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Tertiary domes and depressions in the Rhodope massif
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Regional tectonic position

The Rhodope massif is a fragment of the Morava-
Rhodope zone. This zone extends along the south-
ern margin of the European continental plate, NE
and N of the Vardar and Intrapontide sutures —
traces of Late Cretaceous subduction zones of Tethy-
an oceanic crust beneath the European continent.
The Morava-Rhodope zone is interpreted as a fron-
tal arc in the subduction-related volcanic island-
arc system (Dabovski et al., 2002). Towards the end
of the Late Cretaceous, collision between fragments
of the African and Eurasian plates lead to intense
compression, regional metamorphism in eclogite and
amphibolite facies and development of large-scale
south-verging synmetamorphic thrusts (Ivanov, 2000).

The collision-related thrusts caused considerable
thickening of the crust in the confines of the
Rhodopes. This led to thermal relaxation and devel-
opment of a two-layered system — a upper brittle
and a lower ductile crust. As a result a series of meta-
morphic core complexes (domes) formed (Ivanov,
2000). The internal parts of these domes (lower duc-
tile crust) comprise high-grade (migmatized) meta-
morphic rocks whereas their peripheral parts (upper
brittle crust) are composed of diverse gneisses, am-
phibolites and marbles, accompanied by serpenti-
nized ultrabasic rocks.

The late stage of extension is indicated by exhu-
mation of metamorphic core complexes and devel-
opment of a system of shallow-dipping detachments
and related synthetic and antithetic faults (Ivanov,
2000). Exhumation in the Central Rhodope dome is
dated at 37-34,5 Ma (Ovcharova et al., 2003). The
time of exhumation of Byala Reka and Kessebir core
complexes is 47 and 34 Ma, respectively (Ovcharova
etal., 2003).

Between the growing domes of metamorphic core
complexes, superimposed graben-like depressions
developed (Georgiev, 2005). Their initiation began
in Paleocene times, before the final exhumation of
the core complexes. The depressions were realms of
continental to shallow-marine sedimentation (Pale-
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ocene-Oligocene) and intense acidic and interme-
diate volcanic activity (Eocene-Miocene?).

Two types of extension-related magmatism are
distinguished (Georgiev, 2005a). The initial stage of
post-collisional extension is marked by intrusion of
a series of syntectonic and post-tectonic granitoids
in the upper brittle crust (Ivanov, 2000). They are
most abundant in regions with thick crust (39-52 km)
— Rila-West Rhodope and Pirin domes. Some plu-
tons are composed of several intrusive phases. This
stage covers the interval Late Cretaceous-Eocene (86-
36 Ma, most commonly 54-42 Ma).

The granitoid plutons are two types (Peytcheva
et al., 1998; Georgiev, 2005b). The Pirin type is char-
acterized by high (¥’Sr/*Sr), values (0,709-0,715) and
is probably a product of mobilization of continental
crust in the lower ductile layer (S-type). The Rila-
Rhodope type has considerably lower (¥Sr/*Sr), val-
ues (0,705-0,709) and is probably related to mobili-
zation within the lower ductile layer but with con-
siderable influence of fragments from older ocean-
ic crust (I-type).

The magmatic activity during the second stage
(Eocene-Oligocene, 40-27 Ma) is dominantly in vol-
canic facies. Volcanic structures, composed of in-
termediate to acidic rocks, developed only within
the superimposed depressions. In the core complex-
es outside the depressions, the magmatic rocks of
this stage are scarce and form only subvolcanic or
intrusive bodies.

The initial strontium ratios (*Sr/*Sr)I in these
magmatic rocks vary in a relatively wide range —
from 0,700 to 0,708. Remarkable are considerably
lower (¥Sr/*Sr)I values as compared to granitoids
from the early extensional stage. This difference is
even larger for acidic phases. These data suggest
that the magmatism of the second stage has a dom-
inantly mantle origin. In the process of exhumation
of core complexes, the lower ductile layer and the
crust as a whole thinned between the individual
domes and along the periphery of the Rhodope
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L7277 Migmatite komplex NERD - Northeastern Rhodope depression BRD - Byala reka dome
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@ur. 1. TekToHcKa cxema Ha Pomonckust macuB (o HemyOnukyBaHa kapTa Ha Xp. JlaboBCkH, C U3MEHEHHUS)

Fig. 1. Tectonic sketch of Rhodope massif (after unpublished map by Ch. Dabovski with changes)
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massif. These areas were penetrated by upraising
mantle material enriched to a deferent extent with
crustal components.

