
Journal of Earth Science, Vol. 36, No. 4, p. 1820–1828, August 2025
Printed in China
https://doi.org/10.1007/s12583-025-0195-4

ISSN 1674-487X

Yang Fan, Yin Jiyuan, Fowler Mike, Kerr Andrew C., Tao Zaili, 2025. Cretaceous to Cenozoic Magmatic and Crustal Evo-
lution of the Pamir-West Kunlun Orogenic Belt. Journal of Earth Science, 36(4): 1820–1828. https://doi. org/10.1007/
s12583-025-0195-4. http://en.earth-science.net

Cretaceous to Cenozoic Magmatic and Crustal 
Evolution of the Pamir-West Kunlun Orogenic Belt

Fan Yang1, 2, Jiyuan Yin*2, Mike Fowler3, Andrew C. Kerr4, Zaili Tao2

1. School of Earth Sciences and Resources, China University of Geosciences (Beijing), Beijing 100083, China
2. State Key Laboratory of Deep Earth and Mineral Exploration, Institute of Geology, Chinese Academy of Geological 

Sciences, Beijing 100037, China
3. School of the Environment & Life Sciences, University of Portsmouth, Portsmouth PO1 3QL, UK

4. School of Earth and Environmental Sciences, Cardiff University, Wales CF10 3AT, United Kingdom

0 INTRODUCTION 
Orogenic belts are commonly built by multiple-stage 

processes involving oceanic subduction and continental 
collisions that result in the generation of magma with dis-
tinct geochemical compositions, as exemplified by Cen-
tral Asian Orogenic Belts (e.g., Wang et al., 2024; Yin et 
al., 2024; Xiao et al., 2005) and the Tethyan tectonic do-
mains (e.g., Chen et al., 2024; Li et al., 2024; Tao et al., 
2024a; Gehrels et al., 2011; Yin and Harrison, 2000). 
Therefore, identifying the transition from subduction to 
collision in convergent orogenic belts is critical for con-
structing the geodynamic framework of orogenic evolu-
tion, and providing further constraints on the crustal and 
mantle evolution (Liu et al., 2022). Several geochemical 
proxies have been used to trace this transition due to the 
significant changes in crustal thickness as well as upper 
mantle geometry from convergence to post-collisional ex-
tension: (1) The transition in magma compositions from 
calc-alkaline to alkaline can provide a maximum estimate 
of the timing of collision at ancient convergent margins 
(e.g., Zhao et al., 2023; Liu et al., 2022); (2) Variations in 
oxygen fugacity and fluid fluxes can be used to identify 
magmatism related to different tectonic events (e.g., Xue 
et al., 2023; Zhang et al., 2020); (3) The onset of collision 
is also marked by isotopic perturbation, such as whole-
rock εNd(t) and zircon Hf-O values, due to increased as-
similation of continental crust (e. g., Moghadam et al., 
2022). These geochemical variations are direct manifes-
tations of crustal and mantle dynamic processes, and 
contribute to a better understanding of continental crust 
formation, reworking, and long-term evolution.

The Pamir-West Kunlun Orogenic Belt (PWKOB) un-
derwent prolonged subduction of the Neo-Tethyan ocean-
ic lithosphere during the Cretaceous, followed by India-
Asia collision and subsequent continental lithospheric 

subduction during the Cenozoic. Thus, PWKOB offers a 
valuable natural laboratory to investigate the tectono-
magmatic transition from oceanic subduction to continent-
continent collision. Numerous studies have addressed as-
pects of the precise timings of Neo-Tethys Oceanic clo-
sure and initial India-Asia collision in the Tibetan Himala-
ya (e. g., An et al., 2021; DeCelles et al., 2014; Yin and 
Harrison, 2000), but there is a lack of research to assess 
how magmatism changed over geologically short time 
scales in the PWKOB. In addition, the processes govern-
ing continental crust evolution during this critical period 
are still poorly constrained. It is also unclear whether the 
PWKOB mantle source remained persistently enriched 
due to successive metasomatic events associated with 
the subducted Neo-Tethyan slab and the continental litho-
sphere of India and/or Asia. Some authors propose that 
the lithospheric mantle had been long-term enriched since 
the Cretaceous (e.g., Ke et al., 2016), while others sug-
gest that there was a change in the nature of the mantle 
from enrichment to depletion during the Late Cretaceous 
(e. g., Chapman et al., 2018a). To address these issues, 
this study presents a comprehensive compilation of geo-
chronological and geochemical data on Cretaceous –
Cenozoic magmatic rocks from the PWKOB, to assess 
the nature and timing of the transition from oceanic sub-
duction to continent-continent collision. Based on system-
atic temporal geochemical trends, we further propose that 
the Cretaceous–Cenozoic magmatism in the PWKOB co-
incided with significant crustal growth and thickening, high-
lighting its geodynamic significance during the transition 
from oceanic subduction to continental collision.

1 GEOLOGICAL SETTING 
The PWKOB, situated in the northwestern part of the 

Tibetan Plateau and bounded by the South Tianshan to 
the north and the Tarim Basin to the northwest (Figure 
1a), records a prolonged tectonic history. It experienced 
successive subduction-accretion and collisional events 
associated with the evolution of the Proto-Tethyan, Paleo-
Tethyan, and Neo-Tethyan oceans from the Early Paleo-
zoic to the Mesozoic, and was subsequently affected by 
Cenozoic crustal shortening and structural overprinting 
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(e. g., Rutte et al., 2017; Robinson, 2015; Xiao et al., 
2005; Schwab et al., 2004).

