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Abstract

The Indian-Eurasian collision resulted in several geological structures along the collisional belt. and among them, Pamir is
one of the remarkable features developed along the western syntaxis. Pamir shares a similar trend of the tectonic evolution
of the Indian plate subduction beneath the Tibetan plateau during the Cenozoic era. Pamir is subdivided into northwestern,
central, eastern and southwestern parts according to its structural variation. According to the fundamentals of plate
tectonics, the crustal shortening results in thickening of the mantle; although the principal factor is mostly related to the
rheology of the crust-mantle and the collisional rate. During the continental-continental collision, both plates resist
subduction due to their buoyancy and the only justification for the resultant subduction is Wilson last cycle. The difference in
the Indian-Eurasian tectonics is mainly due to the reduction in convergence rate i.e. 110mm/yr prior to 50Ma, which was
reduced to 50mm/yr in 30-40Ma. The average magnitude of crustal shortening between Pamir and Tien Shan orogenic belt is
estimated to be 10-700km. Different geophysical and geological studies reveal that the western segment of the Indian-
Eurasian collisional belt is experiencing double subduction mechanism; a steeply northward dipping Indian plate under the
Hindukush region and the southward-dipping Eurasian plate under the Pamir. The initial breakage of Indian plate was
during the early stages of collision (44-48Ma) while the second break-off event occurred during the middle-Miocene (~15
Ma). Moreover, in the westernregion, the subduction process was continued until it reached the present state of the
Hindukush region i.e. ~8Ma, that could be the possible reason for the structural similarities between the central and the
western collisional regions. The paleomagnetic studies reveal the counter-clockwise rotation of the Pamir plateau as much
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as ~52° during Miocene.
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Introduction

Pamir marks the northern junction of the greatly active
collisional zone of the world. Along with its southern margin,
the Indian plate is subducting underneath the Eurasian plate and
the area is experiencing intermediate seismicity'”. The northern
boundary of Pamir is marked by the Trans- Alay Range and cut
by Kyzyl-Soo (Sourhob or Vakhsh) river and the southern
boundary is the transacts Panj/Amu-Darya river and terminates
at the northernmost ridges of Karakorum Ranges of the Afghan
border (Figure-1). The Eastern Pamir ends at the borders of Ex-
USSR and China; while Western Pamir terminates into the
ridges of Peter- The- Great and Darvazsky. The Western part of
Pamir is composed of the highest ridged and massive glaciers
while Western Pamir is occupied by Plateau of 4000m height.
Since last century, the scientists are taking a keen interest in
mapping the subsurface behavior of the Tibetan plateau in-order
to understand the subduction pattern of the Indian plate beneath
Eurasia. The indo-Eurasia collision caused crustal shortening
along the suture zone and resulted in the formation of
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spectacular mountain series of Himalayas, Karakorum, The first
ever model for the collisional pattern of Indian-Eurasian plate
was provided by Argand™, in which he proposed that the reason
behind the uplift of Tibetan plateau was the subduction of
Indian Plate underneath the Eurasian plate. Although numerous
geophysical/geological studies have been carried out, in pursuit
of finding the main reason behind the Tibetan plateau’s uplift
through modeling it>”, reasons provided are still controversial.

The phenomenon of crustal shortening occurs as a result of
collisional tectonics and results in thickening of the crust at the
suture zone as well as shortening of the mantle lithosphere at the
region, however, this factor is related to the rheology of the
crust and mantle of the collisional plates and their rate of
collision. In case of the Continental-Continental subduction, the
situation becomes more complex as the continental plate resists
subduction due to its buoyancy and the only reason justifying
the subduction of the continental plate is following the last cycle
of Wilson®'’. In this cycle, a cold and dense oceanic plate drags
down the continental slab along with it after being subducted,
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which is likely to be the case with the Indian-Eurasian
collisional zone and result in its complex behavior. The
reduction in convergence rate between India and Eurasia from
110mm/yr (50Myr ago) to S0mm/yr (30-40Myr), is believed to
be the result of the Indian-Eurasiancollision. Due to this
collision, the estimated magnitude of crustal shortening between
Pamir and Tien Shan orogenic belt is calculated to be 10-
700km”'"'*,

