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The  Pamir  Plateau  comprises  a  series  of  crustal  fragments  that  successively  accreted  to  the  Eurasian
margin preceded the  India-Asia  collision,  is  an ideal  place to  study the  Mesozoic  tectonics.  The authors
investigate the southern Tashkorgan area, northeastern Pamir Plateau, where Mesozoic metamorphic and
igneous  rocks  are  exposed.  New  structural  and  biotite 40Ar-39Ar  age  data  are  presented.  Two  stages  of
intense  deformation  in  the  metamorphic  rocks  are  identified,  which  are  unconformably  covered  by  the
Early Cretaceous sediment. Two high-grade metamorphic rocks yielding 128.4 ± 0.8 Ma and 144.5 ± 0.9
Ma 40Ar-39Ar  ages  indicate  that  the  samples  experienced  an  Early  Cretaceous  cooling  event.  Combined
with previous studies, it is proposed that the Early Cretaceous tectonic records in the southern Tashkorgan
region are associated with Andean-style orogenesis. They are the results of the flat/low-angle subduction
of the Neotethyan oceanic lithosphere.
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1. Introduction

The  Pamir  Plateau  appears  as  a  high-elevation  and  high-
relief  mountain.  Similar  to  the  Tibetan  Plateau,  the  Pamir
Plateau  is  a  complex  assemblage  of  multiple  terranes  which
accreted to the southern margin of the ancient Asian continent
preceded the  India-Asia  collision (Tapponnier  P  et  al.,  1986,
2001; Allégre  CJ  et  al.,  1984; Burtman  VS  and  Molnar  P,
1993; Yin  A  and  Harrison  TM,  2000).  It  is  contiguous  with
the  Tibetan  Plateau  to  the  east  and  is  separated  from  the
Tibetan  Plateau  by  the  Kashgar-Yecheng,  Karakax  and
Karakorum  fault  systems  (Cowgill  E,  2010),  and  can  be
divided  into  North  Pamir,  Central  Pamir,  South  Pamir,  and
Kohistan-Ladakh  terranes  separated  by  Tanymas,  Rusha-
Pshart,  and  Shyok  suture  zones  (Fig.  1)  (Burtman  VS  and
Molnar P, 1993; Robinson AC et al., 2004, 2007, 2012, 2015;
Schmidt J et al.,  2011; Stübner K et al.,  2013a, 2013b; Rutte
D et al., 2017a, 2017b).

The  Tashkorgan  area  of  Xinjiang  is  located  in  the

northeast of the Pamir Plateau. Many studies are focus on the
Cenozoic  tectonics  of  the  northeastern  Pamir.  The  Cenozoic
Karakoram strike-slip  fault  with  large  scale  has  been  argued
by  researchers  for  years  (Tapponnier  P  et  al.,  1986, 2001;
Searle MP et al., 1987, 1998; Lacassin R et al., 2004; Phillips
RJ et al., 2004; Amidon WH and Hynek SA, 2010; Leloup PH
et  al.,  2011).  These  researchers  have  discussed  its  scale,
strike-slip  displacement,  formation  time,  and  its  contribution
to  the  lateral  extrusion  of  the  continent  after  the  India-Asia
collision. Some researchers believe that its strike-slip reaches
1000 km or more than 400 km, which is a major channel for
the eastward extrusion of Pamir materials after the India-Asia
continental collision (Tapponnier P et al., 1986; Lacassin R et
al., 2004; Schwab M et al., 2004). Some scholars believe that
its  strike-slip  is  much  smaller  and  its  contribution  to  the
eastward extrusion of material is limited (Murphy MA et al.,
2000; Robinson AC et al., 2009). The main viewpoint on the
formation age of the dextral strike-slip fault in the Karakoram
is that it occurred at Oligocene to early Miocene ( Lacassin R
et  al.  2004; Schmalholz  M et  al.,  2004; Valli  F  et  al.,  2007;
Robinson AC et al., 2009; Amidon WH and Hynek SA, 2010;
Leloup  PH  et  al.,  2011).  The  Cenozoic  Kongur  Shan
Extensional Fault System in northeastern Pamir (Brunel M et
al., 1994; Robinson AC et al., 2004, 2007, 2012) is also well

 

 
 

* Corresponding author: E-mail address: cai-zhihui＠hotmail.com (Zhi-hui Cai).

 
doi:10.31035/cg2021023
2096-5192/© 2021 China Geology Editorial Office.

