15d5®0)3IRML 89G603®I3SMS J6™M36IR0

53538001

8Md8s3, 175, %1, 2007

BULLETIN OF THE GEORGIAN NATIONAL ACADEMY OF SCIENCES, 175, %1, 2007

Geology

Pre-Alpine Geodynamics of the Caucasus, Suprasubduction
Regional M etamorphism and Granitoid Magmatism

Irakli P. Gamkrelidze', David M. Shengelia™

*  Academy Member, A. Janelidze Instituf Geology, Thilisi
** Academy Member, A. Janelidze Institute of Geology, Thilisi

ABSTRACT. It isshown that granitoid magmatism and regional metamor phism of different type, being areflec-
tion of thermaobaric field variation in exter nal shellsof the Earth, represent a direct consequence of geodynamic
settingsin variousstructural unitsof the Earth’scrust and lithospher e of the Caucasus. Geodynamic constructions
arebased on the conceptionsof platetectonicsand horizontal tectonic layering of thelithospher e, which accor ding
to geological and geophysical data ar e established all over the Caucasian region. © 2007 Bull. Georg. Natl. Acad. ci.
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I ntroduction

The Caucasus represents a complicated polycyclic
geological structure involving mountain fol dsystems of
the Greater and L esser Caucasus and adjacent foredeeps
and intermountain troughs.

Pal eomagnetic and pal eokinematic, aswell astradi-
tional geological data (character of sedimentation and
magmatism, geology and age of ophialites, paleoclimatic
and paleogeographic data) indicate that within the oce-
anic area of Tethys (with atypical oceanic crust), which
separates the Afro-Arabian and Eurasian continental
plates, in geological past relatively small continental or
subcontinental plates (terranes) were situated, having
various geodynamic nature and characterized by spe-
cificlithol ogic-stratigraphi ¢ section and magmatic, meta-
morphic and structural features.

During the Late Precambrian, Paleozoic and Early
M esozoic these terranes underwent horizontal displace-
ment in different directions within the oceanic area of
Proto-Paleo-and M esotethys (Neotethys) and as aresult
of Variscan, Early Kimmerian, Bathonian and Austrian
orogeny they underwent mutual accretion and ultimately
joined the Eurasian continent.

The Greater Caucasian, Black Sea-Central
Transcaucasian, Baiburt-Sevanian and Iran-Afghanian
terranes are identified in the Caucasian segment of the
Mediterranean mobile belt, which in geological past rep-
resented island arcs or microcontinents (Fig. 1) [3].

In terms of modern structure they represent accretion-
ary terranes of the first order separated by trustworthy or
supposed ophiolite sutures of different age. Terranes of the
first order, intheir turn, consist of great number of subterranes
delimited as arule by deep faults or regional thrusts. They
were considered earlier as separate tectonic units (zones) of
the Caucasus. Besides, in many places of the Caucasian
region there are ophialite terranes — relicts of the oceanic
crust of small or large oceanic basins overthrust (obducted)
from the above-mentioned ophiolite sutures.

It should be especially noted that the Earth’s crust
of the Caucasusistectonically layered. [2, 4-6].

Similar tectonic layering has recently been reported
from many regions of the world. It has also been traced
throughout the whole central segment of the Mediterra-
nean mobile belt. One of the authors of this paper
(I. Gamkrelidze) had for along time (1976-1990) beenina
position to investigate the nappe structures of the Medi-
terranean belt and to prove the existence of deep-seated

© 2007 Bull. Georg. Natl. Acad. Sci.
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Fig.1. Tectonic zoning of the Caucasus on the basis of the terrane analysis [3] with additions.

I. Part of Scythian platform involved in Neogene time into rising of the Greater Caucasus: |, - Forerange zone, |, - Bechasyn zone,
I, — zone of North Caucasian monocline; Accretionary terranes of the first order and subterranes: |1 - Greater Caucasian
terrane; 111 - Black Sea-Central Transcaucasian terrane. Subterranes: 111, - Chkhalta-Laila, 111, - Kazbegi-Tphan, Ill, - Mestia-
Dibrar, 111, - Novorosiisk-Lazarevskoe, Il - Gagra-Java, Il - Dzirula, Il1, - Adjara-Trialeti, Il - Artvin-Bolnisi, 11l - Middle
and lower Kurg 1V - Baiburt-Sevanian terrane. Subterranes: 1V, - Somkhito-Karabakh, 1V, - Sevan-Akera, 1V, - Kafan, IV, -
Talysh; V - Iran-Afghanian terrane. Subterranes: V, - Miskhan-Zangezur, V ,-Erevan-Ordubad, V, - Araks.

