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Abstract

The Talas Fergana/Karatau Fault, is a major tectbaundary separating the Kazakh-Turan
domain to the west from the Tian Shan domain toeth&t. During the Jurassic, movements
along the fault led to the opening of several ms§iill, the Mesozoic kinematics of the fault
and the geodynamic mechanism that led to the opewoin these basins are largely
unconstrained. Located at its southwestern termoimatthe Yarkand-Fergana Basin is
certainly the best exposed and however still poongierstood. In this study, we provide new
sedimentological description of the Jurassic sefies) the northern part of the Yarkand-

Fergana Basin as well as new palynological datdowmg a Middle—Late Triassic period

dominated by regional erosion, the onset of sediatiem in the Yarkand-Fergana Basin
occurred during the Sinemurian(?)-Pliensbachiane Dlasin opened as a half graben
controlled by the Talas Fergana/Karatau Fault apghited from the Fergana Basin by
basement highs. Extension persisted during thePl@asbachian—Middle Jurassic, leading to
a general widening of the Yarkand-Fergana Basinally, Late Jurassic—Early Cretaceous

renewed tectonic activity in the area led to theemsion of the north Yarkand-Fergana Basin.
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The Early to Middle Jurassic timing of developmehthe Yarkand-Fergana Basin suggests
that the coeval movements along the Talas Ferganat& Fault are not associated to the
collision of the Qiangtang block along the southenargin of Eurasia. We favor the
hypothesis of an opening controlled by transtensedated to far field effects of back-arc

extension along the Neo-Tethys subduction zonkdavest.

Keywords: Central Asia; Talas Fergana/Karatau Fault; Extenslarassic

1. Introduction

Extending NW-SE from eastern Kazakhstan to wes@mma (Fig. 1), the Talas
Fergana/Karatau Fault is a key structural feataur@entral Asia. The fault belongs to a series
of parallel strike-slip lineaments that developthand, for some of them across the Western
Tian Shan range (Fig. 1). It is widely acceptedt tiee Talas Fergana/Karatau Fault
underwent multiple phases of deformation from theoptoterozoic to the Cenozoic,
especially during the Permian transpressive deftbomaand the late Cenozoic, ongoing
orogeny (Ognev, 1939; Burtman, 1964; Allen et 2001; Alexeiev et al., 2009; Rolland et
al., 2013). In between those two major events,nduthe Early-Middle Jurassic, a peculiar
period of transtensional tectonics affected thrsicstire, resulting in the formation of the
South Turgay, Leontiev and Yarkand-Fergana bagigs Ognev, 1946; Sobel, 1999; Allen et
al., 2001; Alexeiev et al., 2017; Schnyder et2017). It has been recently demonstrated that
during the Jurassic, the Talas Fergana/Karatau t Fauds separating a generally
transpressional domain to the east from a largeignsional domain to the west (Morin et al.,
2018). Nonetheless, the Mesozoic kinematics ofdh& and the geodynamic mechanism that
led to the opening of these basins are still poooystrained due to the lack of detailed field

data. Among the three basins, the Yarkand-Ferganaertainly the best exposed and
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preserved, the South Turgay Basin being extensm@hered by Cenozoic deposits while the
Leontiev Basin has been strongly deformed by silke movement along the Talas
Fergana/Karatau Fault (e.g. Allen et al., 2001)dted in the south-western termination of
the Talas Fergana/Karatau Fault, the Yarkand-Far@asin contains up to 5 km of Jurassic
sediments in its southern part (Osmonbetov etl8@82; Sobel, 1999). Russian geologists
have provided a number of stratigraphic and strattinformation on the basin and its
relation to the Talas-Fergana fault (e.g. Ognev61®Brik, 1953; Sinitsyn, 1960; Genkina,
1977; Biske, 1982). However, its sedimentary evoiytits timing of opening and its
Mesozoic kinematics remain poorly understood.

In this study, we report new sedimentological dgsons of the Jurassic series from
the northern part of the Yarkand-Fergana Basin el as new palynological data which we
use to provide age constrains on those sedimenesud® those data to decipher the Late
Triassic to Late Jurassic—Early Cretaceous palepgebic and tectonic evolution of the
basin. The data are then discussed in terms ofygaatc implications for the kinematics of

Central Asia during the Jurassic period.

2. Geological setting

2.1. Paleozoic to Cenozoic evolution of the Talagfana/Karatau Fault

The Talas Fergana/Karatau Fault is a major NW—-Sentad strike-slip structure
extending for more than 2000 km from Kazakhstanvéstern China which has undergone
multiple phases and styles of deformation durirsgerolution (Ognev, 1939; Sobel, 1999;
Allen et al., 2001; Rolland et al., 2013; Alexeigval., 2009, 2017) (Fig. 1). In the Talas and
Fergana ranges, the Talas-Fergana/Karatau stijkesgstem initiated no earlier than the
middle Permian as indicated by its crosscuttingitiehs with Early to Middle Permian

structural elements (Biske, 1982; Burtman et #1961 Bazhenov et al., 1999; Alexeiev et al.,
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2017). In this area, the strike-slip motion is wetpressed and can reach up to 200 km of
cumulated Paleozoic to Quaternary right-latergpldisement (Burtman, 1964). To the north,
in the Talas and Karatau ranges, the late Paleqase of deformation reactivated an older
Paleozoic major structural system that corresporidetthe boundary between the Karatau-
Talas and Middle Tian Shan terranes (Nikolaev, 1938is first-stage of deformation has
been constrained by geochronological data fromPatenian to Middle Triassic (Konopelko
et al., 2013; Rolland et al., 2013; Loury et ad1@, 2018a,bJourdon et al., 2017). It has been
suggested that the deformation induced a maximusetodf 70 km (Alexeiev et al., 2017).
The second stage of strike slip deformation, vé@ly related to the Early—Middle Jurassic
opening of the South Turgay, Leotniev and Yarkaerdgkna basins, affected the Talas
Fergana/Karatau Fault (Sobel, 1999; Moseley anthif&r, 2000; Allen et al., 2001; Shi et
al., 2016; Alexeiev et al., 2017) although strike-snotion has been refuted in an early study
by Sinitsyn (1960). In the Kyrgyz region, a Lateabsic—Early Jurassic period of brittle
reactivation of the fault has been identified byA&rdating at 195 + 3 Ma (Rolland et al.,
2013). Based on a kinematic analysis of the Juragsibens of the southern Turgay Basin,
Alexeiev et al. (2017) estimated the Jurassic righdral maximum offset along the Talas
Fergana/Karatau Fault to be up to tens of kilonset@&inally numerous observations,
including seismicity point out to a third stage sifike-slip deformation along this major
structure from Oligocene to present (e.g. Burtntaa.e1996; Alexeiev et al., 2017; Bande et
al., 2017). In the Fergana Range, the Late Cenadl® slip motion is expressed by well-
developed paleoseismic deformations such as faaltps as well as displacements of the
relief forms (Korjenkov et al.,, 2012). Moreover,veel studies (e.g. Burtman, 2012;
Korzhenkov et al., 2014; Feld et al., 2015; Tiba&dal., 2015) pointed out that the TFF is still
active, with an average slip rate estimated at 49#im/a based on radiocarbon and

cosmogenic nuclides dating of terraces displacethéyault (Burtman et al., 1996; Trifonov
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et al., 2015; Rizza et al., 2019). However, in Kyegyz Tian Shan region, a significant part
of the Cenozoic strike-slip displacement along fthelas Fergana/Karatau Fault is
accommodated by two thrust belts (Fig. 1): (1) trat juxtaposes the Chatkal Ridge against
the northern part of the Fergana Basin and (2)dther juxtaposing the Kokshaal Ridge
against the western Tarim (Burtman et al., 198%ZhBaov et al., 1993). The total amplitude
of strike-slip motion during the Cenozoic is estiathat no less than 60 km, as attested by the
displacement of Cretaceous facies zones in thé&emwrjparts of the Fergana and Naryn basins

(Verzilin, 1968; Burtman et al., 1996).