Tectonic Evolution of Pamir

Pamir is located in the northeastern part of the highly active
collisional zone of the world, which is experiencing the
intermediate-depth earthquakes (<250km) and comprising a
series of structures that are parallel in strike to the Tibetan
plateau. Pamir is accommodating Paleozoic to Mesozoic
sutures, crustal blocks and magmatic belts'™'®. The tectonic
evolution of Pamir was initiated in Cenozoic era along with that
of Tibetan plateau under the same tectonic event of Indian plate
subduction (with approximate 300km length, 45° SSE dip and
crustal thickness of ~70km) underneath Eurasia®”'>. The area
that is most affected by this Cenozoic convergence is Pamir-
Pundjab syntax. The facies studies carried out at the Tajik basin,
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was located at the current position of Afghan-Tajik basin in
Early Aptian, while the eastern edge of Pamir was 600-700km
further east in the Late Cretaceous™®”'>"7,

At western part of the Indian-Eurasia collisional belt, the results
from geophysical and geological studies suggested the presence
of two opposite dipping subduction zones; Indian plate steeply
dipping towards the north under the Hindukush region while
Asian plate dipping towards the south under Pamir'. Through
the seismic imaging study, it appeared the first breakage of
Indian plate occurred during subduction in the early stages of
collision (44-48Ma ago) while the second break-off event
occurred about ~15Ma ago that disconnected the Central Indian
slab from its margins"®. The subduction of the Indian plate
underneath the Eurasian plate in the western region remained
and reached its present state of Hindukush region. Subduction
process is estimated to be initiated around 8Ma ago with steep
and rapid rates in Hindukush region while comparatively slower
at Pamir, whereas no slab has been imaged in the eastern
margin. That may be the reason behind the structural similarities
between central and western regions of the collisional suture.
Along Main-Pamir-Thrust (MPT), the interior of the Pamir is in
anarched shape and thrust onto the Tajik depression and Tarim

confirmed the presence of a Tajik shallow-sea-basin between paging!®!"'8.
the Pamir and Tien Shan. This basin was closed during the Late-
Cretaceous convergence. It comprises a bay of Turan Sea, that
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Structural map of Pamir along with the position of magmatic domes and major structuresmodified after'’.
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The evidence of convergence marked in the northern Pamir
initiated in Paleozoic era and retained through the Mesozoic era,
resulting in the generation of a magmatic arc development of rift
basin and clastic deposition of volcanics. Thrusting of northern
Pamir over Tian Shan along the MPT is still ongoing and
contributing 10% of the total convergence'*'**

Structural conditions of the NE Pamir are quite complex, and
there are numbers of major thrust, normal and strike-slip faults
present in the area (Figure-2). The Zircon data acquired from
the NE Pamir at location of Oytag (Wuyitake, West China)
suggests that the deformational age of NE Pamir could be early
to middle Miocene while, reorganization of the atmospheric
circulation in the area believed to be initiated during Eocene ~
Oligocene which is possibly related to the uplift of Central-
Southern Pamir or the retreat of Paratethys Sea'’. The
Paleomagnetic data shows that since Miocene the Pamir plateau
was rotated ~52° counterclockwise from its initial position. The
small-circle reconstruction technique of Palacomagnetic studies
revealed the oroclinal bending in northern Pamir, clockwise
rotation in Muzkol area of central Pamir while counter-
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clockwise in the northern folded sequences of southern Pamir.
Local-scale variation has been observed in different regions of
Pamir, possiblydue to local block rotation resulting in NS
shortening®'. During late Miocene, the EW extension in the
Pamir initiated and is evident along Kongur Shan normal fault
due to the radial expansion of thickening crust underneath
Pamir'®192022

Seismotectonic imaged the Western Pamir, as highly deformed
zone and is evident from the NS crustal shortening in the region
with NE trending sinistral strike-slip conjugate faults, and EW
extension resulting normal faults which are generated due to
gravitational collapse. Shear deformational distribution in
western Pamir and the activation of Sarez-Karakul fault system
is the indication of the northeastern propagation of western
margin of Indian plate, linking all the deformational sequence to
the south up to the Chaman Fault of Afghan-Pakistan region’>*.

