF-27 30 1904 1.3 14.5848 12.7 0.9099  13.0 0.0963 2.7 0.21 592.4 15.1 657.0 62.7 885.7 263.0 5924 15.1 66.9
RO295BF-28 75 9122 1.4 18.8548 1.0 0.6615 11.1  0.0905 1.6 0.14 558.2 8.6 515.5 44.8 330.4 249.5 5582 8.6 169.0
RO295BF-29 394 70680 11.6 17.1157 4.9 0.7191 49  0.0893 0.9 0.18 551.2 4.8 550.2 21.0 545.8 106.1 551.2 4.8 101.0
RO295BF-30 142 15014 1.3 16.2075 5.1 0.7985 5.7  0.0939 2.4 0.42 578.3 13.2 596.0 255 663.7 109.8 5783 132 87.1
RO295BF-31 200 50506 39 17.3937 4.0 0.7173 4.0  0.0905 0.5 0.12 558.5 2.7 549.1 17.0 510.5 87.6 558.5 2.7 109.4
RO295BF-32 80 21248 1.6 17.2276 9.7 0.7386 9.8  0.0923 1.5 0.15 569.0 8.0 561.6 423 531.5 212.8  569.0 8.0 107.1
RO295BF-33 82 11848 0.9 16.1553 5.6 0.7967 5.6  0.0934 0.8 0.14 575.3 43 595.0 253 670.6 119.3 5753 43 85.8
RO295BF-34 106 38600 1.5 16.2008 8.4 0.7526 89  0.0884 2.8 0.32 546.2 14.8 569.7 38.7 664.6 180.4  546.2 14.8 82.2
RO295BF-35 117 41558 1.5 17.6244 8.0 0.6829 8.1 0.0873 1.3 0.16 539.5 6.7 528.5 335 481.4 177.6 5395 6.7 112.1
RO295BF-36 104 32260 0.7 16.1102 5.7 0.7676 5.8 0.0897 1.2 0.20 553.7 6.1 578.4 25.7 676.6 122.0  553.7 6.1 81.8
RO295BF-37 62 18800 L5 15.6882 14.1 0.7642 145 0.0870 3.3 0.23 537.5 17.0 576.5 63.7 733.1 299.8 5375 170 733
RO295BF-37A 91 29302 1.2 16.9480 6.0 0.7160 6.1 0.0880 1.3 0.21 543.8 6.8 548.3 259 567.3 130.1 543.8 6.8 95.9
RO295BF-37B 105 27202 1.1 16.2576 6.0 0.7117 6.7  0.0839 2.8 0.42 519.5 13.9 545.8 28.1 657.1 129.8 5195 139  79.1
RO295BF-38 57 13808 1.6 18.4970 12.1 0.6703 123  0.0899 22 0.18 555.1 11.6 520.9 50.0 373.7 272.6  555.1 11.6  148.6
RO295BF-39 56 24784 2.0 16.4399 4.7 0.7714 5.6  0.0920 3.0 0.53 567.2 16.0 580.5 24.7 633.2 102.1 567.2 16.0  89.6
RO295BF-40 84 7928 1.4 13.5236 18.1 09463 182  0.0928 1.4 0.08 572.2 7.8 676.2 89.8 1039.9 3682 5722 7.8 55.0
RO295BF-41 76 12114 L5 16.5226 9.5 0.7571 10.0  0.0907 3.0 0.31 559.9 16.3 572.4 43.6 622.3 205.0  559.9 16.3  90.0
RO295BF-42 81 21128 1.8 17.6393 7.8 0.7115 8.3 0.0910 2.7 0.32 561.6 14.4 545.7 35.0 479.5 173.7  561.6 144 117.1
RO295BF-43 51 13152 1.5 17.4654 4.5 0.7450 4.6  0.0944 1.1 0.24 581.3 6.2 565.3 20.1 501.4 99.2 581.3 6.2 115.9
RO295BF-44 70 27856 1.6 15.5365 73 0.7946 7.7 0.0895 2.5 0.32 552.8 13.0 593.8 34.6 753.6 154.0 5528 13.0 734
RO295BF-45 107 14194 1.7 17.4060 5.1 0.7421 53 0.0937 1.6 0.30 571.3 8.8 563.6 23.1 508.9 112.1 5713 8.8 113.4
RO295BF-46 130 70362 1.3 16.7911 5.4 0.7558 5.6  0.0920 1.5 0.27 567.6 8.1 571.6 24.5 587.5 117.0  567.6 8.1 96.6
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Annex 3
Isotopic data for sample 295, Struma diorite, near the village of Tsurvishte

