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Introduction
The metamorphic rocks from the western slope of
the Pirin Mountain are traditionally interpreted as a
part of the metamorphic rocks from the Rhodope
massif (Zagorchev et. al., 1971; Zidarov et. al., 1971;
Zagorchev, Dinkova, 1991 etc.). They were consi-
dered as high-grade rocks of Precambrian age and
were subdivided into lithostratigraphic units identical
with those from the Central Rhodopes (Zagorchev,
Dinkova, 1991 etc.). The high-grade metamorphic
rocks from the western side of the Strymon valley
are traditionally assigned either to the Serbo-
Macedonian Massif (Kockel, Walther, 1965; Bonchev,
1971 etc.), or to the Rhodope massif (Ograzdenian
Supergroup; Zagorchev, Dinkova, 1991). The new
data show that the Rhodope and Serbo-Macedonian
provinces of southern Bulgaria and northeastern
Greece comprise a structurally complicated domain
of tectonically intercalated high- and low-grade
metamorphic rocks and igneous bodies. The two parts
of this domain (Rhodope and Serbo-Macedonian) are
separated by a brittle low-angle southwest dipping
thrust fault, called the “Strimonüberschiebung”
(Kockel, Walther, 1965). A recent geological mapping
has established that the “Strimonüberschiebung” is
not a thrust, but a major Neogene low-angle normal
fault, called the Strymon Valley detachment fault. It
accommodates the unroofing of the Rhodope core
complex and eventually its subaerial exposure
between the Strymon and Nestos rivers (Dinter,
Royden, 1993; Burg et al., 1996; Ivanov, 1998).
According to this concept, the rocks of the Serbo-
Macedonian massif build up the hanging wall of the
fault. They were separated as Upper terrain by Burg
et al. (1996). Ivanov (1998) and Machev & Veit
(2001) presented evidence that parts of the hanging
wall of the Strymon detachment cover the meta-
morphic rocks on the western slope of the Pirin
Mountain. The aim of this study is to compare the P-
T evolution of the metapelites from the hanging wall
with the ones from the underlying metamorphic rocks

in the Pirin Mountain. Attention is also focused on
the zoned garnet porphyroblasts.

Petrology of the metapelites from the hanging
wall of the Strymon detachment fault (HWMP)
These rocks crop out in the valley of Sandanska
Bistritza River, east of the town of Sandanski.
Together with different type of gneisses, rare marble
layers and lenses of ultramafic rocks they present
the host rocks of large metagabbro bodies (Machev,
Veit, 2001). Two equilibrium assemblages can be
distinguished in these metapelites – I –garnet +
staurolite + kyanite + quartz and II – biotite + white
mica (muscovite) + andalusite + chlorite + quartz. All
minerals from the first assemblage are resorbed and
replaced by “secondary” minerals: the coarse garnet
porphyroblasts - mainly by biotite or by chlorite + white
mica (sericite) aggregates (Fig. 1); kyanite - by
undistinguishable under polarized microscope fine-
grained aggregates and staurolite - by sericite.  Typical
for the HWMP are biotite + fibrolite intergrowths and
fibrolite formation around the andalusite porphyro-
blasts. These fabrics are observed only in strongly
deformed parts of the metapelites.

Fig. 1. Garnet porphyroblast replaced by chlorite and
sericite in the HWMP.
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The aim of this study is to examine the type of
zoning in the fine (<1 mm) garnet porphyroblasts. The
reason for studying zoned crystals is that they
presumably hold the key to understand the chemical
reaction history of a rock and hence its P-T evolution.
All investigated grains have retrograde type of zoning
(Alm, Sps and Fe/Fe+Mg) ratio increase from core
to rim and Pyr decrease in this direction) (Fig. 2a).
We interpret this fact as typical diffusion, retrograde
zoning. It is well known (Spear, 1993) that diffusion
by cooling and exhumation of rocks could affect and
change the garnet composition in very narrow zones
(≈1 mm). Because the investigated garnets are smaller
their cores were affected by diffusion, too.

Petrology of metapelites from the Pirin
Mountain (PMMP)
These metapelites crop out as layers in association
with different types of gneisses, marbles and amphib-
olites. The equilibrium assemblage is represented by
garnet + biotite + white mica (muscovite) + staurolite
+ kyanite + quartz ± plagioclase ± fibrolite. Only chlo-
rite is observed as replacement product after biotite.
The garnets from the PMMP (independent of grain
size) have typical prograde diffusion zoning (Fig. 2b).
They have flat pattern of homogeneous garnet with
reverse zoning only in the outermost rim. In this area
the Sps and Alm increase, whereas the Pyr decrease
as a result of cooling by the rock exhumation. This
type of zoning is common for garnets of high-grade
metamorphic rocks (amphibolite facies). The estab-
lished zoning of the garnets from PMMP contradicts
the zoning of garnets from the Lower Tectonic Unit
in Greece (Mposkos, Liati, 1993), which show a dis-
tinctly pronounced increase of Alm and Pyr, and de-
crease of Sps and Gros from core to rim. The inves-
tigated garnets from PMMP are similar to the ones
from the Upper Tectonic Unit in Northern Greece.
The biotites in the rock matrix have XFe = 0.47-0.50
and the biotite inclusions in garnet have 0.31-0.39
(hence, they are richer in Mg). The composition of
biotite inclusions may be a result from exchange re-
actions between garnet and biotite, or it reflects the
biotite composition at the temperature peak of meta-
morphism.