2.2. Basins associated with the Talas Fergana/Kamai Fault

2.2.1. The South Turgay Basin

Located on the northern termination of the Talasg&ea/Karatau Fault, the South
Turgay Basin (Fig. 1) is characterized by a seoke®l to NW oriented grabens and half-
grabens, separated by basement highs and filledlunyo-lacustrine sedimentary rocks
(Moseley and Tsimmer, 2000; Allen et al., 2001; 8hial., 2016; Alexeiev et al., 2017).
Opening of this basin is believed to have beguninduthe Early Jurassic in response to
renewed dextral activity along the Talas Ferganadtéa Fault but biostratigraphic data
available to support that hypothesis are limite@& do the extensive Cenozoic cover that
prevent access to the Mesozoic series (Moseley Tamtimer, 2000; Allen et al., 2001;
Alexeiev et al., 2017). The general evolution a$ thasin can be summarized as follows:

(1) An Early—Middle Jurassic rifting phase durinfpish sedimentation consisted of
coarse-grained fan delta sediments deposited almgyraben margins and passing, in the
central part of the basin, towards finer lacustdeposits (Moseley and Tsimmer, 2000; Shi

et al., 2016; Alexeiev et al., 2017).
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(2) A period of tectonic inversion at the end of tiddle Jurassic as indicated by the
presence of an angular unconformity between Midaieé Upper Jurassic sedimentary rocks
locally reaching 20° (Moseley and Tsimmer, 200Cex&iev et al., 2017).

(3) A Late Jurassic post-rift phase dominated lgrrttal subsidence and represented
by alluvial to lacustrine sediments containing estee coal beds (Moseley and Tsimmer,
2000; Shi et al., 2016).

Finally, nearly horizontal sequences of Cretacemus Cenozoic sedimentary rocks
unconformably overly older rocks and consist of imaand continental deposits (Alexeiev et

al., 2017).

2.2.2. The Leontiev Basin

The Leontiev Basin (Fig. 1) is an elongate basint@ioing Jurassic continental
sediments and located within the central part efthlas Fergana/Karatau Fault (Allen et al.,
2001; Alexeiev et al., 2017; Schnyder et al., 20Thjs basin is generally interpreted either
as a pull-apart basin (Sobel, 1999) or as a dextaaltensional structure developing in a
right-stepping jog in the fault system (Allen et, &001; Alexeiev et al., 2017). Its Jurassic
sedimentary succession unconformably overlies Raledbasement rocks and first consists
of undetermined Jurassic, pre-Toarcian conglomeratiéernating with sandstones and
siltsones (Buvalkin et al., 1991; Schnyder et 2017). In the Leontiev Basin, the Lower-
Middle Jurassic deposits are tilted and are locatilgonformably overlain by Upper Jurassic
strata suggesting Middle—Late Jurassic tectoniord&ition and tilting (Allen et al., 2001,

Alexeiev et al., 2017).

2.2.3. The Yarkand Fergana Basin

The Yarkand Fergana Basin is located on the saeitern termination of the Talas-

Fergana/Karatau fault (Figs. 1 and 2) and contams$o 5 km of Jurassic sediments in the
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close vicinity of the fault and decreasing awayfrib (Osmonbetov et al., 1982; Sobel, 1999;
Allen et al., 2001; Alexeiev et al., 2017; De Peasker et al., 2018). Most published
information about the sedimentary succession actdriee evolution of the Kyrgyz part of the
Yarkand-Fergana Basin have been published in Ruqgia. Ognev, 1946; Brick, 1953;
Belgovskiy et al., 1958; Genkina, 1977). A few sésdhave also been done in the Chinese
part of the basin. In this area, some Lower Jutassiies rest unconformably on Paleozoic
basement rocks and consist of alluvial fan, fluaa lacustrine or swamp deposits (Sobel,
1999). The lower Middle Jurassic series consistheclose vicinity of the fault of fluvial
conglomerates whereas the western part of the basrdominated by lacustrine and swamp
deposits (Sobel, 1999). The upper Middle Jurassatas correspond to shallow lacustrine,
fluvial and floodplain deposits (Sobel, 1999). Hypnathe Upper Jurassic—-Lower Cretaceous
transition consists of up to 400 m-thick conglontierdluvial channel systems followed
upward by Lower Cretaceous fluvial red beds depofBobel, 1999). Based on these
observations and on fault geometric relationsag heen proposed that the Yarkand Fergana
Basin either formed as a pull-apart basin (Sol#99]) or as a dextral transtensional structure
at a right-stepping jog in the fault system (Allgral., 2001; Alexeiev et al., 2017). However,

its timing of opening is not well constrained doeatlack of available biostratigraphic data.

2.3. The Fergana Basin

The Fergana Basin is situated to the west of théaral-Fergan Basin (Fig. 2) which
contains in its thickest part, around 10 km of Hamto Quaternary sediments. Following the
late Paleozoic building of the ancestral Tian Shast-orogenic Upper Permian to Lower
Triassic alluvial to lacustrine sediments were d#ed (Clarke, 1984; Moisan et al., 2011)
although the Lower Triassic series are largely nfmwonably resting on Paleozoic basement,
suggesting ongoing tectonic movements during the P&rmian (Osmonbetov et al., 1982).

The basin was then subsequently inverted, thisraeftoon leading to a Middle—Late Triassic
7
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erosional event (Clarke, 1984; Bande et al., 20RBhewed subsidence started from the Early
Jurassic and led to the accumulation of alluvidatustrine deposits during the Jurassic and

Early Cretaceous (Clarke, 1984; Jolivet et al.,720De Pelsmaeker et al., 2018).

3. Stratigraphic and tectonic framework of the Yarkand-Fergana Basin

3.1. General stratigraphy and remaining uncertaintes

The Yarkand-Fergana Basin is an elongated NW-Sthiated basin mostly filled by
Jurassic clastic sediments and subdivided inteetlodive lithostratigraphic units depending
on both the various available geological maps dhatrge (Belgosvskiy et al., 1958; Luik and
Zapolnov, 1960; Osmonbetov, 1980) and on the lonat the basin (Figs 3 and 4). In the
northern part of the basin, the Tuyuk and Chaart@dbo called Uaartashskaya Fm.)
formations (fms) are attributed to the Lower Juaasd are considered to be the equivalent
of the Shalitashi and Kansu fms found in the sauthmart of the basin (Fig. 3). In the
northern part of the Yarkand-Fergana Basin, the drodurassic series are followed by an
undifferentiated Middle Jurassic succession. In ghathern part of the basin, this unit is
subdivided into the Yangye and Targa fms (Fig.Rally, both the Koshbulak (north) and
Kuzigongsu (south) fms are attributed to the Upheassic (Fig. 3).