Isotope ratios Apparent ages Best age Conc
Analysis U (ppm) 2Pb/*Pb U/Th Pb*/7Pb* =+ (%) 2Pb*/°U* = (%) *Pb*/*U =+ (%) error corr. “Pb*/2%U* +(Ma) 2Pb*/*U +(Ma) “Pb*/"Pb* +(Ma) (Ma) =+(Ma) %)
RO-295-1 143 40588 3,9 17,5759 4,5 0,6750 50 0,080 22 0,44 532,1 11,3 523,8 20,4 487,5 98,4 53,1 11,3 109,22
RO-2952 679 218072 3,9 17,4507 2,6 0,6568 2,8 0,0831 1,1 0,37 514,8 5.2 512,7 11,3 503,3 57,5  514,8 52 1023
RO-295-3 446 77456 32 17,7334 43 0,6540 44  0,0841 1,1 0,25 520,6 5,5 510,9 17,6 467,8 942  520,6 55 1113
RO-295-4 204 70772 54 17,3138 5,0 0,6628 54 00832 22 0,41 5154 11,0 516,3 22,0 520,6 109,0 5154 11,0 99,0
RO-295-5 930 89048 2,5 17,4904 4,9 0,6391 4,9 0,0811 0,9 0,18 502,5 43 501,8 19,6 498,2 107,1  502,5 43 1009
RO-295-6 579 41728 0,6 17,6468 3,5 0,6662 40  0,0853 1,8 0,47 527,5 9,3 518,4 16,1 478,6 774 5275 9,3 1102
RO-295-7 510 113738 4,6 17,0757 2,6 0,6712 2,7 0,0831 0,9 0,34 514,7 4,6 521,4 11,1 550,9 55,7 5147 46 934
RO-295-8 107 23350 1,3 17,8548 8,4 0,6401 9,1 0,0829 3,4 0,37 513,4 16,7 502,4 36,1 452,6 1879 5134 16,7 1134
RO-295-9 1392 280930 1,7 17,1206 4,0 0,6216 4,7 0,0772 2,5 0,52 479,3 11,4 490,8 18,4 5452 88,1 4793 114 879
RO-295-10 550 82138 3,6 16,8952 3,1 0,6757 32 0,0828 0,6 0,20 512,8 3,1 524,1 13,1 574,0 68,3  512,8 3,1 893
RO-295-11 365 37846 4.6 17,1250 4,0 0,6488 43 0,0806 1,5 0,35 499,6 7,2 507,8 17,2 544,6 88,1 4996 72 917
RO-295-12 187 47160 4,1 17,6333 58 0,6501 58 0,0831 0,8 0,14 514,9 4,0 508.,6 23,4 480,3 127,8 5149 40 1072
RO-295-13 251 31980 2,7 17,4991 5,1 0,6564 54  0,0833 1,8 0,33 5158 8,9 512,4 21,9 497,2 113,1 5158 89 1038
RO-295-14 102 40836 1,6 18,4315 8,2 0,6716 84  0,0898 1,8 0,21 554,2 9,5 521,7 34,1 381,6 183,8 5542 95 1452
RO-295-15 153 38186 2,1 16,4839 3,7 0,7534 3,7 0,0901 0,7 0,18 556,0 3,5 570,2 16,3 627,4 79,0 5560 3,5 88,6
RO-295-16 279 64608 4.8 17,4029 44 0,6964 48 0,0879 1,9 0,40 543,1 10,1 536,6 20,2 509,3 97,7  543,1 10,1 106,6
RO-295-17 90 28268 2,0 16,7812 11,3 0,7101 11,4 0,0864 1,4 0,13 534,3 73 5448 47,9 588,7 2451 5343 73 908
RO-295-18 191 20358 2,0 16,8051 5,1 0,7449 5,1 0,0908 0,8 0,16 560,2 43 565,3 22,2 585,7 109,8 5602 43 957
RO-295-19 276 34424 2,0 16,8462 5,6 0,7034 59 0,0859 1,6 0,27 531,5 8,1 540,8 24,6 580,4 122,7  531,5 81 91,6
RO-295-20 253 100260 2,2 16,6153 3,1 0,7855 3,5 0,0947 1,8 0,50 583,0 9,8 588.,6 15,8 610,2 66,2 5830 9,8 955
RO-295-22 419 81530 7.9 17,3299 2,4 0,6712 2,7 0,0844 1,3 0,48 522,1 6,4 521,4 11,0 518,5 51,9 522,1 6,4  100,7
RO-295-23 135 17554 24 16,1644 9,9 0,8100 9,9 0,0950 1,2 0,12 584.,8 6,9 602,5 452 669,4 211,5 5848 6,9 874
RO-295-24 94 15974 28 16,2240 16,5 0,6923 16,7  0,0815 3,0 0,18 504,9 14,5 534,2 69,6 661,5 3548 5049 145 763
RO-295-25 146 44374 1,9 17,5453 4,7 0,6755 5.8 0,0860 3,5 0,59 531,6 17,7 524,0 23,9 491,3 1034 531,6 17,7 1082
RO-295-26 182 26406 4,5 16,0405 309 07144 309  0,0831 0,9 0,03 514,7 4,6 547,4 131,5 685,9 6743 5147 46 750
RO-295-28 338 328242 2,0 16,6773 4,4 0,7193 4,5 0,0870 09 0,21 537,8 4,9 550,2 18,9 602,2 942 5378 49 893
RO-295-29 197 43760 4,7 16,9164 55 0,6776 56  0,0831 1,1 0,19 514,8 5.2 5254 22,9 571,3 119,5 5148 52 90,1
RO-295-30 348 19334 39 17,2994 4,7 0,5964 5,5 0,0748 2,8 0,52 465,2 12,7 475,0 20,8 5224 103,0 4652 12,7 89,1
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Annex 4
Isotope data for the zircons of sample 296 BF, granite dyke in Struma diorite, near the village of Tsurvishte
Isotope ratios Apparent ages Best age Conc
U (ppm) *Pb/”*™Pb  U/Th  2Pb"/*Pb" + (%) *Pb’/°U" = (%) **Pb/2*U =+ (%) error corr. Pb"/Z*U" + (Ma) 2“Pb/~°U+ (Ma) *Pb’/”7Pb" +(Ma) (Ma) =(Ma) (%)
RO-296BF-1 264 34292 1,2 17,0342 3,7 0,7104 3,8 0,0878 1,0 0,27 542,3 53 5450 16,1 556,2 80,2 5423 53 975
RO-296BF-2 238 26390 1,2 16,7591 33 0,7023 3,4 0,0854 0,9 0,26 528,0 4.4 540,1 142 591,6 71,0 5280 44 893
RO-296BF-3 404 2950 2,1 14,8988 2,7 0,8340 45 0,0901 3,6 0,79 556,2 19,0 615,8 20,7 841,5 56,8 5562 19,0 66,1