1-4 - ophiolite sutures, marking the location of small and large oceanic basins: 1 — of Early? - Middle Paleozoic age, 2 — of Late
Precambrian - Paleozoic age, 3 — of Late Precambrian-Early Mesozoic age, 4 — Mesozoic age; 5 - ophiolite terranes (obduction
sheets): 5, — Late Precambrian age, 5, - Paleozoic age, 5, - Mesozoic age; 6 - borders of subterranes (deep faults or regional
thrusts); 7 - detached cover nappes; 8 - exposures of pre-Alpine crystalline basement.

Lettered separate exposures: Kb — Kuban, Mk — Malka, Bl — Blib, P - Pass subzone of the Main range zone of the Greater
Caucasus, E - Elbrus subzone of the Main range zone, E(D) - Dariai exposure of the Elbrus subzone, Dz — Dzirula, Khr —
Khrami, Lk — Loki, Akh — Akhum, Ar — Asrikchai, Ts — Tsakhkunyats.

Letters in circles - Ophiolite terranes (obduction sheets): - Fr — Forerange zone, K - Klich, D - Dzirula, SA - Sevan-Akera, V - Vedi.

nappesin the basement of the Alps, Western and Central
East Carpathians, northern Apusenides, Bohemian mas-
sif, Rhodopian crystallinicum, Pannonian basin,
Transcaucasian massif and crystalline core of the Greater
Caucasus[1, 2].

At the same time, this layering was not given due
regard in the solution of some geological problems, in-
cluding petrogenetic modelling, in particular, that of the
genesis of Caucasian metamorphites and granitoids.

Just in such an aspect, on the basis of plate tectonic
theory and the conception of tectonic layering of the
lithosphere, regional metamorphism and granite forma-
tion processes are considered in the paper. Suitable natu-
ral laboratory, accessible in the Caucasus, provides a
basisfor theinvestigation of likely problems.

Bull. Georg. Natl. Acad. Sci. Vol. 175, Nol, 2007

Paleotectonic Reconstructions and
Geodynamic Settings of

Metamor phic and Granitoid
Complexes Formation

Magmatism and metamorphism of different type,
being a reflection of thermobaric field variation in the
external shellsof the Earth, represent direct consegquence
of geodynamic settings in various structural units of the
Earth’'s crust and lithosphere. A model revealing tectonic
settings of realization of magmatism and metamorphism
and their connection with other endogenic processes
participating in the formation of the Earth’s crust can be
constructed exactly on the geodynamic basis [5].
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Fig.2. Early Ordovician reconstruction after G. Stampfli and
G. Borel (2002). Broken line — place of the opening of
the future Paleotethys.

Themost important for reconstruction of geodynamic
settings is to establish the nature and location of
paleooceanic basins. The existence of oceanic reamin
the area of the Mediterranian belt in Neoproterozoic is
shown by a number of various global reconstructions.
Thebirth of the Prototethysat that timeisalso confirmed
by the existence of ophiolites of Late Precambrian age
not only in its southern periphery (the Anti-Atlas, the
Arabian-Nubian shield, the Loki, Murguz and
Tsakhkunyats massifs), but also in the northern periph-
ery of the belt (the Alps, Bohemian and Dzirula massifs).

The newest plate tectonic reconstructions are made
a theglobal scale[8], aswell asfor Variscan-Alpine orog-
eny [7].

For global plate tectonic reconstructions [8] inte-
grated data on dynamic plate boundaries, ocean spread-
ing rates, restored synthetic oceanicisochrones and major
tectonic and magmatic events were used [8]. According
to these reconstructions (Fig. 2 - 5) at the beginning of
Ordovician (~ 490 Ma. ago), the Prototethyswas|ocated
in the West between Baltica and Gondwanaland and in
the East between Gondwana and the so-called Serindia
terrane. Later, in Silurian time, on the periphery of the
Gondwanaland, detachment of the Han superterrane and
generation of anarrow rift zone of the Paleotethys ocean
took place. Paleotethys location coincides with our sup-
position about its location in the Caucasian region. In
particular, southern terranes of the Caucasian segment
of the Mediterranian belt (Iran-Afghanian and Baiburt-
Sevanian) are located on the northern periphery of the
Gondwana land, but northern ones (Black Sea-Central
Transcaucasian and Greater Caucasian) are located in
the southern periphery of Laurussia (see Fig. 3 and 4).