Magmatic activity in the PWKOB is closely linked to 
these tectonic events and can be divided into four major 
episodes: Early Paleozoic, Triassic–Jurassic, Cretaceous 
and Cenozoic (e.g.,Tao et al., 2024a, b; Yin et al., 2020; 
Chapman et al., 2018a; Schwab et al., 2004). The Early 
Paleozoic and Triassic – Jurassic magmatism are mainly 
distributed in the North Pamir and South Kunlun terrane, 
and are related to the subduction of Proto-Tethyan and 
Paleo-Tethyan Oceans, respectively (e.g., Tao et al., 
2024a; Xiao et al., 2005; Schwab et al., 2004). The third 
magmatic episode, occurring during the Cretaceous in 
South Pamir, has been attributed to the subduction of the 
Neo-Tethyan oceanic slab (Figure 1; Ma, 2024; Yang et 
al., 2024; Chapman et al., 2018a). Following the closure 
of Neo-Tethyan Ocean, the Cenozoic Indian and Asian 
collision has led to continued convergence and bidirec-
tional lithospheric subduction involving both the Indian 
and Asian plates (e.g., Chen and Chen, 2020; Replumaz 
et al., 2014; Sobel et al., 2013; Zhao et al., 2010; Negre-
do et al., 2007), which played a key role in generating Ce-
nozoic post-collision magmatism.

2 DATASET 
To investigate the spatial and temporal distribution of 

magmatic rocks and the tectonic transition from Creta-
ceous to Cenozoic, we compiled comprehensive geo-
chronological and geochemical datasets from the 
PWKOB. The dataset includes 285 geochronological ag-
es (including U-Pb, K-Ar, and Ar-Ar dating methods) 
across these regions (Figure 1 and Table S1). Additional-
ly, we compiled the geographic coordinates, lithological 
characteristics, geochemical data, including whole-rock 
major- and trace-elements, as well as Nd-Hf-O isotopic 
data. We excluded the whole-rock Sr isotopes due to al-
teration, which can lead to elevated Sr isotopic ratios in 
magmatic rocks (White, 1993). To better investigate the 
shift of lithospheric mantle nature and tectonic evolution 
in the PWKOB, we have divided these magmatic rocks in-
to mantle-derived and crustal-derived rocks based on 
their lithology and petrogenesis from the corresponding 
references. Among them, the mantle-derived magmatic 
rocks underwent limit crustal contamination (e.g.,Yang et 
al., 2025, 2024; Ma, 2024), and thus their isotopic chang-
es can represent the mantle evolution processes.

Figure 1. (a) Simplified topographic map of PWKOB, showing location of geochronological data during Cretaceous to Cenozoic; (b) histogram of 

Cretaceous to Cenozoic ages of PWKOB. The published geochronological data are shown in Table S1. CP. Central Pamir; NKT. North Kunlun 

terrane; NP. North Pamir; SGHT. Songpan-Ganze-Hoxlin terrane; SKT. South Kunlun terrane; SP. South Pamir; TSHT. Tianshuihai terrane; STS. 

South Tianshan.
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3 DISCUSSION 
3.1 Spatial and Temporal Variations of Magmatism 
in the PWKOB　

The compilation of published geochronological data 
(Table S1) reveals that the PWKOB has experienced pro-
longed magmatism, with two principal magmatic periods, 
i.e., Early Cretaceous and Miocene (Figure 1b). During 
the Cretaceous (ca. 122–90 Ma), northward flat-slab sub-
duction of the Neo-Tethyan oceanic slab played an impor-
tant role in the generating Andean-type continental arc 
magmatism (Yang et al., 2024). The Early Cretaceous 
magmatic rocks predominantly occurred in the Shakhdara-
Aliqiu, Tashbulak-Beik and Wakhan Corridor (Southern 
Pamir), and exhibit a peak at ca. 106 Ma (Figure 1; e.g., 
Ma, 2024; Yang et al., 2024; Aminov et al., 2017). Follow-
ing this period, magmatism during the Late Cretaceous–
Early Cenozoic (ca. 90 – 50 Ma) is interpreted to corre-
spond to roll-back of the Neo-Tethyan oceanic slab and 
the initiation of India-Asia continental collision. This phase 
of magmatism is predominantly localized in the Southern 
Pamir, Tianshuihai, and Karakoram terranes (Figure1; 
Chapman et al., 2018a). In the Eocene –Oligocene (ca. 
46–26 Ma), magmatism is concentrated in the gneiss 
domes and western central Pamir (Figure 1a), likely driv-
en by mantle drips or delamination events (Tang et al., 
2024; Chapman et al., 2018a). The Miocene magmatism 
is characterized by two distinct magmatic belts: (1) the 
northern belt (ca. 22–0 Ma), where magmatism migrated 
from the central Pamir to the WKOB; (2) the southern 
belt (ca. 26–8 Ma), where magmatism propagated from 
the southern Pamir to the Lhasa terrane (Figure 1a; Yang 
et al., 2025;Tang et al., 2023, 2024). These post-collision-
al magmatic rocks are attributed to the bidirectional sub-
duction of the Indian-Asian lithospheres since the break-
off of the Indian Plate at ca. 25 Ma (e. g., Yang et al., 
2025; Wang et al., 2023; Sobel et al., 2013).

