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INTRODUCTION

The geological and biogeographical data on the
paleooceanic basins of the Tien Shan and High Asia
are summarized in this paper.

The territory under consideration (Figs. 1, 2)
includes Afghanistan, India, Kazakhstan, China, Kyr�
gyzstan, Tajikistan, and Uzbekistan. For a long time,
geological studies of the territories on opposite sides of
the Chinese border were performed independently
because of political and linguistic difficulties. This is
reflected in different names for tectonic units that
extend from one region to the other. In the Tien Shan,
the Chinese border is located between the Central Tien
Shan and East Tien Shan geographic provinces. In
High Asia, this border separates the Pamir from the
Kunlun and Tibet. The correlation of the tectonic
zones in the Central and East Tien Shan is considered
in [5, 44, 45]. Alternative interpretations of the corre�
lation of the tectonic zones and oceanic sutures in the
Pamirs, Kunlun, and Tibet are discussed in [6, 84].

OCEANIC BASINS EXISTING IN THE EARLY 
PALEOZOIC

In the beginning of the Neoproterozoic, the Rod�
inia supercontinent broke down into several conti�
nents separated by oceanic basins. In the Cryogenian
and Edicaran, the continental rifting accompanied by
accumulation of diamictites and volcanic activity led
to further fragmentation of sialic blocks and the for�
mation of oceanic basins [20, 75]. In the Edicaran

(Vendian) and Early Paleozoic, the territory under
consideration consisted of five continents and micro�
continents: East Gonwana, Alay–Tarim, Syr Darya,
Issyk�Kul (Ysyk�Köl), and Borohoro, which were sep�
arated by the Terskey (Teskey), Yili, Turkestan, and
Kunlun oceanic basins (Fig. 2).

The Terskey Basin 

The Terskey oceanic basin was situated between the
Early Paleozoic Syr Darya and Issyk�Kul continental
terranes. The rocks pertaining to the oceanic crust and
island arcs of the Terskey Basin make up a belt of ophi�
olite allochthons, which extends from the Kyrgyz
Range to the Terskey (Teskey) Range. In the Kara�
Archa ophiolites (Fig. 3, Kr), chert interbeds contain
Late Cambrian and Early–Middle Ordovician con�
odonts. The Ar/Ar ages of the gabbro and basalt are
480 and 460 Ma [35]. In the Kenkol (Keng�Köl) ophio�
lites (Fig. 3, Kn) and the Karakatty ophiolites (Fig. 3, Kk),
the Middle–Late Cambrian and Ordovician fauna are
contained in cherts associated with lavas. At the north�
western spurs of the Tien Shan (in the Lesser Karatau
Mountains), the Edicaran conglomerate contains
pebbles of ultramafic rocks and red chert—probable
fragments of the eroded crust of the Terskey oceanic
basin. The chemistry of the lavas in the ophiolite sec�
tions determines their classification as MORB�like
basalts and rocks of oceanic island arcs [1, 8, 19]. In
the Late Paleozoic, the rocks of the Syr Darya Terrane
were thrust over the Issyk�Kul Terrane and overlapped
the Early Paleozoic suture. As a result, the Early Pale�
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ozoic Terskey suture is marked on the Earth’s surface
by Late Paleozoic thrust and strike�slip faults.

A belt of I�type granites is located in the Kyrgyz
Range (Fig. 3, 6), the Jumgal Range (Fig. 3, 7), and
the Terskey Range (Fig. 3, 8) to the north of the suture
of the Terskey oceanic basin. The I�type granites have
Ordovician U–Pb and Pb/Pb ages. The S�type gran�
ites widespread in the Issyk�Kul Terrane cut through
the I�type granites and the Upper Ordovician molasse.
The U–Pb and Pb/Pb ages of the S�type granites
(460–420 Ma) correspond to the Late Ordovician–
Silurian [8, 13, 70].

History and geodynamics. The Terskey oceanic
basin probably opened in the Neoproterozoic. The Syr
Darya margin of the oceanic basin was passive
throughout its entire history. The oceanic island arc
which existed in the basin was docked to the Issyk�Kul
Terrane in the Early Ordovician.

The subduction of the oceanic crust of the Terskey
Basin beneath the margin of the Issyk�Kul Terrane
resulted in closure of the oceanic basin and led to the
collision of the Syr Darya and Issyk�Kul terranes in
the Middle–Late Ordovician. This was the onset of
the formation of the Kazakh–Kyrgyz continent. The
collision of the microcontinents was accompanied by
the development of tectonic nappes composed of
rocks pertaining to the oceanic crust, accretionary
wedge, and margins of the adjoining terranes. The col�
lision was followed by orogeny and accumulation of
Middle–Upper Ordovician molasse [5, 8, 19, 22, 44].

The Yili Basin 

The Yili oceanic basin was situated between the
Early Paleozoic Borohoro and Issyk�Kul continental
terranes (Figs. 2, 3). The rocks of the oceanic crust
from the Yili Basin occur as tectonic nappes and klip�
pen at the margin of the Issyk�Kul Terrane.

The Chu–Yili ophiolites (Fig. 3, Сh) are localized
as a zone more 500 km in extent in the mountains
bearing the same name and in the Kendyktas Moun�
tains. The ophiolites are composed of serpentinite
melange, harzburgite, dunite, gabbro, plagiogranite,
basalt, and chert commonly contacting with one
another and with other rocks along the faults. The U–Pb
age of the plagiogranite was determined at 510, 519 ± 4,
and 521 ± 2 Ma. The cherts associated with the basalts
contain Late Cambrian and Tremadocian conodonts
[8, 33, 55]. The age of the ophiolite obduction over the
Issyk�Kul continent is determined by the appearance
of ophiolite pebbles in the Tremadocian sediments
covering the continental massif. In the Kendyktas
Mountains, the obducted ophiolites are unconform�
ably overlapped by Arenigian rocks. Ophiolite klippen
derived from the Yili Basin also occur in the Trans�Yili
Range (Fig. 3, 3), Kungey (Künggó) Range (Fig. 3, 4),
and Ketmen Range (Fig. 3, 5). In geochemistry, the
lavas of the ophiolite association correspond to
MORB and basalts of marginal basins [8, 33].

The Ordovician subduction�related volcanic rocks
occurring at the Yili margin of the Issyk�Kul Terrane
are known from the Kendyktas Mountains (Fig. 3, 1)
and the Trans�Yili, Kungey, and Ketmen ranges. The
Middle–Late Ordovician U–Pb age of the I�type
granites is established in the Trans�Yili and Kungey
ranges [13]. In the Trans�Yuli Range, they are over�
lapped by red beds containing Ashgillian fossils. In the
Kastek Range (Fig. 3, 2), calc�alkaline volcanic rocks
contact with other rocks along the faults. The late
Llandoverian–Wenlockian brachiopods and corals are
contained in limestone interbeds among the volcanic
rocks. The chemical composition of the volcanic rocks
with abundant amygdaloidal basalts suggests that they
were formed in an oceanic island arc.