Bull. Georg. Natl. Acad. Sci. Vol. 175, Nol, 2007

This ocean reached the maximum width at the end of
Carboniferous (seeFig. 3) and began shortening in Permian
(~280-250 Ma. ago) (seeFig. 4) At therear of the Paleotethys,
inthenorthern periphery of the Gondwanaland, Cimmerian
superterrane detachment resulted in the generation of the
main axis of Neotethys. The Lesser Caucasian bay of this
ocean arose | ater within the Eurasian continent (see Fig. 4),
which also completely corresponds to our conception.

Geological information and paleomagnetic datarefer-
ring to separateregionsare not completely applied inthese
global reconstructions. This has been indicated by the
following in the Caucasian region: disregarding the exist-
ence of some exposures of Late Precambrian - Paleozoic
ophiolites and paleomagnetic data indicated seemingly
inheriting the development of the Paleotethys from
Prototethys and preserving the relict oceanic basin up to
the Middle Jurassic. For this reason the opening line of
the future Paleotethys is unnaturally drawn on the north-
ernmost edge of Gondwana (see Fig. 2 and 3). Therefore,
in making the palinspastic sections of the Caucasus from
the above-mentioned global paleoreconstructionswe have
used the following data: approximate size of oceans at
separate stages of their devel opment, location of big con-
tinental massesin the space and absorption age of middle
oceanic ridge of the Paleotethys in the subduction zone.
Principal attention was paid to specific geological (nature
of magmatism, peculiaritiesof lithol ogic-stratigraphical sec-
tion, geology and age of ophialites), aswell asto available
paleomagnetic datafor the Caucasian region.

The location of the suture line of the Paleotethys
Ocean in the Caucasus has been debated for along time.
Accordingto|l. Gamkrelidze[1], thisline sitsbetween the
Black Sea-Central Transcaucasian and Baiburt-Sevanian
terranes, i.e. along the northern periphery of the contem-
porary Somkhit-Karabakh subterrane (seeFig. 2). Thisis
proved by geological and paleomagnetic data, which
correspond to criteriaof paleomagnetic reliability.

The paleomagnetic data obtained for Carboniferous
volcanites of the Dzirula and Khrami massifs with
paleolatitude— 12°-13° n.l. is close to the pal eol atitude of
the southern periphery of the Eastern-European continent
inthe Late Paleozoic (8-9°n.l.), whereasthe pal eol atitude
of rocks of the same age from Daralagez (South Armenia)
and Elbursis 22°sl. [9]. Hence, thereis quite alarge gap
taken up by the ocean. Thisgap, inherited from the Paleo-
zoic, isalso preserved herein Triassic and Early-Middle
Jurassic. In particular, on the one hand, paleolatitudes of
Early-Middle Jurassic rocks of the Loki massif region of
the Somkhit-Karabakh zone are 22° n.l., and on the other
hand, paleolatitudes of rocksof the sameage of the Dzirula
massif are 27-29° n.l. [9]. This fact shows that these two
regionsin Early-Middle Jurassic were separated from each
other by 6-7°(see Fig. 6). At the same time these two re-
gions, according to their geological structure, have very
different geological history in Paleozoic and Mesozoic. In



60 Irakli P. Gamkrelidze, David M. Shengelia

Kasimovian (~300Ma)

Tremadoc (~490Ma)

Bashkirian (~320Ma)

continent sutures

foreland basin
active margin
island arc

seamount
ocean

mid-oceanic ridge
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m Location of southern terranes of the central segment of the Mediterranean belt (Baiburt-Sevanian, Iran-Afghanian).
\ . . .
m Location of northern terranes of the same segment (Black Sea-Central Transcaucasian, Greater Caucasian).