3.2 Shift of Lithospheric Mantle Nature in the 
PWKOB　

To investigate the shifts of mantle nature beneath 
the PWKOB, we used zircon Hf-O and whole-rock Nd iso-
tope data from the mantle-derived magmatic rocks (Table 
S1). In the first period (122 – 90 Ma), northward flat-
subduction of Neo-Tethyan oceanic slab had migrated 
landward and foundered beneath the PWKOB, leading to 
significant flare-up of mantle-derived magmas (Yang et 
al., 2024; Ma et al., 2023). These magmatic rocks exhibit 
negative zircon Hf (εHf(t) = -16.9 – -2.0) and whole-rock 
Nd (εNd(t) = -10.4– -0.9) isotopic compositions as well as 
high zircon O isotopes (δ18O = 7.7‰–8.2‰) (Figure 2). 
They generally show the geochemical signatures expect-
ed for melts generated above subduction zones, i.e., de-
pletion in high field strength elements (HFSEs; i. e., Nb, 
Ta, Zr and Hf) and enrichment in large ion lithophile ele-
ments (LILEs; e. g., K, Sr and Ba) (Ma, 2024; Zhang et 
al., 2022; Liu et al., 2020). These features suggest an ori-
gin from enriched lithospheric mantle, modified by 
subduction-related melts (e.g., Yang et al., 2024). Anoth-

er high-flux eruption period of mantle-derived magmas in 
the Miocene (Figure 2) also have enriched Nd-Hf-O iso-
topes (Figure 2; εHf(t) = -8.7– -3.7; δ18O = 8.2‰–11.2‰; 
εNd(t) = -13.9 – -3.0), and arc-related fingerprints (e. g., 
Yang et al., 2025; Wang et al., 2023; Guo et al., 2014). 
Such compositions are interpreted to have resulted from 
the incorporation of continental Indian and/or Asian 
lithosphere-derived materials into their mantle sources, 
related to opposing north-direction and south-direction 
continental subduction during the Cenozoic (Yang et al., 
2025; Guo and Wilson, 2019).

However, there is prominent shift to more isotopical-
ly juvenile isotopic compositions at ca. 90 Ma (Figure 2), 
which is consistent with the observation of εHf(t) values 
from regional detrital zircon (Figure 2a). During this peri-
od, mantle-derived magmatic rocks mostly show positive 
Nd-Hf and mantle-like O isotopic compositions (Figure 2; 
εHf(t) = 0.4 – 7.6; δ18O = 5.1‰–7.5‰; εNd(t) = -3.1 – 3.5). 
These rocks have been interpreted to originate from par-
tial melting of a mixed mantle source composed of ~80% 
asthenospheric and ~20% lithospheric mantle (Ma, 
2024). Similar to the Na-rich magmas in the Lhasa ter-
rane, southern Tibetan Plateau, they were derived from 
asthenosphere-lithosphere interaction due to astheno-
spheric upwelling resulting from the roll-back of subduct-
ed Neo-Tethyan oceanic slab (e.g., Lu et al., 2022; Ma et 
al., 2013). In addition, the younger trend of magmatic 
rocks from north to south in the eastern part of the South 
Pamir further illustrates southward migration of magma-
tism during ca. 90–50 Ma (Figure 1a). In this scenario, 
upwelling asthenospheric mantle would have undergone 
decompression melting and induced partial melting of 
overlying lithospheric mantle (Ma et al., 2013). This pro-
cess also led to the extension in the Karakorum terrane 
and Kohistan intra-arc (e.g., Chapman et al., 2018a).

In summary, we suggest the nature of mantle be-
neath the PWKOB exhibits transitions from enrichment to 
depletion to re-enrichment.

3.3 Tectonic and Crustal Evolution　
Due to the lack of a Cretaceous-to-Early Cenozoic 

magmatic record in the WKOB, we mainly discuss the 
tectonic and crustal evolution of Pamir. The published da-
ta reveal systematic geochemical variations from calcic 
to alkalic during the Early Cretaceous to Cenozoic (Fig-
ure 3a), indicating the transition from subduction to colli-
sion (Zhao et al., 2023; Liu et al., 2022; Moghadam et al., 
2022). Estimating crustal thickness is essential for pre-
dicting the timing of continental collision. Some geochem-
ical indexes, such as Sr/Y and (La/Yb)N ratios, provide 
key information about the role of pressure-sensitive resid-
ual or fractionating minerals (i.e., plagioclase and garnet 
or amphibole), and serve as first-order constraints on 
depths of magma generation and fractionation and so in-
directly on crustal thicknesses (Lieu and Stern, 2019; Hu 
et al., 2017; Profeta et al., 2016). In general, Rb and Sr 
concentrations increase during magma evolution. Howev-
er, the crystallization of feldspar removes Sr in moderate-
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ly fractionated magmas causing Sr/Y to decrease (Chap-
man et al., 2015; Gelman et al., 2014; Lee and Morton, 
2015) whereas Rb remains incompatible. Thus, we em-
ployed the calculation formulas from Profeta et al. (2016) 
(Figures 3b–3c), under the conditions of evolving Rb/Sr 
(0.01 – 0.2), Sr/Y (< 80), SiO2 (55 wt.% – 72 wt.% ) and 
MgO (< 6 wt.%). Based on the geochemical changes in 

magmatic rocks during Early Cretaceous to Cenozoic, 
we propose three stages to explain the transition from 
subduction to collision: (1) a phase dominated by ocean-
ic subduction (ca. 122–90 Ma); (2) a transition phase (ca. 
90–50 Ma); (3) an initial collisional phase at ca. 50 Ma 
with subsequent post-collisional magmatism.