China Geology 1 (2021) 67-76

 

China Geology
Journal homepage: http://chinageology.cgs.cn

https://www.sciencedirect.com/journal/china-geology

ChaoXing



known  and  is  thought  to  have  a  significant  E-W  extension,
and  began  to  active  at  Miocene  (Robinson  AC et  al.,  2007).
Some  studies  (Robinson  AC  et  al.,  2004, 2007, 2009, 2012;
Cao K et al., 2013; Cai ZH et al., 2017) are also focus on the
Cenozoic  gneiss  domes  in  the  northeastern  Pamir.  The
researchers  regard  the  Kongur  Shan  and  Muztaghata  gneiss
domes underwent high-grade metamorphism (Robinson AC et
al.,  2004, 2007)  and  continued  exhumation  to  the  middle-
upper  crust  until  Miocene  (Cai  ZH  et  al.,  2017).  In  the
Pliocene-Quaternary,  the  gneiss  domes  experienced  rapid
exhumation (Cao K et al., 2013).

The  magmatic  rocks  in  the  northeastern  Pamir  are  also
well  studied.  The  12  Ma  to  10  Ma  potassic  intrusions
(Robinson AC et al.,  2007; Jiang YH et al.,  2012) have been
interpreted to be associated with the Miocene decompression
melting and asthenosphere upwelling (Jiang YH et al., 2012).

The  above  studies  have  primarily  concentrated  on  the
Cenozoic  tectonics  in  the  northeastern  Pamir,  and  relatively
little  attention  has  been  paid  to  the  Mesozoic  history.  Some
Zircon  U-Pb  geochronologic,  geochemical,  and  isotopic  data
for Mesozoic igneous rocks were gained to argue the magma
sources  and  tectonic  settings.  The  Triassic  to  Early  Jurassic
igneous  rocks  were  regarded  to  be  related  to  the  subduction
and closure of the Paleo-Tethys Ocean (Jiang YH et al., 2013;
Liu  XQ  et  al.,  2020a).  The  Early  Cretaceous  igneous  rocks
were  interpreted  to  reflect  northward  directed  subduction  of
the  Neo-Tethyan  oceanic  lithosphere  (Jiang  YH et  al.,  2014;
Li  J  et  al.,  2016; Liu  XQ  et  al.,  2020b).  Despite  these
achievements  on  the  Mesozoic  magmatic  history  of
northeastern  Pamir,  rare  structural  data  were  reported  in  this
area. This hampers the understanding of the framework of the
northeastern Pamir preceded the India-Asia collision.

This  paper  aims  to  demonstrate  the  Early  Cretaceous

tectonic  history  of  the  southern  Tashkorgan  region,
northeastern Pamir. The authors report the structural and 40Ar-
39Ar geochronology data combining with previous studies, to
serve to improve the understanding of the Mesozoic tectonics
of the Tibet-Pamir Plateau. 

2. Geological setting

The  Tashkorgan  region  of  Xinjiang  Uggur  Autonomous
Region is  located  in  the  northeastern  Pamir  Plateau.  It  is  the
only  segment  of  China  that  belongs  to  the  Pamir  Plateau.
According  to  characteristics  of  the  lithology  and  fault
distribution,  the  Tashkorgan  region  can  be  divided  into
several  terranes:  The  South  Tarim,  the  West  Kunlun,  the
Tashkorgan, and the Mingtiegai terranes (Wang SY and Peng
SM, 2014). The southern Tashkorgan region is located in the
south of the Tashkorgan Terrane. It is surrounded by the Taesi
Fault to the west, Wachia Fault to the east, and Bandier Fault
to  the  north  (Fig.  2).  Its  north  is  adjacent  to  the  Muztaghata
Gneiss Dome (Robinson AC et al., 2004, 2007, 2012; Cao K
et al., 2013; Cai ZH et al., 2017).

The  basement  in  the  southern  Tashkorgan  region  is
composed  of  two  parts.  The  lower  part  is  high-grade
metamorphic rocks: Amphibolite, quartzite, marble, and schist
bearing metamorphic minerals such as garnet and sillimanite.
The  upper  part  is  Ordovician-Silurian  light  metamorphic
sedimentary  rocks  (Wang  SY  and  Peng  SM,  2014; Fig.  3).
The  high-grade  metamorphic  rocks  in  the  southern
Tashkorgan region are in contact with the Ordovician-Silurian
sedimentary rocks with faults (Fig. 3). The Ordovician-Silurian
rocks  are  also  slightly  metamorphic,  comprising  siltstone,
slate,  crystalline  limestone,  meta-sandstone,  and  meta-
volcanic  rocks  (Fig.  3)  formed  in  the  active  continental
margin environment.  The Carboniferous contains  mudstones,
sandstones,  silicalites,  limestones,  and  few  volcanic  rocks
(Pan YS et al., 1992; Wang JP, 2008). The Lower Cretaceous
conglomerates  unconformably  cover  the  Carboniferous  and
Bulunkole Group (Pan YS et al., 1992; Wang JP, 2008; Fig. 3).