RO-296BF-4 255 22468 2,9 17,0364 2,4 0,7263 3,9 0,0897 3,1 0,79 554,0 16,3 554,4 16,6 555,9 51,9 554,0 16,3 99,7
RO-296BF-5 140 14258 1,7 16,8787 8,3 0,7229 10,3 0,0885 6,1 0,59 546,7 32,0 5524 43,9 576,1 180,5 546,7 32,0 94,9

RO-296BF-6 319 47230 2,5 16,9293 2,8 0,7320 3,0 0,0899 1,2 0,41 554,8 6,5 557,7 13,0 569,7 60,4 554,8 6,5 974
RO-296BF-7 83 12850 1,1 16,1319 6,7 0,7602 6,9 0,0889 1,6 0,24 549,3 8,5 574,1 30,1 673,8 142,6 549,3 8,5 81,5
RO-296BF-8 188 31646 4,1 16,9890 4,7 0,7618 4,8 0,0939 1,0 0,20 578,4 5.4 575,1 21,2 562,0 103,1 578,44 54 1029
RO-296BF-9 255 17052 34 17,0550 2,5 0,7523 2,7 0,0931 1,0 0,36 573,6 53 569,5 11,9 553,5 55,5 573,6 53  103,6
RO-296BF-10 201 38284 2,2 16,9179 3,2 0,7549 3,5 0,0926 1,4 0,41 571,0 79 571,0 15,2 571,1 69,0 571,0 7,9  100,0
RO-296BF-11 356 31954 33 16,6824 2,6 0,7381 3,7 0,0893 2,7 0,72 551,4 14,3 561,3 16,2 601,5 56,1 5514 143 91,7
RO-296BF-12 287 86176 1,9 16,5634 3,9 0,7636 4,0 0,0917 0,9 0,24 565,8 5,1 576,1 17,4 617,0 83,2 565,8 5,1 91,7
RO-296BF-13 119 19030 1,8 16,3933 3,4 0,7553 3,6 0,0898 1,1 0,32 554,4 6,1 5713 15,6 639,3 72,5 5544 6,1 86,7
RO-296BF-14 112 22906 1,3 16,6911 9,2 0,7268 9.3 0,0880 1,6 0,17 543,6 8,4 554,7 39,9 600,4 199,5 543,6 84 905
RO-296BF-15 184 15356 1,7 16,9161 3,4 0,7581 3,7 0,0930 1,4 0,39 5733 7.9 572,9 16,0 571,4 73,1 573,3 7.9 1003
RO-296BF-16 322 70284 1,8 16,8523 2,1 0,7648 27 0,0935 0,6 0,26 576,1 3,1 576,8 9,7 579,6 46,0 576,1 3,1 99,4
RO-296BF-17 443 48494 1.8 16,6610 3.4 0,7473 3.4 0,0903 0,6 0,18 5573 3.3 566,7 15,0 604,3 73,4 5573 33 922

RO-296BF-18 382 1358 1,0 12,9368 6,3 0,9842 72 0,0923 3,4 0,47 569,4 18,5 695,8 36,1 1128,9 125,9 569,4 18,5 50,4

RO-296BF-19 305 67766 2,9 17,1750 3,6 0,7131 3,8 0,0888 1,3 0,33 548,6 6,7 546,6 16,2 538,2 79,3 548,6 6,7 101,9
RO-296BF-20 397 1540 1,3 13,4723 10,7 0,9077 10,7 0,0887 0,9 0,08 547,8 4,7 6559 51,8 1047.,6 215.9 547,8 4,7 523
RO-296BF-21 391 37606 2,2 16,7788 1,7 0,7588 2,5 0,0923 1,8 0,73 569,4 10,0 5733 11,1 589,1 37,6 569,4 10,0 96,7
RO-296BF-22 191 23548 2,5 17,3637 5,4 0,6993 5,5 0,0881 0,8 0,15 544,1 4,2 5384 229 514,2 119,2 544,1 42 1058
RO-296BF-23 298 23362 34 17,1477 2,9 0,7143 3.4 0,0888 1.8 0,53 548,7 9,4 5473 14,3 541,7 62,6 548,7 94 1013
RO-296BF-24 104 8700 0,9 16,4656 9,1 0,7476 9,1 0,0893 0,8 0,09 5513 4,4 566,8 39,7 629,8 196,5 551,3 44 875
RO-296BF-25 249 18764 2,0 17,3944 3,0 0,7039 3,4 0,0888 1,6 0,47 548,5 8,5 541,1 14,3 510,4 66,1 548,5 85 1075
RO-296BF-27 229 45534 2,1 16,4769 2,8 0,7467 2,9 0,0892 0,9 0,29 551,0 4,5 566,3 12,6 628,3 59,6 551,0 4,5 87,7
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Annex 5
Isotopic data for sample 307, metagranite, road cuttings between the villages of Ribnik and Lebnitsa, Ograzhdenian supercomplex, Ograzhden Mts.

