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 A regional lithofacies shift in the eastern Tajik Basin is magnetostratigraphically-dated to the middle Miocene  Provenance and stable isotopic data suggest middle-late Miocene deformation and surface

Introduction

The Pamir mountains at the western end of the Himalayan-Tibetan orogen have experienced the tectonic effects of the indentation of India into Asia during the Cenozoic [START_REF] Burtman | Geological and geophysical evidence for deep subduction of continental crust beneath the Pamir[END_REF][START_REF] Yin | Geologic evolution of the Himalayan-Tibetan orogen[END_REF]. Compared to the east-west trending northern margin of the Tibetan Plateau to the east and the Hindu Kush Mountains to the west, the Pamir stands at similarly high elevations but exhibits a prominent northward arcuate shape known as the Pamir salient, involving curved tectonic elements of terranes, sutures, and faults (Fig. 1A; [START_REF] Robinson | Tectonic evolution of the northeastern Pamir: Constraints from the northern portion of the Cenozoic Kongur Shan extensional system, western China[END_REF][START_REF] Schwab | Assembly of the Pamirs: Age and origin of magmatic belts from the southern Tien Shan to the southern Pamirs and their relation to Tibet[END_REF].

Different models have been proposed to explain the formation of the Pamir salient. One group of models suggest that the salient shape was formed as a result of large scale (>300 km) northward overthrusting, in association with the southward continental subduction of the Tajik-Tarim mantle lithosphere and lower crust since the Paleogene India-Asia collision [START_REF] Burtman | Geological and geophysical evidence for deep subduction of continental crust beneath the Pamir[END_REF] or since 25-20 Ma [START_REF] Sobel | Oceanic-style subduction controls late Cenozoic deformation of the Northern Pamir orogen[END_REF]. The other group of models proposes that the salient shape is largely inherited from pre-Cenozoic tectonics, with no more than 100 km of northward translation during the Cenozoic relative to adjacent Tibet [START_REF] Chapman | Intracontinental subduction beneath the Pamir Mountains: Constraints from thermokinematic modeling of shortening in the Tajik fold-and-thrust belt[END_REF][START_REF] Chen | Arcuate Pamir in the Paleogene? Insights from a review of stratigraphy and sedimentology of the basin fills in the foreland of NE Chinese Pamir, western Tarim Basin[END_REF][START_REF] Li | Was the Pamir salient built along a Late Paleozoic embayment on the southern Asian margin?[END_REF];
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This article is protected by copyright. All rights reserved [START_REF] Rembe | The Carboniferous Arc of the North Pamir[END_REF]. Based on the differences in subsurface process and initiation timing, this group of models can be further divided into two sub-groups: either resumed northward indentation of the Indian mantle lithosphere forced delamination of the Asian mantle lithosphere and lower crust (including both Tajik-Tarim and North Pamir) and deformed to some extent the Pamir upper crust into its salient shape since 12-10 Ma [START_REF] Kufner | Deep India meets deep Asia: Lithospheric indentation, delamination and break-off under Pamir and Hindu Kush (Central Asia)[END_REF][START_REF] Rutte | Building the Pamir-Tibetan Plateau-Crustal stacking, extensional collapse, and lateral extrusion in the Central Pamir: 2. Timing and rates[END_REF][START_REF] Abdulhameed | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 2. Timing of Basin Inversion, Tian Shan Mountain Building, and Relation to Pamir-Plateau Advance and Deep India-Asia Indentation[END_REF]; or delamination of the mantle lithosphere and lower crust of the Pamir terranes (South, Central, and North Pamir) with a more limited northward translation of the North Pamir and crustal deformation in the Tajik Basin since 25-20 Ma [START_REF] Chapman | Intracontinental subduction beneath the Pamir Mountains: Constraints from thermokinematic modeling of shortening in the Tajik fold-and-thrust belt[END_REF].

Sedimentary deposits around active orogenic belts archive abundant information about the timing and propagation of deformation as well as source terrane tectonics that can help distinguish between the above-mentioned different models. To that end, clarifying the ages of deposition as well as timings of lithofacies and provenance shifts in surrounding basins of the Pamir salient (Fig. 1A) has been performed in both the Tarim (e.g., [START_REF] Bershaw | Cenozoic evolution of the Pamir plateau based on stratigraphy, zircon provenance, and stable isotopes of foreland basin sediments at Oytag (Wuyitake) in the Tarim Basin (west China)[END_REF][START_REF] Sun | Eocene seawater retreat from the southwest Tarim Basin and implications for early Cenozoic tectonic evolution in the Pamir Plateau[END_REF][START_REF] Zheng | Late oligoceneearly miocene birth of the Taklimakan Desert[END_REF][START_REF] Blayney | Indentation of the Pamirs with respect to the northern margin of Tibet: Constraints from the Tarim basin sedimentary record[END_REF][START_REF] Sun | 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[END_REF][START_REF] Blayney | Tectonic evolution of the Pamir recorded in the western Tarim Basin (China): sedimentologic and magnetostratigraphic analyses of the Aertashi section[END_REF] and Tajik basins (e.g., [START_REF] Klocke | Cenozoic evolution of the Pamir and Tien Shan Mountains reflected in syntectonic deposits of the Tajik Basin[END_REF][START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF][START_REF] Dedow | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 3. Pre-to Syn-orogenic Retro-foreland Basin Evolution in the Eastern Tajik Depression and Linkage to the Pamir Hinterland[END_REF][START_REF] Sun | Timing of seawater retreat from proto-Paratethys, sedimentary provenance, and tectonic rotations in the late Eocene-early Oligocene in the Tajik Basin, Central Asia[END_REF]Wang et al., 2020). In the northcentral Tajik Basin, a ca. 25 Ma wetting signal has been associated with the coeval drying signal in the Tarim basin, which together was interpreted to reflect Pamir surface uplift and northward indentation that intercepted the dominant Westerly moisture flow (Wang et al., 2019;Wang et al., 2020). Nevertheless, the widely spread Neogene sedimentary successions in the eastern Tajik Basin remains poorly studied and virtually unconstrained in age, despite recording a prominent regional lithofacies change that has been attributed to foreland-ward propagation of deformation in the Pamir [START_REF] Klocke | Cenozoic evolution of the Pamir and Tien Shan Mountains reflected in syntectonic deposits of the Tajik Basin[END_REF][START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF][START_REF] Dedow | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 3. Pre-to Syn-orogenic Retro-foreland Basin Evolution in the Eastern Tajik Depression and Linkage to the Pamir Hinterland[END_REF].

This study reports a new magnetostratigraphically-dated sedimentary section in the eastern Tajik Basin, used to constrain the age of the lithofacies change and further explore its significance with the following datasets. We combined sedimentological observations documenting depositional environment changes, with detrital zircon U-Pb ages and mudstone bulk-rock  Nd values recording provenance shifts, and carbonate cement stable oxygen and carbon isotopic values to infer topographic and environmental evolution.
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Geologic background

The Pamir

The Pamir today forms a northward salient bounded by the Tarim Basin to the east and the Tajik Basin to the west. To the north, it is separated from the southwest Tian Shan by the Alai Basin (Fig. 1A). The Pamir is divided into the North, Central, and South Pamir terranes (e.g., [START_REF] Schwab | Assembly of the Pamirs: Age and origin of magmatic belts from the southern Tien Shan to the southern Pamirs and their relation to Tibet[END_REF][START_REF] Villarreal | Evidence for Late Triassic crustal suturing of the Central and Southern Pamir[END_REF]. Because of their different geological histories, these terranes provide distinctive sources for the detritus deposited in the Tajik Basin.

The South and Central Pamir are both Gondwanaland-affiliated terranes, that were accreted to the southern margin of the Asian continent during the Late Triassic Cimmerian Orogeny (e.g., [START_REF] Angiolini | The Cimmerian geopuzzle: new data from South Pamir[END_REF][START_REF] Villarreal | Evidence for Late Triassic crustal suturing of the Central and Southern Pamir[END_REF]. During the latest Triassic-Late Jurassic, the Central and South Pamir served as the passive margin of Asia [START_REF] Angiolini | The Cimmerian geopuzzle: new data from South Pamir[END_REF][START_REF] Villarreal | Evidence for Late Triassic crustal suturing of the Central and Southern Pamir[END_REF].