In the Borohoro Terrane, subduction�related vol�
canic rocks are known in the Middle Ordovician–
Lower Silurian sections [54]. The suture of the oceanic
basin is Silurian in age.

History and geodynamics. The Yili oceanic basin
probably opened in the Neoproterozoic. Metamor�
phism dated at the Early Cambrian [10] and exhuma�
tion of eclogites were related to the formation of an
accretionary wedge. In the Ordovician, the oceanic
crust of the Yili Basin subducted beneath the margin of
the Issyk�Kul Terrane, and beginning from the Middle
Ordovician, beneath the margin of the Borohoro Ter�
rane.

The Early Ordovician obduction of ophiolites over
the margin of the Issyk�Kul Terrane was probably
related to the formation of an accretionary wedge. The
rocks of the oceanic island arc obducted over the
Issyk�Kul Terrane in the Wenlockian or later during

Fig. 1. Regional orography. The dashed rectangle is the
contour of Fig. 2. 
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Fig. 2. Sutures of Phanerozoic oceanic basins (oceans, marginal seas, and rifts with oceanic crust) in the Tien Shan, Pamir, and
Tibet. (1–3) Sutures of oceanic basins that arose in the (1) Neoproterozoic, (2) Carboniferous, and (3) Permian; (4) strike�slip
faults (PK, Pamir–Karakorum and TF, Talas–Fergana); (5) thrust faults. Terranes with continental crust, including continents,
microcontinents, and ensialic island arcs (letters in figure): AT, Alay–Tarim; BH, Borohoro; CP Central Pamir; DK, Dras–
Kohistan; IK, Issyk�Kul; KR, Karakorum; KK, Karakum; KS, Kurgovat–Songpan; QT, Qiangtang; LS, Lhasa; SD, Syr Darya.
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the closure of the Yili oceanic basin caused by collision
of the Issyk�Kul and Borohoro terranes.

The Turkestan Basin 

The Early Paleozoic Turkestan oceanic basin sepa�
rated the Alay–Tarim continent from the Syr Darya
Terrane and later from the Kazakh–Kyrgyz continent.

Fragments of the oceanic crust pertaining to the
Turkestan Basin occur as allochthons overlying the
Alay–Tarim continent. According to paleontological
data, the ophiolites are Early Cambrian, Ordovician,
Silurian, Devonian, and Early Carboniferous in age.
The most complete sections are retained in the Sarytal
ophiolites of the West Tien Shan (Fig. 4) and the
Seikeyailake ophiolites (Fig. 5, Se) in the East Tien
Shan [15, 55].

Zircons from metamorphosed Yushugou ophiolites
(Fig. 5, Yu) have U–Pb (SHRIMP) ages of 596, 430,
and 398 Ma [91, 95]. The U–Pb and Pb/Pb ages of the
zircons from the dunite and gabbro in the metamor�
phosed Shaidan ophiolites of the North Fergana are

532 ± 12 and 475–395 Ma, respectively [14]. The
Ar/Ar plateau age of the pyroxene from the gabbro in the
Changawuzhi ophiolites (Fig. 5, Ch) is 439 ± 27 Ma; the
amphibole from the ophiolitic melange is dated at
430–420 Ma [49, 63]. The U–Pb age of the basalts
from the Kule ophiolitic melange (Fig. 5, Ku) is 425–
395 Ma [67]. The Rb–Sr isochron age of the plagio�
granite from the Gulugou ophiolites (Fig. 5, Gu) is
358 ± 15 Ma. In the Liuhuang ophiolites (Fig. 5, Li),
lavas from the melange have a Rb–Sr isochron age of
340 ± 4 Ma; the Ar/Ar plateau age of the gabbro is
333 Ma [54].

Judging from the chemistry, MORB�like basalts
along with basalts of marginal oceanic basins and oce�
anic islands are identified [15, 36, 49, 54, 67].

Metamorphic green and blue schists occur along
the Turkestan Suture. The Rb–Sr isochron age of the
eclogite in the Atbashi Zone in the Central Tien Shan
(Fig. 4) was determined at 267 ± 5 Ma (garnet,
omphacite, phengite, and whole�rock sample) [87].
The chemical composition of the eclogites corre�
sponds to IAB� and MORB�like basalts [34]. The
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Ar/Ar plateau age of metamorphism was determined
in the East Tien Shan for glaucophane, crossite, and
phengite at 420 ± 4, 415 ± 2, 361 ± 2, 351 ± 2, and
345 ± 7 Ma [49, 53, 54, 95].

Silurian, Devonian, Carboniferous, and Permian
subduction�related volcanic and plutonic rocks
occur to the north of the Turkestan oceanic suture.
The U–Pb zircon ages of I�type granites from the East
Tien Shan are 298 and 285 Ma [95]; the postcollision
A�granites in the Central and East Tien Shan are dated
at 296–260 Ma [61, 66].

The Turkestan oceanic suture (Fig. 2) was formed
in the Moscovian Age of the Late Carboniferous due
to the collision of the Alay–Tarim and Kazakh–Kyr�
gyz continents. In the Late Permian, the North Fer�
gana Block of the Alay–Tarim Terrane was deformed
and thrust over the margin of the Kazakh–Kyrgyz
continent; it overlapped the Turkestan Suture. As a
result, the Alay–Tarim and Kazakh–Kyrgyz terranes
are divided in the North Fergana by a Late Paleozoic
thrust fault the line of which is a kenotaph of the bur�
ied oceanic suture. In the Permian and Cenozoic, the
boundary between the Alay–Tarim and Kazakh–Kyr�
gyz terranes was displaced for 200 km along the right�
lateral Talas–Fergana Strike�Slip Fault. In the Central
and East Tien Shan (Figs. 4, 5), the Turkestan Suture
continues as a system of left�lateral strike�slip and
thrust faults along which northward thrusting
occurred in the Late Paleozoic [53, 79, 95].

History and geodynamics. The Turkestan oceanic
basin arose in the Neoproterozoic and then existed for
about 300 Ma. The spreading of the oceanic crust
ceased in the Late Devonian. Neither spreading nor
subduction took place in the Turkestan Basin from the
Late Devonian to the Visean. Subduction of the oce�
anic crust beneath the Kazakh–Kyrgyz continent
resumed in the Serpukhovian and was followed by the
collision of the Alay–Tarim and Kazakh–Kyrgyz con�
tinents in the Moscovian. After collision, the subduc�
tion of the oceanic crust gave way to the subduction of
the continental Alay–Tarim Terrane beneath the
Kazakh–Kyrgyz continent. Subduction continued
until the Late Permian or Early Triassic and was
accompanied by metamorphism and exhumation of
eclogites.

As a result of continental collision, a multilayer
nappe belt was formed in the Late Carboniferous and
Permian at the margin of the Alay–Tarim continent,
and orogeny followed this event [2, 5, 45].