Fig.3. Plate tectonic reconstruction after G. Stampfli and G. Borel (2002) with additions.
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Fig. 4. Conventional signs see in Fig 3.
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Fig. 5. Schematic palinspastic profiles of the Caucasian segment of the Mediterranean mobile belt for: |. Late Precambrian
(Neoproterozoic), Il. Late Cambrian, Ill. Devonian, V. Early and Middle Carboniferous, V. Late Triassic. (vertical scale is
exaggerated approximately five times).

1-continental crust, 2-subcontinental crust, 3-oceanic crust and obducted ophiolites, 4-upper mantle, 5-streams of heat, fluids and
magmatic melts in mantle, 6-Middle oceanic ridge, 7-subduction zones, 8- inactive subduction zones, 9-surfaces of tectonic
layering of the Earth’s crust.

Paleooceanic basins: PT — Proto-Paleotethys, Ss — of the Southern slope of the Greater Caucasus, Akh — Arkhis, MT — Mesotethys.
Continental plates: Gn — Gondvana, Bl — Baltica, La — Laurussia, Ar — Arabia. Terranes: BC — Black sea-Central Transcaucasian
microcontinent, GC — Greater Caucasian island arc, IA — Iran-Afghanian microcontinent. contemporary tectonic zones: SK —
Somkhito-Karabakh, Fr — Forerange, Bch — Bechasin.
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particular, the Somkhit-K arabakh zone basement age by all
datais purely Variscan, in contrast to the northern part of
the Transcaucasian massif and the Greater Caucasuswith
Grenvilian-Baikalian core. In the Early-Middle Jurassic,
contemporary Artvin-Bolnisi and Adjara-Trialeti zones
(subterranes) were represented by high-eroded land, but
in the south within the Somkhit-Karabakh zone in the
Middle-Late Jurassic, calc-akaline volcanic series accu-
mulated rather intensively.

If these reasonings are correct, it can be supposed
that Proto-Pal eotethys was devel oping during the Early
Mesozoic, aswell, and was closed only in Middle Juras-
sic (Bathonian) orogeny. In favor of such assumptionwe
refer to: the existence of serpentinite melangein the east-
ern periphery of the Loki massif (very close to the sup-
posed ophiolite suture), transgressively overlain by Late
Jurasic turbidite-olisostrome suite and data about
ophiolites of Northern Anatoliathat directly followsthe
supposed ophiolite suture, where the number of geo-
logic, pal eobiogeographic and paleofloristical data also
indicate the existence of the oceanic basin of the
Pal eotethys devel oping in Early Mesozoic, aswell.

The existence of Paleozoic or older oceanic basinsis
supposed as being in the area of the contemporary Greater
Caucasus (Fig. 5). It is confirmed by the Paleozoic
ophialitesin the Fore Range zone and the Klich, Kassar
and Damkhurts ophioalitic sheets and their analoguesin
the Greater Caucasus Main Range zone. The location of
this oceanic basin (or basins?) is debatable.

Dataon magnetic anomaliesindicating spreading of
the ophiolite belt of the Northern Caucasus show that
side by side with oceanic basin, located to the south
from the contemporary Main Range zone, in Early and
Middle Paleozoic between the contemporary Fore Range
and Main Range zones another, the so-called Arkhiz oce-
anic basin waslocated representing the “ motherland” of
ophiolite nappes of the Fore Range zone. With the con-
sideration of zircon age of the Buulgen complex amphibo-
lites (600+20 Ma), the existence of N-MORB typerocks
in composition of Klich, Kassar and Damkhurtsophiolitic
sheets, as well as paleomagnetic data, can be assumed,
that the Southern Slope oceanic basin of the Greater
Caucasuswaslaid in Late Precambrian asrelatively small
spreading basin. As arelict of this basin, most part of
which was “ absorbed” in the subduction zone along the
southern edge of the Greater Caucasian island arc, Pa-
leozoic-Triassic deposits of dizi seriescan be considered
to be formed on the southern passive margin of thisocean
under conditions of continental slope [5].

Later (apparently in Early-Middle Paleozoic) the
Arkhiz basin began to develop. Judging from the nature
of the volcanic complex of the Fore Range zone ophiolite
association, thisbasin belonged to the marginal seatype.

In Neoproterozoic and Paleozoic under
suprasubduction conditions on the peripheries of the

Bull. Georg. Natl. Acad. Sci. Vol. 175, Nol, 2007

above-mentioned large and small oceanic basinsregional
metamorphism and granite formation took place.