During the Early Cretaceous (e.g., 130-90 Ma), the northward subduction of the Neo-Tethys oceanic lithosphere caused extensive arc magmatism in the South Pamir [START_REF] Aminov | 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[END_REF][START_REF] Chapman | Mesozoic to Cenozoic magmatic history of the Pamir[END_REF], and widespread retro-arc shortening in both the South and Central Pamir [START_REF] Chapman | Mesozoic to Cenozoic magmatic history of the Pamir[END_REF][START_REF] Kaya | Cretaceous Evolution of the Central Asian Proto-Paratethys Sea: Tectonic, Eustatic, and Climatic Controls[END_REF]. Around ~40 Ma, the Vanj magmatic complex intruded in the Central Pamir [START_REF] Chapman | Mesozoic to Cenozoic magmatic history of the Pamir[END_REF]. Between ~35 and 20 Ma, the Central Pamir experienced major shortening leading to significant crustal thickening, after which gneiss domes started to exhume since the early Miocene (e.g., ~20 Ma), and ended during the latest middle Miocene (~12 Ma; [START_REF] Rutte | Building the Pamir-Tibetan Plateau-Crustal stacking, extensional collapse, and lateral extrusion in the Central Pamir: 2. Timing and rates[END_REF]. In the South Pamir, the Alichur and Shakhdara gneiss domes (Fig. 1A) started to be active at similar timing but lasted until the Pliocene (~4 Ma; [START_REF] Stübner | The giant Shakhdara migmatitic gneiss dome, Pamir, India-Asia collision zone: 2. Timing of dome formation[END_REF][START_REF] Worthington | The Alichur dome, South Pamir, western India-Asia collisional zone: detailing the Neogene Shakhdara-Alichur syn-collisional gneiss-dome complex and connection to lithospheric processes[END_REF].

The North Pamir is an Asian-affiliated terrane and served as the southern active margin of Asia during the late Paleozoic-Late Triassic [START_REF] Burtman | Geological and geophysical evidence for deep subduction of continental crust beneath the Pamir[END_REF][START_REF] Rembe | The Carboniferous Arc of the North Pamir[END_REF]. The North Pamir probably experienced crustal shortening and thickening during the mid-Cretaceous, e.g., 130-100 Ma [START_REF] Robinson | Tectonic evolution of the northeastern Pamir: Constraints from the northern portion of the Cenozoic Kongur Shan extensional system, western China[END_REF]. Low-temperature thermochronological data in the northeastern Pamir indicate slow exhumation throughout much of the late Mesozoic (<100 Ma) and Cenozoic, with two punctuated accelerated exhumation phases at 50-40 Ma and 25-16 Ma, respectively [START_REF] Amidon | Exhumational history of the north central Pamir[END_REF][START_REF] Sobel | Oceanic-style subduction controls late Cenozoic deformation of the Northern Pamir orogen[END_REF]. Another study in the western North Pamir reported apatite fissiontrack ages between 10.3 and 6.2 Ma [START_REF] Abdulhameed | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 2. Timing of Basin Inversion, Tian Shan Mountain Building, and Relation to Pamir-Plateau Advance and Deep India-Asia Indentation[END_REF].
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Stratigraphy of the Tajik Basin

The Tajik Basin has been a foreland basin since the Early Cretaceous [START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF][START_REF] Kaya | Cretaceous Evolution of the Central Asian Proto-Paratethys Sea: Tectonic, Eustatic, and Climatic Controls[END_REF]. After the final westward retreat of the proto-Paratethys Sea from the Tajik Basin at ~37 Ma [START_REF] Kaya | Paleogene evolution and demise of the proto-Paratethys Sea in Central Asia (Tarim and Tajik basins): role of intensified tectonic activity at~ 41 Ma[END_REF]Wang et al., 2019), the Tajik Basin received exclusively terrestrial fluvialdominated deposits [START_REF] Klocke | Cenozoic evolution of the Pamir and Tien Shan Mountains reflected in syntectonic deposits of the Tajik Basin[END_REF][START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF][START_REF] Dedow | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 3. Pre-to Syn-orogenic Retro-foreland Basin Evolution in the Eastern Tajik Depression and Linkage to the Pamir Hinterland[END_REF]. The post-sea retreat strata in the Tajik Basin are generally divided into the Baldshuan, Chingou, Tavildara, Karanak, and Polizak formations, which have been broadly assigned to the Oligocene-early Miocene, earlymiddle Miocene, late Miocene, Pliocene, and Pleistocene, respectively, based on sparse fossil assemblages and low-temperature thermochronological ages (e.g., [START_REF] Klocke | Cenozoic evolution of the Pamir and Tien Shan Mountains reflected in syntectonic deposits of the Tajik Basin[END_REF][START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF][START_REF] Dedow | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 3. Pre-to Syn-orogenic Retro-foreland Basin Evolution in the Eastern Tajik Depression and Linkage to the Pamir Hinterland[END_REF]. The Baldshuan Formation is further divided into the Shurisay, Kamolin, and Childara members, from oldest to youngest. These lithostratigraphic names were first introduced in the north-eastern Tajik Basin and later applied over the entire basin (original literature in Russian, see a summary in [START_REF] Klocke | Cenozoic evolution of the Pamir and Tien Shan Mountains reflected in syntectonic deposits of the Tajik Basin[END_REF]. Due to the loose usage of these formation names, stratigraphic units with the same name in different parts of the basin do not necessarily represent the same lithofacies or depositional age.

Methods

Lithofacies analysis

We measured and logged a sedimentary section in the eastern Tajik Basin that includes two separate parts (Fig. 1B-D). The Khirmanjo (KH) section spans the Baldshuan Formation and lower Chingou Formation. The Shurobod (SB) section is located ~10 km to the south of the Khirmanjo section and spans only the Chingou Formation.

Paleomagnetic analysis

Throughout the Khirmanjo (~1800 m thick) and Shurobod (~1400 m thick) sections, a total of 533 oriented paleomagnetic samples were collected at regular intervals targeting the finest lithologies using a battery-powered drill. The analysis was performed in the magnetically shielded room at the Palaeomagnetic Laboratory at the University of Rennes 1. Detailed methodology can be found in Supplementary Text S1. See Supplementary Table S1 for paleomagnetic data.
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Detrital zircon U-Pb analysis

Seven sandstone samples were analyzed for detrital zircon U-Pb geochronology (Fig. 1).

Mounted and polished zircons were analyzed by a Teledyne Cetac 193 nm G2 laser ablation (LA) system coupled with an Agilent 7900 inductively coupled plasma mass spectrometer (ICP-MS) quadrupole at the University of Rochester. Half of one sample was analyzed at the University of Rennes 1 using an ESI NWR193UC excimer laser coupled with an Agilent 7700x ICP-MS quadrupole. Detailed methodology can be found in Supplementary Text S2. See Supplementary Table S2 for U-Pb age data.

Mudstone bulk-rock Sm-Nd isotopic analysis

Twenty-eight mudstone samples were analyzed for bulk-rock neodymium (Nd) isotopic values.

Analyses were carried out at the GeOHeLiS Analytical Platform (Géosciences Rennes, OSUR, University of Rennes 1) using a seven collectors Finnigan MAT-262 mass spectrometer. Detailed methodology can be found in Supplementary Text S3. See Supplementary Table S3 for Nd isotopic data.

Stable oxygen and carbon isotopic analysis

97 mudstone and sandstone samples containing carbonate cement (hereafter referred to as carbonate cement samples) and 3 paleosol nodular carbonate samples were analyzed for stable oxygen and carbon isotopes. Analyses were carried out using a Thermo MAT 253 (at the joint Goethe University-BiK-F Stable Isotope Facility Frankfurt) or Thermo Delta plus XP (at the University of Rochester SIREAL laboratory) attached to a Thermo GasBench II peripheral device. Detailed methodology can be found in Supplementary Text S4. See Supplementary Table S4 for stable isotopic data.
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Results and interpretations

Lithostratigraphy

Detailed lithostratigraphy in the eastern and northeastern Tajik Basin has been recently described in the Tavildara [START_REF] Klocke | Cenozoic evolution of the Pamir and Tien Shan Mountains reflected in syntectonic deposits of the Tajik Basin[END_REF], Dashtijum [START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF], and Obi Khudkham sections [START_REF] Dedow | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 3. Pre-to Syn-orogenic Retro-foreland Basin Evolution in the Eastern Tajik Depression and Linkage to the Pamir Hinterland[END_REF]) (See Fig. 1 for locations). In the following, we summarize the major depositional features of the measured Baldshuan and Chingou formations in the Khirmanjo and Shurobod sections. Table 1 lists lithofacies codes and interpretations, and Fig. 2 exhibits detailed stratigraphic columns.

