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Abstract. Dismembered ultramafic ophiolite bodies from the Avren synform have been investigated for un-
derstanding their petrological and geochemical properties and stratigraphic position in the general ophiolite
section. The study of the textural and structural features of the ultramafic rocks, the variation in the chemistry
of their relic minerals (spinels, olivines, orthopyroxenes, amphiboles), and the bulk chemical composition of
the different rock types was conducted to determine the character of their protolith. The results indicate that
most of these bodies are formed mainly by massive metamorphosed peridotites. Remarkable layered struc-
tures are characteristic of the remaining part. The massive and the thickly layered ultramafites are composed
mainly of coarse-grained harzburgites with porphiroblastic tremolite or bastite and fine-grained to dense
dunite. The mineralogical and chemical composition of the separate layers in most of the layered bodies is
not considerably different. An exception is Avren-2 where the differentiation resulted in layers with dunite,
harzburgite, lherzolite, and wehrlite composition. X, in spinels of the massive and thickly layered harzbur-
gites has values typical of considerably depleted tectonites. Xc, in spinels of the finely layered ultramafites
from Avren-2 has a lower value than in the thickly layered ones. This lower value together with the values of
Fe*" and the clear magmatic relations of the primary minerals is typical for the cumulates.

Harzburgites and dunites of the ophiolites that are included in the continental crust are almost completely
serpentinized, while spinels in them are decomposed. These processes indicate that the ophiolites were retro-
gressively metamorphosed by several superimposed metamorphic stages, the last of which reached the condi-
tions of green schist facies (7<500°C).
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Pesome. Uscnensanu ca paswieHeHHTe yarpamaduuHu ohHOIUTOBU Tesla OT ABpEHCKaTa CHH(opMa 3a
U3SICHSIBAHE TEXHUTE IETPOJIOKKH M TCOXMMUYHH OCOOCHOCTH, KaKTO M TAXHATa IMO3MIMS B OOOIICHHUS
opuronuToB paspe3. V3yueHH ca CTPYKTYpHHTE M TEKCTYPHH OCOOCHOCTH Ha TE3M CKalM, BapHAIMHTE B
XMMH3Ma Ha TEXHUTE PEIHKTOBH MHHEpaNW (IUMHHENH, OJMBUHH, OPTOMUPOKCEHH, aM(puOOoM), KaKTo U
TCOXUMUYHUTE YEePTH Ha DA3IMYHUTE THIIOBE CKAJIM C 1€ XapaKTepu3upaHe Ha TEXHUS IPOTOJIHT.
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Pesynarature oT wu3cieABaHMATa codYaT, Y€ IIOBEYETO OT TE3W Tela ca M3rPAJCHd OT MAacHUBHU
MeTaMOp(O3UpPaHU TEPUIAOTHTH (TEKTOHHTH). OcCTaHAIUTE Tela Ce XapakTepH3WparT C SCHH HBUYECTH
TeKCTypu. MacuBHHTE W JeOeIOMBHYECTUTE YATpaMauTH ca HU3TPAafeHH IPEAUMHO OT EApPO3bPHECTH
XapuOyprutu ¢ nopuUpoOIACTHIHU TPEMOJUT WIM OacTUT W OT ApeOHO3BPHECTH 10 IUTBTHU IYHHTH.
OteHUTE UBUIHU B MO-TOJIIMATa YacT OT MBUUCSCTHUTE Tella HE Ce Pa3InyaBaT ChIIECTBEHO 110 OTHOIICHHE Ha
TEXHUTE MUHEPAJIOKKH U TEOXUMHYHU OcoOeHocTH. M3KioueHrne € MBUUECTOTO TS0 ABpEH-2 , KBIETO B
pe3yaraT Ha mudepeHnHanys ca ce opOPMIIM UBHIM C JYHUTOB, XaplOyprUTOB, JIEPIIOJIUTOB U BEPIUTOB
CBCTaB. X, Ha MITHHEINTE OT MACHBHUTE U J0ETOMBUUECTHTE XapIOYPIUTH ca ChC CTOMHOCTH, THITHYHH 3a
3HAYUTEIHO O0CTHEHH TEKTOHUTH. X(; Ha IIMUHENIUTE OT GUHHOMBHYECTHTE yaTpamaduTa oT ABpeH-2 ca ¢
T0-HUCKHM CTOMHOCTH B CPaBHEHME C TE€3H OT AeOerlomBHYecTUTE. Te€3H MO-HUCKH CTOHHOCTH Ha X¢ H
CHOTBETHH T0-BHCOKH Ha Fe®’, KaKTo M SICHUTE MArMATHYHH B3aHMOOTHONICHHS HA bPBHYHHTC MUHCPAITH,
ca THITMYHU 338 KyMYJIaTHTE.

XaprOypruTure M AYHUTHTE OT BKIIOYCHHTE B KOHTHHEHTANHAaTa KOpa O(UONUTH ca MOYTH H3LUIO
CEepIICHTUHU3UPAHH, a TEXHHUTE INIHMHEIN ca Pa3jIoKeHH, B Pe3yiITaT Ha HIKOJIKO HAIOXKEHH PETPOTPaIHU
MeTaMOp(QHH CTaIHs, MOCIEAHNS OT KOMTO € JOCTHIHAI YCIOBHUATA Ha 3eneHommucTHus (anuec (7<500°C).

Kniouosu Oymu: TeKTOHU3UPAHH EPUAOTUTH, yaTpamMabudHu Kymynatu, M3rounu Pogomnu
Aopecu: K. KomueBa - Kareapa mo MuHEpanorus, METPOJOTHUS M TOJNE3HU wu3komaeMu, Coduiicku
yauBepcurer “CB. K. Oxpuncku”, 1000 Codwus, bwarapus; W. Xaiinyros, JI. dameBa - I'eonmormueckn

UHCTHUTYT, Bbarapcka akagemus Ha Haykure, 1113 Codwus, beirapus

Introduction

Many Bulgarian geologists have investigated
the ultramafic bodies in the Rhodopean meta-
morphic complex. Kozhoukharova (1984) and
Kolcheva et al. (1984) have considered these
ultramafic bodies as fragments of an oceanic
crust. The petrologic and geochemical features
and the associated mineral deposits of ultrama-
fic bodies are relatively well-known (e.g. Zhel-
jazkova-Panajotova, 1960;  Zheljazkova-
Panajotova et al., 1978 a, b; Kozhoukharova,
1984; Kolcheva, Eskenazy, 1988; Kozhouk-
harova, Daieva, 1990), as are their geological
occurrence and their relationships with the sur-
rounding rocks (Dimitrov, 1958; Kozuharov,
1966; Kozhoukharova, 1984).

