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ABSTRACT. Variscan regional metamorphism and granitoid magmatism of the Elbrus and Pass
subzones of the Main Range structural zone of the Greater Caucasus considerably differ from each
other. In particular, Bretonian granitoid magmatism is not manifested in the Pass subzone in contrast to
the Elbrus one; composition and conditions of geodynamic formation of Sudetic granitoids of these zones
considerably differ from each other; Sudetic regional metamorphism took place only in the Elbrus
subzone; in the Pass subzone the intensive influence of Sudetic granitoids on enclosing rocks is fixed;
Sudetic granitoids of the Elbrus subzone are by ~15 Ma younger, than granitoids of the Pass subzone,
connected with the same orogeny. Taking into consideration that these subzones are different by types of
fold structures, lithologic-formational content and conditions of their formation and by types of magmatism
etc, the authors of paper think that structural-geological units of the Main Range zone of the Greater
Caucasus - the Elbrus and Pass subzones can be to regarded as subterranes constituting the Greater
Caucasian terrane. © 2014 Bull. Georg. Natl. Acad. Sci.
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The Elbrus, Pass, Huko and Bambak subzones
are identified within the Main Range zone of the
Greater Caucasus (Fig. 1) [1]. Despite the similarity,
in general, they differ from each other by a number of
geological characteristics. In particular, they have dif-
ferent types of fold structures, lithologic-formational
content and PT conditions of their formation and
different types of magmatism etc. The subzones are
separated from each other by the system of deep
faults between which graben type narrow tectonic

depressions built up of the Lower Jurassic sediments
are developed.

Some researchers consider the tectonic division
of the Caucasus on the basis of terrane analysis
[2-5]. As it is known, the terrane is a large body of
regional spreading, delimited by deep faults, and by
geological structure and development history differs
from other terranes of the same scale. It usually un-
dergoes significant horizontal displacement in differ-
ent directions within the oceanic area and as a result
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ultimately joins the continent and turns into accre-
tionary terrane [6]. Issuing from the explanation it is
clear that the main range zone of the Greater Cauca-
sus represents the Greater Caucasian terrane [3].
However, there is not any consideration about the
main range zone composing subzones in the existing
terrane division. According to the explanation [3, 7],
the subterranes are bodies, which by analogy with
terranes are delimited by faults, but do not undergo
significant horizontal displacement and have similar,
but not identical history of geological development.
They join each other as a result of amalgamation or
vertical accretion before accretion to the continental
margin. Based on all the above mentioned and taking
into consideration that structural-geological units
(subzones) presented within the Greater Caucasian
terrane completely correspond to the explanation of
the term “subterrane”, it is correct to consider the
Elbrus, Pass, Huko and Bambak subzones as
subterranes.

Despite rather high level of knowledge in geol-
ogy of the Greater Caucasian terrane, the correlative
characterization of subterranes from this point of view
is not carried out. The aim of the present paper is to
make correlation between the Pass and Elbrus
subzones according to the peculiarities of Variscan
regional metamorphism and granitoid magmatism and

to show more distinctly difference and similarity be-
tween them.

The Elbrus subzone. Variscan regional metamor-
phism of the Elbrus subzone rocks is connected with
the Bretonian and Sudetic orogenies.

Both infrastructure (autochthon) and
suprastructure (allochthon) pre-Late Variscan forma-
tions of the Elbrus subzone underwent Bretonian re-
gional metamorphism.

Bretonian regional metamorphism of infrastruc-
ture corresponds to the P-T conditions of facies of
biotite-muscovite gneisses (low- and moderate tem-
perature amphibolites facies) –T - 500-620°C, depth
9-11 km [8], but its K-Ar age is determined as 350-360
Ma [9].

As to formations of suprastructure of the Elbrus
subzone, it should be mentioned that all its expo-
sures represent separate fragments of indivisible in
the past meganappe (so-called Macera nappe). All
the fragments are overthrust from the Pass subzone
to the Elbrus subzone after undergoing the Bretonian
regional metamorphism in situ [10].