Baldshuan Formation

At the base of the Baldshuan Formation, the Shurisay Member is distinguished from the underlying greenish marine mudstone and limestone by its orange-red color. The member is ~210 thick (Fig. 2A), dominated by thinly bedded (<5 cm) tabular mudstones, locally interbedded with thin (<10 cm) massive to horizontally stratified sandstones (Fig. 3A). Occasionally, grey-colored conglomerate interlayers with horizontal stratification pinch out laterally in a few tens of meters. The majority of clasts in the conglomerates, dominated by quartzite and granite, are smaller than 0.5 cm, with a few large ones reaching 5-10 cm.

Above the Shurisay Member, the ~130 m thick Kamolin Member is distinguished by its dominance of thick grey-colored conglomerates (Fig. 2A). The conglomerate beds are similar to those in the Shurisay Member in composition, texture, and sedimentary structures, with clear horizontal stratification and tabular-shaped clasts parallel to bedding. The conglomerate beds in this member generally stack together to form thick units and are also more extensive laterally, reaching hundreds of meters. Normal grading was observed occasionally.

The Childara Member is again characterized by fine-grained mudstones, with interbedded sandstones and conglomerates (Fig. 2A). The lower and upper boundaries of the member are placed at ~340 m and ~990 m, respectively, which signify the appearance and disappearance of thick multistory mudstone layers. The lower and middle parts of the member are characterized by tabular mudstones (Fig. 3B), which are generally mottled, with carbonate nodules present in several intervals.

Interbedded with the mudstones are coarse-grained sandstones, which exhibit horizontal stratification, planar and trough cross-bedding. Lenticular-shaped conglomerate layers are rare in the lower part but
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Clasts are mainly granites and sandstones, but carbonates and quartzites also exist. The conglomerates show horizontal stratification, and also occasionally show normal grading to sand-sized particles on top, where current ripples were observed. Both erosive and non-erosive bottoms exist in the conglomerate beds.

Interpretation:

We interpret the Baldshuan Formation to be deposited mainly in a braided river environment, agreeing with the interpretation of [START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF] in the Dashtijum section. The dominant tabular and thinly-bedded mudstones and sandstones in the Shurisay Member and the lower-middle Childara Member are floodplain-dominated deposits. The lenticular-shaped conglomerates and sandstones, which exhibit trough cross-bedding, were deposited in fluvial channels.

The frequently observed horizontal stratification in the conglomerates further suggests deposition as longitudinal bars.

Chingou Formation

Strata of the upper Khirmanjo section (980-1800 m; Fig. 2A) and the entire measured Shurobod section (Fig. 2B) belong to the Chingou Formation. In Khirmanjo, the formation is characterized by very thick clast-supported conglomerates, which are well cemented and show horizontal stratification.

Stacked layers can reach more than 50 m thick. Clasts are generally pebble to cobble in size and dominated by red and green sandstones with recycled conglomerate and granite clasts also common.

Generally, the clasts are rounded and moderately well sorted, and the long axes of tabular clasts are parallel to bedding. Imbrications with the long-axes transverse to the flow direction are observed.

Muddy matrix-supported conglomerates crop out locally, in which clasts are mainly angular to subangular. Mudstones generally outcrop as lenticular-shaped strips. At several stratigraphic heights, mudstones are up to a few meters thick, showing ped structures and containing paleosol nodules (Fig. 3D).

The Chingou Formation in the Shurobod section is dominated by interbedded conglomerate and mudstone layers (Fig. 3F). The conglomerates are mainly clast-supported, tabular shaped, with both erosive (Fig. 3H) and non-erosive bases; the clasts are dominated by red and green sandstones, with minor granite clasts. Less common are matrix-supported conglomerates with angular to sub-angular
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Interpretation: Two different depositional environments can be identified in the Chingou Formation. Between 130 and 480 m of the Shurobod section, the succession shows features of matrixsupport, poor sorting, and angular to sub-angular clasts as large as 2 m, which we interpret as debrisflow deposits in an alluvial fan environment. In contrast, the majority of the formation is dominated by clast-supported and horizontally stratified conglomerates that are interbedded with mudstones.

Although no trough cross-stratification was observed, the lack of fine-grained matrix and gravel-sand couplets indicate that these conglomerates and mudstones were most likely deposited in a gravel-bed dominated braided river depositional setting.

Magnetostratigraphy

Rock magnetics

Most samples have low magnetic susceptibility around 2.0*10 -4 SI (International System of Units) but values up to 10 -3 SI suggest a low contribution of magnetite in some samples (Supplementary Fig. S1). Isothermal remanent magnetization (IRM) acquisitions do not show saturation in high fields and thermal demagnetization of the IRMs indicates that hematite is the main remanent magnetic carrier in the samples of both sections (Supplementary Fig. S2). Stepwise thermal demagnetization confirms that the Characteristic Remanent Magnetization (ChRM) is carried by hematite with high unblocking temperatures (Fig. 4). Normal and reverse polarities are observed in both sections (Fig. 4). There is no difference in the magnetic properties of samples with normal or reverse polarities. The Khirmanjo section has steep to vertical bedding while the conglomerate layers at Shurabad are only slightly tilted (Fig. 1D). The ChRM directions cluster after bedding correction into antipodal NW down and SE up orientations reflecting normal and reversed directions, respectively (Fig. 4). ChRM directions thus pass both reversals and fold tests, suggesting they reflect primary magnetizations that have not been significantly affected by secondary overprints and are therefore suitable for magnetostratigraphic analysis.
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Magnetostratigraphic analysis

Among the 533 paleomagnetic samples, 351 (66%) yielded reliable characteristic remanence (ChRM) directions. Polarity zones were defined by at least two consecutive samples with the same polarity. In total, there are 33 polarity zones identified with 16 normal zones (N1-N16; Fig. 5) and 17 reverse zones (R1-R17). The magnetostratigraphic section was constructed by correlating measured polarity zones with the Geomagnetic Time Scale (GTS; [START_REF] Ogg | Geomagnetic Polarity Time Scale[END_REF].

To aid polarity correlations with the GTS, we adopted the maximum depositional ages determined from detrital zircon fission-track (ZFT) ages from the nearby Dashtijum section [START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF], which is ~14 km to the north of the Khirmanjo section (Fig. 1). Due to the typically poor lateral extent of fluvial beds, it is not straightforward to make bed-to-bed correlations between these sections. We used satellite imagery to trace the lateral extent of bedding, as shown in Fig. 1C. Additionally, as will be shown in section 5.1.1, strata of these sections can be correlated at the formation/member scale. In particular, the lower boundary of the Baldshuan Formation is easily distinguished from the underlying marine deposits based on the disappearance of marine carbonate rocks and green mudstones, and appearance of terrestrial red clastic rocks. We used the 27 ± 2 Ma ZFT maximum depositional age (MDA) for the detrital zircon sample at the base of the Dashtijum section [START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF] to constrain the basal age of the Khirmanjo section. Similarly, the other ZFT ages from the Dashtijum section (Fig. 1) were used to further constrain the magnetostratigraphic ages on the formation/member scale.

To aid our exploration of potential polarity correlations, we applied the automated investigation procedure based on a Dynamic Time Warping algorithm to compute potential solutions [START_REF] Lallier | Management of ambiguities in magnetostratigraphic correlation[END_REF]. This automated investigation method minimizes variations in sediment accumulation rates and major depositional hiatus. The resulting correlation solutions strongly depend on the provided time window of sediment deposition. We therefore first used the automated method to explore multiple potential correlation solutions giving different time windows (Supplementary Fig. S3) and then targeted and improved these correlations with detailed manual adjustments, as discussed below.