Tertiary domes and depressions

Three domes, nominated West, Central and East
Rhodope complex domes, can be recognized in the
Rhodope massif east of Struma fault (fig. 1). They
are defined as complex domes since they comprise
second-order domes and synforms (superimposed
depressions).

West Rhodope complex dome (including Rila and
Pirin Mts.). The western boundary and internal struc-
ture of this dome are not very clear for several rea-
sons. Exposures of the lower migmatite complex are
lacking and consequently the core of the dome can-
not be traced. Furthermore, the central parts of the
dome are intruded by abundant granitoids of the
early extensional stage that make the interpretation
of the core complex even more difficult. The west-
ern periphery of the dome is deformed by the younger
(Neogene) Struma graben.

The internal structure of the West Rhodope com-
plex dome is complicated by the “crestal” (“apical”
after R. Ivanov) Mesta graben. It is filled with Eocene
and Oligocene sediments associated with dominantly
acidic volcanics. Three domes are located to NE,
SE and SW of Mesta graben — Rila-West Rhodope,
Barutin-Elatia and Pirin domes, respectively.

Central Rhodope complex dome. The main struc-
ture is Madan-Davidkovo dome. It has a core of
migmatized gneisses (lower ductile crust) enveloped
in the variegated metamorphic complex, (upper brit-
tle crust after Ivanov, 2000). The periphery of the
complex dome is deformed by several second-order
domes — Shiroka Laka, Lyaskovets and Dobra Laka
(in the northern part).

Several depressions formed between these second-
order domes. Hvoina graben is situated between Shi-
roka Laka, Lyaskovets and Dobra Laka domes. It is
filled with Oligocene sediments and mainly acidic
volcanic rocks.

Bratsigovo-Dospat, Smolian and Vtinia depres-
sions. They separate the West Rhodope from the
Central Rhodope complex domes. They are filled
with Eocene and Oligocene sediments, rhyolite ign-
imbrites and in subordinate amount andesites and
latites.

East Rhodope complex dome. Its main structure
is Byala reka dome. Kessebir dome as a higher-rank-
ing structure is situated further west. The two domes
are separated by and embayment of Momchilgrad
depression (Ludetina graben).

Momchilgrad depression. It trends NE and sepa-
rates the Central Rhodope from the East Rhodope
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complex domes. The basin fill includes Paleocene-
Oligocene sediments and Eocene-Oligocene inter-
mediate to acidic volcanic rocks.

Northeastern Rhodope depression. 1t is situated
between the Rhodope massif (located to W and S),
Srednogorie zone (to N) and Sakar block (to E). The
eastern margin of the depression wedges in between
Dobra Laka dome and the northern periphery of
Madan-Davidkovo dome. It is filled with Paleocene
and Eocene sediments at the base and Eocene-Oli-
gocene intermediate volcanic rocks on top. Borovit-
sa caldera (Ivanov, 1972) filled with Oligocene acid-
ic volcanics is superimposed upon its western parts.

Zlatoustovo depression. It is located between By-
ala reka dome and Harmanly block (a fragment of
Sakar block). The basin fill comprises Paleocene-
Eocene sediments and Eocene-Oligocene interme-
diate and acidic volcanic rocks.

The Momchilgrad, Northeastern Rhodope and
Zlatoustovo depressions merge in Kardzhali region
and together form the East Rhodope complex de-
pression (East Rhodope Paleogene depression, after
Ivanov, 1960).

General trends

The West Rhodope complex dome has the thickest
crust (39-52 km, Boykova, 1998). The Central
Rhodope complex dome is characterized by less thick
(35-40 km) and the East Rhodope complex dome —
by the thinnest crust (32-36 km). The thickness of
the crust in these structures correlates well with the
present-day relief. The area of the West Rhodope
complex dome has the highest relief (1500-3000 m).
The area of the Central Rhodope complex dome has
and intermediate relief (1000-2000 m). The East
Rhodope complex dome is characterized by the low-
est relief (400-1200 m). The domes are surface ex-
pression of lenses which “swim” in the astenosphere
(the mantle). Only 5% of their volume is above sea
level, resembling to the top of icebergs.