In the first stage, landward flat-subduction of the 

Figure 2. (a) Zircon εHf(t), (b) zircon δ18O and (c) whole-rock εNd(t) versus crystallization ages for the magmatic rocks from PWKOB. The detailed 

data are shown in Table S1. The εHf(t) values for detrital zircons in (a) are shown for comparison (Chapman et al., 2018a; Sun et al., 2016; Carra-

pa et al., 2014).
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Neo-Tethyan oceanic slab resulted in enriched mantle 
melting, crust-mantle interaction, and ancient crustal re-
melting (e.g., Yang et al., 2024; Ma et al., 2023). These 
Early Cretaceous magmatic rocks are calc-alkaline and 
have higher Sr/Y ratios than in the Late Triassic rocks 
(average of Sr/Y are 12.7; Ma et al., 2023). From 122 to 
100 Ma, the Pamir experienced gradual crustal thicken-
ing, with a thickness increase from ~22 to ~35 km (Fig-
ures 3a–3b; Profeta et al., 2016). We infer that this peri-
od of crustal thickness was mainly caused by vertical ac-
cretion due to the segregation, differentiation and preser-
vation of large igneous bodies from the mantle (Yang et 
al., 2024; Ma et al., 2023; Li et al., 2022). The back-arc 
compression and crustal shortening (i. e., horizontal ac-
cretion) formed by the subduction of Neo-Tethyan ocean-
ic slab, is a secondary cause of crustal thickening (Yang 
et al., 2024; Robinson, 2015; Robinson et al., 2012, 
2004).

The obvious isotopic perturbation occurred at ca. 90 
Ma and Nd-Hf-O isotopes of magmatic rocks maintained 
relatively depleted and stable values during the Late 
Cretaceous – Early Cenozoic (Figure 2). In addition, re-
search on synorogenic clastic deposits suggests that 
there is a southward migration of deformation in the 
Pamir during the Late Cretaceous, consistent with the 
spatial and temporal variations of magmatism (Figure 1a; 
Villarreal et al., 2023; Li et al., 2022; Chapman et al., 
2018b). Based on these observations, we suggest that 
the slab roll-back of Neo-Tethyan oceanic slab and up-
welling of the asthenosphere began at ca. 90 Ma. Due to 
the upwelling of depleted materials, the Late Cretaceous 
crustal-derived magmatic rocks originated from the 
mixed crust, which contains juvenile and ancient compo-
nents (e.g., Ma, 2024; Liu L J et al., 2017). Therefore, the 
isotopic compositions of crustal-derived magmatic rocks 
also show similar trends with those of mantle-derived 
magmas (Figure 2). Such slab roll-back also resulted in 
the back-arc extension and the regional mantle litho-
spheric thinning (Chapman et al., 2018a), as shown of 
the extensional magmatism with low Sr/Y and (La/Yb)N ra-
tios in the central Pamir (Figures 3b–3c; Ma, 2024). As 
for the southern Pamir, the significant increases in Sr/Y 
and (La/Yb)N ratios of magmatic rocks during this period 
(Figures 3b–3c), indicate that significant crustal thicken-
ing occurred over an extensive area before the India-
Asia collision. This thickening has been proposed to be 
caused by regional thrusting, metamorphism and south-
ward deformation as well as crustal shortening during the 
Late Cretaceous (Villarreal et al., 2023; Li et al., 2022; 
Chapman et al., 2018b).

Following this thickening, magmatic rocks are gener-
ally characterized by alkalic signatures (Figure 3a) with 
gradually decreasing Nd-Hf and increasing O isotopes 
(Figure 2). Research on low-temperature thermochronolo-
gy suggests that rapid exhumation occurred at ca. 50 Ma 
(e.g., Xia et al., 2025; Liu D L et al., 2017), in response to 
the “hard” collision between the Indian and Asian conti-
nents. We proposed that three persistently geological pro-

cesses in the Cenozoic, i. e., post-collisional lithospheric 
subduction, subducted plate break-off and bidirectional 
subduction of continental lithospheres, led to protracted 
Pamir crustal and mantle melting (Figures 2b–2c). Firstly, 
previously subducting Neo-Tethyan oceanic slab provid-
ed the pulling force for the Indian continental subduction 
since the India-Asia collision, leading to the northward 
subduction (An et al., 2021; DeCelles et al., 2014; Re-
plumaz et al., 2014). As a remote response to the colli-
sion, crustal thickening and shortening occurred in the 
North Karakoram and the central Pamir (Rutte et al., 
2017; Zanchi and Gaetani, 2011), followed by the litho-
spheric delamination and asthenosphere upwelling, 
which triggered partial melting of thickened lower crust to 
generate the Eocene magmatic rocks (Tang et al., 2024; 
Chapman et al., 2018a). Secondly, the subducting Indian 
Plate broke off at ca. 25 Ma (e. g., Rutte et al., 2017), 
which caused magmatic underplating to generate the ju-
venile lower crust and the magmatic belts in the South 
Pamir (Figure 1a; Tang et al., 2023). Finally, geophysical 
studies suggest that Indian Plate continued to under-
thrust northward after break-off, and the Asian continen-
tal lithosphere started to subduct southwards at ca. 25 
Ma (Kufner et al., 2016; Sobel et al., 2013; Zhao et al., 
2010). With the deep collision between Indian and Asian 
plates, the Pamir lithosphere began to delaminate from 
west to east, which induced northern magmatic migration 
and drove the overlying Pamir crust from a compression-
al regime into an extensional regime from ca. 20 Ma 
(Yang et al., 2025; Kufner et al., 2016). Based on the in-
creasing Sr/Y and (La/Yb)N ratios, the Cenozoic Pamir 
crust had significantly thickened by ca. 30 km compared 
to the Late Cretaceous (Figures 3b–3c). In addition, con-
tinuous convergence and continental subduction led to 
crustal horizontal accretion in the PWKOB during the Ce-
nozoic. Furthermore, the intrusion and differentiation of 
mantle-derived magma, into the pre-existing continental 
crust, also resulted in significant vertical growth during 
this period.