However, other features of these ultrama-
fites such as their age and their pristine location
in the ophiolite section (tectonites vs. cumu-
lates) are not well understood. The goal of the
present paper is to evaluate the position of
these ultramafic bodies in the ophiolite section
(Penrose..., 1972).

Geological setting

The Eastern Rhodopes are characterized by
complex geological structure. The most obvi-

ous complexities are the established there two
antiforms and two synforms. The Kesibir anti-
form is a simple structure, elongated in ENE
direction. The Bela Reka antiform is an isometric
structure of more complicated character. A dome
structure (Karabunar, after Boyanov, 1995)
which is limited by a circular outcrop of ophio-
lites forms the southern part of Bela Reka. The
Avren synform is situated between both anti-
forms and also forms the northern limb of the
Bela Reka antiform. The Avren synform also has
complicated internal structure. A number of
smaller folds have been established in this syn-
form (Kozhoukharov, 1992). The Snejina syn-
form (Ivanov, 1961) crops out to the west of the
Kesibir antiform.

The cores of the antiforms are composed
of metagranites, orthogneisses, and orthoschists
(Macheva, Kolcheva, 1992; Ovcharova, Sarov,
1995). The limbs of the antiforms and the cores
of the synforms are formed by the so-called
Variegated Formations (Kozuharov, 1966;
Kozhoucharova, 1984). These formations con-
sist of metasediments and metaigneous rocks.
The metaigneous rocks comprise amphibolites
and metagabbros of calk-alkaline (island-arc)
affinity. The metasediments include marbles,
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biotitic and two-mica gneisses, as well as
metapelites.

Numerous ophiolite bodies of different
composition with high-pressure overprint asso-
ciate with the considered formations. Metao-
phiolites occur as lenses with a length of 1 to 5
km and with a maximum thickness of 40 m to 1
km. They are usually tectonically included
within the base of the Variegated Formations.
Eclogites are characterized by MORB geo-
chemistry.

Taking into consideration that the origin
of the Variegated Formations is primitive is-
land arc (Haydoutov et al., 2000) and that they
are located over the metagranites, the geotec-
tonic setting of both the metaophiolites and the
primitive island arc could be considered as a
suture zone. Burg et al. (1996) assign the
Variegated Formations from the Avren com-
plex synform to part of their upper terrane as
defined by the authors.

At present, data regarding the age of the
ophiolites and their enveloping metamorphics
in the Eastern Rhodopes is scarce. However,
there is data regarding the age of metagranites
from the cores of the antiforms - U-Pb zircon
age 305-320 Ma (Peytcheva, Quadt, 1995).
Some authors (Kozhoukharova, 1984) consider
the age of the ophiolites to be Precambrian
without real evidence. Preliminary U-Pb data
for metaeclogites from the Karabunar dome
(Peytcheva, personal communication) shows
zircons consisting of inherited cores with Pro-
terozoic age and younger covers of Hercynian
and possible even Alpine age. Involvement of
older mantle and its crustal evolution during
Hercynian and Alpine time could be assumed.
Model Sm-Nd ages for metaeclogites (Quadt,
Peytcheva, 1998) confirm such a conclusion.

The metamorphic history of the considered
rocks from the region of the Eastern Rhodopes is
polyphase. Relics of high-pressure mineral
assemblages are found in the metagranites and in
the metapelites from the Bela Reka antiform
(Macheva, 1998). Such assemblages exist also in
the lenses of amphibolitized eclogites included in
the section of the Variegated Formations
(Kozhoukharova, 1984; Kolcheva, Eskenazy,
1988). High-pressure mineral assemblages are

overprinted by widespread amphibolite facies
metamorphism. The Variegated Formations are
locally migmatized and cut by numerous pegma-
tite veins.

Together with the surrounding metamor-
phic rocks the ophiolitic bodies are deformed
and metamorphosed. In many cases, ultramafic
bodies are found in the cores of isoclinal folds,
the limbs of which are composed of meta-
basites and marbles of the Variegated Forma-
tions. An example of this setting is the ultrama-
fic body Avren-1 (Fig. 1) which is situated in
the core of a NE-SW antiform. Shear zones
mark the contacts between ophiolitic bodies
and the rocks of the Variegated Formations.

Some of the larger ultramafic ophiolite
fragments of variable dimensions in the region
such as Bubino, Brusevtci, Tchernichino,
Golyamo Kamenjane, Bostan Dere, and Avren
are investigated (Fig. 1). The surface-outcrop
area of the eastern Bubino body is 0.5 km? of
the Brusevtci body - also 0.5 km® of Bostan
Dere body - 1 km? of the western Golyamo
Kamenjane body - 1.4 km? and of the eastern
one - 0.7 kn’.
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Fig. 1. Geological sketch of the Avren synform (after
Kozhoukharov et al., 1992)

@ur. 1. CxemartH4Ha TreoNOXKa Kapra Ha ABpEHCKara
cutdopma (o Koxxyxapos u jp., 1992)
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Avren-1 is the largest, with a surface-outcrop
area of 9 km’.

The shape of the studied bodies is isomet-
ric (the eastern Bubino, Brusevtci) to elongated
(Avren, Bostan Dere). The Avren-1 body is 9
km long (5 km of which are on Bulgarian terri-
tory) and approximately 1 km wide.

Internal structures of the ultramafic
bodies

Most of the studied bodies are formed by mas-
sive ultramafites (Fig. 2, a). Some of these bod-
ies are characterized by compositional layering.
Two types of layering are recognized. Rhyth-
mic layers of harzburgite and dunite form the
first type. These layers differ in thickness, usu-
ally from 1 cm to 1 m. Most of the layers are
20-35 cm thick. The contacts of the different
layers are clear, but not sharp (Fig. 2, b). The
second type of layering (Fig. 2, ¢ and d) is
characterized by very fine layers (2-3 mm to 1
cm) consisting of layers of partly serpentinized
olivine, intercalated by layers of tremolite and
chlorite (Fig. 3, c). The contacts between the
different layers are not as clear as in the first
type of layering. Both types of compositional
layering are rhythmic. Not all bodies are char-
acterized by equally clear layering. The clear-
est, best-expressed layering is observed in
Avren-2, Bostan Dere, SE Bubino, and Tcher-
nichino (Fig. 1). The layering in the Brusevtci
body is also relatively well expressed - fifteen
rhythmically alternating layers of dunites and
harzburgites have been observed in an outcrop
of this body. Marked layering is similarly ob-
served in the eastern part of the larger Golyamo
Kamenjane body. Defined layering is not es-
tablished in the eastern part of Brusevtci, the
western part of the larger Golyamo Kamenjane,
or Avren-1. Massive tectonized peridotites are
observed in the latter bodies (Fig. 2, a). In addi-
tion, planar structures of different minerals are
present in some of the massive bodies. In the
dunite layers, large grains of chromium spinels
form the planar structures. The planar struc-
tures in the harzburgites are composed of
coarse-grained ortopyroxenes, which are trans-
formed into bastites (serpentine or talc).