Using the automated correlation with no time constraint results in a correlation solution spanning 15 Ma to 2 Ma. If the time window is loosely set to 30-0 Ma time window based on the basal 27 ± 2 Ma ZFT MDA, the solution spans 10-1.2 Ma. However, these two correlations visually
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This article is protected by copyright. All rights reserved show obvious misfit upon polarity zones correlation to the GTS and can be easily discarded based on outside constraints. For example, both correlations fail in the upper part above the Chingou Formation with the >3 km thick Tavildara, Karanak, and Polizak formations deposited within only 2 or 1.2 Myrs, which would incur unrealistic high sedimentation rates of >1.5-2 km/Myrs. To avoid this, an upper 5 Ma bound was set for a 30-5 Ma time window yielding an automatic correlation from 28 Ma to 12 Ma. This generated correlation can be visually improved to between 26.0 and 13.3 Ma (Fig. 5). It is most satisfactory for the upper part (mostly Shurobod section) but in the lower part (mostly Khirmanjo section) several chrons are missed (e.g. C6AN.1n) or poorly represented suggesting variations in accumulation rates and depositional discontinuities. These misfits in the lower part of this correlation led to setting the time window to 24-5 Ma, which yielded a 21-8 Ma correlation. This generated correlation is found satisfactory throughout, after only a few modifications in the 21-13 Ma interval. The observed 33 polarity zones correlate to the major normal and reverse chrons between C4r.1r and C6r of the GTS, which results in depositional ages between 19.7 and 8.1 Ma for the measured Khirmanjo and Shurobod sections (Fig. 5). The few short chrons not well represented (e.g., C5B1n) can be attributed to short depositional hiatuses. Choosing between the 26.0-13.6 Ma and 19.7-8.1 Ma correlations remains, however, challenging.

Compared with the detrital zircon fission-track ages from the Dashtijum section (Fig. 1; [START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF], the 19.7-8.1 Ma correlation yields lag times of 5-7 Ma. The corresponding sediment accumulation rates agree with the depositional environment changes at ca. 13.5 Ma increasing from ca. 200 to 400 mm/kyr, and generally showing higher accumulation rates in conglomerates than in mudstones. By contrast, the 26.0-13.6 Ma correlation yields lag times of 2-4 Ma and requires a sudden shift from 200 m/Myr to very high (>1000 m/Myr) sediment accumulation rates at 16.0 Ma that does not correspond to a facies change and is sustained until the top of the studies section at 13.6 Ma.

Although the 26.0-13.6 Ma correlation cannot be excluded without additional age constraints, we favor the 19.7-8.1 Ma correlation on account of its better paleomagnetic polarity zone correlations to the GTS and more reasonable accumulation rates. In the following discussion, we therefore use the age constraint of 19.7-8.1 Ma. However, we emphasize that no matter which of the two correlations is
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Detrital zircon U-Pb ages

The U-Pb age spectra of the seven detrital zircon samples show a distinct difference between the lower four (19.8-12.4 Ma) and upper three (11.8-9 Ma) samples in that the former four have a major Cenozoic age peak at ~40 Ma, which is lacking in the latter three (Fig. 6). Zircon grains from the upper three samples are all older than 200 Ma. All samples have grains with a range of ages >200 Ma.

Mudstone bulk-rock  Nd values

Generally, the  Nd values can be divided into three intervals (Fig. 7B): between 20 and 16.8 Ma, the  Nd values show a decreasing trend from -8.71 to -9.83; between 16 and 12 Ma, there is an increasing trend from -9.82 to -7.95; between 12 and 8 Ma, the  Nd values show an increased variability between -9.04 and -5.98 without any obvious temporal trends.

Stable oxygen and carbon isotopic values

Temporally, three main trends can be observed from the carbonate cement  18 O values (Fig. 7C):

1) a decreasing trend from -11‰ to -12.3‰ from 20-17 Ma; 2) an increasing trend from -12.3‰ to -10.8‰ from 17-12 Ma; and 3) a general decreasing trend from -10.8‰ to -12.0‰ from 12-8 Ma, with a negative excursion between ~11 and 10 Ma. Similarly, the  13 C values also show three trends (Fig. 7D): 1) a slightly increasing trend from -5.0‰ to -4.6‰ from 20-17 Ma; 2) a decreasing trend from -4.6‰ to -7.4‰ from 17-13.5 Ma; and 3) an increasing trend from -7.4‰ to -3.1‰ from 13.5-8 Ma. The  18 O values of the three paleosol nodular carbonates are indistinguishable from those of carbonate cements in the bulk rock samples, while their  13 C values are the most negative among all samples (Fig. 7C-D).

Evaluation of potential detrital carbonate contamination

Detrital carbonate grains are observed in some of the carbonate cemented sandstone samples (Fig. 8 and Table 2). We argue below that their influence is unlikely to be the dominant factor controlling the general isotopic trends (Fig. 7C-D) for the following reasons:
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In the study area, potential sources of the detrital carbonate grains include Late Cretaceous-Eocene marine limestones [START_REF] Kaya | Paleogene evolution and demise of the proto-Paratethys Sea in Central Asia (Tarim and Tajik basins): role of intensified tectonic activity at~ 41 Ma[END_REF][START_REF] Kaya | Cretaceous Evolution of the Central Asian Proto-Paratethys Sea: Tectonic, Eustatic, and Climatic Controls[END_REF] and Paleozoic limestones, both outcrop in the North Pamir [START_REF] Klocke | Cenozoic evolution of the Pamir and Tien Shan Mountains reflected in syntectonic deposits of the Tajik Basin[END_REF]. The Late Cretaceous-Eocene limestones are not diagenetically altered [START_REF] Kaya | Paleogene evolution and demise of the proto-Paratethys Sea in Central Asia (Tarim and Tajik basins): role of intensified tectonic activity at~ 41 Ma[END_REF], and their average  18 O and  13 C values are -5‰ and 1‰, respectively [START_REF] Bougeois | Asian monsoons and aridification response to Paleogene sea retreat and Neogene westerly shielding indicated by seasonality in Paratethys oysters[END_REF], both of which are much higher than those of the carbonate cements of this study ( 18 O: -10‰ to -14‰;  13 C: -2‰ to -9‰; Fig. 7C-D). If detrital carbonates from these Late Cretaceous-Eocene limestones were controlling the isotopic variations, the measured  18 O and  13 C values would show corresponding parallel trends, i.e., higher carbonate cement  18 O values indicate more contribution of detrital carbonate grains, which would also cause higher  13 C values. The opposing trends of the  18 O and  13 C values (Fig. 7C-D) indicate that this is unlikely the case.

For the Paleozoic limestones in the North Pamir, no stable isotopic values have been reported. If they were not diagenetically altered and the primary marine limestone stable isotopic values still hold, the above reasoning for the Cretaceous-Eocene limestones also applies. If they experienced diagenetic alteration during the Mesozoic tectonism and metamorphism and exhibit very low  18 O values (e.g., lower than -14‰), the fact that samples with more negative  18 O values (e.g., between 11 and 10 Ma) do not correspond to more detrital carbonate grains (Table 2) argues against their dominant influence.

Diagenesis screening

Our observations, as listed below, suggest that the carbonate cements of this study were most likely formed during early diagenesis when shallowly buried. First, petrographic observations show the appearance of fibrous calcite cement (Fig. 8C), which is a typical form of primary carbonate cement formed in the phreatic zone below the groundwater table [START_REF] Kendall | Radiaxial fibrous calcite: a reappraisal[END_REF]. Second, cathodoluminescence observations indicate homogeneous luminescence for the carbonate cements (Fig. 8F), suggesting that the cement was formed in chemically similar water, with no influence of deep burial fluid. Third, the intergranular volume (IGV), which is between 34 and 62% in the investigated samples, does not show a systematic decrease throughout the stratigraphic section (Table 2). Considering >3 km of younger deposits lie above the Chingou and Baldshuan formations in the study area [START_REF] Dedow | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 3. Pre-to Syn-orogenic Retro-foreland Basin Evolution in the Eastern Tajik Depression and Linkage to the Pamir Hinterland[END_REF], it is expected that the IGV would be lower than 15-20% (Baldwin & 
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Additional considerations support the inference of an early diagenetic origin for the carbonate cements: 1) the similarity of  18 O values between the paleosol nodular carbonates and adjacent carbonate cements (Fig. 7C) indicates that the carbonate cements were precipitated in shallow groundwater, which has similar  18 O values to the vadose zone soil water. 2) Deep burial diagenetic alteration is unlikely as this would lead to much lower  18 O values in the lower part of the section compared to samples in the upper section due to higher burial temperatures (e.g., [START_REF] Garzione | Carbonate oxygen isotope paleoaltimetry: evaluating the effect of diagenesis on paleoelevation estimates for the Tibetan plateau[END_REF], which is not the case.