Based  on  the  above  lithology  description,  the  southern
Tashkorgan  and  other  northern  Pamir  regions  have  been
interpreted  as  having  a  similar  basement  to  the  North  and
South Kunlun Terranes in the Tibet Plateau (Burtman VS and
Molnar  P,  1993).  Alternatively,  according  to  detrital  zircon
and  Sr-Nd  isotopic  analyses, Robinson  AC  et  al.  (2012)
proposed that the medium to high-grade metamorphic rocks in
the southern Tashkorgan region is Permian-Triassic in age. It
belongs  to  the  Permian -Triassic  Karakul-Mazar  arc-
accretionary  complex  terrane.  These  different  interpretations
highlight the uncertainty in terrane affiliation of the southern
Tashkorgan region. 

3. Structural geology of the southern Tashkorgan Region

In the southern Tashkorgan region, the Lower Cretaceous
Xialafdi Group unconformably overlies the Bulunkole Group
(Fig. 4a) and is composed of ca. 546 m thick lacustrine delta
deposits,  including  yellow-gray-brown  conglomerates,
sandstones,  and  limestones  (Wang  SY and  Peng  SM,  2014).
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Fig.  1.   Simplified  geological  map  of  the  Pamir  Plateau  (after
Robinson AC, 2009).
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The Bulunkole  Group is  significantly  deformed for  the  folds
and intense foliations (Figs. 4a, b). It indicates that the ductile
deformation  of  the  Bulunkole  Group  occurred  before  the
deposition age of the Xialafdi Group (Early Cretaceous).

In  the  southern  Tashkorgan  region,  two  stages  of
deformation  recorded  in  the  Bulunkole  Group  were
recognized.  The  authors  name  them  D1  and  D2  as  the  first
and  second  stages  of  deformation,  respectively.  The  D2  is
much  more  prominent  than  the  D1.  It  overprints  the  D1  in
most  locations.  The  D2  foliations  are  continuous  and
generally  NW-SE  striking  with  moderate  or  shallow  W/SW
dip angle (Figs.  4a, b).  The D2 stretching lineations are SW,

SSW or W plunging (Figs. 4c-e), indicating a high strain rate
of simple shearing. The σ-type porphyroblasts systems (Figs.
4f, g),  mica  fish,  S-C/C ’  structures  in  the  mylonites  show  a
top-to-the-east or northeast shear sense of D2 deformation. In
some locations, the D2 foliations dip to the east (Figs. 4a-h),
reflecting isoclinal folding deformation. Small scale D2 folds
also  can  be  found  in  the  field  with  axial  surface  moderately
dipping to west/southwest and tight (Fig. 4h).

Within  the  Bulunkole  Group,  few  relicts  of  the  D1
structure  can  be  identified  (Figs.  4h-l).  In  some  locations
where  the  original  bedding  of  the  sedimentary  rocks  is  quite
thick, the D1 foliation appears as parallel to the bedding (Fig. 4i),
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Fig.  2.   a -Simplified  geological  map  of  the  Tashkorgan  region,  northeastern  Pamir  (after Wang  SY  and  Peng  SM,  2014);  b -cross-section
across the southern Tashkorgan region (see A-A' in the Fig. 2a). I-South Tarim Terrane; II-West Kunlun Terrane; III-Tashkorgan; IV-Mingtie-
gai terranes. BDF-Bankier Fault; WCHF-Wachia Fualt; TSF-Taesi Fault.

Cai et al. / China Geology 1 (2021) 67-76 69

ChaoXing



dipping to the east with a gentle angle (Fig. 4i). Immediately
east  of  Tashkoran,  remnant  D1  folds  were  recognized.  The
axial  surfaces  of  the  D1  folds  are  mainly  west-dipping  and
observed  to  rotate  influenced  by  D2  shearing  (Fig.  4j).
Leucosomes, without foliation, intruded into the D1 folds, and
some of them cut across the layers in the folds (Fig. 4j). The
leucosomes  are  named  MA2  leuocosomes  here.  In  some
locations, where the MA2 leuocosomes appear as thick sills or
pluton,  the  D1  foliations  can  be  easily  observed  generally
dipping to SSW/W, for the D2 cutting across the D1 foliations
(Figs. 4k-l).