Thermobarometry of the lower-crustal-xenoliths showed that the
southern Pamir was well thickening at ~50Ma ago, right after
the Indo-Eurasian plates collision ~54Ma'’.
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Figure-2: Structural map of Central to Eastern Pamir™".
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Structure Geology of Pamir

There are a lot of structural similarities between Tibet and
Pamir, such as, the presence of Cretaceous arc-type-granitoid in
the central-southern Pamir are equivalent to the Tibet, similar
striking structure of Qiangtang block in both Pamir and Tibet,
having anticlinorium structures of Muskol and Sares domes
which contain metamorphic facies similar to that of Karakul-
Mazar-Songpan-Ghanzi system. The northern Pamir and NW
Tibet contain north facing Kunlun-suture, south dipping Jinsha-
suture and Carboniferous-Triassic Karakul-Mazar subduction
accretion system; this set of geology and structure is related
with that of Songpan Ghanzi—-HohiXi system of Eastern Tibetan
plateau. The Kunlun volcanic arc in the Pamir is a result of
volcanic activity in Mid-Paleozoic (~370-320Ma) that continue
until Triassic'®*.

Although there are some notable dissimilarities as well for
example Tibet is high elevated area while Pamir has high relief,
also the differential scale of NS crustal shortening between
Tibet (~19-28%) and Pamir (~55-64%). Tibet mostly consists of
sedimentary rocks while Pamir it is chiefly composed of
crystalline and metamorphic rocks'”.

Tectonically the Pamir is further divided into 4 regions, namely:
Northern, Central, Southern and the Eastern Pamir (Figure-1).

Northern Pamir: The Northern Pamir is bounded on the
northby the Pamir-Thrust (Cenozoic), while in the south by the
Tanymas thrust system. The Tanymas thrust triggered the
reactivation of Tanymas-Jinsha-suture-zone. The Pamir thrust
has been marked as the most active fault with highest strain
rates of entire Indian-Eurasian suture zone with GPS
calculations of ~13-15mm/yr which is one-third of the total
convergence rate (~34mm/yr measured at the same location)™.,
Calculated through the GPS data, the convergence between
Pamir and Tien-Shan orogenic belt is estimated to be 300-
400km during the Late Cenozoic with the rate of 13+4 mm/yr**.
Due to the emplacement of Pamir thrustalong the northern
margin of the Pamir, it clasped the area between Afghan-Tajik
basin and the Tarim basin. The remaining of these basins are
now found enfolded between the northern Pamir and the
southern Tien Shan at Alai valley of former Tajik-Yarkand
basin, bounded by the 7100m high leading edge of northern
Pamir “Trans Alai ranges”™*. The most affected area by this
Cenozoic convergence is Pamir-Pundjab syntax, which is the
part of Alpide fold belt between Tibet and Tarim basin.
Thrusting of the northern Pamir over Tian-Shan orogenic
beltalongside the southern margin of the Alai valley
throughMain Pamir Thrust (MPT) is still ongoing and
contributing 10% of the total convergence with the estimated
rate of ~10-15mm/yr”'"02%2>2,

The Paleomagnetic data suggests the crustal shortening and

rotation factor among the Pamir and Tien-Shanorogenic belt
during the subduction in Late Cretaceous, resulted in the
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generation of Vakhsh-Trans-Alay thrust and Darvaz-strike-slip
faults. These faults cut through the sequences of Late Cenozoic,
Cretaceous and Paleogene strata with over-thrusting of Pamir
massif on Tajik basin. The Vakhsh thrust system is the epicenter
of 7.4 magnitude earthquake of Khait in 1947. The left lateral
strike-slip Darvaz separates the Pamir from Afghan-Tajik basin
in the west where the GPS measured shear effects are
~10mm/yr. The Quaternary slip rates of Darvaz fault are
~13mm/yr, which are uncertain due to lack of data and

difficulty in dating the feature’?*.