The evidence of the oldest regional metamorphism
in the Caucasus can be observed in Tsakhunyats massif
of thelran-Afghanian terrane, thelower structural stage
of which is part of Middle Proterozoic and older craton.
However, within the Caucasian segment of the Alpine
belt, signs of the oldest regional metamorphism
(Grenvilian) we can observein the gneiss-migmatite com-
plex of the Dzirulamassif, of the Greater CaucasusMain
Range zone and, apparently, of the Khrami massif [5].

Themain stages of regional metamorphism and gran-
ite formation are bound up with Grenvilian, Baikalian
(Panafrican), Late Baikalian (Salairian), Early and Late
Caledonian and Variscan orogeny. They were stipulated
by the functioning of subduction zones by both sides of
Proto-Pal eotethys and along the northern peripheries of
comparatively small oceanic basins of the Arkhiz and
Southern Slope of the Greater Caucasus[5].

Regional metamorphism, mainly of low and moder-
ate pressure and correspondingly high and moderate tem-
perature, and formation of pre- and synmetamorphic
granitoidic complexes of sodium seriestook placein pre-
Variscan time, in the northern and southern continental
margins of the Paleotethys. It should be noted that ac-
cording to new data here in places heightened and high
pressure metamorphism are observed. In the Late
Baikalian orogenic phase, the same events took place
alsointhe northern periphery of the oceanic basin of the
Southern Slope of the Greater Caucasus.

Since the Middle Paleozoic subduction began to ap-
pear also along the northern periphery of the Arkhiz mar-
ginal sea(seeFig. 5). However, the existence of the spread-
ing zonein the basin seemsto be doubtful. Consequently,
it is more accurate to use the term pseudosubduction,
which, asis generally known, means that subduction is
not in direct connection with spreading.

Processes of regional metamorphism with P-T con-
ditions anal ogousto pre-Variscan metamorphism are con-
nected with Variscan orogeny. Although in the deepest
subsided parts of metamorphic complex (the Blib autoch-
thonous complex of the Fore Range zone) and inthe sole
of the Shaukol nappe in the Bechasyn zone high baric
type of metamorphism is established. At the same time,
intensive tectonic layering of the Earth’'s crust and for-
mation of granitoids, mainly of potassic series, took place.
Thisorogeny coversarange of geologica timefromthelat-
est Devonian (Famennian) to LateVisean (about 17-18 Ma.).
Due to the existence of appointed succession of vital
geological eventsin clearly limited timeintervals, mani-
festation of several orogenic phases can be assumed in
the Caucasus. Specifically, with the Early Variscan
(Bretonian) orogeny (at the end of Devonian and begin-
ning of Early Carboniferous), regional metamorphism of
the most Lower-Middl e Pal eozoic rocks of the Caucasus
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and formation of synmetamorphic granitoids is con-
nected. Also we assume the evidence of Saurian orog-
eny (seemingly in Turneasian), which correspondsto the
most important pre-Alpinetime of nappeformationinthe
Caucasus. And here, at last, Late Variscan orogeny with
processes of intensive granite formation is established.

During the Saurian orogeny, dynamic events were
the most important, provoking, inthefirst place processes
of tectonic layering of the Earth’s crust and its shorten-
ing, whichintheir turn provoked the origin of additional
dissipative heat and melting of potassic granitesin Late
Variscan time. With Saurian phase there coincides
overthrusting of ocean crust fragments of Proto-
Paleotethys on the Black Sea-Central Transcaucasian
microcontinent together with sedimentary rocks formed
withinits continental slope (the Chorchana-Utslevi com-
plex). In the Saurian phase, overthrusting of metamor-
phic sheets of the Loki massif, including Precambrian
ophialites, and ophiolites of the Akhum and Asrikchai
inliers on the other, southern continental periphery of
the Paleotethys took place.

Theformation of the system of N-vergent nappes of
the Fore Range zone (including ophiolite nappes), S
vergent nappes of the Khasaut synform of the Bechasyn
zone, and al so overthrusting of large Maceranappe from
the Pass sub-zone to the Elbrus sub-zone of the contem-
porary Main Range zone of the Greater Caucasus were
connected with the same orogeny.