Chromium spinels and coarse-grained talc
show some differences in their planar arrange-
ments. Chromium spinels are evenly distrib-
uted, while the bastites are concentrated in rela-
tively narrow zones.

Petrography

The rocks of the studied ultramafic bodies are
almost entirely serpentinized. The main rock
type of the massive and thickly layered ul-
tramafites is harzburgite. This rock type is
coarse-grained. Olivine in harzburgites is ob-
served as small relics in the matrix of serpen-
tine. Large grains of serpentine or talc, some-
times together with fine relics of orthopyrox-
ene, usually stand out in harzburgite. The
presence of large tremolite porphyroblasts,
which are often situated in nests, is also
characteristic for these rocks.

Fig.2. Structures in the ultramafic rocks from the
Avren synform: a) massive metamorphosed
(tectonized) peridotites, Avren-1; b) thickly layered
ultramafic rocks of Bubino; ¢ and d) finely layered
ultramafic rocks of Avren-2

@ur.2. CTpykTypu B yinTpaMaUYHUTE CKaId OT
ABpeHckata cuH(opMa: a) MacHBHH MeTaMop-
(do3upann mepunoTUTH (TEKTOHWUTH), ABpeH-1; b)
nebenonBruvecTn ynrpamaputu or byouno; ¢ u d)
¢duHOMBHUECTH YyiTpamMabuTH 0T ABDEH-2
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Fig. 3. a) Olivine with cleavage; serpentinized harzburgite, Brusevtci, sample 21a-1-96; b) deformed olivine;
partly serpentinized harzburgite, Avren-1, s. 31a-1-96; ¢) monomineral layers of serpentinized olivine (ol)
and layers of tremolite (tr), chlorite (chl) and decomposed spinel (spl); finely layered ultramafics, Avren-2, s.
54b-1-96; d) serpentinized euhedral olivine (ol) and subhedral orthopyroxene (opx); finely-layered ultrama-
fics, Avren-2, s. 54a-1-96; e) euhedral olivine (ol) included in orthopyroxene (opx); finely layered ultrama-
fics, Avren-2, s. 54a-1-96; f) olivine (ol) and spinel (spl), included in subhedral amphibole (hbl), peritecti-
cally replacing clinopyroxene (cpx?); finely layered ultramafics, Avren-2, s. 54b-1-96; a, b, d, e, f — N +; ¢ -
N ||; base of photo - a, d, e, f— 1.5 mm, b, ¢ — 6 mm;

@ur. 3. a) ONMBHH C LENHUTEIHOCT; CEPIECHTHHH3UpaH XapuOyprut, bpycesum, o6p. 21a-1-96; b)
nebopMHMpaH OJIMBHH; YacTHYHO CEpPIECHTHHHM3UpaH XapuOyprur, AspeH-1, o6p. 31a-1-96; c)
MOHOMHHEPAIHH HBHIM OT CepIeHTHHHM3UpaH onuBUH (0l) u mBHIm oT Tpemomut (tr), xioput (chl) u
pasznoxen mmuHen (spl); duHOMBHMuecTH ynTpamaduTH, ABpeH-2, 00p. 546-1-96; d) cepmeHTHHM3UpaH
aBToMopdeH omuBHH (ol) 1 xunuaroMopdeH opromupokceH (opx); GHUHOUBHYECTH yITpamMauTH, ABpeH-2,
00p. 54a-1-96; €) aBroMopdeH omuBHH (0l), BKIIOYEH B OPTOMUPOKCEH (0pX); pHHOMBHYMCTH ynTpaMaduTH,
AgBpen-2, 0o0p. 54a-1-96; f) omuBun (ol) u mmmHuen (spl), BkmodeHH B kceHoMopdeH amdpubon (hbl),
TIEPUTEKTUIHO 3aMeCTBall KIMHOIHUPOKceH (cpx?); ¢puHOMBHUKCTH yaTpamaduTu, ABpeH-2, 06p. 546-1-96;
a,b,de,f-N+,c—N ";OCHOBaHa cuumMkuTe: a, d, e, f— 1.5 mm, b,c — 6 mm
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Lherzolite is presented very seldom in the
thickly layered peridotites (Bostan Dere, Goly-
amo Kamenjane, and Brusevtci). Layers of fine-
grained dunite alternate with harzburgite and
lherzolite in the thickly layered ultramafites.

The primary igneous texture is best pre-
served in finely layered ultramafites (Avren-2).
Rhythmic layering of different in composition
and thickness layers is observed in these rocks.
According to the composition there are
monomineral layers of olivine (Fig. 3, c), of
orthopyroxene, as well as layers of lherzolite,
wehrlite, and harzburgite. Olivine, orthopyrox-
ene, and amphiboles are partly altered but in the
finely layered ultramafites the primary relation-
ship between them is preserved. Olivine is eu-
hedral, orthopyroxene is euhedral to subhedral
and amphibole is subhedral to anhedral (Fig. 3,
d, e, and f). There are poicilitic inclusions of
fine-grained olivine or partly included euhedral
coarse-grained olivine in orthopyroxene and
intercumulus amphibole (Fig. 3, d, e, and f).
These features indicate that the finely layered
ultramafites are orthocumulates. For some po-
lymineral layers heteradcumulate texture is
characteristic. Microlayers of olivine or or-
thopyroxene with adcumulate texture occur
also. In some layers the primary minerals are
almost completely transformed into a mixture of
fine-grained tremolite, chlorite and ore minerals
(Fig. 3, ¢).

According to Kozhoukharova (1998) the
peripheries of some serpentinized ultramafic
bodies from the Avren synform are eclogitized.
The concept of the author for metasomatic for-
mation of eclogites in sheared serpentinites dur-
ing the process of their folding is difficult to
accept on the following grounds:

- the published chemical composition of
clnopyroxene (diopside) and garnet (mostly
grossulare) differ considerably from the typo-
morphic for eclogitic mineral assemblage of
clinopyroxene (omphacite) and garnet (alman-
dine);

- the profound transformation of the simple
chemical MgO-SiO,-H,0 system of the serpen-
tinites into CaO-MgO-FeO-Al,0O; -SiO, system
of the eclogites is possible to occur in the cir-

cumstances of high mobility of the components.
The HP conditions, typical for the formation of
eclogites, can not be considered as favorable for
such mobility. The described by the author
symmetrical zonal fabric of the “eclogite” bands
is possible only in the conditions of free circula-
tion of the flows in an open system. Therefore,
the described by Kozhoukharova mineral com-
position, fabric and geological position of the
considered rocks probably reflect the formation
of metasomatic skarn-like rocks, generated in
shear zones cutting the ultramafic bodies. These
rocks are developed in the layers with appropri-
ate chemical composition of the characterized in
this paper layered cumulates.