Domes act as the main source of exposure for the crystalline
basement and metamorphic rocks in the Pamir and cover about
20-30% of the plateau (Figure-1). The Kurgovat dorm of
Northern Pamir exposes the Triassic high-grade metamorphosed
rocks with the Thermobarometric pressure of 6.5-8.2Kbars and
temperature of 600-650°C"***%".

Central Pamir: The Central Pamir is bounded on the north by
Tanymas thrust while in the south by Sarez-Murghab thrust
system, which reactivated the Rushan-Pshart suture zone.
Stratigraphy of the eastern Pshart zone is similar to that of
Bangong- Nujiang suture zone (BNS) of central Tibetan area.
Zircon dating of xenoliths found in the Cretaceous aged Plutons
in the central and southern Pamir showed the Cambrian-
Ordovician magmatism (~410-575Ma). This magmatism is the
resultant of subduction along the Jinsha suture zone and of
Middle Jurassic (~147-195Ma) aged, as a result of subduction
along Rushan- Pshart suture zone™**,

In east at the border of Pamir and Tarim basin, the Karakorum
fault adjoins with the Sarez-Murghab thrust fault via right
lateral Kashghar-Yecheng, and Aksu-Murghab fault systems,
resulting in the crustal shortening of ~280km'**>**,

Another prominent feature of central and southern Pamir is
gneiss domes that are formed by N-S middle to an upper crustal
extension in the region at depth of ~30-40km, and the
exhumation initiation was ~20Ma. The Yazgulom, Sarez,
Muskol and Shatput domes of the central Pamir exhibit the
high-grade metamorphosed rocks of Oligoceneto Miocene
age'"'®*°. Thermobarometric pressures and temperature
calculated for west-central Yangulom dome is 9.4kbar and
588°C, while for the east-the central Muskol dome is 9.1-
11.7kbar and 700-800°C*". By comparisons of tilt axis of
Paleomagnetic technique, the amount of crustal shortening in
central Pamir is calculated to be ~60% while that of the
southern Pamir as ~40%".

Southern Pamir: On the north, the southern Pamir is
constrained by Rushan-Pshart suture zone while on the
souththru Southern Pamir shear zone (SPSZ) and Zebak-Munjab
fault as shown in Figures-1 and 3%.

SPSZ variants in a dip along its rupture trace on the west at
Badakhshan-Afghanistan) from <60° to sub-horizontal along
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dome axis in the east at Gorno- Badakhshan. The SPSZ contains
north trending open folds having an amplitude of <3km and
wavelength >25km"”.

The Shakhdara and Alichur domes are parted by a low-strain
horst. Shakhdara exposed ~250x80km of the crust with the

depth of ~30-40km, while Alichur exposures are of
.FE

o

IAFGHANISTAN| £

Au

Int. Res. J. Earth Sci.

~125x25km'". The southwestern Pamir is predominantly
characterized by “white-schist (talc-kyanite)” with Cretaceous
aged high-grade metamorphosed orthogenesis/ granitoid (~750
°C) rocks at Shakhdara dome whereas at Alichur dome it is
characterized by low-grade (20-30°C) Cretaceous aged felsic
orthogenesis/ granitoid metamorphosed rocks'”%.
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Figure-3: Structural map of southwestern Pamir®.
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Similar to the central Pamir the Shakhdara and Alichur domes
of the southern Pamir also exhibit the high-grade
metamorphosed rocks of Oligocene to Miocene age. The
exhumation in dorms terminated early in central Pamir (15-10
Ma) as relative to the southern Pamir (~2Ma)-at Shakhdara-
Alichur dorm. These dorms are associated with the 90%
accumulation of NNE-SSW extension in the region.
Thermochronological results reveal the peak age of exhumation
in Shakhdara and Yazgulomdomes to be about ~15Ma till
~2Ma'"1®1%20  Thermobarometric pressures and temperature
calculated for Shakhdara dome are 6.5-14.6kbar and 700-
800°C”.

