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Jurassic shallow marine sequences in South Qiangtang and SE Pamir were
uniformly eroded during this time period (Ma et al., 2023). The Upper Jurassic
strata are either entirely absent or locally replaced by conglomerate deposits
(Fig. 10). In the Tarim Basin, the Upper Jurassic strata are dominated by
brownish reddish conglomerate. Previous studies have suggested that these
redbeds may indicate a regional increase in aridity resulting from the uplift of
the surrounding mountain belts (Hendrix, 2000). The Late Jurassic uplift event
has also been supported by numerous thermochronologic ages (170-155 Ma)
within the West Kunlun Mountains and Pamir (Fig.1c; Yang et al., 2017). The
uplift event also resulted in significant changes in basin and range patterns, and
influenced the potential provenance of sediments. The emergence of juvenile
detrital zircons in these Upper Jurassic and Lower Cretaceous deposits
indicates the exhumation and erosion of a late Paleozoic to Mesozoic arc
system (Fig. 10). The Triassic batholiths were thrust onto the southwestern
margin of the Tarim Basin and generated elevated topography, which supplied
igneous clastic material to the Cretaceous depocenters in the region.

In summary, the Early Jurassic basin developed on the deformed
Paleozoic basement, separated by the Triassic orogenic unconformity.
Provenance analysis indicates that the Early to Middle Jurassic sediments were
deposited in a half-graben setting and sourced from the proximal basement of
the North Kunlun terrane. This basin was subsequently inverted during the Late

Jurassic, driven by the contraction and uplift of the surrounding mountains.

6.3 Switching extensional and contractional tectonics related to the

subduction of Neo-Tethys
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The Mesozoic era records the transition from the closure of the Paleo-
Tethys Ocean to the initiation of subduction within Neo-Tethys (Wan et al., 2019).
These processes are influenced by complex plate tectonic conditions, as the
evolution of the Paleo- and Neo-Tethys Oceans varies significantly in their time-
space patterns. The two Tethyan oceans diverge into several branches
extending from Iran to Pamir, then eastward into the Tibetan Plateau (Fig. 1a).

Episodic collisions along the southern Asian margin in the Late Triassic and
then in the Late Jurassic resulted in major deformation in this region (Jolivet,
2017). Although a flat subduction model has recently been proposed to explain
the regional Cretaceous magmatism in the Pamir, the mode of Jurassic tectonic
processes remains poorly constrained (Chapman et al., 2018). As discussed
above, the history of the Neo-Tethyan subduction events significantly varies
spatially. The initiation of subduction along the Tibetan margin occurred during
the Middle Triassic, leading to volcanic activities in the southern Lhasa (Wang
et al., 2016; Xie et al., 2021), whereas the subduction in the Iran sector in the
same orogenic belt farther west initiated later in the Early Jurassic (Wan et al.,
2023). The extensive Early-Middle arc Jurassic magmatism along both
continental margins indicates a synchronous flare-up of continental arcs (Fig.
11a and 11c). The bimodal volcanism (195-174 Ma) in the Gangdese arc was
associated with the subsequent opening of a back-arc basin (174-156 Ma) (Fig.
11¢; Kapp and DeCelles, 2019). The magmatic arc of the Sanandaj—Sirjan belt
(180-140 Ma) in SW Iran was facilitated by a simultaneous progressive back-
arc rift (Fig. 11a; Hassanzadeh and Wernicke, 2016; Azizi and Stern, 2019).

By comparison, compiled magmatic detrital zircons in the Pamir segment

reveal that Early-Middle Jurassic magmatism was almost absent (Fig. 11b;

27



657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

Chapman et al., 2018). Jurassic igneous rocks surrounding the Pamir are also
limited (Fig. 7), with only basalts exposed in the North Kunlun (Kandilik) and
Tianshuihai regions (Jian et al., 2019) and bimodal volcanic rock suites found
in the east of Karakoram (Zhou et al., 2019). These coeval basaltic lavas (178-
174 Ma) exhibit distinct features in their major and trace element compositions
(Fig. 6). Magmas of the basaltic lavas in the North Kunlun were dominated by
within-plate OIBs (Fig. 6 and 8). In contrast, basalts in the Tianshuihai to the
south were dominated by back-arc MORBs (Fig. 8a-c), characterized by distinct
Nb-Ta depletions (Fig. 6d). The scarcity of zircon-rich felsic magmas in this
region evidently differs from the conditions in the western and eastern
segments of the Eurasian Tethyan margins where arc magmatism developed
upon continental basement. To date, the exact timing of the onset of
subduction-related magmatism in the Pamir Tethyan margin remains unclear.
The geochronological dataset for the Karakoram arc and the Kohistan Ladakh
arc indicates that magmatic activity may have occurred as early as the Late
Jurassic (Fig. 11b; Jagoutz et al., 2018; Saktura et al., 2023).

While the spatial continuity of the Tethyan suture zones from Iran into Tibet
remains enigmatic, we propose that the regional Early to Middle Jurassic
extension across the southern Eurasian continental margin was a consequence
of retreating subduction of the Neo-Tethyan Ocean floor. First, the transition
from Cimmerian orogenic build-up (200-185 Ma) to large-scale continental
extension (178-174 Ma) suggests the involvement of additional external
extensional stresses, different from the classic cases of continent - continent
collision (Weller et al., 2021). Secondly, the 195 Ma bimodal volcanic rocks in

Karakoram and the 174 Ma MORB-like basalts in Tianshuihai have been
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suggested as associated with the initial opening of a back-arc basin, based on
their geochemical signatures of crustal material metasomatism (Jian et al.,
2019; Zhou et al., 2019). The magmatism in Pamir and Karakoram was quite
similar to the extensional episodes that occurred in the southern margin of the
Lhasa block, caused by accelerated slab rollback (Kapp and DeCelles, 2019).
Thirdly, deposition of shallow marine carbonates was prevalent in the Pamir
and Karakoram during the Middle Jurassic (Fig. 10), indicating an expansive
extensional continental platform facing the ocean (Yang et al., 2017). These
scenarios are analogous to the active margin of the western Pacific rim, which
is characterized by a broad marginal sea with an outboard trench - subduction
chain (Fig. 1a). Additionally, the Middle Jurassic extension occurred across the
broad hinterlands of central Asia, which cannot be easily explained by the
collapse of the Paleo-Tethyan orogenic belt (Otto, 1997).