Analytical methods

The chemical composition of the ultramafic
rocks from the Eastern Rhodopes was deter-
mined by the “Research geological laboratory”
at the Geological Institute of the Bulgarian
Academy of Sciences. The major elements were
detected by wet chemical analyses; they were
duplicated by XRF analyses on glass discs fused
with lithium tetraborate. The trace elements
(Rb, Sr, Ba, Cr, V, Zr and Y) were determined
by XRF - analyses of rock powder on pressed
discs and a polyvinyl alcohol binder. All XRF-
analyses were carried out using VRA-2 spec-
trometer. The determination of Cu, Zn, Pb, Ni
and Co was carried out by AAS using a Perkin-
Elmer Spectrophotometer 3030. The accuracy
of the data was controlled by regularly analyz-
ing certified geochemical reference samples.
Quantitative analyses of mineral phases
were made by electron-probe microanalyser
JEOL Superprobe 733 with EDS ORTEC-5000
system at the Geological Institute. The operating
conditions included accelerating voltage 15kV.
Natural standards were used. Cations and
Fe’/Fe’ were estimated by charge balance crite-
ria (Droop, 1987) assuming 3 cations and 4 O
(oxygen anions) for olivine and spinel, 4 cations
and 6 O for pyroxene, 4 cations and 23 O for
amphibole, and 4 cations and 28 O for chlorite.
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Mineralogy

The focus of our attention are the primary min-
erals. A large part of these minerals undoubt-
edly underwent a subsolidus recrystallization
prior to the emplacement of the ophiolites into
the upper crust.

Olivine. This is the main rock-forming mineral.
In the massive harzburgites it is either coarse
grained with a clear cleavage (Fig. 3, a), or
strongly deformed (Fig. 3, b). Olivine is eu-
hedral in the finely layered ultramafites. It is
associated with other magmatic minerals and is
often included in orthopyroxene or in amphibole
(Fig. 3, e, ). In other cases, olivine forms
monomineral microlayers (Fig. 3, c). It is highly

magnesian - Xy,> 0.86 (Table 1 and 2). In the
massive harzburgites Xy, reaches 0.93. In the
layered harzburgites Xy, depends on the type of
layering. In the finely layered ones Xy, de-
creases to 0.86. In the harzburgite layers
(Avren-2) however, Xy is still high, 0.92. NiO
content in olivine varies from 0.03 to 0.73 wt%,
without a clear relationship to the rock type. A
tendency towards decreasing from the core to
the rime has been outlined in some large grains.

Spinel. The investigated rocks rarely contain
primary spinels. Almost all spinels are meta-
morphosed and transformed into Cr-magnetites
with a high degree of oxidation of iron,
Fe*'/(Cr+Al+Fe*")> 0.33.

Table 1. Representative electron-microprobe analyses of minerals from finely layered ultramafites (Avren-2)
Tabmuna 1. Ilpeocmasumentu MuKpocoHOO8u aHAIU3U HA MUHEPAIU Om QuHOUsUYeCmU yimpamapumu

(Aspen-2)

54b-1-96 harzburgite layer

55-1-96 lherzolite layer

55a-1-96 wehrlite layer

wt% | Ol-1 [Opx-1[Spl-2 | Hb-2 | 012 | Hb-16] Hb-3 |Chl-22[ OI-19 [Hb-26 | Hb-29 |Chl-15|Chl-10]
Si0, 4131 5696 5350 40.22 4429 56.05 3249 40.01 5420 56.67 32.08 31.58
ALO; 135 23.18 555 026 1170 190 15.57 3.69 152 16.12 1643
TiO, 0.50 0.04 0.13 012 0.05
FeO 817 564 2838 239 1218 541 271 414 1230 3.09 230 454 4.26
MnO 0.04 0.00 0.9 0.08 0.1 0.23 0.09

MgO  50.64 3521 10.83 21.63 47.23 1828 2345 34.84 4637 2293 23.63 34.15 34.07
CaO 0.05 12.58 12.55 12.83  0.06 1221 12.63

Na,0 1.06 246 044 044 033 122 045 075 0.70
K0 0.57 0.3 0.03 0.10 0.0

Cr,0; 0.07 38.10 0.96 0.64 0.14
NiO 040 0.11 0.73 023 0.33
Total 100.52 99.43 100.49 96.71 100.08 95.84 97.56 88.66 99.97 97.44 97.25 88.72 87.56
Xvg 092 092 050 097 087 094 097 094 087 097 096 093 093
Xer 0.53

Yor 0.47

Xn=Mg/(Mg+Fe™); X =Cr/(Cr+Al); Y =Cr/(Cr+Al+Fe’™)
Mineral abreviations: Ol — olivine; Opx — orthopyroxene; Spl — spinel; Hb — amphibole; Chl - chlorite
Blank — not detected; [Ipa3HuTe nosera — Mo 4YyBCTBUTEIHOCTTA HA aHAJIM3a
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The latter are non transparent, strongly cor-
roded and decomposed, and replaced by chlo-
rite (Fig. 3, c¢). The unaltered spinel grains are
transparent with a brown-reddish color. A rela-
tively high Cr/(Cr+Al) ratio is typical for
spinels from the thickly layered harzburgites of
Brusevtci - 0,69 to 0.67, decreasing from the
core to the rime (Table 2). Spinels of the finely
layered ultramafites from Avren-2 have a lower
Cr/(Cr+Al) ratio, 0.52-0.46.

Orthopyroxene. Orthopyroxenes are almost
entirely serpentinized in the massive and
thickly layered peridotites and are frequently
replaced by large serpentine or talc grains. Eu-
hedral short-prismatic orthopyroxene grains,
some of which are characterized by fine-
lamellar structures, are preserved in the finely
layered ultramafites of Avren-2. Their Xy, is
0.92, ALO; is relatively low, 1.35-1.65 wt%,
and CaO is very low, 0.03-0.05 wt%. Clinop-
yroxene (7). Small strongly corroded very rare
grains were observed in the inner parts of some
amphibole grains from the Avren-2 finely lay-
ered ultramafites (Fig. 3, f). Together with am-
phiboles which peritectically replace them,
they form a typical intracumulus phase. These
grains are considered to be possible clinopy-

roxene because their chemical composition is
not stoichiometric.