Eastern Pamir/ Chinese Pamir

The north-eastern Pamir is also known as “Chinese-Pamir-Tien-
Shan”. It marks the northern extent of the Main Pamir Thrust
system (MPT) while in the east it is separated from Tarim basin
thru the Kashgar-Yecheng Thrust system (KYTS). Eastern
Pamir is accommodating several major fault zones which are
controlling the Pamir’s northward drift with reference to the

Tarim basin (Figure-2)25’3°.

Karakoram Fault (KKF): On the West, the Eastern Pamir is
bounded by a right-lateral Karakoram strike-slip fault, having
controversial initiation age of 15 +1 to 23 +1 and offset of 149-
167km. The slip direction in KKF is not in the northern
direction and is believed not to have any possible contribution in
the northward movement of the Eastern Pamir with respect to
Tarim basin. Whereas KKF does accumulate ~300km northward
drift of the Southern-Pamir. However, KKF does add up the slip
of Rlzlsshan-Pshart and Aksu-Murghab faults systems in the
south™.

Karakax Fault (KXF): The 400km WNW striking left-lateral
strike-slip Karakax fault separates the NW Tibetan plateau from
the Tarim basin. It is marking the westernmost segment of
AltynTagh fault of northern Tibet and is a highly active fault. It
acts as a source for numerous seismic activities in the area with
the largest magnitude recorded of 7.4-7.6Mw earthquakes, with
average slip rates of 6-9mm/yr. The epicenter for 2008,
earthquake of 7.1Mw magnitude along the Yutian normal fault
was located at the junction of two major strike-slip fault zones
(Altyn Tagh and Karakax) at the south of Tarimbasin®. The
Karakax fault is believed to be the reason for the eastward
movement of Tibetan plateau. The movement resulted in
response to the escape-tectonics-factor in order to accommodate
the NS crustal shortening of the western Tibet, triggered by the
northward indention of Indian plate into Eurasia® ™.

Kashgar-Yecheng Thrust system (KYTS): During 2010,
Cowgill renamed the middle portion of Main-Pamir-Thrust-
Kumtag thrust system (MPT-KTS) as the “Kashgar-Yecheng
Thrust system”. The Tarim basin is separated from eastern
Pamir via dextral strike-slip fault system named as Kashgar-
Yecheng_Thrust-System (KYTS), having estimated
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thermochronological slip rates of 11-15mm/yr and ~280km
offset™. The slip rates of KYTS was reduced during the late
Miocene or Pliocene. The KYTS consists of three major faults;
Since 3-5Ma ago inactive dextral strike-slip faults of Kumtag
and Kusilaf, and, a Aertashi dextral strike-slip fault, with slip
rates of 1.7-5.3mm/yr (since last 3-5Ma)*+ 0%,

Kongur Extension System (KES): The Kongur extension
system (KES) consists of several faults including Muji fault
(oblique right-lateral/normal), Kongur-Shan normal fault (west
dipping), Taheman normal fault (NW-dipping) and Tashkorgan
normal fault (Eastdipping). The Kongur Shan normal fault runs
parallel to KYTS and MPT with a dip of 20-45°W and NW-SE
strike. Thermochronological dating thru*Ar/*Ar dated the EW
extension alongside northern Kongur-Shan fault as 7-8Ma with
the slip rate of 6.5mm/yr****,

Domes: In the southwest of KYTS, Kongur-Shan and Muztagh
Ata domes are the marker features of the eastern Pamir. These
domes are elevated to >7500m and about 60% covered area of
them is heavily glaciated. Four possible reasons suggested for
the origin of these domes; i. the thrusting and normal faulting at
Pamir front causing the crustal-scale ramp stacking, ii. extension
and domes formation due to crustal thickness caused by
northward under thrusting in Pamir, ii. forced erosion and
exhumation creating the high relief under the process named “a
tectonic aneurysm”, and finally iv. rollover along the footwall of
Konggg-}%han normal fault during the EW extension of
Pamir™.