The Kunlun Basin 

The Kunlun oceanic basin was situated between the
Alay–Tarim continent and the sialic Songpan Block,
which was a part of East Gonwana in the early Paleo�
zoic. The suture of the Kunlun oceanic basin separates
the Tarim and Qaidam from Tibet (Fig. 2) and is
marked by a series of ophiolites (Fig. 6).
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In the East Kunlun, numerous outcrops of ophio�
lites occur in the Anyemaqen Zone (Fig. 6, An).
Blocks and tectonic slices of ophiolites and other rocks
are incorporated into flysch. The serpentinite melange
contains chert fragments with Ordovician acritarchs
and Early Carboniferous radiolarians. Terrigenous fly�
sch with Late Carboniferous and Early Permian radi�
olarians occur as tectonic slices. The carbonate–ter�
rigenous rocks with Artinskian–Kungurian foramini�
fers unconformably overlap this melange [77]. The
following isotopic ages were obtained for gabbro and
basalt from the blocks and tectonic slices: Rb–Sr iso�
chron ages of 518 ± 102, 495 ± 81, 481 ± 130, 480 ± 21,
340 ± 12, and 260 Ma; Pb/Pb zircon ages of 491 ± 44
and 310 ± 150 Ma; and U–Pb zircon ages of 413 and
467 ± 1 Ma [37–39, 83]. The amphibolite from this
zone was dated at 579 Ma [97]. The geochemistry of
the basalts and gabbro indicates that they were formed
in a mid�ocean ridge [37].

Judging from their geochemical attributes, the
ophiolites and basic and intermediate volcanic rocks
in the Anyemaqen Zone of the southern branch of the
Kunlun Suture were formed in an oceanic island arc
[74]. These volcanic rocks are overlain by calcarenite
with Asselian and Sakmarian conodonts. The Tatuo
ophiolites in the northern branch of the Kunlun
Suture (Fig. 6, Ta) comprise peridotite, troctolite,
gabbro, sheeted dikes, and basalts of presumably
island�arc origin [47, 77]. The Dur’ngoi ophiolites in the
eastern segment of the Anyemaqen Zone (Fig. 6, Du)
comprise cumulative gabbro, dolerite dikes, and pil�
low island�arc tholeiites. The rocks are metamor�
phosed under conditions of amphibolite facies. The U–Pb
age of metamorphism is 421–417 Ma [83]. The island�

arc granites from the same zone have U–Pb zircon age
of 402 ± 24 Ma [38].

The Rb–Sr isochron age of the gabbro and island�
arc basalts in the Wanbaogou ophiolites (Fig. 6, Wa) is
684 Ma [97]. The suture of the oceanic basin extends
along the Cenozoic left�lateral strike�slip fault.

Further to the west, the suture of the Kunlun oce�
anic basin is marked by serpentinite melange with the
Ulugh Muztag peridotite and cumulative gabbro
(Fig. 6, Um) and the Tuokuzidaban basalts (Fig. 6, Tu).
The thick sequence of basalts and basaltic andesites in
the Tuokuzidaban Mountains contains interbeds of
sedimentary rocks with Visean brachiopods and corals
[71, 99].

The Kudi ophiolites in the West Kunlun (Fig. 6, Kd)
comprise dunite, peridotite, cumulative gabbro, dikes,
a thick sequence of pillow basalts, radiolarites, and
deepwater turbidites. The geochemistry of the igneous
rocks indicates that they were formed under condi�
tions of a mid�ocean ridge and island arc [72, 97].
Marble interbeds with Cryogenian and Edicaran stro�
matolites occur in the ophiolitic section. The U–Pb
isochron age of the amphibolite dike in the ultramafic
rocks is 816 Ma [59]. The ophiolites are cut through by
diorite, granodiorite, and monzodiorite. The Rb–Sr
isochron ages of the monzogranite are 423 and 510 Ma
(whole�rock samples) and of the diorite and grano�
diorite 480 Ma. The U–Pb ages of the hornblende and
zircon from these rocks are 474 and 458 Ma [59, 72,
96]. The U–Pb (SHRIMP) zircon ages were esti�
mated at 492 ± 7 Ma for the island�arc dacite and at
471 ± 5, 408 ± 7, and 214 ± 1 Ma for the granites of
the active continental margin [93, 94]. The Rb–Sr iso�
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chron age of the pillow lavas is 359 Ma (whole�rock
samples) [47].

The Kudi ophiolites are unconformably overlain by
flysch with Ordovician radiolarians [101] and Devo�
nian rocks [72]. Other authors described the tectonic
contacts of the Kudi ophiolite with adjoining rocks
and reported Late Paleozoic microfossils in the cherts
from the ophiolitic section [47, 68]. The Kudi ophio�
lite zone probably comprises rocks varying in age from
the Neoproterozoic to the Late Paleozoic.

Devonian, Carboniferous, and Triassic calc�alka�
line volcanic rocks occur in the East Kunlun to the
north of the Kunlun Suture [48, 51, 78, 101]. A belt of
granites whose geochemistry confirms their formation
at the active oceanic margin and after collision extends
along the northern slope of the East Kunlun [57]. Rb–
Sr ages of 394 ± 13 and 257 ± 26 Ma and U–Pb zircon
ages of 431–413 and 240 ± 6 Ma are determined for
the granite and granodiorite. The granite and monzog�
ranite which cut through Upper Triassic rocks have
Rb–Sr isochron age of 194 ± 17 Ma [50, 56, 78, 85].

In West Tibet, occurrences of subduction�related
magmatism (Late Paleozoic and Triassic volcanic
rocks, granite and granodiorite) are localized in the
Tiznaf Zone to the south of the Kunlun Suture. The
Rb–Sr isochron age of biotite from the granodiorite is
267 Ma; the Ar/Ar ages of the granite are 211 ± 8 and
212 ± 11 Ma [68, 96]. The geochemistry of the granites
indicates that they are subduction�related [47]. The

older granites known in this zone are similar in origin;
their U–Pb zircon age and the Ar/Ar age of the biotite
are 377 and 320 ± 2 Ma; the Rb–Sr age is 380 ± 10 Ma
(biotite) and 392 ± 35 Ma (whole�rock samples) [50,
68]. Red molasse with Late Triassic fossils and a coal�
bearing sequence with Jurassic flora unconformably
rest upon the older rocks [69].

Granites, the formation of which could be related
to subduction of the Kunlun oceanic crust, occur in
the sialic Kurgovat–Yarkend Block in the Pamir. The
U–Pb age of these granites is 222–215 Ma. The cool�
ing Ar/Ar ages of the biotite and muscovite are 207–
191 Ma [84].

The Late Paleozoic and Cenozoic Altyn Tagh
Strike�Slip Fault (Fig. 6) may be a trail of the early
Paleozoic oceanic basin, a rift�related branch of the
Kunlun ocean. A belt of ophiolitic melange with
blocks of dunite, harzburgite, gabbro, and tholeiitic
basalt extends along the Altyn Tagh Fault. The basalts
contain limestone interbeds with Middle Ordovician
conodonts and are overlain by turbidites with Middle–
Late Ordovician corals and brachiopods [6]. The Sm–Nd
isochron age of the basalts from the Mangya melange
(Fig. 6, Ma) is 481 ± 53 Ma. Granite with Ar/Ar age of
432 ± 8 Ma cuts through the ophiolites and the rocks
pertaining to the Tarim Massif [85].