However, this general stratigraphic framework ist negell constrained with
stratigraphic ages varying from one geological nmoagnother (Fig. 4A, B). These differences
mostly concern the presence, or lack of preserfcéiassic/Lower Jurassic sediments along
the western margin and in the central part of th&irbbut also on the occurrence, or not, of
Upper Jurassic sediments in its northwestern pgag. @A, B). Moreover, due to facies
similarities, these different series are diffictdt discriminate on the field and no available

biostratigraphic data are available in this area.



196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

Similarly, in the Fergana, South Turgay and Leontiasins, Jurassic deposits are
subdivided into several lithostratigraphic unitsievhdiffer from basins to basins and are not

well constrained (Fig. 3).

3.2. General structure and tectonic framework

Based on geological maps (Fig. 4), the generabtécistructure of the north Yarkand-
Fergana Basin is characterized by a series ofsfargnding parallel to and oblique to the
Talas Fergana fault and by NW-SE orientated fotigs( 2 and 4). However, more tectonic
complexities are visible in this area giving usailstabout the general structural pattern of the

basin and clues about its evolution.

3.2.1. Bayman-Bet and Kara Alma areas

The Bayman-Bet area is located in the northwespamm of the Yarkand-Fergana
Basin (Fig. 2 for location; Table 1 for GPS cooalas). In this region, an angular
unconformity is observed (Fig. 5) between rathat-fying Jurassic deposits and strongly
deformed Paleozoic rocks (Osmonbetov, 1980). Thse ld these Jurassic deposits present
fan-shaped geometries with thickening of the sadesrd the East (Fig. 5).

The Kara-Alma area is located in the north-westk#ad-Fergana Basin, in the Sarik
valley (Fig. 2; Table 1 for GPS coordinates). Insthegion, Jurassic deposits rest
unconformably on strongly deformed Paleozoic rofkg. 6A). The base of the series is
affected by several NW-SE oriented normal faultsoeemodating a total offset estimated at

~ 100 m (Fig. 6B).

3.2.2. Chitty and Pychan areas

The Chitty area is located in the southern pathefYassy valley (Figs. 2 and 4). In

this region, Jurassic deposits are more deformad th the Bayman-Bet and Kara-Alma

9
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areas. Numerous NW-SE oriented folds are visiblénfield locally accommodated by E—
W, south verging faults (Fig. 7A-C).

To the east, in the Pychan area, located alond akes-Fergana/Karatau fault (Figs. 2
and 4), Jurassic sediments are also deformed dected by thrust faults (Fig. 7D). In this
location, geological maps are disagreeing (Fig. Idjleed, on the 1/500,000 scale map
(Osmonbetov, 1980), the contact between Lower Sirasd Paleozoic basement rocks is
marked by a fault, while on the 1/200,000 scale magdault contact is reported (Fig. 4B).
The stratigraphy also varies depending on geolbgieps with the presence/or not of a
Triassic/Lower Jurassic series. Our observatiomscate, at least in the Pychan area, an
absence of fault contact between the Jurassicastatl basement rocks with Jurassic
sediments onlapping onto the Paleozoic carbonatés Wfig. 7E, F). Moreover, no
lithological variation has been observed on thédfizetween the supposed Triassic/Lower
Jurassic series and the Lower Jurassic Chaartasht Fsntherefore difficult to attest of the
presence/or not of these two distinct units in thegion without any biostratigraphic

constrains.

4. Sedimentological analyses and interpretations

In this study, we present new sedimentological daien the Jurassic sedimentary
units of both the Yarkand-Fergana and Fergana &dsiiys. 2 and 4C; Table 1 for GPS
coordinates of the different sections). Detailedimentological sections (1/1000), including
facies and trace fossil analyses, were performedti Wie objective of reconstructing the
evolution of the depositional environments throtighe. A description of the main sediment
facies assemblages and their interpretation ingeshrdepositional environments is given in
Table 2.

In the absence of available biostratigraphic omabstratigraphic data, we first relied

on geological maps (Luik and Zapolnov, 1960; OsneboNy, 1980) to establish the first-order
10
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age intervals in the sediment sequences at the et#he basin. To fully establish, and better
constrain those ages, we then conducted biost@atigral analyses from sporopollen
assemblages on 22 samples collected along the Klana, West Chitty and East Chitty

sedimentary sections.

4.1. The Yarkand-Fergana Basin

4.1.1. Bayman-Bet section

The Bayman—Bet section (Figs. 2 and 5A; TablerXdBS coordinates) is limited to a
~30 m-thick outcrop of Jurassic deposits (Osmonheit®80). However, the stratigraphic age
of this outcrop is not well constrained with agesying from the Lower Jurassic to the
Middle-Upper Jurassic depending on geological nf{gms 4). The deposits consist of greyish
siltstones alternating with fine to medium-grainedndstone beds locally moderately
bioturbated and containing numerous plants delifmse sediments are interpreted to be
lacustrine deposits (LE2, Table 2) (Fig. 9).

Further east, and stratigraphically below the mgcpreviously described, Lower-
Middle Jurassic series unconformably resting on e®alic basement rocks are
discontinuously exposed on a forested slope (FB). Due to poor exposure, No precise
sedimentological analysis has been conducted sethgata. The lower deposits consist of
stacked coarse-grained sandstone beds showing fdarar cross-bedding possibly
representing lacustrine delta deposits (LD, Tabje This first sequence is overlain by
alternating siltstone and sandstone layers, appreary similar to the lacustrine facies

previously described.

4.1.2. Kara Alma section

- Sedimentoloqy:

11
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The Kara-Alma section (Figs. 2 and 10A; Table 4 &PS coordinates) was logged
along a river incision scarp and covers ~230 mtaHta attributed to the Triassic (?) and
Lower Jurassic Tuyuk and Chaartash fms (Luik anubKeov, 1960).

At the base of the section, a ~10 m-thick sucoessbnsisting of clast-supported
conglomerates with sub-angular to sub-rounded psbtd boulders is interpreted as either
alluvial fan or delta fan deposits (AF/DF, Table r2sts unconformably on the Paleozoic
basement (Fig. 10A). The next ~50 m consist of k&dcmedium grained sandstones
alternating with siltstones containing numerousnpléragments and m-thick coal beds
interpreted as lacustrine delta deposits (LD, T@)léFig. 10A). These deposits are directly
followed by a ~170 m-thick unit consisting of dagkey, organic-rich siltstones and coal beds,
interbedded with medium-grained sandstone bedspraied as lacustrine deposits (LE1,

LE2, Table 2) (Fig. 10A).

- Biostratigraphy:

Seven samples have been collected along the Klama $ection in order to constrain
the age of the deposits (Table S1; Fig. 10A for@amlocation). Palynomorph recovery was
variably low to high and the pollen and sporesgaeerally poorly to very poorly preserved,
tending to be degraded and of dark colour (Fig. Hbwever, there is enough variability in
the preservation and sufficient numbers of speamméo allow for some specific
identifications (See supplementary data for motait.

Samples YF-18-01 to YF-18-06 have assemblages winidinde Apiculatisporites
ovalis (high abundance in sample YF-18-01), together widmmonApiculatisporitesspp.,
Baculatisporitesspp.,Cyathiditesspp.,Osmundaciditespp. and bisaccate pollen. A. ovalis is
typical of the Early to Middle Jurassic, whilst @&dthal Callialasporites turbatugsample
YF-18-04) andCerebropollenites thiergartii(samples YF-18-02 and YF-18-04) provide

evidence for a late-Early to Middle Jurassic ag#, older than latest Pliensbachian. The

12
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assemblage recorded from sample YF-18-07 is claraetl by abundant bisaccate pollen
(including Alisporitesspp.), together with abunda@yathiditesspp. and.ycopodiumsporites
autroclavatidites and additionalCallialasporites turbatusandQuadraeculina anellaeformis
This overall association of taxa suggests an agi@mwihe late-Early to Middle Jurassic, not

older than latest Pliensbachian.