Based on the above observations, we conclude that the carbonate cements in our bulk samples most likely were precipitated during early diagenesis, and their  18 O and  13 C values reflect those of shallow groundwater, which was mainly recharged by surface water from the catchment. In contrast to humid regions where groundwater is recharged mainly by infiltration of local precipitation, in semiarid to arid environments, where precipitation is limited and the rate of evapotranspiration typically exceeds that of precipitation, the dominant recharge source is river water [START_REF] Wilson | Mountain-block hydrology and mountain-front recharge[END_REF][START_REF] Markovich | Mountain-block recharge: A review of current understanding[END_REF]. The Miocene Tajik Basin was probably dominated by a semiarid to arid environment because of its intracontinental setting long after the retreat of the proto-Paratethys sea, as evidenced by the late Oligocene aeolian deposition in the central basin (Wang et al., 2019).

River water as the dominant mechanism of recharge is typical for mountain front areas, such as the eastern Tajik Basin, where groundwater recharge is mainly through mountain front and mountain block recharges [START_REF] Wilson | Mountain-block hydrology and mountain-front recharge[END_REF][START_REF] Markovich | Mountain-block recharge: A review of current understanding[END_REF], which accumulate precipitation from the whole catchment in the high elevation mountains.

Discussion

Middle-late Miocene growth of the North Pamir

Middle Miocene Regional lithostratigraphic changes

In the Khirmanjo and Shurobod sections, the most prominent sedimentological change is observed around 13.5 Ma, marked by the transition from the fine-grained mudstone-dominated Childara Member to the coarse-grained conglomerate dominated Chingou Formation (Figs. 7 and9).
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The stratigraphy of the Khirmanjo & Shurobod sections can be correlated to several other sections in the north-eastern (e.g., Tavildara section) and eastern (e.g., Obi Khudkham and Dashtijum sections; Fig. 1) Tajik basin, based on member/formation scale lithofacies variations (Fig. 9).

Sedimentary sections in the eastern Tajik Basin show similar lithofacies changes, such as the finegrained Shurisay Member, to the conglomerate dominated Kamolin Member, to the fine-grained Childara Member, and then to the conglomerate dominated Chingou Formation (Fig. 9, Khirmanjo & Shurobod, Obi Khudkham, and Dashtijum sections) [START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF][START_REF] Dedow | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 3. Pre-to Syn-orogenic Retro-foreland Basin Evolution in the Eastern Tajik Depression and Linkage to the Pamir Hinterland[END_REF]this study). All three sections show a major lithofacies change from the fine-grained Childara Member to the coarse-grained Chingou Formation. Slightly different in the Tavildara section of the north-eastern Tajik Basin, rocks of the Baldshuan and Chingou formations are dominated by sandstones and siltstones, with limited appearance of conglomerates. However, the general lithofacies trends, i.e., fine-grained and coarse-grained cycles, remain apparent [START_REF] Klocke | Cenozoic evolution of the Pamir and Tien Shan Mountains reflected in syntectonic deposits of the Tajik Basin[END_REF] to enable correlation to other sections farther south in the eastern Tajik Basin (Fig. 9).

The newly dated ~13.5 Ma timing of this lithofacies change between the Childara Member and the Chingou Formation across the eastern and northeastern Tajik Basin suggests a middle Miocene phase of deformation propagation in the source terrane. The timing is also coeval with the initiation of thick conglomerate deposition and growth strata in the Tarim Basin starting ca. 15 Ma (Fig. 9) [START_REF] Zheng | Late oligoceneearly miocene birth of the Taklimakan Desert[END_REF][START_REF] Blayney | Tectonic evolution of the Pamir recorded in the western Tarim Basin (China): sedimentologic and magnetostratigraphic analyses of the Aertashi section[END_REF], which has been interpreted to denote deformation and thrusting of the North Pamir onto the Tarim Basin [START_REF] Blayney | Tectonic evolution of the Pamir recorded in the western Tarim Basin (China): sedimentologic and magnetostratigraphic analyses of the Aertashi section[END_REF]. Together, this suggests a regional-scale deformation in the North Pamir starting in the late middle Miocene.

We noted that in the PE section of the central Tajik Basin, a previous magnetostratigraphic study reported depositional ages of 37.4-23.3 Ma for the Baldshuan (Shurisay, Kamolin, and Childara members) and Chingou formations, with a boundary age between these two at ~25 Ma (Wang et al., 2020), which is distinct from the ~13.5 Ma age reported in this study. We attribute this discrepancy to
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Middle Miocene detrital source change

The disappearance of Eocene zircons around 12 Ma (Fig. 6) suggests a significant detrital source change. The potential source terranes for the eastern Tajik Basin include the North, Central, and South Pamir (Fig. 1 and Supplementary Fig. S4). The Southwest Tian Shan is not considered as a potential source as it only became a minor contributor to its foothill deposits since the Pliocene [START_REF] Klocke | Cenozoic evolution of the Pamir and Tien Shan Mountains reflected in syntectonic deposits of the Tajik Basin[END_REF].

The Fig 10) of the Central Pamir (Fig. 1) is a potential source for the Eocene detrital zircons found in the lower four samples of our section, which were deposited between 20 and 12 Ma [START_REF] Lukens | Miocene exhumation of the Pamir revealed by detrital geothermochronology of Tajik rivers[END_REF][START_REF] Chapman | Mesozoic to Cenozoic magmatic history of the Pamir[END_REF]. By contrast, suitable source rocks for the Eocene grains have not been recorded in the North Pamir [START_REF] Lukens | Miocene exhumation of the Pamir revealed by detrital geothermochronology of Tajik rivers[END_REF][START_REF] Chapman | Intracontinental subduction beneath the Pamir Mountains: Constraints from thermokinematic modeling of shortening in the Tajik fold-and-thrust belt[END_REF][START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF][START_REF] Li | Was the Pamir salient built along a Late Paleozoic embayment on the southern Asian margin?[END_REF]. The >200 Ma ages of these samples can either be sourced from the Mesozoic strata surrounding these Eocene granitoids in the Central Pamir or from the exposed North Pamir (Fig. 10). In contrast, the upper three samples that are between 12 and 8 Ma lack the Eocene age peak at 40 Ma (Fig. 10), indicating the disappearance of detritus from the Central Pamir; while the exclusively >200 Ma ages are consistent with a dominant detrital source in the North Pamir.

Interestingly, a similar disappearance of ~40 Ma detrital zircon ages was also observed in the Oytag section in western Tarim Basin (Fig. 1A), the timing of which is only poorly constrained to be postearly Miocene [START_REF] Bershaw | Cenozoic evolution of the Pamir plateau based on stratigraphy, zircon provenance, and stable isotopes of foreland basin sediments at Oytag (Wuyitake) in the Tarim Basin (west China)[END_REF].