Isotope ratios Apparent ages Best age Conc
Analysis U (ppm) *Pb/”™Pb U/Th 2Pb"/2Pb" (%) *"Pb/*U" +(%) Pb"/P*U +(%) errorcorr. **Pb’/%SU"  +(Ma) 2'Pb"/A°U  +(Ma) Pb’”Pb" +(Ma) (Ma) +(Ma) (%)
RO-307BR-1 620 187640 234.8  17.9409 1.9 05731 23 00746 13 0.55 463.6 5.6 460.0 8.4 441.9 41.8 4636 56 1049
RO-307BR-2 60 85068 2.6 7.9978 25 6.0336 29 03500 1.4 0.48 1934.5 23.1 1980.7 25.0 20293 444 20293 444 953
RO-307BR-3 154 7328 3.8 16.0616 148 06318 17.0 0.0736 8.4 0.49 457.8 372 4972 67.1 683.0 3180 4578 372 670
RO-307BR-4 262 23304 4.3 18.0136 32 05696 43 00744 2.8 0.65 462.7 12.3 457.7 15.7 432.9 722 4627 123 1069
RO-307BR-5 281 17448 207  17.4969 36 0.6205 37 00787 05 0.14 488.6 2.4 490.2 143 497.4 80.1 4886 24 98.2
RO-307BR-7 212 28708 4. 18.2750 34 05625 3.8 00746 1.7 0.44 463.5 7.4 453.1 13.7 400.8 755 4635 74 1157
RO-307BR-8 235 23654 24 17.4439 49 05821 50 0.0736 0.7 0.13 458.1 29 465.8 18.5 504.1 108.1 4581 29 90.9
RO-307BR-9 319 29108 14.6  17.7686 43 0.5668 45  0.0730 1.0 0.22 454.5 44 456.0 16.4 463.4 964 4545 44 98.1
RO-307BR-10 158 28062 6.5 15.6187 33 09864 57 01117 4.7 0.82 682.8 30.1 696.9 28.7 742.5 69.7 6828  30.1  92.0
RO-307BR-12 1718 453274 269  17.8555 1.6 05920 1.8 0.0767 09 0.49 476.2 4.0 472.1 6.7 452.5 344 4762 40 1052
RO-307BR-13 239 14214 4.7 18.1202 35 05188 43 00682 2.5 0.58 4252 10.3 424.4 15.0 419.8 789 4252 103 1013
RO-307BR-14 489 51010 2.3 16.9173 19 07554 22 0.0927 1.0 0.48 571.4 5.7 5713 9.5 571.2 416 5714 57 100.0
RO-307BR-15 258 17802  11.1  16.8663 32 06352 35 00777 14 0.39 482.4 6.3 499.3 13.8 577.7 700 4824 6.3 83.5
RO-307BR-16 96 25522 2.5 16.9540 70 07448 7.6 0.0916 3.1 0.40 564.9 16.7 565.2 33.0 566.5 151.6 5649 167  99.7
RO-307BR-18 193 135362 2.7 7.0403 2.3 7.0010 54 03575 49 0.91 1970.2 83.7 2111.6 48.2 22522 389 22522 389 875
RO-307BR-20 439 54288 1.7 16.6336 2.1 0.6565 22 00792 0.8 0.34 491.3 3.6 512.4 8.9 607.8 448 4913 3.6 80.8
RO-307BR-22 297 57476 4.7 15.9962 26 07857 32 00912 1.9 0.59 562.4 10.1 588.7 14.3 691.8 551 5624 101 813
RO-307BR-23 480 99292 9.7 15.1984 25 09774 34 01077 23 0.68 659.6 14.4 692.3 16.9 799.9 520  659.6 144 825
RO-307BR-24 194 24336 89 17.7086 74 05790 8.0 0.0744 3.1 0.38 462.4 13.6 463.8 29.8 4709 1639 4624 136 982
RO-307BR-25 637 62230 4.2 15.9494 22 09179 32 0.1062 2.4 0.74 650.5 14.7 661.2 15.6 698.0 462 6505 147 932
RO-307BR-26 185 26620 7.2 17.0679 48 05826 50 00721 14 0.28 448.9 6.1 466.1 18.7 551.9 1047 4489 6.1 81.3
RO-307BR-27 563 66008 1.3 16.6002 22 08590 3.6 01034 28 0.79 634.4 17.0 629.6 16.8 612.2 47.6 6344 170  103.6
RO-307BR-28 408 94534 2.7 16.5973 35 07664 39 0.0923 16 0.41 568.9 8.6 571.7 17.0 612.6 76.1 5689 86 92.9
RO-307BR-29 280 18408 1.9 17.1614 56 06027 59 00750 18 0.30 466.3 7.9 478.9 225 540.0 1229 4663 7.9 86.4
RO-307BR-30 404 47642 1.3 16.4048 2.1 0.8216 3.1 00977 22 0.72 601.2 12.6 608.9 14.0 637.8 459 6012 126 943
RO-307BR-31 362 17926 7.9 17.4941 46 05467 55  0.0694 3.1 0.55 432.4 12.8 4429 19.9 497.8 101.5 4324 128 869
RO-307BR-32 254 27884 9.1 18.1427 43 0.5675 44 00747 0.9 0.21 464.3 42 456.4 16.0 417.0 95.1 4643 42 1113
RO-307BR-33 280 28382 3.5 17.9493 35 05372 42 00699 2.3 0.55 435.7 9.9 436.5 15.0 440.9 783 4357 99 98.8
RO-307BR-34 318 98396 3.8 8.6654 09 4099 12 02575 09 0.69 1476.9 11.4 1653.7 10.1 1886.2  16.0 18862 160 783
RO-307BR-35 241 361004 7.7 5.9965 1.6 107512 2.1  0.4676 1.4 0.67 24729 29.4 2501.9 19.9 25254 267 25254 267 979
RO-307BR-36 164 23712 6.7 16.4907 37 07713 49  0.0922 3.1 0.65 568.8 17.1 580.5 21.5 626.5 798 5688 17.1  90.8
RO-307BR-38 396 48946 1.3 16.4592 22 08019 24 0.0957 1.0 0.41 589.3 5.5 597.9 10.7 630.6 464 5893 55 93.5
RO-307BR-39 374 42420 1.9 16.6050 2.3 0.7919 25  0.0954 1.1 0.45 587.2 6.4 592.2 11.4 611.6 489 5872 64 96.0
RO-307BR-40 765 133212 1.5 15.7404 130 1.0231 1.5 0.1168 0.9 0.63 712.1 6.2 715.4 7.4 726.0 238 7121 6.2 98.1
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Annex6

Isotopic data for sample 3006, biotite migmatites hosting the Ribnik metagranite, road cuttings near the village of Ribnik, Ograzhdenian supercomplex,

Ograzhden Mts.