4.1.3. Kara Tuybe section

The Kara Tuybe section (Fig. 10B) is again locatetthe Sarik valley, SW of the Kara
Alma section (Fig. 2; Table 1 for GPS coordinateB)e sedimentological section was
recorded along a scarp and covers Lower-Middles3izaor only Middle Jurassic deposits
depending on the considered geological maps (LuikzZapolnov, 1960; Osmonbetov, 1980)
(Fig. 4). The exposure is locally interrupted bygpatches of vegetation.

The base of the ~220 m logged section rests unooafdy on Paleozoic basement
rocks and consists of a ~10 m-thick pebbly conglates interpreted either as alluvial or
delta fan deposits (AF/DF, Table 2). The next ~5comsist of an alternation of gravelly
sandstone beds with erosional basal boundariesnardally - graded gravelly to coarse-
grained sandstones interpreted as lacustrine defpasits (LD, Table 2) (Fig. 10B). Good
exposures are then lacking over a ~80 m gap intwhidy a few fine-grained sandstone
deposits have been observed. The rest of the semiiwsists mainly of pebbly conglomerates
containing lenticular sandstone beds and of stadkads of fine to gravelly sandstones
showing 3D megaripples and occasional erosionahlbasundaries. These sediments are

interpreted as lacustrine delta deposits (LD, Tablg-ig. 10B).

4.1.4. West Chitty section

SedimentologyThe West Chitty section (Fig. 12A) is located ire thouthern part of the

Yassy valley (Fig. 2; Table 1 for GPS coordinatéR)is section was logged along two
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distinct cliffs separated by a few hundred meten®ss a small river and covering Lower
Jurassic to Middle Jurassic deposits based ondbgical map (Osmonbetov, 1980; Luik
and Zapolnov, 1960).

In this area, the 1/500,000 geological map (Osmimwhd 980, 1982) indicates a Late
Triassic—Lower Jurassic age for the Tuyuk Fm tests unconformably on the Paleozoic
basement , although this base is not visible inrnkestigated sections. The Late Triassic age
for the base of the series has been challengedebkia (1977) based on paleobotanic data.
The lower part of the first section consists of24.6- m-thick succession of heterolithic facies
deposits composed of medium-grained sandstones|yidmoturbated, alternating with fine-
grained sandstone beds (Fig. 12A). This successiorierpreted as deposited in a lacustrine
environment dominated by turbiditic sand depoditsl( Table 2).

Following a tectonically deformed area consistingimty of a fault propagated fold
developing on a south-directed thrust, the firsd0-In of the second section consists of an
alternation of organic-rich siltstones and fineigeal sandstones, locally bioturbated and
showing occasional oscillatory ripples (Fig. 12Ahe next ~260 m consists of pluri-m thick
thin-bedded heterolithic facies deposits compodearganic-rich siltstones and fine-grained
sandstones containing numerous plant-fragmentgnatieg with m- to pluri-m thick
medium-grained sandstone beds (Fig. 12A). Altogetlibese facies associations are
interpreted as lacustrine deposits (LE2, TableTke next ~ 40 m-thick units consist of
stacked gravelly to coarse-grained sandstone Ingégipieted as lacustrine delta deposits (LD,
Table 2) (Fig. 12A). Finally, the top 80 m are doated by organic-rich siltstone deposits

interpreted as deposited in a more distal laciesgmvironment (LE3, Table 2).

Biostratigraphy: Five samples were collected from the West Chitigtiesa and analyzed in

order to constrain the stratigraphic age (Table 8@, 12A for samples locations). In these

samples, palynomorph recovery was variably low iggh twith pollen and spores generally
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poorly to very poorly preserved, tending to be ddgd (Fig. 11) (See supplementary data for
more details).

The assemblages recorded from samples Db-1 to Bt 3of low abundance, and
mainly comprise low numbers @yathiditesspp., bisaccate pollen, and unidentifiable trilete
spores and miospores. Occasional specimemspmiulatisporites ovalisuggest an age not
older than Early Jurassic (Table S2). Sample Dbelddgd a high abundance assemblage
which is dominated by trilete spores, mainly abuntd@yathidites spp., with additional
Concavisporitesspp., Concavissimisporitespp. andGranulatisporitesspp., and a large
proportion of unidentifiable trilete spores and spores. Rare specimensAgiculatisporites
ovalis Cerebropollenites mesozoigusCerebropollenites thiergartii Eucommiidites
granulosus Nevesisporites vallatyQuadraeculina anellaeformignd Echinitosporitesp. A
(Bujak and Williams, 1977) suggest an Early Jumassge, within the Pliensbachian—
Sinemurian (Table S2). However, these assemblagesna@ well constrained. In addition
possible reworking of Triassic assemblages has mmified within samples Db-2, Db-3
and Db-4 with the presence Afatrisporitesspp. (sample Db-4), with ratainatisporitessp.
(sample Db-3) and a (?)striate bisaccate pollem$a Db-2). This last result seems in
agreement with the Early Jurassic age proposeddnki@a (1977) for the base of the series
although indicating that some Triassic depositsatidur in that area that were reworked by

the Lower Jurassic sediments.

4.1.5. East Chitty section

SedimentologyThe East Chitty section (Fig. 12B) is located ~ b leastward of the

previously described West Chitty section (Fig. aple. 1 for GPS coordinates). This section
was recorded along a cliff covering ~ 470 m of tosver Jurassic Chaartash Fm (Luik and

Zapolnov, 1960).
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The base of the logged section consists of a mAbick alternation of siltstone and
fine-grained sandstones interpreted as lacustepesits (LE2, Table 2). Following a ~ 20 m-
thick gap in observation, the next 360 m of thaisaaconsist mainly of siltstones and fine to
medium-grained sandstones containing numerous beds (Fig. 11B) interpreted as
deposited in variable lacustrine environments (LBEZ2, Table 2). The next ~ 20 m-thick
consist of coarse-grained sandstones containingt glagments and showing sigmoidal
bedding (Fig. 12B), and are interpreted as lacustiielta deposits (LD, Table 2). Finally, the
top of the section is dominated by organic-riclisgiine deposits locally associated to coal
beds typical of a lacustrine environment (LE2, €aB). This last sedimentary succession

extends above the section for several 10s of mbtér&as no logged in details.

Biostratigraphy: In the East Chitty section, 10 biostratigraphic pla®s were analyzed in

order to constrain the covered stratigraphic irde(Vable S3; Fig. 12B for samples location).
In these samples, palynomorph recovery was variblyto high with pollen and spores
generally poorly to very poorly preserved (Fig. {3¢e supplementary data for more details).
The assemblages are dominated by bisaccate p@ieluding Alisporites spp.),
together with the spor€yathiditesspp., associated with generally comn#giculatisporites
spp.,Baculatisporitesspp. andOsmundaciditespp., and a large proportion of unidentifiable
trilete spores and miospores (Table. S3). Rareimges of Callialasporites turbatus
recorded from samples D-8, D-36, D-40 and D-52¢tiogr withCallialasporites dampieri
recorded from sample D-36, provides positive evigefor an age not older than latest
Pliensbachian. Moreover, additional rafeerebropollenites thiergartii(sample D-60),
Concentrisporitesp. (samples D-8, D-16 and D-5uadraeculina anellaeformigsamples
D-40 and D-76), andNevesisporites vallatugsamples D-16, D-20 and D-36), and rare to
common Apiculatisporites ovalis(samples D-8, D-16, D-36, D-60 and D-76) provide

supporting evidence for an age within the late yfedMliddle Jurassic (Table S3).
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4.1.6. Pychan section

The Pychan section (Fig. 13) is located alongTakas-Fergana fault on the eastern
margin of the basin, nearby the Pychan River (Ejglable 1 for GPS coordinates). Due to
its extremely remote and very high altitude posittbat section was not logged in details
except for characteristic features.