The exhumation of Muztagh Ata dome was initiated during 7-
9Ma ago, while of Kongur Shan dome (KES) was around 5-
8Ma. The recent exhumation rates of KES are highest with
thermochronological results of 1.5-4mm/yr, but these rates
decrease to the north to ~2-0.5mm/yr along King-Ata-Tagh
section (KATS) and also to the south of KES to ~1-0.5mm/yr at
Muztagh-Ata massif and 0.5-0.4"'mm/yr to the south of
Muztagh-Ata. Thermochronological results show that a cooling
window of ~450-120°C from southern Muztagh Ata (~10-7Ma)
to Kongur Shan domes (~3-1Ma). The exhumation pattern
suggests that the Muztagh-Ata dome was cooled earlier and its
temperature was near to the surface temperature while Kongur-
Shan dome was still at a temperature of >650°C™".

Conclusion

Pamir is situated in the northwestern segment of the Indian-
Eurasian collisional belt and strikes parallel to the Tibetan
Plateau. It is accommodating several Paleozoic-Mesozoic
sutures, crustal blocks, and magmatic belts. Two dominant
tectonic activities in the region are, subduction of the Indian
plate beneath the Hindukush and subduction of the Eurasian
Plate beneath the Pamir. The rupture of Indian plate under the
Pamirinitiated during the early collisional time (i.e. ~44-48Ma)
and its complete detachment from the central Indian slab
occurred during the middle Miocene (~15Ma). The Pamir is
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tectonically divided into four major parts namely; Northern,
Central, Southern, and Eastern. The Northern Pamir is thrust
over the Tian-Shan along the Main-Pamir-Thrust and
contributing ~10% of the convergence with the rate of ~10-15
mm/yr and it marks the northern boundary of N-Pamir. The
Main-Pamir-Thrust is having the highest strain rates of ~13-15
mm/yr. The Tanymas Thrust reactivated the Tanymas-Jinsha
suture zone and separates the Northern Pamir from the Central
Pamir. There is thepresence of Cambro-Ordovician magmatism
in the Central and Southern Pamir, which is aresult of the
subduction along Jhinsa suture during the middle Jurassic. The
Southern Pamir extends from Serz-Murghab Thrust; a boundary
thrust between southern and central Pamir, up to Rushan-Pshart
suture zone. The post-collisional crust of Southern Pamir is
thicker due to the subduction of Indian plate underneath the
Eurasian plate. The Eastern Pamir is bounded between Main-
Pamir-Thrust and Kashgar-Yecheng Thrust system, a dextral
strike-slip fault (slip rate of 11-15mm/yr., reduced during the
late Miocene-Pliocene), towards its north and south
respectively. There are numerous thrustfaults in the northeast
Pamir and since Miocene, it was rotated ~52° Clockwise while
in late Miocene southern Pamir experienced a counterclockwise
rotation. The EW extension in Pamir initiated due to radial
expansion of thickening crust underneath the Pamir. The
Karakoram Fault lies west of the eastern Pamir, that was active
15+1 to 23+1Ma and is linked with Murghab thrust and yielded
~280Km of crustal shortening. Karakax Fault separates the
Tibetan Plateau from Tarim basin and it is the westernmost
segment of the Althy Tagh Fault and is believed to be the source
of eastward movement for Tibetan Plateau. The Kongur
Extension System is a group of faults that run parallel to the
Kashgar-Yecheng Thrust System and Main Pamir Thrust and
was active around7-8 Ma ago, with a slip rate 6.5 mm/yr.

Abbreviations: Main Pamir Thrust (MPT), Global positioning
system (GPS), Bangong- Nujiang suture zone (BNS), Southern
Pamir shear zone (SPSZ), Kashgar- Yecheng Thrust system
(KYTS), Karakoram Fault (KKF), Karakax Fault (KXF),
Kongur extension system (KES), King-Ata-Tagh section
(KATS).
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