History and geodynamics. The Neoproterozoic age
of rift�related volcanics [48, 75, 78, 98] shows that the
Kunlun oceanic basin has existed since the Protero�
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zoic. Signs of its existence over all periods of the Pale�
ozoic are retained. The rocks of ophiolitic association
with paleontological and isotopic age estimates from
the Lower Cambrian to the Upper Permian are
known, as well as Ordovician, Silurian, Devonian,
Carboniferous, Permian, and Triassic subduction�
related volcanic and granitic rocks.

The Devonian metamorphism, deformation, and
granites, in combination with the Upper Devonian
molasse occurring in the Kunlun furnish evidence for
the Tibet–Tarim collision in the Middle Devonian and
disappearance of the Kunlun oceanic basin [68, 73].
At the same time, no evidence for resumed rifting in
the Late Devonian–Early Carboniferous are known.
The available data, however, indicate that a mid�ocean
ridge, oceanic island arcs, and marginal seas existed in
the Kunlun oceanic basin in the Carboniferous. It
cannot be ruled out that the manifestation of orogeny
in the Devonian was a result of short�term transpres�
sional contact of East Gondwana with the Alay–Tarim
Block. It is, however, more probable that these phe�
nomena were a consequence of collision of East
Gondwana with an island arc. Rocks of the oceanic
island arc that collided with Tibet in the Devonian are
known in the East Kunlun.

The Late Paleozoic subduction zone plunged
toward the Qaidam in the East Kunlun and toward
Tibet in the West Kunlun. The polarity of subduction
changed along the Altyn Tagh Fault, which was a
transform boundary. Angular unconformities in the
Upper Triassic and Triassic sequences and accumula�
tion of Permian molasse indicate that orogeny started
in the Permian as a result of collision with an island arc
and continued in the Triassic due to the collision of the
northern block of Tibet with the Alay–Tarim conti�

nent. The Kunlun oceanic basin had closed com�
pletely before the deposition of the Upper Triassic
continental sediments.

The western continuation of the Kunlun Suture
Zone is concealed beneath the Pamir Block, which
thrust over this zone in the Cenozoic [43, 46], and may
occur in the West Hindu Kush (Fig. 2). Evidence for
the existence of the Early Paleozoic Hindu Kush oce�
anic basin was given in [40, 44]. The sutures of oceanic
basins that existed in the Carboniferous as marginal
seas of the Kunlun ocean are retained in the North�
west Kunlun, North Pamir, and South Tien Shan.

OCEANIC BASINS THAT AROSE
IN THE CARBONIFEROUS

The sutures of the Vanch–Jinsha ocean and the
marginal basins of the Kunlun and Paleoasian oceans
(Gissar, Kalayhumb–Oytag, West Junggar) that arose
in the Carboniferous are localized in the territory
under consideration (Fig. 2).

The Vanch–Jinsha Basin 

The suture of the Vanch–Jinsha oceanic basin sep�
arates the Kurgovat–Songpan and Central Pamir–
North Qiangtang sialic blocks. In East Tibet, the Jin�
sha Suture is marked by the Yushu ophiolites
(Fig. 6, Yu), which are incorporated into the Upper
Triassic rocks as tectonic blocks. The ophiolites are
composed of gabbro, pillow basalt, picrite, and silicite.
The geochemistry of the igneous rocks indicates that
volcanic eruptions occurred in the mid�ocean ridge
[74]. In Central Tibet, the Jinsha Suture is marked by
the Ulan Ula ophiolitic zone (Fig. 6, Ua), where ser�

40°

35°35°

100°95°80°

70°

75°

100° E75° 80°

N

300 km

1

2 3

85° 90°

85° 90° 95°

40°

Tarim

 Hotan

Qaidam

Ка Оу

Va

Ba Tx
Kd

Tu
Um

Ma
AT

Ua

Gs

Do

Wa Ta

An

Yu

Du

Fig. 6. Ophiolites in the Pamir and Tibet. (1) Ophiolite, (2) oceanic suture; (3) fault (AT, Altyn Tagh). Ophiolites (letters in fig�
ure): An, Anyemaqen; Ba, Bashgumbez; Do, Dongkiao–Amdo; Du, Dur’ngoi; Gs, Gangmaco–Shuanghu; Ka, Kalayhumb; Kd,
Kudi; Ma, Mangya; Oy, Kungai–Oytagh; Ta, Tatuo; Tu, Tuokuzidaban; Tx, Taaxi; Ua, Ulan Ula; Um, Ulugh Muztag; Va, Vanch;
Wa, Wanbaogou; Yu, Yushu.



GEOTECTONICS  Vol. 44  No. 5  2010

TIEN SHAN, PAMIR, AND TIBET: HISTORY AND GEODYNAMICS 395

pentinite melange, ultramafic rocks, gabbro, pillow
lava, picrite, and chert with Tournaisian microfossils
crop out. In chemistry, the igneous rocks are similar to
OIB. The Rb–Sr age of the gabbro is 266 ± 41 Ma.
The ophiolitic melange is unconformably overlain by
Upper Permian–Lower Triassic rocks [47].

The lack of data makes it possible to compare sev�
eral variants of the western continuation for the Jinsha
Suture. In the accepted variant, the suture extends via
the East Pamir, where it is marked by the Taaxi ophio�
lites (Fig. 6, Tx) [4, 59], to the North Pamir, where it
separates the Kurgovat and Central Pamir sialic
blocks. In the Vanch ophiolitic zone (Fig. 6, Va) of the
North Pamir, the suture is marked by a belt of serpen�
tinized ultramafic protrusions and lenticular gabbro
and diorite bodies. Low�Ti and high�Mg dunite, peri�
dotite, and pyroxenite close to the Alpine�type ultra�
mafics are discernible among the serpentinized rocks
[7]. The ultramafic rocks are associated with basic pil�
low lavas. The limestone lenses hosted in the lavas
contain Visean corals and Permian fusulinids [12, 27].
In chemistry, the volcanic rocks correspond to tholei�
itic basalts [3]. This belt of volcanic and ultramafic
rocks extends to the southwest in Northeast Afghani�
stan.

The Triassic–Liassic granitic belt is located in the
North Pamir and Northwest Kunlun, to the north and
east of the Vanch–Jinsha Suture. The U–Pb zircon
age of the granites from the Northwest Kunlun is
204 Ma; in chemistry, these granites correspond to
igneous rocks formed in subduction�related and colli�
sion settings [59, 102]. The Early Jurassic granites
occurring to the north of the Vanch–Jinsha Suture in
the Tianshuihai Zone of West Tibet apparently had the
same origin. Their U–Pb zircon age is 192 Ma; the
Ar/Ar plateau ages of the muscovite and biotite are
190 ± 8 and 177 ± 3 Ma, respectively.