In summary, we propose that Cretaceous-to-Cenozo-
ic was critical period for crustal growth and thickening in 
the PWKOB.

4 CONCLUSIONS 
Based on a compilation of geochronological and geo-

chemical data from previous studies, the following conclu-
sions can be reached regarding the distribution of 
Cretaceous-to-Cenozoic magmatic history and crustal 
evolution in PWKOB.

(1) Isotopic changes of mantle-derived magmatic 
rocks indicate a shift in mantle nature towards depletion 
during the Late Cretaceous.

(2) Geochemical variations associated with the spa-
tial and temporal changes suggest that the roll-back of 
Neo-Tethyan oceanic slab and the initial India-Asia colli-
sion may occur at ca. 90 Ma and ca. 50 Ma, respectively.

(3) Continuous emplacement of mantle-derived mag-
ma as well as continental convergence indicate that the 
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Cretaceous-to-Cenozoic was a critical period for PWKOB 
crustal thickening and growth.

ACKNOWLEDGMENTS
This study was financially supported by the National 

Key Research and Development Project (No. 2022YFC29
03302), the Second Tibet Plateau Scientific Expedition 
and Research Program (STEP), (No. 2019QZKK0802), 
the National Natural Science Foundation of China (No. 
42361144841), the Chinese Academy of Geological Sci-

Figure 3. (a) Na2O + K2O - CaO versus SiO2 diagram, showing the trend from calcic to alkalic (Frost et al., 2001); (b) Sr/Y and (c) (La/Yb)N ratios 

versus crystallization ages for the magmatic rocks from PWKOB.

1825



Fan Yang, Jiyuan Yin, Mike Fowler, Andrew C. Kerr and Zaili Tao 

ences Basal Research Fund (No. JKYZD202402), the 
Scientific Research Fund Project of BGRIMM Technology 
Group (No. JTKY202427822). This is a contribution to 
IGCP 662. The final publication is available at Springer 
via https://doi.org/10.1007/s12583-025-0195-4.

Electronic Supplementary Materials: Supplementary 
material (Table S1) is available in the online version of 
this article at https://doi.org/10.1007/s12583-025-0195-4.

Conflict of Interest
The authors declare that they have no conflict of in-

terest.

REFERENCES CITED

An, W., Hu, X. M., Garzanti, E., et al., 2021. New Precise Dating of 

the India-Asia Collision in the Tibetan Himalaya at 61 Ma. 

Geophysical Research Letters, 48(3): e2020GL090641. https://

doi.org/10.1029/2020GL090641

Aminov, J., Ding, L., Mamadjonov, Y., et al., 2017. Pamir Plateau 

Formation and Crustal Thickening before the India-Asia 

Collision Inferred from Dating and Petrology of the 110–92 Ma 

Southern Pamir Volcanic Sequence. Gondwana Research, 51: 

310–326. https://doi.org/10.1016/j.gr.2017.08.003

Carrapa, B., Mustapha, F. S., Cosca, M., et al., 2014. Multisystem 

Dating of Modern River Detritus from Tajikistan and China: 

Implications for Crustal Evolution and Exhumation of the Pamir. 

Lithosphere, 6(6): 443–455. https://doi.org/10.1130/L360.1

Chapman, J. B., Ducea, M. N., DeCelles, P. G., et al., 2015. Tracking 

Changes in Crustal Thickness during Orogenic Evolution with 

Sr/Y: An Example from the North American Cordillera. Geology, 

43(10): 919–922. https://doi.org/10.1130/G36996.1

Chapman, J. B., Scoggin, S. H., Kapp, P., et al., 2018a. Mesozoic to 

Cenozoic Magmatic History of the Pamir. Earth and Planetary 

Science Letters, 482: 181–192. https://doi.org/10.1016/j.

epsl.2017.10.041

Chapman, J. B., Robinson, A. C., Carrapa, B., et al., 2018b. 

Cretaceous Shortening and Exhumation History of the South 

Pamir Terrane. Lithosphere, 10(4): 494 – 511. https://doi. org/

10.1130/L691.1

Chen, S. Q., Chen, H. L., 2020. Late Cenozoic Activity of the 

Tashkurgan Normal Fault and Implications for the Origin of the 

Kongur Shan Extensional System, Eastern Pamir. Journal of 

Earth Science, 31(4): 723–734. https://doi.org/10.1007/s12583-

020-1282-1

Chen, Y., Zhang, Q. H., Chen, L., et al., 2024. Intra-Oceanic 

Subduction Termination and Reinitiation of the Eastern Neo-

Tethys in Myanmar. Journal of Earth Science, 35(3): 1053 –

1058. https://doi.org/10.1007/s12583-024-2009-5

DeCelles, P. G., Kapp, P., Gehrels, G. E., et al., 2014. Paleocene-

Eocene Foreland Basin Evolution in the Himalaya of Southern 

Tibet and Nepal: Implications for the Age of Initial India-Asia 

Collision. Tectonics, 33(5): 824 – 849. https://doi.org/10.1002/

2014TC003522

Frost, B. R., Barnes, C. G., Collins, W. J., et al., 2001. A 

Geochemical Classification for Granitic Rocks. Journal of 

Petrology, 42(11): 2033–2048. https://doi.org/10.1093/petrology/

42.11.2033

Gehrels, G., Kapp, P., DeCelles, P., et al., 2011. Detrital Zircon 

Geochronology of Pre-Tertiary Strata in the Tibetan-Himalayan 

Orogen. Tectonics, 30(5): TC5016. https://doi. org/10.1029/

2011TC002868

Gelman, S. E., Deering, C. D., Bachmann, O., et al., 2014. 