The Lower Jurassic strata (Osmonbetov, 188akist of heterolithic facies composed
of organic-rich siltstones and fine-grained sands$y alternating with pluri-m-thick,
normally graded, gravelly to fine-grained sandssopeesenting convex-up geometries. The
whole section is interpreted as deposited in lamestenvironments including fan/lobe
systems (LEZ2, Table 2) (Fig. 13). In addition, gemeral geometry of these deposits indicates
sedimentary input coming from the west and onlagpioward the east on Paleozoic

basement rocks (Fig. 13).

4.1.7. Terek section

The Terek section (Fig. 14) is located nearbyciheof Terek, in the southern reach of
the Kyrgyz Yarkand-Fergana Basin (Fig. 2; Tableod GPS coordinates) and covers up to
1400 m of Jurassic strata (Belgovskiy et al., 1958)

The first ~ 25 m-thick of the section either cop@sds to alluvial fan or delta fan
(AF/DF, Table 2). It is followed by an ~ 75 m-thiskiccession interpreted as lacustrine delta
evolving toward a 320 m-thick unit correspondingldoustrine environment dominated by
turbiditic sand deposits (LE1, Table 2). The next30 m are interpreted as lacustrine delta
deposits (LD, Table 2) and are followed by a ~ H@@hick series evolving toward more
distal lacustrine environments (LE2-LE3, Table Rpally, this fine-grained unit is followed
by sandstones and conglomerates correspondindutaaalfan systems (AF, Table 2) (Fig.

14).
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4.2. The Fergana Basin

4.2.1. Yassy section

The Yassy section (Fig. 15) is located in the €astjana Basin along the Yassy river
(Fig. 2) and presents ~220 m of deposits rangiogn fMiddle Jurassic to Late Jurassic—Early
Cretaceous based on geological maps (Luik and Aappll960; Osmonbetov, 1980).

In this area, the Middle Jurassic sediments resbniiormably on Paleozoic basement
rocks. The first ~ 60 m consists of yellowish, &t medium to coarse-grained sandstones
interpreted as lacustrine delta deposit (LD, Ta@)lg-ig. 15). It is followed by a ~220 m thick
unit of massive, reddish siltstone deposits altamgawith fine to medium-grained sandstones,
often bioturbated, interpreted as distal lacustengironment deposits (LE3, Table 2) (Fig.
15). The transition between the Jurassic and tleaCeous (Osmonbetov, 1980) is sharp,
with depositional environments switching from distake to alluvial fan systems
characterized by matrix to clast-supported conglames (Fig. 15). No angular unconformity
is observed between the conglomerates and the lyimdedeposits. Pebbles are mainly
composed of Paleozoic basement rocks (includingslaed metamorphic carbonates) with a
few fragments of probably Mesozoic sandstones. Ehnsistent with the observations of
Poyarkova (1969) in the eastern Fergana Basinlaaidf De Pelsmaeker et al. (2018) in the

Tash Komyr section (NE-Fergana Basin).

5. Tectono-stratigraphic evolution of the north Yakand-Fergana region

5. 1. Middle—Late Triassic

In both the north Fergana and Yarkand-Fergananbashe Middle—Late Triassic
period is generally associated to a hiatus in sediation (Clarke, 1988; Bande et al., 2017b)
as well as by exhumation within the Kyrgyz Tian &liBe Grave et al., 2011, 2013; Glorie et

al., 2011). Altogether, these data suggest tha tbgion was under erosion during the
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Middle—Late Triassic. However, the presence, in Beyman-Bet area (see Table 1 for
location), of Lower Jurassic deposits resting ufi@aonably above a relatively flat Paleozoic

surface imply that no high relief existed in thegion at that time. Middle—Late Triassic

tectonic activity has been reported along the TRlxgana/Karatau and more specifically in
the Karatau Range where the time of deformation w@sstrained from late Permian to

Triassic (Konopelko et al., 2013). In the Fergamgian, Late Triassic brittle reactivation of

the Talas Fault has also been described (Rollarad.,e2013). However, the impact of this

Triassic tectonic activity on relief building or dhe potential development of sedimentary
basins in the Yarkand-Fergana region is unknowrthé Yarkand-Fergana Basin, Triassic
flora has been reworked within Lower Jurassic sedis) (Tables S2, S3), supporting the idea
that Triassic strata are not preserved (Genkin@y/Yl9wvhile restricted areas of continental

sedimentation have been reported in the southwegtat of the Fergana Basin (Moisan et
al., 2011). Based on all these observations, wpga® that the north Yarkand-Fergana region
was mainly dominated by low-reliefs with only rested areas of sedimentation and limited
tectonic activity occurring along the Talas Fergémat (Fig. 16A).

5. 2. Early Jurassic: Sinemurian(?)—Pliansbachian

The Early Jurassic corresponds to the onset amsedation within the North East
Fergana and northern Yarkand-Fergana basins (F68).1lIn the latter, sedimentation
consisted mainly on alluvial fan/fan delta and kEodune delta deposits passing eastward
toward more distal lacustrine environments domiuhaig turbiditic and fan/lobe systems.
Along the western border of the Yarkand-FerganarBdke existence of several basement
highs is attested by the presence of angular uncmities between Lower Jurassic alluvial
fan/delta fan systems and the Paleozoic basemeks r@.g. in Terek or in Kara-Alma
regions). The exposed tectonic structures withie tiorth Yarkand-Fergana region are

complex, including folds and NW-SE trending fadystems (Fig. 7). In this area, these faults

19



463

464

465

466

467

468

469

470

471

472

473

474

475

476

ar7

478

479

480

481

482

483

484

485

486

487

are associated with changes in thickness and iedaaf the Lower Jurassic sequences
suggesting that first-order fault zones controbedimentation during this period (Tseyler et
al., 1982). In the south Yarkand-Fergana Basin, dreMiddle Jurassic sediment thickness
decreases away from the Talas-Fergana Fault (Sb®@9) suggesting half-graben geometry
(Sinitsyn, 1960) (Fig. 16B).

The Early Jurassic corresponds to a period ofwedetranstensive tectonic activity
along the Talas Fergana/Karatau Fault which ledhéo opening of the Yarkand-Fergana,
Leontiev and South Turgay basins (Sobel et al.9188seley and Tsimmer, 2000; Allen et
al., 2001; Shi et al., 2016; Alexeiev et al., 20%¢hnyder et al., 2017). However, the precise
timing of opening of these basins is not clearlyown. In the South Turgay Basin, no
biostratigraphic ages are available while in theriteev Basin, Lower Jurassic sediments
have a pre-Toarcian (Pliansbachian) to Toarcian (&phnyder et al., 2017). Within the
Yarkand-Fergana Basin, we have identified the dlg@dynomorph assemblages as Early
Jurassic (Sinemurian?) to Pliensbachian in agel¢T&B). Altogether these data seems to
support a Sinemurian to Pliensbachian age of ogewiirthe Yarkand-Fergana and Leontiev
basins (and probably of the Turgay Basin) but ertbtudies are needed to confirm this
hypothesis.