History and geodynamics. The age of the ophiolites
shows that the Vanch–Jinsha oceanic basin existed
from the Carboniferous to the Permian. The time of
origination of this basin is not documented and may be
older. The oceanic basin closed in the Permian–Trias�
sic due to subduction of the oceanic crust beneath the
sialic Kurgovat–Songpan Block marked a belt of sub�
duction�related and collision granites. Deformation
and obduction were concomitant to the closure.

The Gissar Basin 

The rocks derived from the Gissar oceanic basin
contact the adjacent Paleozoic rocks along faults. The
base of the visible ophiolitic section is composed of
sheeted basaltic and microdioritic dikes. The dikes
intruded one another and the Lower Paleozoic meta�
morphic schists pertaining to the continental crust and
occurring to the north and south of the dike belt. This
indicates that the dike complex is rift�related. Small
protrusions of serpentinized peridotite and blocks of
gabbro occur within this belt. Upsection, the dikes give

way to volcanic rocks. The lower part of the volcanic
pile is occupied by low–Ti tholeiitic pillow basalts,
picrites, and hyaloclastites. In the middle part of the
section, the basalts and basaltic andesite contain chert
and limestone interbeds with late Serpukhovian con�
odonts and goniatites. Andesitic, basaltic andesitic,
and dacitic lavas, tuffs, and tuffites alternate in the
upper part of the section; Bashkirian and early Mos�
covian foraminifers are contained in the limestone
interbeds. The turbidites at the walls of the rift contain
Moscovian and Kasimovian foraminifers and brachio�
pods [9, 26]. The Ar/Ar age of the biotite from the
postcollision granite is 277 ± 6 Ma [84].

History and geodynamics. The oceanic Gissar Rift
followed by deepwater sea existed during the Ser�
pukhovian–Kasimovian ages. Continental rifting
began in the Tournaisian, and bimodal volcanic and
clastic rocks accumulated in the rift(s) and marine
basin. In the late Serpukhovian, the rupture of the
crust attained the upper mantle and a rift with oceanic
crust separated the sialic Karakum (Qaraqum) Block
from the Alay–Tarim Terrane. The progressive frac�
tionation of the melt resulted in the formation of Ser�
pukhovian–early Moscovian basalts and andesites. In
the east (in present�day coordinates), the Gissar oce�
anic rift opened into the Kunlun oceanic basin; in the
west, the rift probably abutted on the Turan Platform.

The Gissar Basin closed in the Kasimovian or Gze�
lian, when the deposition of flysch had been com�
pleted. The collision of the Karakum and Alay–Tarim
terranes, which combined them again, was accompa�
nied by obduction of fragments of the Gissar oceanic
crust, folding, and emplacement of collision granites.
The suture of the Gissar Basin was deformed in the
Permian and Cenozoic.

The Kalayhumb–Oytagh Basin 

The suture of the backarc Kalayhumb–Oytagh
Basin that extends in the North Pamir and the North�
west Kunlun (Fig. 2) is marked by Carboniferous
ophiolites.

The Kalayhumb ophiolites (Fig. 5, Ka) are com�
posed of dunite, peridotite, and a stratified sequence
of pillow basalts with limestone interbeds containing
Serpukhovian ammonites in the upper part of the sec�
tion. The basalts are MORB�like in chemical compo�
sition. The ophiolite complex is overlain by a series of
calc�alkaline and subalkaline basaltic andesite, andes�
ite, dacite, and rhyolite, which make up a section of
oceanic island arc. The volcanic rocks are replaced by
tuffaceous and terrigenous rocks and olistostrome
sequence with Early Serpukhovian ammonites in the
olistoliths [26, 30]. The U–Pb and Ar/Ar ages of the
metavolcanic rocks range from 358 to 325 Ma [84].
The volcanic rocks and coeval sedimentary rocks are
unconformably overlapped by conglomerate and lime�
stone with late Bashkirian and Moscovian foraminifers.
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The Kungay–Oytagh pillow basalts (Fig. 6, Oy)
with chert interbeds and ultramafic bodies are over�
lapped by bimodal volcanic rocks and sedimentary
members with Visean corals [99]. The Rb–Sr age of
the basalt is about 360 Ma [97]. The rocks are cut
through by granite with a U–Pb zircon age of 277 ±
6 Ma [96].

History and geodynamics. The age of the ophiolites
and island�arc rocks indicates that the Kalayhumb–
Oytagh Basin evolved from the early Serpukhovian to the
late Bashkirian and closed in the Bashkirian or early
Moscovian as a result of collision of the oceanic island arc
and the sialic Kurgovat–Songpan Block [26, 30].

The West Junggar Basin 

The West Junggar Basin separated the Bogdashan
island arc from the Kazakh–Kyrgyz continent. The
suture of this oceanic basin extends along the Late
Paleozoic Junggar Strike�Slip Fault and probably con�
tinues eastward beneath the Cenozoic sediments of
the Turpan Basin (Fig. 2).

The klippen of ophiolitic allochthons rest upon the
Upper Carboniferous rocks in the Yilinharbergan
Mountains to the northeast of the oceanic suture. The
Bayingou ophiolites (Fig. 5, Ba) are composed of dun�
ite, peridotite, cumulative gabbro, plagiogranite, dike
complex, and massive and pillow tholeiitic basalts
alternating with cherts. The chemical composition of
the basalts shows that they were formed in a mid�ocean
ridge. The Rb–Sr age of the basalts is 325 ± 7 Ma [92].
The U–Pb (SHRIMP) zircon age of the gabbro varies
from 344 ± 3 to 325 ± 7 Ma [88]. The obduction of the
ophiolites was directed from the southwest to the
northeast (in present�day coordinates) [54, 89].

The belt of volcanic and granitic rocks is located at
the margin of the Kazakh–Kyrgyz Terrane to the west
of the Junggar Fault (Fig. 5). The trace element con�
tents in these rocks confirm their subduction�related
origin. The Rb–Sr isochron age of the andesitic and
dacitic lavas and tuffs is 345 ± 9 Ma [54]; the granites
are dated at 339 and 292 ± 15 Ma [54, 90]. The
molasse is Upper Permian in age. The eastern contin�
uation of the belt of subduction�related igneous rocks is
situated to the south of the Turpan Basin, where Carbon�
iferous calc�alkaline igneous rocks are cut through by
Late Carboniferous and Permian granites [62].

History and geodynamics. The belt of subduction�
related igneous rocks in the Borohoro Range at the
margin of the Kazakh–Kyrgyz paleocontinent and
ophiolitic allochthons and turbidites capping the Bog�
dashan oceanic island�arc rocks provide evidence for
the actual existence of the West Junggar oceanic basin.
The Bogdashan volcanic arc evolved in the Carbonif�
erous and probably postdated the Devonian arc. One
can speak of the West Junggar marginal sea of the Pale�
oasian ocean, which existed in the Devonian and Car�
boniferous. The suture of the Paleoasian (Irtysh–Zai�
san) ocean is localized in East Kazakhstan; the ocean

existed from the Neoproterozoic to the Late Paleozoic
[52]. In the Middle Paleozoic, this ocean separated the
Kazakh–Kyrgyz and Siberian paleocontinents.