The inferred provenance change at ~12 Ma is also supported by mudstone bulk-rock  Nd values which become less negative and more variable after 12 Ma (Fig. 7B). The change from more negative to less negative  Nd values seems to agree with the change of provenance from the Central ( Nd values:

-7.7 and -9.6) to the North Pamir ( Nd values: -6.4 and -9.9) [START_REF] Blayney | Indentation of the Pamirs with respect to the northern margin of Tibet: Constraints from the Tarim basin sedimentary record[END_REF][START_REF] Blayney | Tectonic evolution of the Pamir recorded in the western Tarim Basin (China): sedimentologic and magnetostratigraphic analyses of the Aertashi section[END_REF] as inferred from detrital zircon U-Pb data. We note however that the uncertainties in this inference are high because modern river mud  Nd data used to characterize the Central and North Pamir are sparse and from the eastern rather than western Pamir and therefore may not be representative. Regardless, the  Nd signatures clearly support the inference that a significant provenance shift occurred around 12 Ma.
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This article is protected by copyright. All rights reserved In the nearby Dashtijum section, detrital zircon U-Pb ages have been reported from five sandstone samples collected from the Baldshuan, Chingou, and Tavildara formations, all of which show a prominent Eocene age peak (Fig. 10; [START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF]. This is different from the detrital zircon U-Pb age spectra of samples from the Khirmanjo and Shurobod sections, in which the upper three samples of the Chingou Formation do not have Eocene zircons. We interpret this difference to result from the different stratigraphic intervals sampled in the different studies. The lower four samples of the Dashtijum section can be correlated to the 20-12 Ma interval of the Khirmanjo section, i.e., Baldshuan and lower Chingou formations (Fig. 1), which share very similar U-Pb age spectra (Fig. 10). A 1500-meter sampling gap separates these samples from the top one sample of the Dashtijum section assigned to the Tavildara Formation [START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF] and correlated stratigraphically above the Shurobod section. We thus interpret that the interval in which we have recorded the disappearance of Eocene detrital zircons lies in the correlative 1500 m sampling gap in the Dashtijum section (Figs. 1C and10). This implies that Eocene detrital zircons were recorded since the late Eocene, then disappeared at ca. 12 Ma and reappeared after 8 M, according to our favored magnetostratigraphic correlation.

Middle-late Miocene stable isotopic shifts

The provenance shift at ~12 Ma also appears to correspond to a change in the  18 O values of carbonate cement in our bulk mudstone and sandstone samples. The  18 O values generally show a negative shift starting from ~12 Ma to the top of the section but with a negative excursion between 11 and 10 Ma (Fig. 7C; see Supplementary Text S5 for a detailed discussion of the excursion).

Concurrently, the  13 C values show a constant gradual positive shift (Fig. 7D).

For the negative shift of the  18 O values, several potential causes are explored: global climate cooling, moisture source change, as well as surface uplift. Global cooling can influence  18 O values in two opposing ways: temperature decrease can cause the decrease of  18 O values of precipitation while the increase of  18 O values of carbonate with a combined effect of 0.36‰/°C [START_REF] Kim | Equilibrium and nonequilibrium oxygen isotope effects in synthetic carbonates[END_REF].

During the Miocene, there is a significant global climate cooling step after the mid-Miocene Climate Optimum at ~14 Ma [START_REF] Westerhold | An astronomically dated record of Earth's climate and its predictability over the last 66 million years[END_REF]; this step is very different from the gradual decreasing trend we observe, starting at ~12 Ma (or 15.5 Ma in the alternative correlation).
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This article is protected by copyright. All rights reserved Currently, the Tajik Basin moisture source is dominated by the Westerlies and this pattern is generally confirmed to have prevailed since the Eocene by regional stable isotopic studies (e.g., [START_REF] Caves | Role of the westerlies in Central Asia climate over the Cenozoic[END_REF][START_REF] Bougeois | Asian monsoons and aridification response to Paleogene sea retreat and Neogene westerly shielding indicated by seasonality in Paratethys oysters[END_REF], as well as climate modeling (e.g., [START_REF] Tardif | The origin of Asian monsoons: a modelling perspective[END_REF]Wang et al., 2020). We thus also exclude moisture source change as a potential driving factor of the isotopic change.

The remaining potential driver of the negative shift of  18 O values in our sedimentary succession is surface uplift enhancing Rayleigh distillation during the forced orographic ascension of water vapor [START_REF] Rowley | Stable isotope-based paleoaltimetry[END_REF]. As previously proposed, surface uplift may have increased the amount of orographic precipitation and also enhanced the precipitation seasonality with increasing winter precipitation [START_REF] Sha | Role of the Tian Shan Mountains and Pamir Plateau in increasing spatiotemporal differentiation of precipitation over interior Asia[END_REF]; both of these processes can lead to negative shifts of  18 O values due to decreased sub-cloud evaporation [START_REF] Li | Spatial distribution and controlling factors of stable isotopes in meteoric waters on the Tibetan Plateau: Implications for paleoelevation reconstruction[END_REF] and lower precipitation temperature, respectively [START_REF] Caves | Late Miocene Uplift of the Tian Shan and Altai and Reorganization of Central Asia Climate[END_REF][START_REF] Bershaw | The isotopic composition of meteoric water along altitudinal transects in the Tian Shan of Central Asia[END_REF].

Similarly, the associated positive shift of the  13 C values (Fig. 7D) is more likely explained by surface uplift than other potential drivers, such as the appearance of C4 plants or addition of marine carbonate dissolution. First, C4 plant expansion is unlikely the major driver as it occurred only later near the Miocene-Pliocene boundary in broad areas of Central Asia [START_REF] Shen | Increased seasonality and aridity drove the C4 plant expansion in Central Asia since the Miocene-Pliocene boundary[END_REF] or Quaternary in the Tajik Basin [START_REF] Yang | Winter-spring precipitation as the principal control on predominance of C3 plants in Central Asia over the past 1.77 Myr: evidence from δ13C of loess organic matter in Tajikistan[END_REF]. Although the potential influence of marine carbonate dissolution cannot be excluded, the fact that the  13 C values increased in a constantly gradual way that is also in concert with the  18 O values, suggests that progressive surface uplift is probably the dominant cause, rather than marine carbonate dissolution, in which case a more abrupt shift and decoupling with oxygen shift would be expected. Indeed, surface uplift can explain the increase of the  13 C values through two independent mechanisms: first, the decreased photosynthetic discrimination of plants under lower atmosphere p(CO 2 ) due to higher elevations would increase the  13 C values of plants [START_REF] Körner | Carbon isotope discrimination by plants follows latitudinal and altitudinal trends[END_REF]; second, soil respiration rate would decrease with lower temperatures [START_REF] Lloyd | On the temperature dependence of soil respiration[END_REF]) associated with higher elevations [START_REF] Cerling | Stable carbon and oxygen isotopes in soil carbonates[END_REF]. Both mechanisms could have increased the  13 C values of the soil CO 2 , which would dissolve in waters and contribute to the dissolved inorganic carbon pool of the shallow groundwater in the basin through mountainfront recharge [START_REF] Wilson | Mountain-block hydrology and mountain-front recharge[END_REF][START_REF] Markovich | Mountain-block recharge: A review of current understanding[END_REF].
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Broader implications

Based on the above discussed multiple sets of evidence, we interpret our data to suggest that around 13.5 Ma, thrusting in the Pamir propagated towards the foreland causing the significant lithofacies change and accumulation rate increase. At ~12 Ma, continued deformation and forelandward propagation of the fold-thrust belt may explain the cutting-off of the Central Pamir detrital source and a confined provenance in the North Pamir (ending after 8 Ma potentially because the river headwater incised back into the Central Pamir). The more variable  Nd values after 12 Ma probably reflect shifting drainages within the North Pamir in response to ongoing foreland-ward propagation of the fold-thrust belt.

Middle-late Miocene North Pamir deformation recorded in adjacent basins is consistent with late Miocene exhumation ages from thrust sheets associated with the deformation of the Tajik Basin [START_REF] Chapman | Intracontinental subduction beneath the Pamir Mountains: Constraints from thermokinematic modeling of shortening in the Tajik fold-and-thrust belt[END_REF][START_REF] Abdulhameed | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 2. Timing of Basin Inversion, Tian Shan Mountain Building, and Relation to Pamir-Plateau Advance and Deep India-Asia Indentation[END_REF] as well as north-western Pamir exhumation from apatite fission-track ages between 10.3 Ma and 6.2 Ma [START_REF] Abdulhameed | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 2. Timing of Basin Inversion, Tian Shan Mountain Building, and Relation to Pamir-Plateau Advance and Deep India-Asia Indentation[END_REF].