Meanwhile, to the west, in the Fergana Basin, remkesedimentation also occurred
during the Early Jurassic leading to the accumaatif 90-400 m-thick alluvial to lacustrine
deposits (Osmonbetov et al., 1982; Clarke, 1984PBlsmaeker et al., 2018). In this basin,
lateral thickness variations are minor, suggesardifferent style of formation (Bande et al.,
2017b) compared to the Yarkand-Fergana Basin (6B).

Finally, this period is also characterized by tadatoreactivation of Paleozoic
structures and exhumation within the Kyrgyz Tianashdentified by low-temperature

thermochronology (Sobel et al., 2006; De Gravd.e2807, 2011; Nachtergaele et al., 2018).
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However, this tectonic activity only led to locat relief building in the Tian Shan region

(Morin et al., 2018 and references within). Lowerassic sedimentation also occurred within
restricted areas of the Kyrgyz Tian Shan (De Petkmiaet al., 2018) and it is not clear if the
Talas-Fergana/Karatau fault acted as a barrielf thei Yarkand-Fergana Basin expended
further east. Although we investigated only oneataan along the Talas Fergana Fault, we
did not find any evidence of westward directed sexfit flux as could be expected should the
fault form a major scarp.

5.3. Late Pliensbachian—Middle Jurassic

In the northern Yarkand-Fergana Basin, late Pliaosian to Middle Jurassic
sedimentary rocks are characteristic of more didgdositional environments compared to
those previously described (Fig. 16C). Indeed, medtation consisted mainly of lacustrine
delta, lacustrine and distal lacustrine depositsméssociated with extensive coal layers (this
study; De Pelsmaeker et al., 2018). Some basemgm$ kould still have been present but
generally, this period corresponded to a widenihthe Yarkand-Fergana Basin (Fig. 16C).
Late Early—Middle Jurassic motion along the Talasg@na fault still occurred leading to
continuous opening and sedimentation within the tlsolurgay, Leontiev and Yarkand
Fergana basins (Sobel, 1999; Moseley and Tsimmé0;Allen et al., 2001; Shi et al., 2016;
Alexeiev et al., 2017; Schnyder et al., 2017).

To the west, in the Fergana Basin, Middle Jurasstimentation consisted of 100 to
300 m-thick alluvial to lacustrine deposits oftessaciated to coal beds (Clarke, 1988; De
Pelsmaeker et al., 2018).

Finally, in the Kyrgyz Tian Shan, this period wasaracterized by slow erosion
leading to progressive exhumation of the basemmeatsa(Morin et al., 2018 for a synthesis).
Meanwhile, no sedimentation occurred within the g§gr Tian Shan during this period as

attested by the presence of a Middle Jurassic terihiatus (VNIGNI et al., 1992).
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5.4. Late Jurassic—Early Cretaceous:

In the north Yarkand-Fergana Basin, no Upper JigaBarly Cretaceous sediment
has been observed while along the eastern Fergasa Brargin, sedimentation consisted
mainly of alluvial fan and alluvial plain depositSig. 16D). Although in the Yassi River
section presented in this study, the Late JuraBsidy Cretaceous conglomerates mainly
contain Paleozoic rock fragments, provenance ssualiesimilar series from the NE Fergana
Basin (Tash Komyr section) indicate potential réiogr of older Jurassic sediments and a
smaller drainage area compared to the Early—Middtassic paleogeography (De Pelsmaeker
et al., 2018). Poyarkova (1969) noted that in thetexn Fergana Basin, the Early Cretaceous
series, mainly containing pebbles derived from ®ad& basement rocks, rested without
angular unconformity on the Jurassic deposits. Hewesuch an unconformity has been
observed in the southern Fergana Basin (Gabril'gad Babayev, 1960). These various
observation may indicate that, like in the Chin&smn Shan, angular unconformities could
develop locally (Jolivet et al., 2017). The preperzhce in the Late Jurassic—Early
Cretaceous conglomerates of Paleozoic basemenkederclasts, associated to minor
Mesozoic sandstone fragments suggest an inversithe & arkand-Fergana Basin during that
period. Tectonic inversion and deformation haveo disen described in the South Turgay
(Yin et al., 2012) and Leontiev basins (Allen et, &001) indicating that transpression
occurred along the Talas-Fergana/Karatau faultndutihis period. This is attested by low-
temperature thermochronology which identifies aelLdurassic—Early Cretaceous cooling
event in the Kyrgyz Tian Shan Range suggestinglilmadh relief building (De Grave et al.,

2007, 2011, 2013; Glorie and De Grave., 2016; Naghkle et al., 2018).
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6. Geodynamic implications and remaining uncertaines

The Early—Middle Jurassic corresponds to a pecpkaiod in the tectonic history of
the Talas Fergana/Karatau Fault. Indeed, despumdnaindergone several phases of pure or
transpresionnal dextral strike slip motion duritgyfaleozoic to Cenozoic evolution (Ognev,
1939; Sobel, 1999; Allen et al., 2001; Alexeiewakt 2009, 2017; Rolland et al., 2013), only
its Jurassic activity led to the opening of seversdociated sedimentary basins (i.e. South
Turgay, Leontiev and Yarkand-Fergana basins). Hewethe driving mechanism leading to
these transient transtensional kinematics is gtitlear. Some studies proposed that Early-
Middle Jurassic strike-slip activity was driven &dyegional compressional setting induced by
the Qiangtang collision (Sobel, 1999). However, tarly—late Early Jurassic timing of
opening of the Yarkand-Fergana Basin does not sedra in agreement with this hypothesis.
The final stage of the Qiangtang collision is datethe Late Triassic—Early Jurassic, with the
emplacement, in Eastern Tibet of late-orogenic astjprogenic granites around 200 Ma
(Zhang et al., 2006; Roger et al., 2010). If assted to the Qiangtang collision, the strike-slip
motion along the Talas Fergana/Karatau Fault wollg be contemporaneous of the very
final collision phase. Furthermore, the subsequlmassic to Early Cenozoic period was
marked, in Tibet, by an absence of vertical tectanovements (Roger et al., 2011; Jolivet,
2017), except for the late Early Cretaceous Lhadbsion in southern Tibet (Kapp et al.,
2005, 2007). This again contradicts the Plienslzecividdle Jurassic ongoing transtension
in the Yarkand-Fergana Basin being related to tectevents within the Tibet region. Other
studies proposed that this Early—Middle Jurassikesslip activity could have occurred in a
regional extensional setting (Alexeiev et al., 200brin et al., 2018). Indeed, as indicated
above, no major collisional event has been idedifilong the Eurasian margin during this
period while simultaneous widespread extension ca®u to back-arc opening along the

northern Neo-Tethys subduction zone affected thepf@a/Turan domain to the west
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(Zonenshain and Pichon, 1986; Nikishin et al., 199®mas et al., 1999; Brunet et al., 2003,
2017; Robert et al., 2014; Mordvintsev et al., 20Rdlland et al., 2020). It is for example
largely accepted that the South Caspian Basinateii as a back-arc structure during the
Early(?) to Middle Jurassic (Brunet et al., 2003d areferences therein). Magmatism
associated to the subduction has been identifiethénTranscaucasus (with a first peak
activity during bajocian — Bathonian) and Pontidgions, west of the South Caspian Basin
(Yilmaz et al., 1997; Nikishin et al., 2001; Brurettal., 2003). As illustrated on Figure 17,
this extension reactivated mainly NW-SE orientd®atkozoic structures as normal faults. In
turn, these normal faults induced localized subwideleading to the emplacement of
elongated NW-SE depocenters in the Amu-Darya ameKBagh basins (e.g. Robert et al.,
2014; Brunet et al., 2017; Mordvintsev et al., 20I/he evolution and geometry of these
basins are similar to those observed in the nartiv&rkand-Fergana Basin: a half-graben
controlled by a NW-SE oriented tectonic structurerresponding to the Talas-
Fergana/Karatau fault. However, further work is dezkto support this hypothesis and to
better constrain the evolution of the whole Yark&m®igana Basin. Following that second
model, the Early—Middle Jurassic Talas Ferganaftdardault would thus represent the
easternmost reach of the extensional deformateld-ficontrolled by the Neo-Tethys
subduction (Fig. 17; Morin et al., 2018).