In the Carboniferous, the oceanic crust of the West
Junggar Basin subducted beneath the Kazakh–Kyrgyz
continent. The West Junggar Basin closed in the Late
Carboniferous or Early Permian due to the collision of
the Bogdashan island arc and Kazakh–Kyrgyz paleo�
continent. In the course of collision, ophiolites were
obducted over the territory of the former island arc.

OCEANIC BASINS THAT AROSE 
IN THE PERMIAN AND TRIASSIC

The Rushan–Shuanghu Basin 

The suture of the Rushan–Shuanghu Basin is
marked in the Tibet by the Gangmaco–Shuanghu
ophiolite zone (Fig. 6, Gs). In plan view, the zone is a
lens more than 500 km long and about 100 km wide.
The composition of the lavas varies upsection from
alkali to tholeiitic basalts (MORB). Lower Permian
limestone blocks occur in the basalts; the chert in the
ophiolitic melange contains Triassic radiolarians. The
ophiolites are associated with Upper Carboniferous–
Lower Permian diamictites, which are foliated and
partly transformed into glaucophane schists. The cros�
site from this schist has an Ar/Ar age of 223 ± 4 Ma
[47, 60]. Calc�alkaline volcanic rocks, apparently of
subduction�related origin, occur to the north of the
Gangmaco–Shuanghu Zone.

To the east of this zone and along its strike, rocks
with Upper Permian fusulinids and brachiopods crop
out. The lower part of the stratigraphic section consists
of limestone and basic and intermediate lavas, which
give way upsection to the intercalation of basalts,
sandstones, and slates. In geochemistry, the basalts
correspond to intracontinental volcanic rocks. The
upper part of the section is composed of clastic rocks
with limestone interbeds and coal seams [47, 51, 100].

In the Pamir, the suture of the Rushan–Shuanghu
Basin is a zone of thrust faults and tectonic sheets with
fault�line serpentinite lenses. The tectonic sheets are
composed of Permian and Triassic cherty–terrigenous
and cherty–carbonate rocks, basalts, basaltic andes�
ite, and trachyte. The tectonic sheets composed of ser�
pentinite and harzburgite crossed by gabbro, gab�
brodiorite, and plagiogranite dikes, as well as of alkali
olivine and tholeiitic pillow basalts and cherts, are
exposed to the south of the suture from under a Ceno�
zoic nappe in the Bashgumbez tectonic window
(Fig. 6, Bа). The chemistry of the basalts indicates
their oceanic origin. Sequences of silicic lavas and
pyroclastic rocks and olistostrome with limestone
blocks with Permian and Triassic (up to the Carnian
Age, inclusive) fauna rest upon the basalts. To the
north, in the zone of tectonic suture, a similar olis�
tostrome overlaps the Permian–Triassic volcanic and
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sedimentary rocks and contains Jurassic crinoids in
limestone interbeds [11, 16, 24, 25].

History and geodynamics. The character of volca�
nic activity in the Rushan–Shuanghu Suture Zone
shows that the continental rift originated in the Per�
mian and was then followed by opening of the oceanic
basin. The rift�related basin bluntly ends within the
Qiangtang Terrane; to the east of the Gangmaco–
Shuanghu ophiolite zone the continental rifting did
not reach the upper mantle. The subduction zone
dipped to the north (in present�day coordinates). The
oceanic basin closed before the accumulation of the
Lower Jurassic molasse. Judging from the age of high�
pressure metamorphism in the suture zone, the Rus�
han–Shuanghu Basin closed in the Late Triassic.

The Neotethian Basins 

The ocean of Neotethys evolved from the Triassic
to the Paleogene. The sialic Lhasa Block and the
Dras–Kohistan island arc separated a marginal basin
currently marked by the Shyok–Bangong Suture from
the Neotethys (Fig. 2). The suture consists of the
Shyok and Bangong segments, displaced relative to
each other by 100 km along the Pamir–Karakorum
Strike–Slip Fault [76, 82].

The Bangong Suture is a boundary between the
Qiangtang and Lhasa sialic blocks. In Central Tibet,
the suture is marked by the Dongkiao–Amdo ophio�
lites (Fig. 6, Do) comprising intensely deformed ultra�
mafic rocks, cumulates, pillow basalt, and packets of
sheeted dikes. As follows from the chemistry, the igne�
ous rocks were formed in oceanic and island�arc set�
tings [74]. The Late Triassic Ar/Ar age (220–200 Ma)
was determined for gabbro and amphibolites. The
cherts associated with the basalts contain Early and
Middle Jurassic radiolarians [47, 64].

Wild flysch or tectonic melange with blocks of
harzburgite, serpentinized peridotite, gabbro, basalt,
radiolarite, and limestone incorporated into the flysch
matrix extends along the suture in West Tibet. A sec�
tion of the ophiolite association—from peridotite via
cumulates and dike complex to pillow lavas and radi�
olarites with Middle–Late Jurassic fauna—is
described. In addition to the suture, ophiolites occur
as numerous allochthonous massifs thrust over the
Lhasa Block. The Rb–Sr age of the basalts ranges from
207 to 182 Ma; sedimentary rocks with Liassic and
Tithonian fauna are noted among the basalts. The
intensely folded flysch and ophiolitic melange is
unconformably overlapped by limestone with endemic
fauna of the Lower and Upper Cretaceous [64, 68, 80].

The Shyok Suture separates the Karakorum Block
(Fig. 2, КR) from the Mesozoic Dras–Kohistan island
arc (Fig. 2, DK), where volcanism was active in the
Jurassic and Early Cretaceous. The rocks of the ophi�
olite association (peridotite, pyroxenite, gabbro,
basalt, chert) occur as blocks in olistostrome, which
also contains fragments of the Aptian–Albian lime�

stones abundant in Kohistan. The rocks in the suture
zone are folded; the isotopic age of deformation is esti�
mated at 100–90 Ma [81]. This deformation probably
was a result of collision of the Dras–Kohistan island
arc with the Karakorum–Qiangtang Block related to
the closure of the Shyok–Bangong marginal sea.

History and geodynamics. The Shyok–Bangong
Basin was a marginal sea separated by an island arc
from the Neotethys ocean. The available data indicate
that the Shyok–Bangong Basin existed in the Triassic,
Jurassic, and Early Cretaceous. The basin closed
either by the end of the Early Cretaceous or at the
beginning of the Late Cretaceous.

The ocean of the Neotethys marked by the Indus–
Zangpo Suture (Fig. 2) closed in the Eocene as a result
of collision of Hindustan and Eurasia; the subduction
zone plunges beneath Tibet.

MAIN PHANEROZOIC EVENTS

The tectonic evolution and regional geodynamic
setting are illustrated by the geodynamic sections
shown in Fig. 7.

In the Cryogenian, the East Gonwana, Alay–
Tarim, Syr Darya, and Issyk�Kul sialic terranes were
separated by the Kunlun, Turkestan, and Terskey oce�
anic basins. In the Edicaran (Vendian) or Early Cam�
brian, the Borohoro Block detached and the Yili oce�
anic basin arose.