Sudetic regional metamorphism of the Elbrus
subzone, being synchronous with granite formation,
corresponds to retrograde type of metamorphism and
temperature conditions of its green schist facies.  With
Sudetic metamorphism microclinization processes

Fig. 1. Simplified scheme of tectonic zoning of the crystalline basement of the Main Range zone of the Greater Caucasus
(after M.L. Somin [1]). The  Main Range zone of the Greater Caucasus (1-4): 1 – the Elbrus, 2 – the Pass, 3 – the
Huko and 4 – Bambak; 5 – tectonic depressions built up of the Lower-Middle Jurassic sediments, 6 – faults (figures in
circles): 1 –the Main Range, 2 – Sanchar-Dzichec, 3 – Pshekish-Tirniauz, 4 – Alibek, 5 – Adil-Su and 6 – Buron-Lars.
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regional scale are associated. This process affected
both rocks of infrastructure and suprastructure [11].

In the Elbrus subzone granitoids connected with
Bretonian and Sudetic orogenies are spread [2].

Bretonian granitoids are spread only within the
infrastructure and are represented by two varieties
[2]: 1- biotite and bimica bearing plagiogranites,
plagiogneisses and granitic gneisses and 2 – biotite-
hornblende and hornblende bearing plagiogranites,
plagiogneisses and quartz-diorites, granodiorites and
granitic gneisses.Biotite and bimica bearing
plagiogranites and plagiogneisses belong to I type
granites, but granitic gneisses to S type, occupying
intermediate position between the MPG and KCG
groups [2, 12]. The heat sources of formation of these
anatectic granitoids are: radioactive decay, dissipative
heat generated during the subduction and the heat
delivered from fluid streams. Hornblende bearing
granitoids belong to I group and ACG type granitoids
[2, 12]. The heat source of their formation is mainly
subductive dissipative heat. K-Ar age dating of the
Elbrus subzone Bretonian granitoids shows 355-365
Ma [9].

Sudetic granitoids of the Elbrus subzone are rep-
resented by two varieties: 1- porphyroblastic
(microcline porphyroblasts) biotite and bimica bear-
ing granitoids (Kassar or Dariali type) and 2 –
equigranular bimica bearing granitoids (Ulukam type).

Porphyroblastic granitoids are subductional, is-
land arc and also mantle-island arc formations, 60%
of which corresponds to S type of granites, but other
40%  to I type. They show signs of MPG and CPG, as
well as KCG groups of granitiods [2, 13]. The heat
sources of formation of these granitoids are:the heat
supplied from fluid streams, subduction heat, radio-
active decay and heat generated from basic magma
intrusion. As it was mentioned earlier, microclinization
was a regional scale process, which underwent infra-
structure rocks of different composition and age. As
a result,  there is widespread microcline
porphyroblasts bearing migmatites, quartz-diorites
and gabbros. The age of microclinized granitoids is

fully corroborated by the authors with the help of
LA-ICP-MSU-Pb (206Pb/238U) (Lazer ablation induc-
tively coupled plasma mass-spectrometry) zircon dat-
ing. The result of age dating of  22 grains of zircons is
mean 309.1±2.5 Ma (Table 1 and Fig. 2).  According to
other authors [14], K-Armuscovite age of pegmatites
from the same granitois is 321±6 Ma.

Sudetic equigranular granitoids (granodiorites
and granites) of the Elbrus subzone are
postmetamorphic formations. After their petrochemi-
cal and geochemical parameters they belong to I and
S types and MPG and T groups of subductional,
island arc and crustal-anatectic granitoids [2, 13 and
15]. The heat sources of formation of the granitoids
are: subductiondissipative heat, radioactive decay
and heat generated during the Macera nappe dis-
placement, as well as rising of geothermal gradient
provoked by thickening of the Earth’s crust as a re-
sult of nappe formation [2]. The age of equigranular
granitoids according to A. Dolya [16] (K-Ar, Ar-Ar,
U-Pb) varies within the limits of  301-308 Ma.