Isotope ratios Apparent ages Best age Conc

U (ppm) Pb/”™Pb U/Th *Pb'APb" (%) 'Pb/7U" +(%) Pb/**U (%) error corr. *Pb’/*U" +(Ma) "Pb’/U £(Ma) ,0Pb+*"Pb"  +(Ma) Ma) +(Ma) (%)

RO-306BR-1 200 6338 22 17.9236 5.1  0.5525 52 0.0718 1.0 0.19 447.1 43 446.7 186 444.1 1125 447.1 43 100.7
RO-306BR-2 190 7492 5.1 18.1840 2.7 0.5691 2.8 0.0751 0.8 0.28 466.6 35 457.5 10.4 411.9 60.6 466.6 3.5 113.3
RO-306BR-3 333 11470 33 17.9923 3.0  0.5366 3.1 0.0700 1.0 0.31 4363 4.1 4362 111 435.6 66.6 436.3 4.1 100.2
RO-306BR-4 369 12088 6.1 18.1066 33  0.5677 4.0 0.0746 2.3 0.56 463.5 10.1 4565 14.7 4215 73.9 4635 101 110.0
RO-306BR-5 165 4952 3.6 182893 4.4  0.5428 4.4 0.0720 0.7 0.16 4482 3.1 4403 15.8 399.0 97.9 4482 3.1 1123
RO-306BR-6 304 9394 2.4 183565 29  0.5187 33 0.0691 1.5 0.47 430.5 6.4 4243 11.3 390.8 64.7 430.5 64 1102
RO-306BR-7 232 9888 8.9 17.4468 45  0.5558 4.6 0.0703 1.1 0.24 438.1 4.6 448.8 16.8 503.7 98.9 438.1 4.6 87.0
RO-306BR-8 95 2318 9.4 16.8161 6.4  0.5262 6.5 0.0642 12 0.18 400.9 45 4293 229 584.2 140.0 400.9 45 68.6
RO-306BR-9 340 14412 5.0 16.8439 25  0.6511 33 0.0795 22 0.67 4933 105 509.1 13.2 580.6 53.5 4933 105  85.0
RO-306BR-10 286 12538 102 17.9978 33  0.5238 4.0 0.0684 2.1 0.54 4263 8.8 427.7 13.8 434.9 74.2 4263 8.8 98.0
RO-306BR-11 267 5414 1.9 17.4755 6.9  0.5424 7.6 0.0687 32 0.42 428.6 133 4400 272 500.2 152.1 4286 133 857
RO-306BR-12 178 9300 3.1 18.0496 5.6  0.5476 5.8 0.0717 14 0.23 446.3 5.9 4434 209 428.5 125.9 446.3 59 1042
RO-306BR-13 504 8072 3.0 17.0039 22 0.5356 3.5 0.0661 2.7 0.78 4123 109 4355 12.4 560.1 47.6 4123 109 736
RO-306BR-14 171 6892 3.0 19.1412 7.6 0.5140 7.6 0.0714 0.9 0.11 4443 3.7 421.1 26.3 296.1 173.3 4443 3.7 150.1
RO-306BR-15 354 10652 2.7 18.1349 3.5  0.5252 4.4 0.0691 2.6 0.59 430.6 108 4286 152 418.0 78.3 430.6 108  103.0
RO-306BR-16 427 8988 3.8 17.6353 3.0  0.5621 3.1 0.0719 1.0 0.30 4475 4.1 4529 11.4 480.0 65.9 4475 4.1 93.2
RO-306BR-17 181 8190 1.1 17.9905 5.5  0.5502 5.9 0.0718 2.0 0.34 446.9 8.8 4451 213 435.8 123.6 446.9 8.8 102.6
RO-306BR-18 1291 33472 23 179124 13 0.5539 33 0.0720 3.0 0.91 448.0 129 4476 11.8 4455 29.9 4480 129  100.6
RO-306BR-19 444 14844 7.5 17.8784 1.6  0.5473 1.8 0.0710 0.7 0.39 441.9 2.9 4432 6.3 449.7 35.9 441.9 2.9 98.3
RO-306BR-20 268 5162 4.8 17.1510 33 0.5511 3.4 0.0685 0.9 0.26 427.4 3.6 4457 123 541.3 71.8 427.4 3.6 79.0
RO-306BR-21 232 7508 9.1 17.9900 6.0  0.5298 6.0 0.0691 0.5 0.08 430.9 2.1 4317 212 435.9 134.1 430.9 2.1 98.9
RO-306BR-22 206 9330 1.4 14.1356 2.8 1.3650 29 0.1399 0.6 0.19 844.4 4.4 874.0 16.8 950.0 57.7 844.4 4.4 88.9
RO-306BR-23 1674 80580  21.0 175644 13  0.5988 25 0.0763 2.2 0.85 473.9 9.9 476.5 9.7 489.0 29.6 473.9 9.9 96.9
RO-306BR-24 416 37264 45 148829 1.7  1.1846 2.1 0.1279 14 0.63 775.7 9.9 7934 118 843.7 34.6 775.7 9.9 91.9
RO-306BR-25 140 5800 5.8 17.7505 6.7  0.5463 6.8 0.0703 1.2 0.17 438.1 49 4426 243 465.7 148.3 438.1 49 94.1
RO-306BR-26 266 10798 7.1 18.1641 2.8  0.5375 35 0.0708 2.1 0.60 441.0 9.0 436.8 12.3 414.4 61.9 441.0 9.0 106.4
RO-306BR-27 124 6454 2.6 187517 6.9  0.5454 6.9 0.0742 1.1 0.15 461.2 47 4420 249 342.8 155.6 4612 47 1345
RO-306BR-28 380 17720 5.4 169946 2.0  0.6334 23 0.0781 12 0.51 484.6 5.6 4982 9.1 561.3 433 484.6 5.6 86.3
RO-306BR-29 345 14672 236 172038 29  0.6289 29 0.0785 0.5 0.17 487.0 23 4954 11.5 534.6 63.1 487.0 23 91.1
RO-306BR-30 296 12816 1.5 18.1288 4.1  0.5406 43 0.0711 1.1 0.27 442.6 49 438.8 152 418.7 92.1 442.6 49 1057
RO-306BR-31 192 9804 4.6 18.1526 4.8  0.5451 49 0.0718 0.9 0.18 446.8 3.9 441.8 17.4 415.8 106.9 446.8 39 1074
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Annex 7