Cambrian. In the Early Cambrian, the Turkestan
ocean separated benthic communities of trilobites
belonging to the Indo–Australian and Pacific–Atlan�
tic biogeographic domains. This basin was the main
biogeographic barrier and the widest Cambrian ocean
in this region [5].

The territory of High Asia together with the Tarim
and China platforms was located in the Indo�Austra�
lian biogeographic trilobite domain [28, 29, 42],
which is characterized by trilobites of the Redlichiidae
family revealed in the Lower Cambrian of Australia,
India, and Iran and in the Tarim, China, and Korean
platforms. The Pacific–Atlantic biogeographic
domain was a territory of present�day Asia situated to
the north of the Tarim and China platforms, as well as
Europe, North Africa, and North America.

In the second half of the Early Cambrian, a barrier
also existed between the Syr Darya and Altay–Sayan
provinces of the Pacific–Atlantic biogeographic
domain. The Altay–Sayan biogeographic province
included Kazakhstan and Mongolia as well. In the
Tommotian and the Atdabanian ages, the basins of the
Syr Darya and Altay–Sayan provinces connected with
each other, whereas in the Botomian and Toyonian
ages they were almost completely isolated [21]. The
Terskey oceanic basin could have been a barrier
between the Syr Darya and Altay–Sayan benthic com�
munities, as is suggested by its considerable width. At
the end of the Early Cambrian, exchange of fauna
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began between biogeographic domains and provinces,
probably owing to narrowing of the Turkestan and Ter�
skey oceanic basins; this is indirect evidence for the
existence of the active margins of these oceanic basins
in the Cambrian.

The Kunlun oceanic basin was not wide in the
Cambrian, and the trilobite fauna retained a common
habitat on both margins of this basin [42].

Ordovician. The Yili margin of the Borohoro Ter�
rane in the Early Ordovician was passive and then con�
verted into the active state. Both margins of the Issyk�
Kul Terrane were active in the Ordovician. The sub�
duction�related magmatic activity at the Yili margin of
the Issyk�Kul Terrane started in the Tremadocian and
continued until the early Silurian. In the Middle
Ordovician, the oceanic crust of the Yili oceanic basin
obducted over the margin of the Issyk�Kul Terrane,
probably in the course of formation of the accretionary
wedge. At the Terskey margin of the Issyk�Kul Ter�
rane, the magmatic belt was active from the Middle
Ordovician to the Caradocian.

An oceanic island arc existed in the Terskey Basin
in the Cambrian and Early Ordovician. The oceanic
crust of the forearc basin subducted beneath the volca�
nic arc. In the Arenigian, the forearc basin closed and
the island arc attached to the Issyk�Kul microconti�
nent. The subduction of the oceanic crust of the Ters�
key Basin beneath the Issyk�Kul Terrane resulted in
closure of the Terskey oceanic basin and collision of
the Issyk�Kul and Syr Darya sialic blocks in the Mid�
dle–Late Ordovician. The obduction of the ophiolites
over the Issyk�Kul Terrane and thrusting of the rocks
of the continental slope over the Syr Darya Terrane
were related to this collision. The events at the margins
of the Issyk�Kul continent initiated deformation of its
crust and origination of orogenic and taphrogenic
basins therein. The thick molasse sequence was depos�
ited within these basins in the Middle and Late Ordov�
ician. The Issyk�Kul and Syr Darya sialic blocks were
amalgamated in the Ordovician with the formation of
the Kazakh–Kyrgyz continent.

In the Early Paleozoic, the Terskey margin of the
Syr Darya Terrane was passive, whereas the Turkestan
margin was likely active. The margins of the Alay–
Tarim Terrane were passive over their entire extent; the
Middle–Late Ordovician calc�alkaline volcanic rocks
are known only in the Qaidam.

The Kunlun margin of the East Gondwana was
passive in the early Paleozoic. Biogeographic data
indicate that the Kunlun oceanic basin was signifi�
cantly widened in the Ordovician. The different com�

munities of Ordovician nautiloids and conodonts sep�
arated by the Kunlun Basin indicate weak links
between the North China and South China domains at
that time [42].

Silurian and Devonian. In the beginning of the
Middle Paleozoic, four continental blocks—East
Gondwana, Alay–Tarim, Kazakh–Kyrgyz, and Boro�
horo—were separated by the Kunlun, Turkestan, and
Yili oceanic basins. The Yili oceanic basin closed in
the Silurian, so that the Borohoro Terrane attached to
the Kazakh–Kyrgyz continent. The Bogdashan oce�
anic island arc, which separated the West Junggar
Basin from the Paleoasian ocean, is known from the
Devonian.

The margins of the Alay–Tarim continent
remained passive in the Middle Paleozoic. Intraconti�
nental rifting was accompanied by volcanic activity.
The subduction of the Turkestan oceanic crust
beneath the Kazakh–Kyrgyz microcontinent started
or continued in the Silurian, and a magmatic belt was
formed on the microcontinent. The subduction of the
Turkestan oceanic crust occurred until the Middle
Devonian.

The biotic difference between the domains sepa�
rated by the Kunlun ocean arose in the Ordovician,
was retained in the Silurian and Early and Middle
Devonian, and smoothed out in the Late Devonian
[41]. In the Devonian, the Kunlun margin of East
Gondwana was active and underwent folding. In the
Northwest Kunlun, the folding is marked by uncon�
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(4) location of samples with Early Permian fauna and flora
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Fig. 7. Tien Shan–Tarim–West Kunlun–West Tibet–Karakorum–Kohistan geodynamic sections. (1, 2) in map: (1) oceanic
suture, (2) fault; (3–5) in sections: (3) oceanic crust, (4) subduction�related volcanic activity, (5) granite. Continental terranes
(letters in figure): AT, Alay–Tarim; BH, Borohoro; CP, Central Pamir; IK, Issyk�Kul; KR, Karakorum; KS, Kurgovat–Songpan;
QT, Qiangtang; SD, Syr Darya; oceanic basins and their sutures (letters in figure): KU, Kunlun; PA, Paleoasian; RS, Rushan–
Shuanghu; SB, Shyok–Bangong; TE, Terskey; TU, Turkestan; VJ, Vanch–Jinsha; WJ, West Junggar; YI, Yili; volcanic island
arcs: BS, Bogdashan; DK, Dras–Kohistan. 
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formity in the Middle Devonian, whereas in the North
Pamir it is characterized by stratigraphic hiatus in the
Late Devonian–early Tournaisian.