The Pass subzone. In the Pass subzone Variscan
regional metamorphism is conditioned by Bretonian
orogeny only. The lower part of metamorphic com-
plex (autochthone) is metamorphosed in P-T condi-
tions of facies of biotite-muscovite gneisses (low-
and moderate temperature amphibolite facies), corre-
sponding to T – 530-630°C and depth <12 km.  P-T
conditions (T–350-530°C, depth – <5.5km) of  regional
metamorphism of the upper part of the complex occu-
pies rather wide interval: from garnet subfacies of
greenschist facies to andalusite-biotite-muscovite
facies inclusive (from moderate temperature green
schists facies to epidote-amphibolite facies) [8]. K-
Ar age dating shows 350-360 Ma [9]. In the Late
Variscan formations of the Pass subzone (the Gvandra
unit, Klich tectonic plate, gabbro-diorite intrusions)
strong influence of Sudetic alaskaites and aplites is
fixed accompanied by appearance of cummingtonite,
garnet, quartz and sphene.

In the Pass subzone Variscan granitoid magmatism
is represented by postmetamorphic Sudetian
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granitoids: biotite and biotite-hornblende bearing
quarz-diorites, plagiogranites and granodiorites and
alaskites and aplites as well. After I. Gamkrelidze and
D. Shengelia [2], initial magma of these granitoids is
generated in the thinned crust of the Pass subzone –
in the lower part of the metamorphic complex during
the Sudetic orogeny. By A. Okrostsvaridze [17], the
basement, where granite formation took place, was
located directly over the subduction plate, represent-
ing an ensimatic zone transitional between the oce-
anic and continental crusts. Variscan granitoids of
the Pass subzone are subduction mantle-crustal for-
mations of I and ACG type granitoids, but by condi-
tions of geodynamic formation they belong to U
group of granitoids [2, 13, 15].  The heat sources of
formation of the granitoids are: subduction
dissipative heat, fluid streams and the heat gener-
ated from basic magma while cooling. The age of the
granitoids is corroborated by the authors with the
help of  LA-ICP-MSU-Pb zircon dating in 21grains of
zircons and shows mean 325.1±2.5 Ma (see Table 1
and Fig. 2).

Results of U-PbLA- ICP-MS zircon dating (see
Table 1) of Late Variscan granitoids of the Elbrus and
Pass subzones show that the rocks of the first
subzone are by ~15 Ma younger than the rocks of
the second one.  In the granitoids of the Elbrus
subzone the inherited age of zircons is fixed only in 3
crystals and occupies small interval – 630-690 Ma, but

in the same rocks of  the Pass subzone the inherited age
of zircons is determined in 14 crystals covering the in-
terval – 400-1800 Ma. The other main isotope param-
eters of zircons from these granitoids are different as
well. In particular, Th/U ratio in zircons from granitoids
of the Elbrus subzone covers smaller interval (0.221-
0.794), than in zircons from granitoids of the Pass
subzone (0.076-1.136); although in zircons from the
granitoids of  both subzones the negative value of  Hf(T):
-50 –  -11.0 is fixed, but this value is considerably lower
in the zircons from the granitoids of the Elbrus subzone;
the value TDM

C in zircons from granitoids of the Pass
subzoneis higher (1650-2084), than in zircons from
granitoids of the Elbruss subzone (1445-1741).

Thus, the correlation of Variscan regional meta-
morphism and granitoid magmatism of the Elbrus and
Pass subzones shows that:

· Bretonian granitoid magmatism is not manifested
in the Pass subzone in contrast to the Elbrus one;

· Composition and conditions of geodynamic for-
mation of Sudeticgranitoids of these zones consider-
ably differ from each other;

· Sudetic regional metamorphism took place only
in the Elbrus subzone;

· In the Pass subzone the intensive influence of
Sudeticgranitoids on enclosing rocks is fixed;

· Sudetic granitoids of the Elbrus subzone are by
~15 Ma younger thangranitoids of the Pass subzone
connected with the same orogeny.