The microstructures of mylonitic samples from the studied
area are shown in Fig. 5. The foliations are defined by quartz,
feldspar, biotite, muscovite, amphibole, pyroxene, sillimanite,
kyanite,  and  et  al.  The  mica-fish  (Figs.  5a, f),  σ-type  garnet
porphyroblasts (Figs. 5b-e), quartz shear bands, C-type (Fig.
5c),  and  C ’-type  (Figs.  5b, f)  shear  bands  show  the  latest
simple shearing with a sense top-to-east or E or NE consistent
with the field observations. Strongly elongated quartz ribbons
with  subgrains  indicate  a  subgrain  rotation  recrystallization
happened  during  the  deformation.  The  authors  regard  the
above  deformation  characteristics  belong  to  the  prominent
D2.  The  D1  is  significantly  overprinted  by  the  D2  in  these
samples.  From the  minerals  (sillimanite,  garnets,  biotite,  and
recrystallized  quartz)  along  the  foliations,  the  D1  can  be
recognized  (Figs.  5a-  f).  That  means  the  D1  is  mainly
manifested  as  foliation  defined  by  high-grade  metamorphic
minerals. The deformation occurred under a high-temperature
condition. Differently, the D2 deformation could occur under
hydrated  conditions  of  medium  temperature,  which  can  be
inferred  from  the  deformed  sillimanite  and  biotite  (Tullis  J,
2002).  The  garnet  porphyroblasts,  surrounded  by  the  quartz-
mica matrix, show grown over a secondary straight foliation.
The  matrix  deformation  did  not  affect  the  shapes  and
inclusion  patterns  in  the  porphyroblasts,  indicating  an  inter-
tectonic  porphyroblast  growth  (Passchier  CW  and  Trouw

RAJ,  2005).  The  foliation  in  the  garnet  porphyroblast  (pre-
D1) formed earlier than the matrix foliation (D1).

The  MA2  leuocosomes,  cutting  across  the  D1  foliation,
are  coarse-medium-grained,  consist  of  feldspar,  quartz,
muscovite, and garnet, and without ductile deformed features
(Figs. 4k-l). 

4. 40Ar-39Ar geochronologic analyses and interpretation
 

4.1. Sample description and methods

Application of 40Ar-39Ar methods provides constraints on
the  timing  of  deformation  and  metamorphism  within  the
southern  Tashkorgan  Region.  Two  representative  high-grade
schist  samples  were  collected  from  the  southern  Tashkorgan
region for biotite 40Ar-39Ar analyses. Sample CP7-1-10 (schist
assemblage  includes  quartz,  biotite,  sillimanite,  and  garnet)
was collected from east of Tashkorgan city. Sample CP8-2-7
(schist assemblage includes quartz, biotite, sillimanite, garnet,
and kyanite) was collected from Bandier village.

Biotite  grains  from  metasedimentary  samples  were
separated  using  conventional  techniques,  subsequently,  were
sent into the nuclear reactor at the Chinese Institute of Atomic
Energy in Beijing to irradiate for 1440 minutes and cooled for
three  months.  Argon  isotope  analyses  were  conducted  on  an
MM-1200B mass  spectrometer  in  the  Laboratory  of  Institute
of Geology, Chinese Academy of Geological Science. Biotite
grains  (32.62  mg  from  CP7-1-10,  32.26  mg  from  CP8-2-7)
were  step-heated  for 40Ar-39Ar  analysis.  The 40Ar-39Ar
analytical data are summarized in Table 1, presented in Fig. 6.
The analytical methods and age calculations are given in Chen
W et al. (2006) and Zhang Y et al. (2006). 

4.2. Analytical results

Fig.  6 shows 40Ar-39Ar  step  heating  results  for  biotites
from studied samples.  Biotites  from the two samples yielded
disturbed  spectrums,  but  with  a  reasonably  concordant
average  age.  The  discordance  in  the  age  spectrum  could
because of Ar loss, different sized grains, or alteration around
the  biotite  grain  margins.  The  CP7-1-10  sample  yielded  a
weighted 40Ar-39Ar plateau age of 128.4 ± 0.8 Ma (MSWD =
0.65;  from 860°C to  1230°C, Fig.  6a).  The  CP8-2-7  Sample
gave  a 40Ar-39Ar  plateau  age  of  144.5  ±  0.9  Ma  (MSWD  =
0.83; from 900°C to 1200°C, Fig. 6b). 