Conclusion
It is very difficult to determine the P-T conditions of the
metamorphism of the HWMP, because the conventional
geothermo-barometers are inapplicable (most minerals
are in disequilibrium). Therefore, we used the XFe iso-
pleths on the P-T grid of Spear (1993) (only data from

the core composition of small garners were used). The
estimated P-T values (650oC and 10 kbars) are the lowest
for the formation of the first equilibrium assemblage.
For the PMMP we obtained 610-640o C by 6 kbar (Grt-
Bt thermometer of Ferry & Spear, 1978). We believe
that this temperature is close to the temperature peak
of metamorphism of PMMP. Prior to the metamorphism
of PMMP, the HWMP and associated rocks were
thrusted over the Pirin Mountain during the collisional
stage of evolution of the Rhodope massif, i.e. they were
earlier metamorphosed. The prograde Alpine metamor-
phism of PMMP was retrograde for the HWMP. It
caused retrograde replacement of the minerals from
the first equilibrium assemblage and retrograde diffusion
zoning in the small garnets. Because the HWMP overlie
the PMMP, the pressure of the retrograde meta-
morphism was lower (in the stability field of andalusite).

The obtained results show that the rocks east of
the town of Sandanski have not been a part of the
Rhodope massif. They have undergone different P-
T evolution and we agree with the opinion of Ivanov
(1998), that the rocks from the hanging wall of the
Strymon detachment fault (Serbo-Macedonian massif
or Upper terrain after Burg et. al., 1996) are part
from the Sredna Gora metamorphic rocks (Paleozoic
age of metamorphism).

Fig. 2. (a)BSE image of small garnet porphyroblast from
the HWMP and Alm, Sps and Pyr distribution along the
traverse line; b) the same in garnet porphyroblast from
the PMMP.
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P-T  ЕВОЛЮЦИЯ НА МЕТАПЕЛИТИТЕ ОТ ЗАПАДНИЯ СКЛОН НА ПИРИН

Филип Мачев1, Луц Хехт2, Ласло Клайн1, Владимир Атанасов1

Метаморфните скали от западния склон на Пирин
винаги са били сравнявани  с разреза на метамор-
фитите в Централните Родопи и към тях е прила-
гана същата схема за литостратиграфска подял-
ба. Получените през последните десетина години
нови данни показаха, че една част от тези скали
имат алхтонно положение т.е. тe са част от вися-
щото крило на Струмския разлом на отделяне. В
традиционните схващанаия те са отнасяни към
т.н. Сръбско-Македонски масив или към Ограж-
денската супергрупа на Родопския масив.

Обект на настоящото изследване са метапе-
литите от висящото крило на Струмския разлом
на отделяне (HWMP) и лежащото му крило
(РММР). За първите са установени два равно-
весни състава – І –транат + ставролит + кианит
+ кварц и ІІ – биотит + бяла слюда (мусковит) +
андалузит + хлорит + кварц. Всички минерали от
първата асоциация са интензивно променени и
заместени от тези от втората. Характерна особе-
ност на тези метапелити е фибролитизацията на
биотита и образуването на фибролит около анда-
лузитовите порфиробласти. Тъй като едрите гра-
натови порфиробласти са интензивно резорбирани

вниманието бе насочено към дребните (< 1 mm
в диаметър). Те показват типична регресивна
дифузионна зоналност – намаляване на Pyr
компонент от центъра към периферията и увели-
чаване на Alm и Sps компоненти в същата посока.
В РММР е установен само един равновесен
състав – гранат + битит + бяла слюда (мусковит)
+ ставролит + кианит + каварц ± плагиоклаз  ±
фибролит. Гранатите от тези скали (без значение
на големината им) показват типична проградна
дифузионна зоналност (платовидно разпреде-
ление на Alm, Pyr и Sps в централните части на
кристала и увеличение на Alm и Sps е нямяляване
на Pyr в най-външните зони). Такъв тип зоналност
се образува при ексхумацията и охлаждането на
метаморфозирани при сравнително висока
температура (амфиболитов фациес) скали.

Минималната  температура , при която е
образувана първата равновесна асоциация ва
HWMP приемаме 650оС и 10 кbar налягане,
определени по XFe изоплетите на петрогенетич-
ната мрежа за метапелити. За РММР е получена
минимална температура 610-640oC при 6 kbar
налягане.
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Получените резултати ни дават основание да
заключим че HWMP и асоцииращите с тях скали
са били навлечени върху Пирин по време на коли-
зионния етап от развитие на Родопския масив като
вече метаморфозирани скали. Проградният мета-
морфизъм на РММР се е явил ретрограден за тях
и тъй като те са лежали по-високо в разреза,

измененията в тях са се осъществявали в полето
на стабилност на андалузита. Нашите изследвания
подкрепят идеята на Ivanov (1998), че скалите от
висящото крило на Струмския разлом на отделяне
(Сръбско-Македонски масив) са част от Средно-
горските метаморфити (с палеозойска възраст на
метаморфизма), навлечени върху Родопския масив.