Several questions still remain. For example, ifoiwing the extension model, how is
the stress transmitted for more than 1000 km awam fthe subduction zone? Again, the
exact timing of the Late Jurassic—Early Cretacaouarsion of the Yarkand-Fergana Basin is
poorly constrained and the associated driving masharemains unknown. Low-magnitude
compression occurred throughout many ranges inr@leAsia without consensus on the
geodynamic setting (Jolivet, 2017 and referenceseth). These questions are largely linked

to the difficulty in dating the deposits (mainly nglomerates) associated to this event
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(Hendrix et al., 1992; Eberth et al., 2001; Wanglet2013; Jolivet et al., 2017; Morin et al.,
2018). Only one mafic sill intruded in the datedL44 + 8 Ma (U-Pb on apatite) Hodzhiabad
Fm. in the Tash Komyr section (NE Fergana Basimvige a minimum age for these

deposits.

7. Conclusions

The sedimentological, palynological and structalath presented in this study provide
new constrains on the tectono-stratigraphic evotutif the Yarkand-Fergana Basin.

(1) During the Middle-Late Triassic, the north Yankl-Fergana and north-east
Fergana basins are dominated by erosion.

(2) The Early Jurassic Sinemurian(?)—Pliensbachiarks the onset of sedimentation,
at least in the northern Yarkand-Fergana Basinthat time, renewed activity along the
Talas-Fergana/Karatau fault led to the openinghef Yarkand-Fergana Basin as a half-
graben. However, this timing does not favor theridéa tectonic reactivation induced by the
Qiangtang collision and favor the hypothesis of Nethys subduction related extension
affecting the entire Caspian-Turan domain to thstwe

(3) Continuous opening of the Yarkand-Fergana Basaurred during the late Early —
Middle Jurassic probably related to ongoing subiduetelated extension along the northern
Neo-Tethys margin.

(4) Finally, the Late Jurassic—Early Cretaceousesponds to a period of renewed
tectonic activity in the area leading to the inv@msof the north Yarkand-Fergana Basin.

Further work on the Yarkand-Fergana Basin is neettedetter constrain the
geodynamic mechanism and stress-field that ledstmpening during the Early—late Early

Jurassic as well as those that led to Late JurdSaity Cretaceous inversion.
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Figures captions

Figure 1. General tectonic framework of the Tian Shan regawd Jurassic deposits
associated to the Talas Fergana/Karatau Fault.Br-Farkand-Fergana Basin; TFF: Talas
Fergana/Karatau Fault; N.L.: Nikolaev Line; NTSFortth Tian Shan Fault; K: Kratau Range;

T: Talas Range; F: Fergana Range; Ksh: Kokshaaj&abh: Chatkal Range.

Figure 2. Simplified geological map of the Yarkand Fergaergion. TFF: Talas Fergana
Fault; Ba: Bayman-Bet; Ch: Chitty; Ka: Kara-Almat: Kara Tuybe; Ku: Kuzigongsu; Py:

Pychan; Te: Terek; Ya: Yassy.

Figure 3. Synthesis of the chronostratigraphic charts abbildor the Jurassic to Early

Cretaceous series in the Yarkand-Fergana, Ferganatiev and South Turgay basins.

Figure 4. Geological maps available for the north Yarkandggee region, note the
differences in interpretation between geologicalpsaA: 1/500,000 scale geological map
(Osmonbetov, 1980); B: 1/200,000 scale geologicap nLuik and Zapolnov, 1960); C:

Zoom on the Kara-Alma, Kara-Tuybe, Chitty and Pycheeas and on the studied sections.
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Figure 5. Uninterpreted and interpreted panorama picturé®Bayman-Bet area illustrating
the fan-shaped geometry observed within Jurasogiis and the unconformable contact

with Paleozoic basement rocks.

Figure 6. Field picture illustrating the unconformable contiaetween Jurassic conglomerates

and Paleozoic rocks (A) and an example of normat dbserved in the Kara-Alma area (B).

Figure 7. Panorma pictures illustrating the general tectateformation observed in the
Chitty valley (A, B and C) and in the Pychan arBa E and F). E, F: Uninterpreted and
interpreted panorama picture showing the geometeiation between Lower Jurassic

sedimentary rocks and the Paleozoic basement iRytblean region.

Figure 8. Pictures illustrating the various Jurassic sediamnfacies of the north Yarkand-
Fergana Basin. See Table 2 for the facies codes dmsdriptions. Pictures of facies
respectively from: A, Kara-Alma section; B and Casgy section; D, East Chitty area; E,
Terek section; F, West Chitty area; G: Bayman-Bstien; H, Pychan area; | and J, West

Chitty section; K, Terek section.

Figure 9. Outcrop picture and associated sedimentary ldgeoBayman-Bet section.

Figure 10. Sedimentary log of the Kara Alma and the Kara Tugbctions in the Yarkand-
Fergana Basin. Associated facies assemblages amdnterpretation in term of depositional

environments as in Table 2.

Figure 11. Palynology plates of representative pollens anafesp of the Kara Alma and
Chitty sections. The sample number and the Engkinder reference are given for each
specimen. (1) Araucariacites australis (Kara Almact®n, Y-18-1, N64/2). (2)

Callialasporites dampieri (Chitty Section, D-36,@Q)3(3) Callialasporites turbatus (Chitty