5. Discussion
 

5.1. Timing of the deformation stages

Closure  temperatures  of  argon  are  assumed  to  be  around
300°C  for  biotite  (Harrison  TM  et  al.,  1985),  with  an
uncertainty  of  ±  50°C  on  closure  temperatures  (due  to
compositional  and  dimensional  effects  on  diffusion
parameters)  (Renne  PR  et  al.,  1993).  The 40Ar-39Ar
geochronologic data in this study indicate an Early Cretaceous
cooling and exhumation occurred in the southern Tashkorgan
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region.  The  southern  Tashkorgan  region  cooled  through  ca.
300°C at around 144.5-128.4 Ma.

The D1 deformation appears as foliation and folds in high-

grade  metamorphic  rocks  (Figs.  4j-  l).  According  to  the
unpublished  zircon  and  monazite  U-Pb  data,  the
metamorphism  age  of  the  high-grade  schists  is  ca.  200  Ma
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(Early  Jurassic).  This  age  constrains  the  D1  deformation,
reflecting  a  primary  homogeneous  crust  shortening  and
thickening.

The  MA2  leuocosomes  formed  accompanied  the  D2

deformation.  According  to  the  unpublished  zircon  U-Pb
analyses  of  the  MA2  leuocosomes,  MA2  leuocosomes
crystalized at ca. 160 Ma. Herein, the D2 occurred at ca. 160 Ma,
followed 144-128 Ma cooling event (this study).
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5.2. Early  Cretaceous  deformation  in  the  southern
Tashkorgan region

The Early Cretaceous D2 is  mainly manifested as top-to-
east shearing, tight and upright folding (Figs. 4, 5), indicating
an  eastward  décolloment-like  structure  existed  in  the  middle
crust.  This  structure  is  proposed  to  be  similar  to  the

décolloment  in  the  Songpan-Garze  Orogenic  Belt  of  China
(Xu ZQ et al., 1992). It always occurs between the crystalline
basement  and  sedimentary  cover  under  a  crustal  shortening
regime.

Intensely  deformed  Bulunkole  Group  is  unconformably
underlined  by  the  conglomerates  in  the  Lower  Cretaceous

Table 1.   Ar-Ar dating results for the samples from southern Tashkorgan region.

T/°C (40Ar/39Ar)m (36Ar/39Ar)m (37Ar0/39Ar)m (38Ar/39Ar)m F 39Ar/-14mol Apparent age/Ma ±2σ/Ma
CP7-1-10 Biotite, W = 32.62 mg, J = 0.003468
Total age = 128.6 Ma; 86 - 1230°C WMPA = 128.4 ± 0.8 Ma, MSWD = 0.65
700 245.4229 0.7303 0.0000 0.1151 29.6069 0.01 176.0 47.0
800 52.1743 0.1209 0.4670 0.0342 16.4827 0.13 100.3 3.6
860 29.3297 0.0279 0.0921 0.0181 21.0977 2.33 127.4 1.2
900 22.6913 0.0048 0.0320 0.0136 21.2632 7.81 128.4 1.2
940 21.9491 0.0019 0.0274 0.0130 21.3970 2.76 129.1 1.3
980 21.8960 0.0016 0.0344 0.0131 21.4253 4.92 129.3 1.3
1020 21.8804 0.0028 0.3192 0.0136 21.0677 1.53 127.2 1.3
1060 21.9127 0.0031 0.2642 0.0134 21.0127 1.20 126.9 1.3
1100 21.9053 0.0027 0.3744 0.0135 21.1343 1.52 127.6 1.3
1140 21.8648 0.0017 0.0717 0.0130 21.3710 3.73 129.0 1.2
1180 22.2091 0.0026 0.0091 0.0132 21.4478 4.74 129.4 1.3
1230 22.3636 0.0029 0.0000 0.0130 21.5024 4.61 129.7 1.3
1300 23.1777 0.0100 2.3748 0.0173 20.4284 0.24 123.5 1.7
1400 34.3942 0.0585 3.1271 0.0054 17.3623 0.03 105.5 9.1
CP8-2-7 Biotite, W = 32.26 mg, J = 0.003397
Total age = 144.7 Ma; 900 - 1200°C, WMPA = 144.5 ± 0.9 Ma, MSWD = 0.83
700 58.7124 0.1652 0.0000 0.0453 9.8778 0.04 60.0 11.0
800 38.8612 0.0733 1.1515 0.0313 17.2988 0.14 103.0 2.2
860 37.3467 0.0497 0.2422 0.0238 22.6688 1.61 133.8 1.3
900 27.1498 0.0101 0.0000 0.0157 24.1752 4.15 142.4 1.4
940 25.3830 0.0027 0.0000 0.0142 24.5761 3.31 144.6 1.4
980 25.2100 0.0018 0.0000 0.0138 24.6605 2.31 145.1 1.4
1020 25.3370 0.0019 0.0000 0.0138 24.7629 1.53 145.7 1.4
1070 25.1289 0.0020 0.0741 0.0142 24.5377 1.67 144.4 1.4
1120 24.9489 0.0022 0.0610 0.0144 24.2930 3.02 143.0 1.4
1160 25.0148 0.0012 0.0000 0.0140 24.6515 6.13 145.1 1.4
1200 25.1243 0.0010 0.0111 0.0140 24.8241 5.64 146.1 1.4
1240 25.2439 0.0001 0.0316 0.0139 25.2076 7.03 148.2 1.4
1280 25.7244 0.0015 0.0000 0.0140 25.2907 1.09 148.7 1.5
1400 47.9704 0.0258 8.9169 0.0258 41.2568 0.02 237.0 27.0
1300 18.1193 0.0496 0.0000 0.0274 19.1300 0.15 14.1 1.4
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Fig. 6.   40Ar-39Ar age spectras of biotites in the southern Tashkorgan region.
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Xialafdi Group (Fig. 4a) combining with the Early Cretaceous
biotite 40Ar-39Ar  cooling  ages  (144 -128  Ma)  reflect  the
exhumation  process  in  the  southern  Tashkorgan  region.  It
means,  from  144 -128  Ma  to  the  deposition  time  of  the
Xialafdi Group (Lower Cretaceous), the deformed Bulunkole
Group rapidly exhumed from the middle crust to the surface. 