Amphibole. All investigated rock types except
the dunites contain amphiboles. Amphiboles
are irregularly distributed. They are of two
types according to their relationship with the
other minerals. The first type appears to be of
the magmatic intercumulus phase, which is
found in the finely layered ultramafites (Avren-
2). The second type is clearly metamorphic and
is presented as large porphyroblasts in the
harzburgites or as fine grains in the mixture of
chlorite and ore minerals (Fig. 3, ¢). The ana-
lyzed amphiboles are calcic with a high Xy,
0.97-0.99. According to Leake et al. (1997)
these amphiboles are magnesiohornblendes to
tremolites (Table 1 and 2).

Chemistry of the ultramafic rocks

The chemical composition of 18 ultramafic
samples from the Avren region together with
their normative minerals Ol, Opx and Cpx is
included in Table 3.

On the diagram O1-Opx-Cpx (Fig. 4, a) ul-
tramafites are concentrated in and dunites
which is typical for many ophiolite complexes

Table 2. Representative electron-microprobe mineral analyses from the thickly layered (Brusevtc, 21°-1-96)

and the massive (Avren-1, 31°-1-96) ultramafites

Tab6nuua 2. Tlpeocmagumentu MUKpOCOHOO8U AHAU3Y HA MuHepanu om oeberousuvecmume (bpyceeyu, 21°-

1-96) u macusnume (Aepen-1, 31°-1-96) yampamagumu

Layered harzburgite (21°-1-96)

Massive harzburgite (31°-1-96)

wt % 0-10 | 01-13* | Spl-7c | Spl-8'r Ol-3r | Ol4c | Hbl5
SiO, 40.82 41.17 41.68 41.55 58.87
ALO; 15.42 15.49 0.42
FeO 10.89 10.32 2298 25.58 6.55 6.08 1.17
MgO 4772 47.40 9.30 7.12 51.30 51.76 2451
CaO 12.91
Na,O 0.46
Cr,04 50.52 49.07

NiO 0.46 0.29 0.03 0.13

Total 99.89 99.16 98.13 97.26 99.56 99.52 98.34
Xuig 0.89 0.89 0.46 0.36 0.93 0.94 0.97
Xer 0.69 0.68

Yo 0.66 0.65

The notes are the same as in Table 1; ¢ - core; r — rim.

benexxkure ca kakTo B Tabauma 1; ¢ - HeHTHp; r — nepudepus
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(Coleman, 1977). One sample falls in the field
of the tectonized lherzolites (s. 39a). The sam-
ples from the dark (s. 55) and the light (s. 55a)
layers (Table 3) of the finely layered ultrama-
fites fall respectively in the fields of lherzolites
and wehrlites. The compositional uniformity of
all investigated rocks is also reflected in rela-
tively constant proportions of the calculated
normative Ol-Opx-Cpx. As mentioned above,
ultramafites from the studied region are con-
siderably serpentinized (LOI - from 10.27 to
16.69%). After correcting the weight percent to
reflect ignition loss, the proportions of the cal-
culated normative minerals remain almost un-
changed while the main petrogenic oxides
vary. Volatile free major element abundance’s
of peridotites studied vary as follows: for the
harzburgites SiO, is from 42.50 to 45.93%;
FeO;is from 6.37 to 10.33%; and MgO is from
41.75 to 46.48%; for the dunites SiO, is from
38.44 to 40.28%; FeO; is from 8.60 to 11.40%;
and MgO is from 46.64 to 48.78%. The low
content of TiO, which is less than 0.01% in
almost all analyzed harzburgites and lherzolites
stands out. Values of TiO, lower than 0.1% are
characteristic of mantle rocks. According to
earlier research on the Rhodopean ultramafites
(Zheljazkova-Panajotova et al., 1978 b) TiO,
content varies from 0.05 to 0.07% and the
100T10,/FeO; ratio varies from 0.56 to 1.08. In
most of the investigated harzburgites and
dunites this ratio is less than 0.14 and only in
the data from Tchernichino (s.s. 42 and 42a)
and Avren-2 (s. 54b) it is respectively 0.56 and
0.72. Values of this ratio lower than 2.00 are
typical for mantle rocks (Zheljazkova-
Panajotova et al., 1978 b). TiO, content in lher-
zolites (s. 39a and 55) and wehrlite (s. 55a) is
higher, as is the 100TiOy/FeO; ratio, which
reaches 2.98 in wehrlite. These values are typi-
cal for cumulates. It is interesting to mention
that the samples 55 and 55a reflect the finely
layered ultramafites of Avren-2. A clear ten-
dency towards the decrease in Fe, Ti, Al, and
Ca contents (Table 3) is observed in the transi-
tion from lherzolites (s. 39a and 55) to harz-
burgites (s.s. 39, 54b) from the localities
Bostan Dere and Avren-2. Depending on their
chemical composition the investigated rocks

are very close to other primitive peridotites
(Frey et al., 1985, Bazylev et al., 1993). This
can be observed in the diagram MgO/SiO, vs.
AL 05/Si0, (Fig. 4, b), where most of harzbur-
gites and the only lherzolite (s. 39a) fall close
to or in the field of the fresh mantle harzbur-
gites and lherzolites from the Lanzo and Ronda
massifs (Frey et al., 1985) and the Mamonia
complex (Bazylev et al., 1993). Comparison of
the FeO/SiO, ratio - 0.18 of the investigated
harzburgites and respectively 0.18 of those
from the Mamonia complex, shows a close
resemblance of these rock types. The low value
of this ratio in harzburgites from Avren-1 (s.
31a), 0.14, indicate a clear depletion of these
rocks (Bazylev et al., 1999), and should be
especially noted. An analysis of Cr, Ni, and Co
content which is characteristic for the ultrama-
fic rocks also indicates that the rocks are alike.
Cr,05 varies from 0.21 t0>0.39%, NiO from
0.23 to 0.33%, CoO from 0.009 to 0.013% for
harzburgites and Cr,O; from 0.35 t0>0.39%,
NiO from 0.25 to 0.33%; CoO from 0.012 to
0.015% for dunites. These contents, with the
exception of Cr,0; which is very high in the
investigated rocks, are correlative to the values
established by Zheljazkova-Panajotova (1978
b) for the Rhodopean ultramafites and to the
ultramafic rocks from Ronda massif (Frey et
al., 1985). These values are typical for mantle
rocks.