Identifying the Crystal Graveyards Remaining after Large Silicic 

Eruptions. Earth and Planetary Science Letters, 403: 299–306. 

https://doi.org/10.1016/j.epsl.2014.07.005

Guo, Z. F., Wilson, M., Zhang, L. H., et al., 2014. The Role of 

Subduction Channel Mélanges and Convergent Subduction 

Systems in the Petrogenesis of Post-Collisional K-Rich Mafic 

Magmatism in NW Tibet. Lithos, 198/199: 184–201. https://doi.

org/10.1016/j.lithos.2014.03.020

Guo, Z. F., Wilson, M., 2019. Late Oligocene–Early Miocene 

Transformation of Postcollisional Magmatism in Tibet. Geology, 

47(8): 776–780. https://doi.org/10.1130/g46147.1

Hu, F. Y., Ducea, M. N., Liu, S. W., et al., 2017. Quantifying Crustal 

Thickness in Continental Collisional Belts: Global Perspective 

and a Geologic Application. Scientific Reports, 7: 7058. https://

doi.org/10.1038/s41598-017-07849-7

Ke, S., Teng, F. Z., Li, S. G., et al., 2016. Mg, Sr, and O Isotope 

Geochemistry of Syenites from Northwest Xinjiang, China: 

Tracing Carbonate Recycling during Tethyan Oceanic 

Subduction. Chemical Geology, 437: 109 – 119. https://doi. org/

10.1016/j.chemgeo.2016.05.002

Kufner, S. K., Schurr, B., Sippl, C., et al., 2016. Deep India Meets 

Deep Asia: Lithospheric Indentation, Delamination and Break-off 

under Pamir and Hindu Kush (Central Asia). Earth and 

Planetary Science Letters, 435: 171–184. https://doi.org/

10.1016/j.epsl.2015.11.046

Li, J. Y., Xia, Y. Q., Zhang, X. L., et al., 2024. Paleozoic Multi-Stage 

Magmatic Events Related to Proto-Tethys and Paleo-Tethys 

Evolution: Insights from Intrusive Rocks in the Eastern Altyn 

Orogen, NW China. Journal of Earth Science, 35(4): 1130–1148. 

https://doi.org/10.1007/s12583-021-1603-z

Li, Y. P., Robinson, A. C., Zucali, M., et al., 2022. Mesozoic Tectonic 

Evolution in the Kurgovat-Vanch Complex, NW Pamir. Tectonics, 

41(10): e2021TC007180. https://doi.org/10.1029/2021TC007180

Lieu, W. K., Stern, R. J., 2019. The Robustness of Sr/Y and La/Yb as 

Proxies for Crust Thickness in Modern Arcs. Geosphere, 15(3): 

621–641. https://doi.org/10.1130/GES01667.1

Liu, D. L., Li, H. B., Sun, Z. M., et al., 2017. Cenozoic Episodic Uplift 

and Kinematic Evolution between the Pamir and Southwestern 

Tien Shan. Tectonophysics, 712: 438 – 454. https://doi. org/

10.1016/j.tecto.2017.06.009

Liu, L. J., Hou, M. C., Chen, Y., et al., 2017. Late Cretaceous 

Granitoids in Karakorum, Northwest Tibet: petrogenesis and 

Tectonic Implications. International Geology Review, 59(2): 151–

165. https://doi.org/10.1080/00206814.2016.1214087

Liu, X. Q., Zhang, C. L., Hao, X. S., et al., 2020. Early Cretaceous 

Granitoids in the Southern Pamir: Implications for the Meso-

Tethys Evolution of the Pamir Plateau. Lithos, 362: 105492. 

https://doi.org/10.1016/j.lithos.2020.105492

Liu, Z., Zhu, D. C., Rezeau, H., et al., 2022. Late Cretaceous 

Transition from Calc-Alkaline to Alkaline Magmatism in the 

Eastern Anatolian Plateau: Implications for Microblock Collision 

Timing. Journal of Petrology, 63(12): egac119. https://doi. org/

10.1093/petrology/egac119

1826



Cretaceous to Cenozoic Magmatic and Crustal Evolution of the Pamir-West Kunlun Orogenic Belt

Lee, C. -T. A., Morton, D. M., 2015. High Silica granites: Terminal 

Porosity and Crystal Settling in Shallow Magma Chambers. 

Earth and Planetary Science Letters, 409: 23–31. https://doi.org/

10.1016/j.epsl.2014.10.040

Lu, Z. W., Guo, X. Y., Gao, R., et al., 2022. Active Construction of 

Southernmost Tibet Revealed by Deep Seismic Imaging. Nature 

Communications, 13: 3143. https://doi.org/10.1038/s41467-022-

30887-3

Ma, L., Wang, Q., Li, Z. X., et al., 2013. Early Late Cretaceous (ca. 