In addition to the middle-late Miocene phase of growth recorded in this and previous studies [START_REF] Klocke | Cenozoic evolution of the Pamir and Tien Shan Mountains reflected in syntectonic deposits of the Tajik Basin[END_REF][START_REF] Chapman | The Tajik Basin: a composite record of sedimentary basin evolution in response to tectonics in the Pamir[END_REF][START_REF] Dedow | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 3. Pre-to Syn-orogenic Retro-foreland Basin Evolution in the Eastern Tajik Depression and Linkage to the Pamir Hinterland[END_REF], an earlier late Oligocene-early Miocene growth phase of the Pamir has also been documented [START_REF] Coutand | Late Cenozoic tectonic development of the intramontane Alai Valley,(Pamir-Tien Shan region, central Asia): An example of intracontinental deformation due to the Indo-Eurasia collision[END_REF][START_REF] Amidon | Exhumational history of the north central Pamir[END_REF]Wang et al., 2019;Wang et al., 2020). These two deformation phases are also welldocumented in the Tarim Basin sedimentary records [START_REF] Zheng | Late oligoceneearly miocene birth of the Taklimakan Desert[END_REF][START_REF] Blayney | Tectonic evolution of the Pamir recorded in the western Tarim Basin (China): sedimentologic and magnetostratigraphic analyses of the Aertashi section[END_REF], as well as in Tien Shan thermochronology data [START_REF] Hendrix | Late Oligocene-early Miocene unroofing in the Chinese Tian Shan: An early effect of the India-Asia collision[END_REF][START_REF] Sobel | Thrusting and exhumation around the margins of the western Tarim basin during the India-Asia collision[END_REF][START_REF] Dumitru | Uplift, exhumation, and deformation in the Chinese Tian Shan[END_REF] 
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Deformation of the North Pamir since ~15-12 Ma is concurrent with 1) the tectonic regime shift from extensional to contractional deformation in the Central Pamir at ~12-10 Ma [START_REF] Rutte | Building the Pamir-Tibetan Plateau-Crustal stacking, extensional collapse, and lateral extrusion in the Central Pamir: 2. Timing and rates[END_REF], 2) internal deformation of the Tajik Basin since ~12 Ma [START_REF] Chapman | Intracontinental subduction beneath the Pamir Mountains: Constraints from thermokinematic modeling of shortening in the Tajik fold-and-thrust belt[END_REF][START_REF] Abdulhameed | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 2. Timing of Basin Inversion, Tian Shan Mountain Building, and Relation to Pamir-Plateau Advance and Deep India-Asia Indentation[END_REF], and 3) rapid exhumation of the Southwest Tian Shan since ~12-10 Ma [START_REF] Jepson | Thermochronological insights into the structural contact between the Tian Shan and Pamirs, Tajikistan[END_REF][START_REF] Abdulhameed | Tajik Basin and Southwestern Tian Shan, Northwestern India-Asia Collision Zone: 2. Timing of Basin Inversion, Tian Shan Mountain Building, and Relation to Pamir-Plateau Advance and Deep India-Asia Indentation[END_REF]. These observations agree with the proposal that resumed northward underthrusting of the Indian lower crust and mantle lithosphere, after the 25-20 Ma slab retreat and breakoff [START_REF] Mahéo | A slab breakoff model for the Neogene thermal evolution of South Karakorum and South Tibet[END_REF][START_REF] Decelles | Oligocene-Miocene Kailas basin, southwestern Tibet: Record of postcollisional upper-plate extension in the Indus-Yarlung suture zone[END_REF], forced the delamination of the cratonic Asian mantle lithosphere since ~12-10 Ma [START_REF] Kufner | Deep India meets deep Asia: Lithospheric indentation, delamination and break-off under Pamir and Hindu Kush (Central Asia)[END_REF][START_REF] Rutte | Building the Pamir-Tibetan Plateau-Crustal stacking, extensional collapse, and lateral extrusion in the Central Pamir: 2. Timing and rates[END_REF], which caused synchronous deformation in the North Pamir, Tajik and Tarim basins and southwest Tian Shan. Note that the forced delamination was inferred by [START_REF] Kufner | Deep India meets deep Asia: Lithospheric indentation, delamination and break-off under Pamir and Hindu Kush (Central Asia)[END_REF] based on the comparing lengths of an ~380 km long slow anomaly thought to be delaminated Asian mantle lithosphere beneath the Pamir with similar northward underthrusting of the Indian mantle lithosphere since ~12-10 Ma.

Middle to late Miocene deformation in the North Pamir and associated surface uplift may relate to coeval regional climate changes. Topographic growth of the Pamir mountains deflecting the Westerly moisture is invoked for enhanced aridity in the leeward (Tarim) side while increasing orographic precipitation in the windward (Tajik) side (e.g., [START_REF] Caves | Role of the westerlies in Central Asia climate over the Cenozoic[END_REF]. Previous studies interpreted the late Oligocene-early Miocene appearance of eolian deposits in the Tarim Basin [START_REF] Zheng | Late oligoceneearly miocene birth of the Taklimakan Desert[END_REF] and coeval wetting signals in the Tajik basin (Wang et al., 2020) that fit well with the Pamir-Tian Shan deformation reported at this time [START_REF] Sun | Variation and abrupt change of climate in Ili River Basin, Xinjiang[END_REF][START_REF] Qiang | New eolian red clay sequence on the western Chinese Loess Plateau linked to onset of Asian desertification about 25 Ma ago[END_REF][START_REF] Zheng | Late oligoceneearly miocene birth of the Taklimakan Desert[END_REF]. However, a pronounced late middle Miocene to Pliocene aridification is also reported from Tarim (e.g., [START_REF] Heermance | Sedimentological and stable isotopic evidence for inversion of the Qaidam Basin, China, associated with climate change during the Plio-Quaternary transition[END_REF][START_REF] Liu | Late Miocene episodic lakes in the arid Tarim Basin, western China[END_REF][START_REF] Bougeois | Asian monsoons and aridification response to Paleogene sea retreat and Neogene westerly shielding indicated by seasonality in Paratethys oysters[END_REF][START_REF] Heermance | Erg deposition and development of the ancestral Taklimakan Desert (western China) between 12.2 and 7.0[END_REF] and farther east into the Qaidam Basin and beyond [START_REF] Dettman | Uplift-driven climate change at 12 Ma: a long δ18O record from the NE margin of the Tibetan plateau[END_REF][START_REF] Zhuang | Isotopic constraints on intensified aridity in Central Asia around 12Ma[END_REF][START_REF] Li | Early-middle Miocene topographic growth of the northern Tibetan Plateau: Stable isotope and sedimentation evidence from the southwestern Qaidam basin[END_REF] based on positive carbonate  18 O shifts combined with sedimentological proxies. These latter aridification events have also been interpreted to reflect the topographic growth of the Pamir and Tian Shan, which is supported by results of this study, although global climate cooling and increased variability since the middle Miocene Climate Optimum (17-14 Ma) probably also contributed to the aridification [START_REF] Barbolini | Cenozoic evolution of the steppe-desert biome in Central Asia[END_REF].
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  and dated a new sedimentary section in the eastern Tajik Basin. Magnetostratigraphic study indicates that the Baldshuan and Chingou formations were deposited from 20-8 Ma. A prominent lithofacies change from fine-grained floodplain-dominated braided river facies to a coarse-grained braided river channel and alluvial fan-dominated depositional setting occurred around 13.5 Ma. Detrital zircon U-Pb zircon age spectra and mudstone bulk-rock  Nd values indicate a sediment source change from the Central Pamir to the North Pamir at ~12 Ma. Accompanied with the provenance change, stable oxygen and carbon isotopic values derived from carbonate cement bearing mudstones and sandstones show decreasing and increasing trends respectively after 12 Ma, which are interpreted to reflect surface uplift of the drainage basin. Integrating these lines of evidence from the new section with previous studies from both the Tajik and Tarim basins, we suggest deformation propagation and surface uplift of the North Pamir during the middle to late Miocene. Our results agree with models that predict delamination since 12-10 Ma with associated late Miocene deformation of the North Pamir and surrounding regions. Results of this study, when combined with previous work, emphasize that the Pamir experienced multiple phases of deformation and topographic growth during the late Paleogene-Neogene to form its present height and arcuate shape.