Fig. 2. Concordia diagrams of zircon U-Pb LA-ICP-MS dating results for the Late Variscan granitoids of the Greater
    Caucasus. Samples: GK15GR-Daryali massif, 57-A Sakeni intrusive.
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In addition, it should be mentioned that the main
part of rocks building the infrastructure of the Elbrus
subzone are sialic rocks represented by crystalline
schists, migmatites and gneisses, but rocks of ba-
sic composition are less spread. The majority of
rocks of the Pass subzone metamorphic complex
(the Klich, Damkhurts and Mamkhurts units) is of
the basic composition and is represented by

amphibolites, amphibole bearing schists and some-
times by gneisses.

Based on all the above mentioned, the authors of
the present paper think that structural-geological
units - the Elbrus and Pass subzones distinguished
within the Main Range zone of the Greater Caucasus
could be considered as subterranes constituting the
Caucasian terrane.

geologia

zogierTi sakiTxi kavkasionis kristalinikumis
agebulebis, variskuli regionuli metamorfizmisa
da granitoiduli magmatizmis Sesaxeb

d. Sengelia*, T. wuwunava**, g. WiWinaZe**, g. beriZe**

*  akademikosi, i.javaxiSvilis sax. Tbilisis saxelmwifo universitetis a.janeliZis geologiis
  instituti, Tbilisi
** i.javaxiSvilis sax. Tbilisis saxelmwifo universitetis a.janeliZis  geologiis instituti,
  Tbilisi

statiaSi mocemulia kavkasionis mTavari qedis struqturuli zonis ialbuzisa da
sauReltexilo qvezonebis Sedareba variskuli regionuli metamorfizmisa da granitoiduli
magmatizmis mixedviT. naCvenebia, rom kavkasionis mTavari qedis struqturuli zonis
ialbuzisa da sauReltexilo qvezonebis variskuli regionuli metamorfizmi da
granitoiduli magmatizmi mkveTrad gansxvavebulia. kerZod, bretonuli granitoiduli
magmatizmi, ialbuzis qvezonisgan gansxvavebiT, sauReltexilo qvezonaSi gamovlenili ar
aris; mniSvnelovnad gansxvavebulia am qvezonebis sudeturi granitoidebis Sedgeniloba
da formirebis geodinamikuri pirobebi; sudeturi regionuli metamorfizmi mxolod
ialbuzis qvezonaSia ganviTarebuli; sauReltexilo qvezonaSi aRiniSneba sudeturi
granitoidebis Zlieri zegavlena Semcvel qanebze; orive qvezonis sudeturi granitoidebis
cirkonebis U-Pb LA ICP MS meTodiT daTariReba gviCvenebs, rom ialbuzis qvezonis
sudeturi granitoidebi ufro  axalgazrdaa (15 mln. weli) sauReltexilo qvezonis
amave orofazisTan dakavSirebul  granitoidebTan SedarebiT. aRsaniSnavia agreTve, rom
ialbuzis qvezonis infrastruqturis amgebi qanebis udidesi nawili sialuri qanebia da
warmodgenilia kristaluri fiqlebiT, migmatitebiT da gneisebiT, xolo fuZe Sedgenilobis
metamorfitebi damorCilebul rols TamaSobs. sauReltexilo qvezonis Semadgeneli
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metamorfuli kompleqsis qanebis ZiriTadi nawili ki fuZe Sedgenilobisaa da warmodgenilia
amfibolitebiT, amfiboliani fiqlebiT, da zogjer gneisebiT. imis gaTvaliswinebiT, rom
es ori qvezona mniSvnelovnad gansxvavdeba erTmaneTisagan naoWa struqturebis formebiT,
liTologiur-formaciuli SedgenilobiT da maTi formirebis pirobebiT, fuZe magmatizmis
xasiaTiT da sxv., marTebulad vTvliT, rom kavkasionis mTavari qedis zonis farglebSi
gamoyofili struqturul-geologiuri danayofebi - ialbuzis da sauReltexilo qvezonebi
ganvixiloT rogorc kavkasionis tereinis Semadgeneli subtereinebi.
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