93 Ma) Norites and Hornblendites in the Milin Area, Eastern 

Gangdese: Lithosphere-Asthenosphere Interaction during Slab 

Roll-back and an Insight into Early Late Cretaceous (ca. 100–80 

Ma) Magmatic “Flare-up” in Southern Lhasa (Tibet). Lithos, 

172/173: 17–30. https://doi.org/10.1016/j.lithos.2013.03.007

Ma, X., Dan, W., Wang, J., et al., 2023. Cretaceous Magmatic 

Migration and Flare-up in Pamir-Karakoram. Lithos, 454/455: 

107285. https://doi.org/10.1016/j.lithos.2023.107285

Ma, X., 2024. Petrogenesis of Cretaceous Igneous Rocks in Central-

South Pamir: From Continental Arc Magmatic Flare-up to 

Intraplate Small-Scale Magmatism: [Dissertation]. Guangzhou 

Institute of Geochemistry, Chinese Academy of Sciences, 

Guangzhou (in Chinese with English Abstract)

Moghadam, H. S., Li, Q. L., Griffin, W. L., et al., 2022. Temporal 

Changes in Subduction- to Collision-Related Magmatism in the 

Neotethyan Orogen: The Southeast Iran Example. Earth-

Science Reviews, 226: 103930. https://doi.org/10.1016/j.

earscirev.2022.103930

Negredo, A. M., Replumaz, A., Villaseñor, A., et al., 2007. Modeling 

the Evolution of Continental Subduction Processes in the Pamir-

Hindu Kush Region. Earth and Planetary Science Letters, 

259(1/2): 212–225. https://doi.org/10.1016/j.epsl.2007.04.043

Profeta, L., Ducea, M. N., Chapman, J. B., et al., 2016. Quantifying 

Crustal Thickness over Time in Magmatic Arcs. Scientific 

Reports, 5: 17786. https://doi.org/10.1038/srep17786

Replumaz, A., Capitanio, F. A., Guillot, S., et al., 2014. The Coupling 

of Indian Subduction and Asian Continental Tectonics. 

Gondwana Research, 26(2): 608–626. https://doi.org/10.1016/j.

gr.2014.04.003

Robinson, A. C., Yin, A., Manning, C. E., et al., 2004. Tectonic 

Evolution of the Northeastern Pamir: Constraints from the 

Northern Portion of the Cenozoic Kongur Shan Extensional 

System, Western China. GSA Bulletin, 116(7/8): 953–973. https:

//doi.org/10.1130/B25375.1

Robinson, A. C., Ducea, M., Lapen, T. J., 2012. Detrital Zircon and 

Isotopic Constraints on the Crustal Architecture and Tectonic 

Evolution of the Northeastern Pamir. Tectonics, 31(2): TC2016. 

https://doi.org/10.1029/2011TC003013

Robinson, A. C., 2015. Mesozoic Tectonics of the Gondwanan 

Terranes of the Pamir Plateau. Journal of Asian Earth Sciences, 

102: 170–179. https://doi.org/10.1016/j.jseaes.2014.09.012

Rutte, D., Ratschbacher, L., Schneider, S., et al., 2017. Building the 

Pamir-Tibetan Plateau—Crustal Stacking, Extensional Collapse, 

and Lateral Extrusion in the Central Pamir: 1. Geometry and 

Kinematics. Tectonics, 36(3): 342–384. https://doi. org/10.1002/

2016TC004293

Schwab, M., Ratschbacher, L., Siebel, W., et al., 2004. Assembly of 

the Pamirs: Age and Origin of Magmatic Belts from the Southern 

Tien Shan to the Southern Pamirs and Their Relation to Tibet. 

Tectonics, 23(4): TC4002. https://doi.org/10.1029/2003TC00

1583

Sobel, E. R., Chen, J., Schoenbohm, L. M., et al., 2013. Oceanic-

Style Subduction Controls Late Cenozoic Deformation of the 

Northern Pamir Orogen. Earth and Planetary Science Letters, 

363: 204–218. https://doi.org/10.1016/j.epsl.2012.12.009

Sun, J. M., Xiao, W. J., Windley, B. F., et al., 2016. Provenance 

Change of Sediment Input in the Northeastern Foreland of 

Pamir Related to Collision of the Indian Plate with the Kohistan-

Ladakh Arc at around 47 Ma. Tectonics, 35(2): 315–338. https://

doi.org/10.1002/2015TC003974

Tang, G. J., Wyman, D. A., Dan, W., et al., 2023. Magma Migration 

and Surface Uplift in Pamir – Western Tibet Driven by Deep 

Lithospheric Dynamics. Geology, 51(9): 813–817. https://doi.org/

10.1130/g51216.1

Tang, G. J., Wyman, D. A., Dan, W., et al., 2024. Protracted and 

Progressive Crustal Melting during Continental Collision in the 

Pamir and Plateau Growth. Journal of Petrology, 65(4): 

egae024. https://doi.org/10.1093/petrology/egae024

Tao, Z. L., Yin, J. Y., Fowler, M., et al., 2024a. Geodynamic Evolution 

of the Proto-Tethys Ocean in the West Kunlun Orogenic Belt, 

Northwest Tibetan Plateau: Implications from the Subarc Crust 

and Lithospheric Mantle Modification. Journal of Petrology, 

65(10): egae097. https://doi.org/10.1093/petrology/egae097

Tao, Z. L., Yin, J. Y., Spencer, C. J., et al., 2024b. Subduction 

Polarity Reversal Facilitated by Plate Coupling during Arc-

Continent Collision: Evidence from the Western Kunlun 

Orogenic Belt, Northwest Tibetan Plateau. Geology, 52(4): 308–

313. https://doi.org/10.1130/G51847.1

Villarreal, D. P., Robinson, A. C., Chapman, J. B., et al., 2023. Early 

Cretaceous Displacement on the Tanymas Thrust Fault, 

Northern Pamir, Tajikistan, and Regional Tectonic Implications. 