Metamorphism of the ultramafic rocks

The highest-temperature-relic mineral assem-
blages forsterite+tenstatite+spinel in harzbur-
gites and dunites, which were found at Brusev-
tei, Bubino, Golyamo Kamenjane, and Avren-
1, show that the studied ophiolites could be
assigned to the so-called spinel lherzolites. The
later are stable in 7>850°C and P>6 kbar, but
lower than 16 kbar (Bucher, Frey, 1994). The
nearly complete serpentinization of harzbur-
gites and dunites and the decomposition of
spinels show that ophiolites which are included
in the continental crust suffered several over-
printed metamorphic processes.
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Table 3. Chemical composition of ultramafites from Avren synform
Tabmuna 3. Xumuuen cocmas na yimpamagumu om Aspenckama cungpopma

Brusevci Tchernichino Bubino Gol. Kamenjane

21 23 2la 42 42a 8 10a 10 35 34b
wt% D H H H H H H H D D
SiO, 33.63 3720  37.50 3898  39.17  38.33 38.57  39.15 33.28  33.66
TiO, <0.01 <0.01  <0.01 0.04 0.05 <0.01 <0.01 <0.01 <0.01 <0.01
ALOs 1.04 1.23 1.14 1.59 1.28 1.24 1.42 2.70 1.70 1.49
Fe,0; 5.89 5.28 5.19 5.60 8.34 6.85 5.83 5.01 5.97 6.90
FeO 1.88 2.00 1.93 1.97 1.43 1.35 1.93 2.40 1.90 2.49
MnO 0.22 0.20 0.21 0.21 0.21 0.18 0.20 0.15 0.21 0.20
MgO 40.72 3856 3856  36.13 35.75 37.03 3690 3525 41.06  39.20
CaO 0.08 0.11 0.06 0.50 0.17 0.04 0.10 1.47  <0.01 0.06
Na,O <0.01  <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 0.07 0.03  <0.01
K,0 <0.01  <0.01  <0.01 <0.01 <0.01 <0.01 <0.01 0.03 0.03  <0.01
P,05 0.02 0.02 0.04 0.03 0.02 0.01 0.02 0.04 0.02 0.04
HO 1.43 1.53 1.38 2.07 1.91 1.85 1.47 1.03 1.07 1.11
H,0" 1340  12.40
CO, 0.38 0.49
LOI 15.26 13.70 13.76 12.80 11.76 13.33 14.86 14.65
Total 100.17  99.83 99.77 9992 100.09 100.21 100.22 100.19 100.13 99.80
ppm
\% 20 29 29 48 34 22 33 49 17 36
Cr 2414  >2700 >2700 >2700 1442 1544 2653  >2700 >2700 >2700
Co 98 94 95 103 84 103 96 78 109 108
Ni 2100 1900 2000 2600 1800 2200 2100 1900 2000 2100
Cu 2 3 1 10 8 21 4 12 2 9
Zn 19 18 20 23 46 27 30 46 31 24
Cpx 0.5 0.5 0.5 2.1 0.9 0.5 6.3 0.5
Opx 18.4 19.8 28.7 29.9 26.8 27.8 234
Ol 100 81.4 79.7 69.2 69.2 73.2 71.7 70.3 100.4 100.8

D — dunite; H — harzburgite; L — lherzolite; W — wehrlite

Ophiolites reached ultimately the metamorphic
conditions of green schist facies (7<500°C).

of the mineral assemblages during and after
the accretion of the ophiolite fragments onto
the continental crust indicate high- to medium-
temperature stage of metamorphism. This
metamorphism is characterized by replacement
of clinopyroxene by tremolite and Mg-chlorite
in lherzolite and wehrlite layers, as well as by
the coexistence of forsterite and enstatite.

The decomposition of clinopyroxene in a
CMASH (Ca0-MgO-Al,0;-Si0,-H,0) system
under the conditions of medium pressure (Ky-
isoterm) starts at 825°C. Clinopyroxene is en-
tirely replaced by the reaction: Senmstatite +
2diopside + H,O — tremolite + forsterite at

The summarized data on the transformation

800°C. The formation of chlorite under the sa-
me conditions can be described by the reaction:
forsterite + 2enstatite + spinel — chlorite. The
talc pseudomorphs of orthopyroxene and its
overgrowths on olivine and tremolite (Avren-1)
are indicative for temperature of about 680°C.
This means that the lower temperature limit of
stability of enstatite has been reached. The
formation of serpentine and the mass destruc-
tion of all high temperature minerals begin at
temperatures lower than 550°C in the condi-
tions of Ky-isotherm. The forsterite-tremolite-
antigorite- talk assemblage is preserved up to
400°C. Almost complete serpentinization oc-
curs at temperatures lower than 400°C.
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Table 3: Continued Tabmuma 3. [IponpimkeHue
Bostan dere Avren-1 Avren-2

39 39a 31 25 3la 55 55a 54b
wt% H L D H H L \% H
SiO, 38.77 39.70 31.40 36.60 37.70 37.23 38.75 39.81
TiO, <0.01 0.17 <0.01 <0.01 0.01 0.14 0.21 0.05
Al,O3 1.64 3.75 1.15 1.58 1.26 2.81 5.74 1.72
Fe,03 6.68 6.60 7.85 5.88 347 5.76 3.66 4.14
FeO 1.18 2.70 2.24 2.89 2.40 4.14 3.74 3.23
MnO 0.21 0.12 0.24 0.21 0.13 0.24 0.20 0.24
MgO 36.52 31.80 38.70 38.88 40.29 34.14 28.92 38.70
CaO 0.04 1.90 0.06 0.04 1.28 2.38 6.31 0.58
Na,O <0.01 0.50 <0.01 <0.01 0.07 0.04 0.09 <0.01
K,O <0.01 0.03 <0.01 <0.01 0.03 <0.01 0.05 <0.01
P,0; 0.02 0.03 0.04 0.03 0.05 0.05 0.03 0.03
H,O 2.03 0.90 2.29 1.15 1.08 1.48 1.55 1.22
H,0" 11.65 14.99 11.82
CO, 0.35 1.24 0.59
LOI 12.98 12.54 11.34 10.50 10.27
Total 100.07 100.23 100.20 99.80 100.18 99.75 99.75 99.99
ppm
A% 35 30 34 39 86 80 143 32
Cr >2700 >2700 >2700 >2700 >2700 2571 2389 2169
Co 95 74 115 100 71 90 65 87
Ni 1900 2100 2600 1800 1800 1600 1200 2000
Cu 3 4 13 1 14 25 35 6
Zn 28 31 30 31 37 53 40 29
Cpx 8.1 0.5 5.2 10.4 26.5 2.5
Opx 29.8 28.4 11.4 9.4 9.3 4 22.6
Ol 70.2 63.5 100.9 88.1 85.4 80.3 69.5 74.9

Results and conclusion

The following important general features of the
studied ultramafites have been established:

1. Harzburgite is the most widespread rock
type.

2. Remarkable layering characterizes some of
the bodies. The mineralogical and chemical
compositions of the separate layers of thickly
layered ultramafites do not differ considerably
for most of the bodies. An exception is Avren-
2, where fine layers with dunite, harzburgite,
lherzolite, and wehrlite composition and
monomineral microlayers of olivine and or-
thopyroxene exist.