Thenext, Late Variscan (Sudetic) orogeny wasthetime
of the formation of al the potassic granites (except the Pass
sub-zone poor in K granitoids) in the Caucasian region, of
regressive metamorphism of congtituent rocks, and of the
origin of true continental crust in it. These processes were
connected with activities of all subduction zones.

At the very end of the Variscan orogeny, extraordi-
nary fast (instantaneous in a geological sense) exhuma-
tion of deeply subsided parts of the Earth’s crust took
place. Thefirst pebbles of microclinegranites of theMain
Range zone, forming in the depth of 4-5 km, in Upper
Pal eozoi ¢ neoautochthonous complex of the Fore Range
zone, already appear in Middle Carboniferous (in
Westphalian). The same situation can be observed in the
Dzirulacrystalline massif, wherethe clastic material with
fragments of Late Variscan microcline granites are ob-
served in the upper part of the neoautochthonous com-
plex including the period — Upper Visean — Upper Car-
boniferous— Permian (?). All these show that within the
Black Sea-Central Transcaucasian and Greater Caucasian
terranes exhumation of Late Variscan granitestook place
mainly at the end of the same orogeny. Such instant rais-
ing of the crust and exposure of abyssal rocks can be
attributed to the summary manifestation of isostasy pro-
cesses, conditioned by high buoyancy of the consoli-
dated crust lightened by that time, its shortenning and
intensive erosion.

Bull. Georg. Natl. Acad. Sci. Vol. 175, Nol, 2007

An Andian type large volcanic belt existed in Late
Paleozoic on the southern periphery of Eurasian plate
developing during Late Permian-Triassic. Hence, it could
be assumed that at that time the activity of the northern-
most subduction (pseudosubduction) zone was pre-
served (see Fig. 5). Later, in the Early, Middle and Late
Jurassic subduction zones functioned along the north-
ern and southern peripheries of the relict basin of the
Pal eotethys, where the formation of very thick volcanic
series of calc-alkaline composition took place.

Considerable tectonic movements in the Caucasus
weremanifested during Early Cimmerian (Indosinian) orog-
eny. In the greater Caucasus this phase featured
overthrusting of Paleozoic dizi seriesto the north, aswell
as overthrusting of the Elbrus sub-zoneinfrastructure to
the south —into the Pass sub-zone. Early Cimmerian orog-
eny took placeinthe Dzirula, Loki, Akhum and Asrikchai
massifs, whereit causesafolding of Early-Middle Paleo-
zoic metamorphites and intensive milonitization of the
Dzirulamassif microclinegranites.

Thus, Early Cimmerian orogeny, which occurred al-
most in all terranes of the Caucasus, completes the for-
mation of the structure of its metamorphic basement.

The specifics of some of regional metamorphism and
granite formation processes in separate terranes of the
Caucasusisworth mentioning. In particular, all terranes of
thefirst order (superterranes), aswell asthe southern edge
of the Scythian platform are characterized by manifestation
of polymetamorphism processes, though in variousterranes,
which differ from each other by geological structure and
history, separate stages of regional metamorphism became
unequdlly apparent. For instance, Grenvilian regiona meta-
morphismisobserved only inthe Greater Caucasian, Black
Sea-Central Transcaucasian and Iran-Afghanian terranes,
whereasthe Baika ian metamorphism can be observed only
in the Scythian platform and Iran-Afghanian terranes. Late
Baikalian metamorphismtook placeonly inthe Greater Cau-
casian and Black Sea-Central Transcaucasian terranes.
Caledonian regiona metamorphism drictly characterizesthe
Scythian platform and the Greater Caucasian terrane. Early
Variscan (Bretonian) metamorphism is observed aimost in
all terranes of the Caucasus, excluding the Iran-Afghanian
terrane, and southern edge of the Scythian platform. Late
Variscan metamorphism also comprises almost the whole
Caucasus excluding the Fore-Range zone (Scythian plat-
form) and Iran-Afghanianterrane.

Within separate terranes, as well as in the Scythian
platform, synchronously or ailmost synchronously with
principal stages of metamorphism (connected with the
main phases of tectogenesis), formation of pre-syn- and
postmetamorphic granitoids of different typetook place.

Observed occurrence at different times and diver-
sity of endogenic activity in various terranes of the
Caucasus show the asynchronism of episodic activity of
subduction zones on different sides of the oceanic ba-
sins separating these terranes.
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