Journal of Asian Earth Sciences: X, 9: 100147. https://doi. org/

10.1016/j.jaesx.2023.100147

Wang, J., Wang, Q., Ma, L., et al., 2023. Rapid Recycling of 

Subducted Sediments in the Subcontinental Lithospheric 

Mantle. Journal of Petrology, 64(8): egad056. https://doi. org/

10.1093/petrology/egad056

Wang, Y. M., Yin, J. Y., Thomson, S. N., et al., 2024. Meso–Cenozoic 

Exhumation of the Altai-Sayan Region: Constrained by Available 

Low-Temperature Thermochronology. Journal of Earth Science, 

35(6): 2138–2143. https://doi.org/10.1007/s12583-024-2016-6

White, W. M., 1993. 238U/204Pb in MORB and Open System Evolution 

of the Depleted Mantle. Earth and Planetary Science Letters, 

115(1/2/3/4): 211 – 226. https://doi. org/10.1016/0012-821X(93)

90223-V

Xia, W. H., Yin, J. Y., He, Z. Y., et al., 2025. Meso–Cenozoic Tectonic 

and Thermal History of the Kuqa Depression, Tarim Basin: 

Insights from Low-Temperature Thermochronology and Vitrinite 

Reflectance. Journal of Earth Science. https://doi. org/10.1007/

s12583-025-2027-y

Xiao, W. Â. J., Windley, B. Â. F., Liu, D. Â. Y., et al., 2005. 

Accretionary Tectonics of the Western Kunlun Orogen, China: A 

Paleozoic–Early Mesozoic, Long-Lived Active Continental 

Margin with Implications for the Growth of Southern Eurasia. 

The Journal of Geology, 113(6): 687–705. https://doi.org/

10.1086/449326

Xue, S., Zhang, W. Z., Ling, M. X., et al., 2023. Large-Scale 

1827



Fan Yang, Jiyuan Yin, Mike Fowler, Andrew C. Kerr and Zaili Tao 

Cretaceous Adakitic Magmatism Induced by Water-Fluxed 

Melting of Continental Crust during the North China Craton 

Destruction. Journal of Petrology, 64(9): egad066. https://doi.org/

10.1093/petrology/egad066

Yang, F., Yin, J. Y., Xiao, W. J., et al., 2024. Early Cretaceous 

Continental Arc Magmatism in the Wakhan Corridor, South 

Pamir: Mantle Evolution and Geodynamic Processes during Flat 

Subduction of the Neo-Tethyan Oceanic Slab. GSA Bulletin, 

136(9/10): 4175–4194. https://doi.org/10.1130/B37411.1

Yang, F., Yin, J. Y., Yang, Z. M., et al., 2025. Petrogenesis of Late 

Miocene High Ba-Sr Granitoids in Eastern Pamir, Northwest 

Tibetan Plateau: Insights into Lithospheric Mantle Evolution and 

Geodynamic Processes during India-Asia Bidirectional 

Subduction. Journal of Petrology, 66(4): egaf026. https://doi.org/

10.1093/petrology/egaf026

Yin, A., Harrison, T. M., 2000. Geologic Evolution of the Himalayan-

Tibetan Orogen. Annual Review of Earth and Planetary 

Sciences, 28: 211–280. https://doi. org/10.1146/annurev.

earth.28.1.211

Yin, J. Y., Xiao, W. J., Sun, M., et al., 2020. Petrogenesis of Early 

Cambrian Granitoids in the Western Kunlun Orogenic Belt, 

Northwest Tibet: Insight into Early Stage Subduction of the 

Proto-Tethys Ocean. GSA Bulletin, 132(9/10): 2221–2240. https:

//doi.org/10.1130/B35408.1

Yin, J. Y., Xiao, W. J., Wang, T., et al., 2024. Maturation from 

Oceanic Arcs to Continental Crust: Insights from Paleozoic 

Magmatism in West Junggar, NW China. Earth-Science 

Reviews, 253: 104795. https://doi.org/10.1016/j.

earscirev.2024.104795

Zanchi, A., Gaetani, M., 2011. The Geology of the Karakoram 

Range, Pakistan: The New 1 : 100 000 Geological Map of 

Central-Western Karakoram. Italian Journal of Geosciences, 

130(2): 161–262. https://doi.org/10.3301/IJG.2011.09

Zhang, C. L., Zou, H. B., Liu, X. Q., 2022. Cretaceous Basalt-

Andesite Sequence in the Southern Pamir: Arc-Back-Arc 

Architecture at the Pamir Plateau Genetically Related to the 

Northward Flat Subductions of the Neo-Tethys Ocean. Lithos, 

422/423: 106747. https://doi.org/10.1016/j.lithos.2022.106747

Zhang, H. R., Yang, T. N., Hou, Z. Q., et al., 2020. Magmatic 

Expression of Tectonic Transition from Oceanic Subduction to 

Continental Collision: Insights from the Middle Triassic Rhyolites 

of the North Qiangtang Block. Gondwana Research, 87: 67–82. 

https://doi.org/10.1016/j.gr.2020.05.012

Zhao, J. M., Yuan, X. H., Liu, H. B., et al., 2010. The Boundary 

between the Indian and Asian Tectonic Plates below Tibet. 

Proceedings of the National Academy of Sciences of the United 

States of America, 107(25): 11229–11233. https://doi.org/

10.1073/pnas.1001921107

Zhao, L. M., Li, Y. L., Xiang, H., et al., 2023. A Devonian Shoshonitic 

Appinite-Granite Suite in the North Qinling Orogenic Belt: 

Implications for Partial Melting of a Water-Fluxed Lithospheric 

Mantle in an Extensional Setting. Journal of Petrology, 64(6): 

egad040. https://doi.org/10.1093/petrology/egad040

1828