3. The relics of olivine, orthopyroxene, and
porphyroblastic amphibole were subjects of
ductile deformation for almost all of the inves-
tigated bodies. In the finely layered ultrama-
fites of Avren-2 olivine, orthopyroxene and
amphibole are not so intensively deformed.
Hyipidiomorphic-granular and locally panidio-
morphic-granular texture of the finely layered
rocks is often preserved which is indicative of
their origin as cumulates.

4. The magmatic relationships of euhedral
olivine and orthopyroxene from the layered
cumulate of Avren-2 are preserved and show
that these rocks are cumulates. Amphibole
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Fig. 4. Diagrams displaying the composition of investigated rocks from the Avren synform: a) normative
proportions of major mineral phases of ultramafic rocks from the region (fields after Coleman, 1977); b)
comparison of ultramafic rocks composition from Avren synform with that of Lanzo (Boudier, 1976) and

Ronda (Frey et al., 1985) massifs

@ur. 4. JlnarpamMu oTpassiBallli ChCTaBa Ha W3CICABAHUTE CKAM OT ABpEHCKaTa CHH(pOpMA: a) HOPMATHBHU
CHOTHOILCHHS Ha TJIaBHHTE MHHEPATHU (a3u Ha ynTpamaduUUHUTE CKaimu oT paioHa (monera mo Coleman,
1977); 6) cpaBHEHHE Ha ChCTaBa Ha yITpaMaQUUHHUTE CKaJlM OT paiioHa ¢ Te3u oT Macusute Jlanno (Boudier,

1976) u Ponna (Frey et al.,1985)

grains locally are euhedral too, but in other
domains they form subhedral grains or peritec-
tically replace clinopyroxene (?).

5. Olivine from the massive and thickly-layered
(first morphological type) peridotites shows a
high Mg content, characteristic for tectonites.
Olivine with low Mg content which is typical
for cumulates is observed in the finely layered
rocks. According to Ozawa (1988) and Hebert
et al. (1989) Xy, of olivine is 0.88-0.93 for
tectonized peridotites, while for cumulates it is
0.82-0.89. The high Mg content and the con-
siderably lower NiO content (0.03-0.21 wt%)
of olivine from Avren-1 is characteristic of a
secondary olivine which is formed in connec-
tion with deserpentinization.

6. Xcr >0.4 in unaltered spinels indicates that
most of the investigated rocks belong to the
separated by Ozawa (1988) Cr spinel peri-
dotites (CSPP). In the massive and thickly lay-
ered harzburgites X, of spinels has values
typical for considerably depleted tectonites.
This is also supported by the low content of
Fe’* (Fe’™ 0.08 cations per formula unit -
p.fu.). Spinels of the finely layered ultra-
mafites from Avren-2 are with a lower X, and
the content of Fe’" reaches 0.23 p.f.u., charac-
teristic for cumulates (Ozawa, 1983). The

variations of X, in spinels over and below 0.60
in the investigated ultramafites assign them to
the type of peridotites formed in complicated
tectonic setting (Dick, Bullen, 1984) such as of
island-arc over older ocean crust (Miyashiro,
1973), or transitional zone between arc and
ocean lithosphere (Menzies et al., 1980).

7. The chemical composition of the massive
and thickly layered ultramafites characterizes
them as primitive peridotites. The relatively
low value of the FeO,/SiO, ratio indicate that
these peridotites are depleted.

In conclusion, the present study indicates
that most of the ultramafic bodies of the region
are formed by tectonized peridotites. Part of the
layered bodies such as Bubino and Bostan dere
are also composed of tectonized peridotites.
Tectonized peridotites with remarkable laye-
ring are well known (Coleman, 1977; Ozawa,
1988). The only layered body assigned to the
lower part of the cumulate unit is Avren-2.

References

Bazylev, B. A., R. Magakian, S. A. Silantiev, K. L.
Ignatenko, K. Xenofontis. 1993. Petrology of the
ultramafic Mamonia complex, southwestern Cy-
prus. - Petrology, 1, 4, 348-378 (in Russian).

Bazylev, B. A., G. S. Zakariadze, M. D. Zhel-

36



jazkova-Panajotova, K. Kolcheva, R. E. Ober-
hansli, N. V. Soloveva. 1999. Petrology of ultrama-
fic rocks from the ophiolite association in the crys-
talline basement of the Rhodope Massif. - Petrol-
ogy,7,2,191-212 (in Russian).

Boudier, F., 1976. Le massif lherzolitique de Lanzo,
etude structurale et petrologique. - Ph.D. Thesis,
Univ. Nantes, 163 pp.

Boyanov, 1. 1995. Tectonics. - In: Goranov, A., D.
Kozhoukharov, 1. Boyanov, E. Kozhoukharova.
Geological map of R. Bulgaria, M 1:100 000, Ex-
planatory Note, Sheet Krumovgrad and Sape Sofia,
Com. of Geology, 69-79 (in Bulgarian).

Bucher, K., M. Frey. 1994. Petrogenesis of Meta-
morphic Rocks. Berlin, Springer Verlag, 318 p.

Burg, J.-P., L.-E. Ricou, Z. Ivanov, 1. Godfriaux, D.
Dimov, L. Klain. 1996. Syn-metamorphic nappe
complex in the Rhodope Massif. Structure and
kinematics. - Terra Nova, 8, 1, 6-15.

Coleman, R. 1977. Ophiolites. Berlin-Heidelberg-New
York, Springer-Verlag, 261 p.

Dick, H. J. B., T. Bullen. 1984. Chromian spinel as a
petrogenetic indicator in abyssal and alpine-type
peridotites and spatially associated lavas. — Con-
trib. Mineral. Petrol., 86, 1, 54-76.

Dimitrov, S. 1958. Uber die alpidische Regional-
metamorphose und ihre Beziechungen zu der Tek-
tonik und dem Magmatismus in Siidostbul-garien. -
Geologie, 7, 3-6, 560-568.

Droop, G. T. R. 1987. A general equation for esti-
mating Fe*'concentrations in ferromagnesian sili-
cates and oxides from microprobe analyses, using
stoichiometric criteria. - Mineral. Mag., 51, 3, 431-
435.