Carboniferous. After the hiatus lasted for more than
50 Ma, the subduction of the Turkestan oceanic crust
beneath the margin of the Kazakh–Kyrgyz continent
was resumed in the Serpukhovian Age. In the Early
Carboniferous, the subduction�related magmatic belts
arose at both margins of this continent. The accretion�
ary wedge composed of rocks pertaining to the oceanic
crust was formed at the Turkestan continental margin.
By the mid�Moscovian, the Turkestan oceanic crust
had been subducted completely, giving rise to the col�
lision of the Alay–Tarim and Kazakh–Kyrgyz conti�
nents. After collision, the subduction of the oceanic
crust was transformed into continental subduction,
i.e., underthrusting of the continental slope of the
Alay–Tarim continent beneath the margin of the
Kazakh–Kyrgyz continent and its accretionary wedge.
As a result, collision�related nappes started to form in
the South Tien Shan [5, 45].

In the Carboniferous, the oceanic crust of the East
Junggar Basin subducted in opposite directions:
beneath the margin of the Kazakh–Kyrgyz continent
and beneath the Bogdashan island arc. This oceanic
basin closed in the Late Carboniferous.

The Carboniferous Kunlun oceanic basin com�
prised mid�ocean ridge, oceanic island arcs, and mar�
ginal basins. In the Serpukhovian and Bashkirian ages,
the island arc separated the Kalayhumb–Oytagh mar�
ginal basin from the ocean. Accretion proceeded
actively at the margin of the sialic Kurgovat–Songpan
Terrane facing the Kunlun Basin. In the Late Carbon�

iferous, this terrane collided with oceanic island arc(s)
of the Kunlun Basin. 

The Karakum Block had broken away from the
Alay–Tarim continent in the Early Carboniferous and
the Gissar Rift with oceanic crust arose between them.
The rift opened into the Kunlun oceanic basin. In the
Late Carboniferous, the rift closed and the Karakum
Terrane was attached to the Alay–Tarim continent.

The fragmentation of East Gondwana started in
the Early Cafboniferous. The Kurgovat–Songpan
Block broke away and the Vanch–Jinsha oceanic basin
arose and began to expand rapidly.

Permian. In the Permian, the subduction of conti�
nental crust of the Alay–Tarim Terrane beneath the
margin of the Kazakh–Kyrgyz continents progressed.
As a result, a multilayer assembly of South Tien Shan
collision�related nappes was formed. Afterward, this
assembly was folded and squeezed. As a result of tec�
tonic flow along the foldbelt, giant horizontal orocli�
nal protrusions formed in the West Tien Shan and
Kyzylkum (Qizilqum) [5, 18, 45].

In the Permian, the Vanch–Jinsha oceanic basin
continued to expand and was transformed into a vast
ocean by the Artinskian Age. This ocean separated the
sialic blocks, which were situated in the biogeographic
domains (Fig. 8) belonging to the tropical and nodal
extratropical belts of the Earth. The North Tethian
tropical domain that encompassed the Eurasian
Tethys and Cathaysia was characterized by thermo�
philic fusulinids, corals, and tropical flora. The Early
Permian fauna in the Alay (Fig. 8, 1), the north and
northwest of the Pamir (Fig. 8, 2, 3), and the Kunlun
(Fig. 8, 4–7) belongs to the North Tethian type [17, 86]. 

The South Tethian nodal domain encompasses the
Tethys of Gonwana. This is a domain of glacial and
glacial–marine sedimentation, cold�enduring fauna,
and glossopterid flora. The fauna of the Sakmarian
Age in the Central Pamir (Fig. 8, 8) and of the Sakmarian
and Artinskian Ages in the Himalayas (Fig. 8, 9), Qiang�
tang terranes (Fig. 8, 10–12), and Lhasa Block (Fig. 8,
13–15) belongs to the South Tethian type [16, 86].
The climatic contrast between the North and South
Tethian biogeographic domains was the highest in the
Asselian Age and smoothed out at the end of the Artin�
skian Age, when Gondwana drifted to the tropical
zone.

In the Permian, the margin of Gondwana contin�
ued to break up. The Rushan–Shuanghu Rift with
oceanic crust was formed near this margin as a result of
intracontinental rifting. The rift bluntly ended in the
east (in present�day coordinates); in the west, it prob�
ably opened into the Vanch�Jinsha ocean.

In the Late Permian, all components of the future
High Asia transferred to the tropical belt and probably
converged with shrinkage of the oceanic basins.

Triassic–Paleogene. The Late Permian and Early
Triassic was the time of the most intense fragmenta�
tion of the territory covering the future High Asia. At
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that time, the Kunlun oceanic basin separated the
Kurgovat–Songpan sialic island arc (the western
promontory of the South China continent) and the
Alay–Tarim continent. The Vanch–Jinsha ocean sep�
arated the Kurgovat–Songpan and Central Pamir–
Qiangtang sialic terranes. The Rushan–Shuanghu
Rift dissected the Qiangtang Block, while the Bangong
Rift separated the Qiangtang and Lhasa blocks.

The Kunlun, Vanch–Jinsha, and Rushan–Shuan�
ghu oceanic basin closed in the Triassic, and the colli�
sion of the sialic terranes was accompanied by the
Indo–Sinian Orogeny. The Shyok–Bangong closed in
the Cretaceous and the Neotethys ocean in the
Eocene. Collision was a driving force of the Alpine–
Himalayan Orogeny.

General tendencies of tectonic evolution. The frag�
mentation of Rodinia and then East Gonwana was a
multistage process that developed from the Neoprot�
erozoic to the Triassic. The formation of the oceanic
basins was a consequence of rifting. In the region
under consideration, the Phanerozoic oceanic basins
make up two historical–geological systems that
evolved in different times and styles [5, 23, 31, 32].

The Tethian system comprises the basins of Paleot�
ethys (Vanch–Jinsha and Kunlun) with their marginal
seas and rifts (Kalayhumb–Oytagh, Gissar, Rushan–
Shuanghu) and Neotethys. The tectonic evolution of
this system was unidirectional. Oceanic basins pro�
gressively opened from the north to south (in present�
day coordinates) and then closed in the same direction
(Fig. 9). The sutures of the oceanic basins pertaining
to the Tethian system are localized in the territory of
High Asia.

The main Turkestan and Paleoasian oceanic basins
of the Turkestan–Paleoasian system existed from the
Neoproterozoic to the Late Paleozoic and evolved in
different time and direction compared to the basins of
the Tethian system (Fig. 9). Their sutures are localized
in the territory of the Tien Shan, Urals, Kazakhstan,
and Siberia. In the Tien Shan, this system comprises
the sutures of the Turkestan, Terskey, Yili, and West
Junggar basins.

The sialic blocks of the future Tien Shan, Pamir,
and Tibet were incorporated into the Eurasian conti�
nent during several stages. Preliminarily, in the Late
Ordovician and Silurian, small microcontinents com�
bined into the Kazakh–Kyrgyz composite continent.
The territories of the Tien Shan and Tarim became a
part of Eurasia in the Late Carboniferous–Early Per�
mian after closure of the Turkestan, Ural, and Pale�
otethian oceans. The territories of the Pamir, Karako�
rum, Kunlun, and most of Tibet attached to the Eur�
asian continent in the Triassic. The Lhasa Block and
Kohistan were incorporated into Eurasia in the Creta�
ceous. In the Eocene, Eurasia was combined with
Hindustan.
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