Figure captions Figure 1 .

 captions1 Figure captions Figure 1. (A) Simplified tectonic map of the Pamir and surrounding regions, showing major terranes, suture zones (black lines), faults (red lines), and gneiss domes (brown patches). Blue and yellow stars are modern river mud  Nd samples from the North and Central/South Pamir, respectively (Blayney et al., 2016; Blayney et al., 2019). Blue lines represent the Panj River system. Yellow circles are previously studied sections: PE, Carrapa et al. (2015) and Wang et al. (2019); TA (Tavildara), Klocke et al. (2017); Aksu, Sun et al. (2020); Aertashi, Zheng et al. (2015), Blayney et al. (2016) and Blayney et al. (2019); Oytag, Bershaw et al. (2012); KYTS, Kashgar-Yecheng transfer system; MPT, Main Pamir Thrust; RPS, Rushan-Pshart suture; TS, Taymas suture; TBZ, Tirich-Mir boundary zone. Inset: The dashed box shows the location of the main figure, Tajik Basin; HK, Hindu Kush. (B) Geologic map of the study area, adapted from Dedow et al. (2020). Black solid curves are measured sections of this study: KH, Khirmanjo section; SB, Shurobod section. Black dashed curves are previously studied sections: DH, Dashtijum section, Chapman et al. (2019); OK, Obi Khudkham section, Dedow et al. (2020). The dotted line correlates similar stratigraphic heights between the SB and KH sections. Filled circles represent detrital samples for geochronology and thermochronology studies of this study and Chapman et al. (2019): the blue, orange, and yellow colors represent different ages, e.g., 20-12 Ma, 12-8 Ma, and <8 Ma. Note that ages in the DH section are the younger age population derived from the kernel density estimates (KDE) curves of detrital zircon fission-track (ZFT) data. (C) Satellite image of the same area as (A). The rose-red solid (more reliable) and dashed lines (less reliable) show lateral correlations of similar stratigraphic heights between different sections. (D) Cross-section of the Khirmanjo and Shurobod sections, showing bedding directions and angles. P, Paleogene; K, Cretaceous. See (A) for the location of the cross section (I to II).

Figure 2 .

 2 Figure 2. Stratigraphic columns of the Khirmanjo (A) and Shurabad (B) sections. See Table1for lithofacies codes.

Figure 3 .

 3 Figure 3. Photos showing representative lithofacies. (A) Thinly bedded sandstone and mudstone interlayers, showing tabular bedding. Sandstones are massive in structure. Khirmanjo section, Shurisay Member, Baldshuan Formation. (B) Mudstone with interbedded thinly-bedded sandstone.Accepted Article

Figure 4 .

 4 Figure 4. Left panels: Orthogonal projections of progressive thermal demagnetization for selected representative samples from the Shurobod (18SB) and Khirmanjo (16KHN) sections. The red solid circles and green open circles represent projections in the horizontal and vertical planes, respectively. Right panels: Equal-area stereographic projection of the Characteristic Remnant Magnetization (ChRM) directions for the Shurabad section (upper panel) and Khirmanjo section (lower panel), as in situ (left panel) and tilt corrected (right panel). Positive (negative) inclinations on the lower (upper) hemispheres are shown as solid (open) symbols. ChRM directions shown in green were iteratively rejected after a 45° cutoff from their mean virtual geomagnetic poles for reversed and normal directions, respectively. Fisher means for normal and reversed polarities (stars) are indicated with 95% ellipse.

Figure 5 .

 5 Figure 5. Simplified lithostratigraphy and magnetostratigraphy of the Khirmanjo and Shurobod sections. The polarity of paleomagnetic directions is indicated by their reversal angle (difference between measured direction and the mean direction at the site as defined by Valet et al. (2012)). Black and white points depict paleomagnetic directions found reliable and unreliable respectively (see methods). Normal (black) and reversed (white) Polarity zones are defined by at least 2 paleomagnetic directions and intervals with only one paleomagnetic direction are shown in grey. Note that the preferred and alternative correlation imply different overlapping stratigraphic intervals between the Khirmanjo and Shurobod sections.

Figure 6 .

 6 Figure 6. Detrital zircon U-Pb age spectra kernel density estimates (KDEs) of sandstone samples from the Khirmanjo and Shurobod sections. The grey vertical band highlights Eocene zircon ages. x0.2 in the lower two samples indicate that the highest age peak is reduced to 0.2 times of true height.

Figure 7 .

 7 Figure 7. Temporal variations of (A) sediment accumulation rate, (B) mudstone bulk-rock Nd, (C-D) carbonate cement stable oxygen ( 18 O) and carbon ( 13 C) isotopic values. The blue points in (B) are modern river mud  Nd values from Blayney et al. (2016) and Blayney et al. (2019). Also shown is the lithostratigraphic column. The orange solid and dashed curves in C and D are bootstrap smoothing and 1 confidence intervals.

Figure 8 .

 8 Figure 8. Photomicrographs under cross-polarized light (A-E). (A) Siltstone dominated by quartz (Q) grains and calcite cement. Shurisay Member, Baldshuan Formation. (B) Sandstone dominated by quartz (Q) grains, volcanic lithics, and calcite cement (shown by red arrows). Chingou Formation. (C) Pebbly sandstone showing a large volcanic lithic clast and surrounding fibrous calcite cement. Chingou Formation. (D) Sandstone dominated by quartz and sedimentary lithics (Ls), cemented by micritic carbonate. Blue arrow shows a detrital calcite grain. Chingou Formation. (E) Sandstone dominated by volcanic lithics and quartz, cemented by large sparry calcite. Chingou Formation. (F) Cathodoluminescence image of the same sample as (C) but only partial overlap (anchored by the large quartz grain). Note the homogeneous luminescence of the sparry calcite cement (red-colored). KH and SB denote Khirmanjo and Shurobod sections, respectively.

Figure 9 .

 9 Figure 9. Comparisons of sedimentary sections in the eastern and north-eastern Tajik Basin, as well as the western Tarim Basin.

Figure 10 .

 10 Figure 10. Compiled detrital zircon spectra (KDEs) from several different locations in the Tajik Basin. See Figure 1 for locations. Also shown are the detrital zircon U-Pb age spectra of potential source terranes, compiled from Robinson et al. (2004), Lukens et al. (2012), Carrapa et al. (2014), Blayney et al. (2016), Chapman et al. (2018), and He et al. (2018). The grey and green vertical bands Accepted Article

  conglomerate, clast supported, massive (disorganized), moderately to poorly sorted, subangular to rounded, tabular-or lenticular-shaped, occasionally normally or inversely graded, both erosive and nonerosive base were observed Deposits of clast-rich hyperconcentrated flows or noncohesive debris flows Gch Granule to pebble conglomerate, clast supported, horizontally stratified, nonerosive base Deposits of 'normal' shear traction flows under flood-stage conditions Sm Medium-to coarse-grained sandstone, massive, thinly bedded, sometimes pebbly base, tabular shaped Sandy debris flows in channels or overbank, or heavily bioturbated sand Sh Medium-to coarse-grained sandstone, horizontally stratified, thin-to mediumprotected by copyright. All rights reserved

  

  

  

  

  

  

  

  

  

  

Table 1 .

 1 Summary of lithofacies observed in the Khirmanjo and Shurabad sections.

Table 2 .

 2 Modal petrographic and inter-granular volume (IGV) data of selected sandstone samples.

	ID	Age (Ma)	Thickness (m) #	Detrital calcite	Carbonate cement	Matrix	Pore	Minerals & lithics	Total	IGV (%) *	Detrital calcite/ (detrital+cement)	Carbonate cement/total
	SB254	8.2	2753	4	152	82	4	258	500	47.60	2.56%	30.40%
	SB224	8.7	2576	15	134	109	11	231	500	50.80	10.07%	26.80%
	SB190	9.1	2337	8	64	155	6	267	500	45.00	11.11%	12.80%
	SB135	10.2	2081	4	42	120	9	325	500	34.20	8.70%	8.40%
	SB80	10.8	1927	1	54	208	7	230	500	53.80	1.82%	10.80%
	SB20	11.7	1498	6	129	95	6	264	500	46.00	4.44%	25.80%
	SB11	12	1443	32	106	202	4	156	500	62.40	23.19%	21.20%
	KHN4	11.7	1645	1	128	100	7	264	500	47.00	0.78%	25.60%
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