Isotopic data for sample 304, biotite migmatites, road cuttings between the villages of Mikrevo and Tsaparevo

Isotope ratios Apparent ages Best age Conc
Zircons U (ppm) 2Pb/”*Pb  U/Th  2Pb’/'Pb" +(%) P'Pb"/U" +(%) *Pb /AU (%) error corr. Pb’/A*U" +(Ma) 2"Pb'/psU +(Ma)?Pb’/?Pb" +(Ma)  (Ma) +(Ma) (%)

RO-304BGN-1 262 48752 3,5 17,7760 34 0,5934 3,7 0,0765 1,3 0,36 4752 6,0 473,1 139 4625 76,0 4752 6,0 102,8
RO-304BGN-2 1304 106882 2,9 16,3300 2,9 0,8445 39 0,1000 2,7 0,69 614,5 15,9 621,6 18,3 647,6 61,5 614,5 15,9 949
RO-304BGN-3 720 167648 2,6 17,9969 1,6 0,5701 2,5 0,0744 1.9 0,77 4627 8,7 458,1 9.3 435,0 359 4627 8,7 106,4
RO-304BGN-4 1252 63946 22,6 17,7581 2,1 0,5488 2,2 0,0707 0,8 0,34 440,3 32 4442 8,0 464,7 46,4 440,3 32 94,7
RO-304BGN-5 454 102232 8,5 17,6089 3,5 0,5897 3,6 0,0753 0,9 0,26 468,1 4,2 470,7 13,5 4834 76,7 468,1 4,2 96,8
RO-304BGN-6 456 59314 8,1 18,1019 4,7 0,5660 4,7 0,0743 0,6 0,13 462,1 2,8 4554 17,2 4220 103,9  462,1 2,8 109,5
RO-304BGN-8 1627 149046  165,7 18,5344 1,8 0,4149 2,4 0,0558 1,7 0,69 349,9 5,7 352,4 72 369,1 39,7 349,9 5,7 94,8
RO-304BGN-9 486 130580 2,4 17,9761 3,8 0,5565 3.8 0,0725 0,7 0,17 4515 2,8 449,2 14,0  437,6 84,4 451,5 2,8 103,2
RO-304BGN-10 416 432610 12,1 8,4263 32 3,8302 3.9 0,2341 2,3 0,58 1355,8 27,6 1599,1 31,2 1936,4 56,4 19364 564 70,0
RO-304BGN-11 614 146964 13,0 17,9763 3,0 0,5466 3.4 0,0713 1,7 0,48 443,8 7,1 4428 12,3 4376 67,1 443,8 7,1 101,4
RO-304BGN-12 190 29456 12,1 17,0721 4,8 0,5522 6,2 0,0684 3,9 0,63 426,4 16,2 446,5 22,4 5513 1053 4264 162 77,3
RO-304BGN-13 490 87990 12,7 17,9089 2,3 0,5764 2,6 0,0749 1,2 0,46 465,5 5,5 462,2 9,8 4459 52,1 465,5 5,5 104,4
RO-304BGN-14 497 123246 4,0 14,2625 2,7 1,5223 2,8 0,1575 0,7 0,26 942,7 6,3 939,4 17,0 931,7 55,0 942,7 6,3 101,2
RO-304BGN-17 248 21196 6,8 17,9247 6,1 0,5514 6,8 0,0717 2,9 0,43 446,3 12,6 4459 24,5 4440 136,1 4463 12,6  100,5
RO-304BGN-18 544 83002 6,1 17,4152 3.4 0,5656 3,7 0,0714 1.3 0,35 4448 5,5 4552 134 507.8 75,2 4448 5,5 87,6
RO-304BGN-19 558 86830 28,3 18,1713 2,4 0,4682 3,1 0,0617 1,9 0,63 386,0 72 390,0 9,9 413,5 53,3 386,0 7,2 93,4
RO-304BGN-20 172 31096 7,2 18,3791 8,3 0,5803 8,6 0,0774 2,1 0,24 480,3 9,7 464,7 32,0 388,0 187,1  480,3 9,7 123,8
RO-304BGN-21 264 75300 6,3 17,6498 6,8 0,6095 8,8 0,0780 5,6 0,64 4843 26,2 483,2 33,8 4782 149,6 4843 26,2 101,3
RO-304BGN-24 259 37098 4,4 17,5420 39 0,6208 4,2 0,0790 L5 0,36 490,0 7,1 490,3 16,4 4918 87,0 490,0 7,1 99,6
RO-304BGN-25 349 88568 11,4 17,6453 3,7 0,5540 39 0,0709 1,1 0,28 441,6 4,7 447,6 14,0 4788 82,1 441,6 4,7 92,2
RO-304BGN-26 269 27272 7.9 16,5148 6,0 0,5836 7,7 0,0699 4,8 0,62 435.,6 20,3 466,8 28,9 6233 130,0  435.6 20,3 699
RO-304BGN-27 323 21898 2,6 16,9915 5,5 0,5668 5,5 0,0699 0,8 0,14 4353 32 456,0 20,3 561,6 119,1 4353 32 71,5
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Isotope ratios Apparent ages Best age Conc