The West Rhodope complex dome (with the thick-
est crust) is intruded by abundant Late Cretaceous-
Eocene granitoids from the early stage of extension,
which are considered to be products of mobilization
of the lower ductile crust. The East Rhodope Paleo-
gene depression has the thinnest crust. There mag-
matic rocks of intermediate and acidic composition
from the late extensional stage are most abundant.
Mantle origin is supposed for them. The other re-
gions of more abundant magmatic activity from the
late extensional stage are Bratsigovo-Dospat, Smo-
lian and Vitinia depressions, which separate the West
Rhodope from the Central Rhodope complex domes.
This magmatism is exclusively acidic.
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TepumepHuTe cBOaOBe U Aenpecuu B Pogonckust Macus

Baaoumup TI'eopzues

Pe3srome. B pesynrar Ha exkcrensust B Pomonckus
MacUB BB3HUKBAT MOpPEAUIA OT MeTaMOp(HH si-
peHu komruiekcu (kynosm). HauanausaT eran Ha ex-
CTeH3Us ce O€JIeXH OT BHEIPSIBAHE HA TPAHUTOUIN
B ropHata kpexka xopa (K,—Pg,). Mexay oTnensu-
T€ KyIOJIU H 110 TepUdepusiTa UM ce PopMHUpaT Jel-
pecuu. Te ca U3MBJIHEHU C TEPUTCHHU CEIUMEHTH,
pudosu Baposunu (Pg, ,) u Bynkanutu (Pg,—N,).
B Ponmonckust MacuB ce oTaesaT 3anagHop o0 -
cku (3PKK), Lentpanmnopononcku (LIPKK) u N3-
tounopopaoncku (MPKK) kommiekcau KymoJu, yc-
JIOXXHEHH OT BTOPOCTENEHHH KYIOJHU U IETPECUU.
Bwrpemmusat crpoex Ha 3PKK (Bki. mi. Puna u
ITupun) e yCIOXKHEH OT ,,0MmTHuS“ MecTeHCKH Tpa-
6en. Ha CCU ot MecTenckus rpabeH ce pasmojara
Puno-3amagnopononckusT kymout, Ha KO — Bapy-
TuH-EnatuiickuaT xynoJ, a Ha FO3 — [MupusCcKkusT
kynosi. OcaoBHa ctpykrypa B LIPKK e Manancko-
HaBunkoBckusat Kymout. [lepudepusita my e nedop-
mupana ot Ilupokosrsinku, JIsckoBenku u [Jo6-
PaJTBIIKK KyIIOJIU OT MO-BUCOK pen. Mexay Tsx ce
pasnosiara XBoitHeHCKUT rpaben. bpanuroso-loc-
narckata, CMmouistHCKaTa u BuTuHCckaTta genpecuu
pasnenst 3PKK u [IPKK. OCHOBHU CTPYKTYpH B
HNPKK ca Benopeukusat u KecuOUpCKUAT KymoJIu.

Mowmumnrpanckata genpecus pasmpens LIPKK u
HMPKK. CeBepOnU3TOYHOPOIONCKATA JIETIPECUS Ce
pasnojiara mexay IIPKK u Cakapckus 6ok. 3ia-
TOyCTOBCKaTa fienpecus ce pasnosara mexay MPKK
u Caxkapckus 6510k. Te3u Tpu aenpecuu 3aeIHO 00-
pasyBat MI3TOUYHOpOMOIICKaTa KOMILIEKCHA JIeTpe-
cusl.

B 3anagHOpOmOnCKUs KOMILTIEKCEH KyIoJI (C Hal-
nebera 3eMHa KOpa) € Hall-OOMJITHO HACHUIIIAHETO C
CPAHUTOUIU, KOUTO Ce CUuuTaT (popMupaHu B pe-
3yJITAaT HA MOOWJTM3AMs B TOJHATA IUTACTUYHA KOpa.
M3TOYHOPOIONCKOTO MaJIeOreHCKO MOHUKEHUE Ce
XapakTepusupa C Hail-ThHKA 3eMHa kopa. Tyk mar-
MaTU3MBT OT KbCHHUSI €KCTEH3WOHEH eTal € Haii-
OOMITHO MPECTaBEH U € ChC CPEAHOKUCEN M KHCE
CbCTaB. 3a HEro ce mpearnojara MaHTUEH MPOU3-
xoAd. Apyru pailoHu C MO-3HAYUTEIHA U3SIBA HA Mar-
MaTu3Ma OT KbCHUS €KCTEeH3MOHeH eTam ca bpa-
nuroso-Jlocnarckara, CMmojsHckaTa U BuTnHCKa-
Ta nenpecuu. TYK MarMaTu3MBT € U3KITIOUUTETHO C
KHCEJI ChCTaB.

KynonuTe ca moBbPXHOCTHA U351Ba HA JICIITH, KO-
UTO IUTYBaT BbPXy acTeHochepaTa. OT TSX HaI MOp-
CKOTO HUBO C€ pa3KkpHBaT CaMO OKOJI0 5%, momo0-
HO Ha BPBX Ha aicoepr.
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