5.3. Tectonic implications

Before this  study,  Cretaceous 40Ar-39Ar cooling ages and
Cretaceous  amphibolite  facies  metamorphism  in  the
northeastern Pamir have been reported by Robinson AC et al.
(2007, 2015).  Additionally,  Early  Cretaceous  igneous  rocks
are widely distributed in the northern Pamir (Jiang YH et al.,
2014; Li J et al., 2016; Chapman JB et al., 2018b; Liu XQ et
al., 2020b). Combined these data with the structural and 40Ar-
39Ar data in this study, the Early Cretaceous tectonism of the
northeastern  Pamir  can  be  proposed  to  be  including
magmatism, significant shortening and exhumation.

The  authors  explain  the  Early  Cretaceous  magmatism,
shortening  and  exhumation  in  the  northeastern  Pamir  are
results of the low-angle to flat subduction and roll-back of the
Neotethyan  oceanic  slab.  The  northern  and  southern  Pamir
regions are far from the subduction zone of the Shyok oceanic
lithosphere  (Neothys),  which  was  subducting  northward
during  the  Cretaceous.  To  form  the  Cretaceous  magmatism
(Searle  MP  et  al.,  1987, 2010; Schwab  M  et  al.,  2004;
Chapman JB et al.,  2018b; Liu XQ et al.,  2020b) and crustal
thickening  (this  paper),  a  low-angle  to  flat  subduction  is
required,  which  can  well  explain  the  intracontinental
deformation  inland  far  from  the  trench  (Jordan  TE  et  al.,
1983; Fig. 7). The exhumation of the high-grade metamorphic
rocks in the northeastern Pamir might be due to the roll-back
of the Neotethyan oceanic slab (Chapman JB et al., 2018a). 

6. Conclusions

(i)  The  authors  recognize  two  intense  deformational
records in the high-grade metamorphic rocks and relate them
to the Early Jurassic to Early Cretaceous tectonic evolution of
the southern Tashkorgan region.

(ii) The high-grade metasedimentary rocks in the southern
Tashkorgan  region  record  Early  Cretaceous  cooling  ages  of
144.5  ±  0.9  Ma  and  128.4  ±  0.8  Ma,  indicating  an  Early
Cretaceous exhumation.

(iii)  The  Early  Cretaceous  magmatism,  exhumation,  and

sedimentary records imply Andean-style orogenesis occurred.
(iv)  The  Early  Cretaceous  crustal  deformation  of  the

northeastern Pamir may be occurred by low-angle subduction
of the Neotethyan oceanic lithosphere. 
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