Zircons U (ppm) “*Pb/*™Pb  U/Th 2Pb’/*Pb" +(%) *Pb"/APU" +(%) Pb’/**U £(%) error corr. Pb"/*%U" £(Ma) 2"Pb'/p;sU £(Ma)*Pb"/”Pb’ +(Ma)  (Ma) +(Ma) (%)
RO-304BGN-28 455 45190 1.8 17,9220 1,0  0,5429 14 00706 1,0 0,69 439,6 4,1 4404 50 4443 226 4396 41 989
RO-304BGN-29 281 41340 8,5 17,6827 4,1 05702 43 00731 13 0,31 455,0 59 458,1 158 474, 89,9 4550 59 96,0
RO-304BGN-30 313 64964 123 16,5794 4,8  0,6068 52 0,0730 20 0,38 454,0 8,6 481,5 20,0 6149 1042 4540 86 73,8
RO-304BGN-31 475 83744 76,8 17,2917 52 05599 57 00702 24 0,41 4375 9,9 451,5 208 5233 1142 4375 99 83,6
RO-304BGN-32 587 282816 8,1 16,5416 4,7 08108 48 00973 09 0,20 598,4 53 602,9 21,6 6198 1006 5984 53 965
RO-304BGN-33 244 8366 9,1 16,2669 10,6  0,6099 10,6 0,720 0,5 0,05 4479 23 4835 409 6559 2280 4479 23 683
RO-304BGN-34 201 33676 43 17,5521 6,0 05402 7.8  0,0688 49 0,63 4288 20,2 4386 27,7 490,5 1333 4288 202 874
RO-304BGN-35 192 90308 3,9 18,7960 82  0,5118 8,6 00698 2,5 0,29 434,8 10,3 419,7 29,5 3375 1863 4348 103 1288
RO-304BGN-36 189 34846 7,6 17,7245 64 05706 68 00734 23 0,34 456,3 10,3 4584 250 4689 1408 4563 103 973
RO-304BGN-38 175 35240 5,7 17,1410 6,9 05822 69 00724 0,8 0,11 450,5 34 4659 258 5425 1503  450,5 34 83,0
RO-304BGN-39 585 275372 27,0 17,6925 44  0,5486 51 0,0704 27 0,52 4385 11,2 4441 185 4729 974 4385 112 927
RO-304BGN-40 283 34752 12,5 17,5377 7,7 0,6209 9,7  0,0790 59 0,61 490,0 27,9 4904 37,7 4923  169,6 4900 27,9 995
RO-304BGN-41 484 185946 46 14,6706 3,0 13223 37 01407 2,1 0,57 848,6 16,7 8555 212 8735 62,1 8486 167 97,1
RO-304BGN-42 319 283190 13,2 18,1710 3,1  0,5525 32 00728 1,0 0,31 453,1 44 446,6 11,7 4135 69,1 453, 44 1096
RO-304BGN-43 134 29992 2,1 18,8451 8,7  0,5500 88 00752 1,1 0,12 467,2 49 4450 31,8 3316 1987 4672 49 1409
RO-304BGN-44 327 47432 132 18,1681 34 05352 40 00705 22 0,54 4393 9,2 4352 14,1 4139 750 4393 92 106,
RO-304BGN-45 240 37510 13,0 17,5126 59 05407 7,3 00687 44 0,60 4281 18,1 4389 262 4955  129,9 4281 18,1 864
RO-304BGN-46 848 284770 26,1 17,0862 42  0,5969 57  0,0740 3.8 0,68 460,0 17,0 4753 21,5 5495 91,1 4600 17,0 83,7
RO-304BGN-48 181 39000 33 17,8728 7,3 05562 73 00721 1,1 0,15 4488 4,6 4490 26,7 4504  161,5 4488 46 99,6
RO-304BGN-49 248 131390 9,5 17,7736 42 0,568 43 00733 1,1 0,24 456,0 4,7 457,1 16,0 4628 934 4560 47 985
RO-304BGN-50 81 16312 28 16,8724 14,6  0,5761 149 00705 3.2 0,21 439,1 13,4 4619 553 5770 3180 439,1 134 76,
RO-304BGN-51 228 34744 1,9 18,1197 68 05472 7,0 00719 1,5 0,22 447,7 6,5 4432 251 4198 152,66 4477 65 1066
RO-304BGN-52 525 127318 24 18,3897 4,5 05388 63 00719 45 0,70 4474 192 4376 22,5 3867 1009 4474 192 1157
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Annex 8
Isotopic data for zircons from sample 302, biotite migmatite, near the tunnel south of Yavorov Railway Station