During the Late Jurassic, this marginal extensional basin started to invert,
with extensive contractional deformation of the Lower-Middle Jurassic
carbonate strata and the development of a major angular unconformity (Fig. 10;
Gaetani et al., 1993; Robinson, 2015). Available basement thermochronological
data show widespread exhumation across the West Kunlun Mountains (Fig. 1c),
as well as the reactivation of the Paleo-Tethyan sutures within the Pamir
terranes (Schwab et al., 2004). The exhumation of the Triassic plutons in the
South Kunlun Mountain led to the transport of debris material from the
magmatic arc into the Tarim basin through braided fluvial network systems (Fig.
11b). This broad uplift event has been interpreted as retro-arc deformation and
shortening related to the advancing subduction of the Neo-Tethyan Ocean

(Robinson, 2015).
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The subduction style along the broader strike-length of the Tethyan orogen
varied from the west to the east in the Late Jurassic - Early Cretaceous. Similar
to the West Kunlun Mountains, the Lhasa block to the east experienced basin
inversion and contractional deformation starting by ca. 155 Ma and throughout
the Early Cretaceous (e.g., Murphy et al., 1997; Ding and Lai, 2003; Kapp and
DeCelles, 2019). Geological mapping has documented significant shortening
strain (~ 60%) across Lhasa at this time (Murphy et al., 1997). Although the
cause of this event has been debated, the magmatic lull since the earliest
Cretaceous and subsequent flare-up in the Mid-Cretaceous in both regions
imply that they shared a similar geodynamic setting (Fig. 11; Chapman et al.,
2018). A major tectonic event involving intense folding and thrusting occurred
also around 166 Ma in the South Qiangtang Block, resulting in two phases of
southward retreat of the remnant seaway of the Meso-Tethys (Ma et al., 2017a,
2018). A previous study proposed that the development of Jurassic basin
inversion in the Tibetan Plateau may be related to the accretion of
microcontinents onto the South Qiangtang margin, driven by the northward
subduction of the Bangong-Nujiang Ocean (Ma et al., 2023). Conversely, the
Iranian segment to the west experienced continuous extension at the same time
(Hunziker et al., 2015; Lechmann et al., 2018; Maghdour-Mashhour et al., 2021).
These along-strike variations likely reflect broad geodynamic changes to, or
initial conditions of, the Tethyan Ocean system that warrant future investigations.
For example, variable plate convergence rates related to global tectonic
configurations or the oceanic-plate age variations could result in unique tectonic
events along the strike-length of the entire Tethyan orogen. Alternatively, the

closure of the Bangong-Nujiang Ocean, another branch of the Tethyan system
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between the Lhasa and Qiangtang blocks, might have also played a significant
role in along-strike variations within the Tethyan orogenic belt (Fig. 11; Yang et

al., 2017; Kapp and DeCelles, 2019).

7 Conclusion

This study has concentrated on the stratigraphy and provenance of
Jurassic strata in the West Kunlun Mountains to better understand the
Mesozoic geological evolution of the Eurasian margin within the framework of
the Tethyan geodynamics. Our investigations of the Jurassic sedimentary
successions, combined with new geochronological and geochemical data from
coeval basaltic lava intercalations, led to the following conclusions:

(1) A newly identified, thick sedimentary package with basaltic lava
interlayers in the southern end of the Kyzyltau basin bears similarities to the
Lower and Middle Jurassic sequences in their clastic compositions and
structures. Zircon U-Pb dating results from basaltic lavas suggest an Early
Jurassic age (~ 178 Ma) for this stratigraphic member, in contrast to a
Precambrian age previously reported. This is a significant change that strongly
affects the current tectonic interpretations and models.

(2) Our new geochemical data from the Early Jurassic basaltic extrusive
rocks show that magmas of these basalts had typical OIB affinities, and that
they lacked crustal contamination. Thus, the related magmatism likely occurred
in an intraplate rifting setting and was facilitated by extensional fault systems,
which significantly reduced the residence time of the ascending magmas in the
crust avoiding contamination.

(3) Provenance analysis, integrating conglomerate clast lithologies with
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detrital zircons, indicates a significant source contribution from local basements
(North Kunlun) for the Early to Middle Jurassic rift basins. In comparison, the
Late Jurassic contractional event caused an uplift of the surrounding mountains
in the South Kunlun and Pamir, significantly influencing the basin
tectonostratigraphy and source- to -sink system.

(4) The Jurassic switching extensional and contractional tectonics in the
West Kunlun Mountains and a wider region across the southern Eurasian
margin are related to changes in the subduction style of the Neo-Tethyan Ocean
floor, transitioning from retreating in Early - Middle Jurassic to advancing in Late
Jurassic - Early Cretaceous. Additionally, the Pamir and West Kunlun regions,
as the central junction of the Tethys orogenic belt, share a comparable
Mesozoic history of extensional and contractional structures with that of the

Tibetan Plateau.
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