Frey, F. A, C. J. Suen, H. W. Stockman. 1985. The
Ronda high temperature peridotite: Geochemi-
stry and petrogenesis. - Geochim. Cosmochim.
Acta, 49, 11, 2469-2491.

Haydoutov, 1., K. Kolcheva, L. Daieva, 1. Savov.
2000. Origin of the Variageted Formations from
the East Rhodopes (Avren synform and Bela
Reka antiform). - Book of Abstracts, Geol. Conf.,
Bulg. Geol. Soc., 143-144.

Hebert, R., G. Serri, R. Hekinian. 1989. Mineral
chemistry of ultramafic tectonites and ultramafic
to gabbroic cumulates from the major oceanic
basins and Northern Apenninic ophiolites, Italy:

A comparison. - Chem. Geol., 77, 183-207.

Ivanov, R. 1961. Stratigraphie und Struktur des
Grundgebirges in den Ostrhodopen. - Trav. Geol.
Bulg., Serie Geochim. et Gites Metallif., 2, 69-
119.

Kolcheva, K., M. Zheljazkova-Panajotova, N. Do-
brecov. 1984. Fragments of ancient ophiolite as-

sociation in the region of Ardino (Central
Rhodopes, Bulgaria). — C. R. Acad. bulg. Sci.,
37,2, 187-190 (in Russian).

Kolcheva, K., G. Eskenazy. 1988. Geochemistry of
metaeclogites from Central and Eastern
Rhodope Mnts. (Bulgaria). - Geologica Balc.,
18,5, 61-78.

Kozuharov, D. 1966. Vorkambrische metamorpho-
sierte ultrabasische und basische Magmatite in
den Zentralthodopen. - Rev. Bulg. Geol. Soc.,
27,1, 51-62 (in Bulgarian).

Kozhoukharov, D. 1992. Lithostratigraphic features
and structure of the Precambrian of the
Rhodopian Supergroup in the Ivaylovgrad and
Krumovgrad areas, East Rhodope Mountains. -
Geologica Balc., 22, 3, 3-31.

Kozhoukharov, D., 1. Boianov, A. Goranov, E.
Kozhoukharova. 1991. Geological map of R.
Bulgaria, M 1:100 000, Sheet Ivailovgrad. Sofia,
Com. of Geology.

Kozhoukharov, D., 1. Boianov, A. Goranov, E. Koz-
hukharova. 1992. Geological map of R. Bul-
garia, M 1:100 000, Sheet Krumovgrad and
Sape. Sofia, Com. of Geology.

Kozhoukharova, E. 1984. Origin and structural posi-
tion of the serpentinized ultrabasic rocks of the
Precambrian ophiolite association in the
Rhodope Massif. 1. Geologic position and com-
position of the ophiolite association. - Geologica
Balc., 14, 4, 9-36 (in Russian).

Kozhoukharova, E. 1998. Eclogitization of serpen-
tinites into narrow shear zones from the Avren
syncline, Eastern Rhodopes. - Geochem., Min-
eral., Petrol., 35,29-46 (in Bulgarian).

Kozhoukharova, E., L. Daieva. 1990. Petrochemical
characteristics of Precambrian amphibolites
from the northern parts of the Central Rhodopes.
- Geologica Balc., 20, 4, 19-35.

Leake, B. E. et al. 1997. Nomenclature of amphi-
boles; report of the Subcommittee on amphi-
boles of the IMA CNMMN. - Eur. J. Mineral.,
9, 623-651.

Macheva, L. A. 1998. 3T-phengites in the rocks
from Byala Reka metamorphic group: An indi-
cator of high pressure metamorphism. -
Geochem., Mineral., Petrol., 35, 17-28 (in Bul-
garian).

Macheva, L., K. Kolcheva. 1992. Metagranitoids
from East Rhodopes - occurrences and main fea-
tures. — C. R. Acad. bulg. Sci., 45, 6, 63-66.

Menzies, M., D. Blanchard, C. Xenophontos. 1980.
Genesis of the Smartville Arc-ophiolite, Sierra
Nevada foothills, California. - Am. J. Sci., 280A,
329-344.

37



Miyashiro, A. 1973. The Troodos ophiolitic com-
plex was probably formed in an island arc. -
Earth Planet. Sci. Lett., 19, 218-224.

Ovtcharova, M., St. Sarov. 1995. Petrology and
tectonic setting of the metagranitoids from
Kesebir Reka region in the Eastern Rhodopes.
- XV Congress CBGA, Geol. Soc. Greece,
Spec. Public.,4/2,613-618.

Ozawa, K. 1983. Evaluation of olivine-spinel
geo-thermometry as an indicator of thermal
history for peridotites. - Contrib. Mineral.
Petrol., 82, 52-65.

Ozawa, K. 1988. Ultramafic tectonite of the Mi-
yamori ophiolitic complex in the Kitakami
Mountains, northeast Japan: Hydrous upper
mantle in an island arc. - Contrib. Mineral.
Pet-rol., 99, 159-175.

Penrose field conference on ophiolites. 1972. —
Geo-times, 17, 24-25.

Peytcheva, 1., A. v. Quadt. 1995. U-Pb zircon
dating of metagranites from the Bela-reka re-
gion in the Eastern Rhodopes, Bulgaria. -
Proc. XV Congr. CBGA, Geol. Soc. Greece,
Spec. Publ., 4/2, 627-631.

Quadt, A., I. Peytcheva. 1998. Multi-element ap-
proach for the Variscan orogen within the

Rho-dopean Massif (Bulgaria). - Abstracts,
XVI Congress CBGA, Geol. Survey Austria,
p-503.

Zeljazkova-Panajotova, M. 1960. The Golyamo
Kamenyane group of ultrabasic massives and
their chromite content. — Ann.Univ. Sofia,
Fac. de Biol., Geol. et Geogr., 53, 2, 59-142
(in Bul-garian).

Zheljazkova-Panajotova, M., K. Kolcheva, S.
Boy-adziev, L. Ivchinova, V. Vuchev, P. Pet-
rov. 1978a. Study of ultrabasic rocks in Bul-
garia by means of mathematical methods. 111
Petrochemi-cal characteristics. - Geologica
Balc., 8, 3, 9-14 (in Russian).

Zheljazkova-Panajotova, M., L. Ivchinova, K.
Kol-cheva, S. Boyadziev, V. Vuchev, P. Pet-
rov. 1978b. Study of ultrabasic rocks in Bul-
garia by means of mathematical methods. IV.
Petroge-netic indicators. - Geologica Balc., 8,
4, 27- 48 (in Russian).

Accepted October 4, 2000
Ilpuema na 4. 10. 2000 2

38