Analysis Isotope ratios Apparent ages Best age Conc
U (ppm) 2*Pb/”Pb U/Th *Pb’/Pb" £(%) *"Pb"/35U" (%) *Pb'/*U +£(%) Error corr. *Pb’/2*U" +(Ma) 2Pb’/*U +(Ma) Pb"”Pb" +(Ma)  (Ma) +Ma) (%)
RO-302BO-1 609 26252 28 17,5663 23 05938 45 00757 39 086 470,1 17,7 4733 17,2 488,7 51,1 470,1 17,7 96,2
RO-302BO-2 410 23038 34 18,1448 29 0,536l 32 00706 14 043 439,5 5.9 4359 114 416,8 653 4395 59 1055
RO-302BO-3 464 15868 3,6 17,5826 24 05715 3,1 00729 20 0,65 453,5 8,9 459,0 11,5 486,7 523 4535 8,9 93,2
RO-302BO-4 788 32784 33 178734 21 05698 25 00739 14 055 459.4 6,2 4579 93 4503 46,6 4594 62  102,0
RO-302BO-5 520 27246 2,1 17,7540 24 05759 41 00742 33 081 461,1 14,7 461,8 15,1 4652 52,7 461,1 147 99,1
RO-302BO-6 48 2318 2474 222791 267 03355 268 00542 12 0,05 3403 4,0 293,8 68.4 61,9 662,1 3403 40  -550,1
RO-302BO-7 138 6630 34 185528 45 05108 46 00687 06 0,13 4285 2.4 419,0 15,7 3669 1022 4285 24 1168
RO-302BO-8 183 12824 3,5 179765 37 05698 39 00743 14 0,36 462,0 6,2 4579 14,5 4375 81,7 4620 62 1056
RO-302BO-9 183 9456 3,1 17,5212 72 06059 73 00770 14 0,19 4782 6,3 481,0 28,0 4944  158,6 4782 6,3 96,7
RO-302BO-10 492 33730 22 17,8270 27 05984 32 00774 1,7 0,54 480,4 8,0 476,2 12,3 456,1 604 4804 80 1053
RO-302BO-11 492 19722 1,8 17,7465 28 05740 3,1 00739 13 043 459,5 5,9 460,6 11,5 466,2 61,9 4595 5,9 98,6
RO-302BO-12 289 14012 34 178954 25 05429 28 00705 12 044 438,9 53 440,3 10,1 447,6 56,6 4389 53 98,1
RO-302BO-13 428 18314 20 169280 62 06331 70 00777 33 046 4825 15,1 498,0 27.6 569.8 1354 4825 151 847
RO-302BO-14 831 19582 6114 185221 28 03791 3,7 00509 25 068 320,2 7.9 326,4 10,5 370,6 62,1 3202 7,9 86,4
RO-302BO-15 728 44446 14 17,5825 24 05777 29 00737 16 0,56 4582 71 463,0 10,6 486,7 524 4582 7.1 94,1
RO-302BO-16 266 5074 2,5 164807 46 06101 47 00729 06 0,13 453,7 2,7 483,6 18,0 6278 1002 4537 2,7 72,3
RO-302BO-17 284 8934 22 17,3985 32 05629 46 00710 33 073 4424 143 4534 16,8 509,9 69,4 4424 143 86,8
RO-302BO-18 21 868 79,6 362784 92,6 0,1804 927 00475 44 005 298,9 12,8 168,4 1448  -1427,1 1897,9 2989 128 209
RO-302BO-19 710 11942 1,7 173133 56 05366 57 00674 14 025 420,3 5.8 436,2 203 5206 1220 4203 5.8 80,7
RO-302BO-20 250 16466 2,9 178520 27 05691 44 00737 35 0,80 4583 15,6 4574 16,3 453,0 59,5 4583 156 1012
RO-302BO-21 664 26338 22 17,6806 1,8 05727 24 00734 1,7 0,68 456,8 73 459,7 9,0 4744 392 4568 73 96,3
RO-302BO-22 635 18232 1,5 17,4012 1,5 05941 21 00750 15 0,69 466,1 6,7 4735 8,1 509,5 33,7 466,1 6,7 91,5
RO-302BO-23 356 14494 1,9 164197 64 07479 65 0,089 1,1 0,17 550,0 6,0 567,0 28,1 6358 1370  550,0 6,0 86,5
RO-302BO-24 501 20686 2,1 17,7298 1,7 05984 28 00769 22 0,79 4778 10,3 476,2 10,7 468,2 382 4778 103 102,1
RO-302BO-25 227 10846 2,5 17,9486 58 05899 60 00768 13 021 476,9 5.8 470,8 224 4410 1294 4769 58 1082
RO-302BO-26 280 14880 2,2 17,6930 2,5 06185 32 00794 20 063 4924 9.4 488.9 12,3 472,8 545 4924 94  104,1
RO-302BO-27 360 17490 2,1 179734 3,7 06055 38 00789 1,1 0,27 489,8 5,0 480,7 14,6 437,9 81,8 4898 50 1118
RO-302BO-28 329 19102 2,7 17,6829 22 06151 26 00789 13 049 489.5 5.9 486,8 10,0 474,1 498 4895 59 1032
RO-302BO-29 335 13934 3,1 17,6839 33 05759 38 00739 19 049 459.4 8,2 461,8 14,1 4740 730 4594 8,2 96,9
RO-302BO-30 260 17316 2,7 179637 27 06017 34 0,078 2,1 0,60 486,5 9,7 478,3 13,0 439,1 60,7  486,5 9,7 1108
RO-302BO-31 391 28612 1,9 17,7716 2,1 06099 25 0078 14 056 4878 6,6 483,5 9.8 4630 468 4878 66 1054
RO-302BO-32 385 16770 23 17,8453 1,8  0,5871 33 00760 28 085 472,1 12,7 469,0 12,4 4539 39,1 472, 12,7 104,0
RO-302BO-33 57 2484 37 17,9815 12,0 0,5842 12,1 00762 16 0,13 4734 72 4672 455 436,9 2691 4734 72 1083
RO-302BO-34 218 9594 2,9 182336 3,1 05523 3,6 00730 19 05l 4544 8,2 446,5 13,1 405,8 69,5 4544 82 1120
RO-302BO-35 501 18962 1,9 17,5479 13 05976 2,5 00761 2,1 0,84 472,6 9,5 4757 9.4 4910 292 4726 9,5 96,2
RO-302BO-36 327 18908 2,7 17,7455 3,1 06142 33 00790 10 031 490,4 4,7 486,2 12,6 466,3 68,8 4904 47 1052
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