Section, D-36, S43/2). (4) Callialasporites turbat(Chitty Section, D-40, 056). (5)
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Callialasporites turbatus (Chitty Section, D-40,644). (6) Perinopollenites elatoides (Chitty
Section, D-36, P50/2). (7) Perinopollenites elasid(Chitty Section, D-36, P49). (8)
Cerebropollenites mesozoicus (Chitty Section, D-4®2/2). (9) Cerebropollenites
mesozoicus (Chitty Section, D-40, K50/2). (10) @eopollenites thiergartii (Chitty Section,
D-60, N2). (11) Cerebropollenites thiergartii (GhitSection Part 1, Db-4, K48/2). (12)
Tsugaepollenites sp. (Chitty Section Part 1, Dk46/4). (13) Classopollis sp. (Chitty
Section, D-16, V53/4). (14) Classopollis sp. (GhitBection, D-16, Q32/2). (15)
Chasmatosporites sp. (Kara Alma Section, Y-18-4/2) (16) Cycadopites granulatus (Kara
Alma Section, Y-18-4, N55/3). (17) Cycadopites mins (Chitty Section Part 1, Db-4,
N40/3). (18) Cycadopites ovalis (Chitty Section tPhr Db-4, O39). (19) Spheripollenites
psilatus (Kara Alma Section, Y-18-7, P59/1). (2@)aQraeculina sp. (Kara Alma Section, Y-
18-7, M38). (21) Quadraeculina sp. (Chitty Sectiba76, N30/2). (22) Alisporites grandis
(Kara Alma Section, Y-18-5, 043). (23) Alisporiteg. (Chitty Section, D-40, N43/2). (24).
Pityosporites sp. (Chitty Section, D-40, P43). (Paodocarpidites sp. (Chitty Section, D-40,
K50). (26) Abiespollenites sp. (Chitty Section, D;450). (27) Poorly preserved Bisaccate
pollen (Chitty Section, D-8, F60/4). (28) Poorlyeperved, reworked Lunatisporites sp.
(Chitty Section, D-8, T44). (29) Poorly preservedworked Lueckisporites sp. (Chitty
Section, D-8, L34). (30) Eucommiidites granulosQhifty Section Part 1, Db-4, W51/3). (31)
Cyathidites sp. (Chitty Section, D-36, S53). (33ptidites sp. (Kara Alma Section, Y-18-1,
H36/3). (33) Concavissimisporites sp. (Chitty SactiPart 1, Db-4, D35/3). (34)
Gleicheniidites sp. (Chitty Section Part 1, Db-860). (35) Apiculatisporites ovalis (Kara
Alma Section, Y-18-1, K54/3). (36) Apiculatispostevalis (Chitty Section, D-8, R40/3).
(37) Baculatisporites sp. (Chitty Section Part b;4 V35). (38) Osmundacidites wellmanii.
(Kara Alma Section, Y-18-1, C48). (39) Neoraistiackp. (Kara Alma Section, Y-18-1, S39).

(40) Lycopodiumsporites austroclavatidites. (Kardma Section, Y-18-7, J52/2). (41)
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Lycopodiacidites sp. (Chitty Section Part 1, DbW50/2). (42) Cingulizonates sp. (Chitty
Section, D-16, R29/4). (43) Striatella sp. (ChiBgction, D-16, S50/4). (44) Striatella sp.
(Chitty Section, D-36, J59). (45) NevesisporiteBatas (Chitty Section Part 1, Db-4, D51/4).
(46) Verrucosisporites sp. (Chitty Section ParDh;4, F54/1). (47) Reworked Aratrisporites
sp. (Chitty Section Part 1, Db-4, S52/3). (48) Reked Aratrisporites sp. (Chitty Section Part
1, Db-4, L40/1). (49) Reduviasporonites sp. (Karen& Section, Y-18-2, V49/2). (50)

Reduviasporonites sp. (Kara Alma Section, Y-18-25H

Figure 12. Sedimentary log of the West and East Chitty sastim the Yarkand-Fergana
Basin. Associated facies assemblages and theirpretation in term of depositional

environments as in Table 2.

Figure 13. (A) Field pictures presenting the sedimentary facend the associated
sedimentary log observed in the Pychan region; PBhorama picture illustrating the

unconformable contact between Jurassic sedimerdaekg and the Paleozoic basement.

Figure 14. Sedimentary log of the Terek section in the Yadk&ergana Basin. Associated

facies assemblages and their interpretation in tdrdepositional environments as in Table 2.

Figure 15. Sedimentary log of the Yassy section in the FexgBasin. Associated facies

assemblages and their interpretation in term obsiéipnal environments as in Table 2.

Figure 16. Schematic 3D blocks illustrating the Middle Trias$karly Cretaceous tectono-

stratigraphic evolution of the northern Yarkandggra region.

Figure 17. (A) Late Early to Middle Jurassic general geodyitaand paleotopographic
framework of Asia (modified from Jolivet, 2017); EBuropean Craton; CIB, Central Iran
Blocks; GCB; Great Caucasian Basin; SCB, South @asBasin; LH, Lhasa Block; Ql,

Qiangtang BlockSG, Songpan-Garzé prism; Q, Qaidam Block; Mon, Mongolian Block; NC,
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North China Block; SC, South China Block; IND, Imthna Block; SIB, Sibumasu Block;

WB, West Burma Block; TFF, Talas Fergana fault. i8rus on the structural and kinematic
pattern of the region extending from the Kyrgyz nmfi&han region to the Neo-Tethys
subduction zone in present-day Iran (modified fridtorin et al., 2018). ST: South Turgay
Basin; LT: Leontiev Basin; YF: Yarkand Fergana BaJiFF: Talas Fergana/Karatau fault; 1,
Paleotethys suture; 2, Turkestan suture. The wdnitews indicate the general direction of
extension derived from the kinematic analysis ef ittjor faults as reported by VNIGNI and
Beicip Franlab (1992), Thomas et al. (1999), Robkérl. (2014), Brunet et al. (2017). The
black arrows represent the inferred direction abgbull along the Neo Tethys subduction

zone. The geometry of the latest is following Briugieal. (2017).

Table 1 GPS coordinates of the analyzed sedimesé&ations presented in this study.
Table 2 Facies assemblage descriptions and therpnetations in terms of depositional

environments.
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Table 1 GPS coordinates of the analyzed sedimes&tyons presented in this study.

Sedimentary sections Latitude (N) Longitude (E)
Baymar-Bet 40°55'19.76 73°39'37.51
Kare Alma 40°53'13.70 73°56'15.50
Kare Tuybe 40°51'5.60 73°53'19.30
Wes Chitty 40°50'12.90 74° 3'41.30
Eas Chitty 40°51'13.11 74° 5'46.83
Pychar 40°53'10.51 74° 8'58.93
Yass 40°49'55.05 73°36'47.16
Terel 40°24'0.78 74°21'53.58




Facies
assemblages

Main sedimentary features

I nferred depositional
environment

AF/DF
(Fig. 8A, B,
C)

Alternation of:

- Pluri dm- to pluri m- thick clast-supported
conglomerate of poorly to moderately-sorted
subangular to subrounded pebbles to boulders
dternating with cm to m-thick medium to coarse
grained sandstones containing floating gravels.
Conglomerates are massive with erosive or sharp
basal boundaries and occasiona pebble imbrications.
Sandstone beds are tabular or lenticular and can be
structurless or contain planar laminations and trough
cross bedding

with

- m- to pluri m-thick matrix-supported conglomerate
with subangular to subrounded pebbles to boulders,
poorly-sorted. Conglomerates are generally massive
and present sometimes faint horizontal laminations.

Alluvial fan or Deltafan
environments characterized
by hyperconcentrated flows,
streamflow and debris flow
deposits (Miall, 1978; Postma,
1990; Miall 1996; Svendsen et
al., 2003).

LD
(Fig. 8D, E)

- m- to several m-thick heterolithic facies with dm- to
m-thick fine-grained sandstone beds showing current
and oscillatory ripples, dternating with dm- to m-
thick siltstone beds, localy organic-rich. This
heterolithic faciesis interbedded with m-thick coarse-
grained to pebbly sandstone showing occasional
erosive basa boundaries, inverse and normal grading,
and vertical burrows.

- dm- to pluri-m- thick stacked medium grained to
gravelly sandstone beds containing flat-laminations,
trough and planar cross-stratification, sigmoidal
beddings.

Lacustrine delta
environment characterized by
mouth barsand front ddta
deposits (Postma, 1990;
Marshall, 2000; Bhattacharya,
2010).

LEL
(Fig. 8F)

m- to several m-thick heterolithic facies composed of
an alternation of:

- one dm to pluri-m-thick fine to coarse-grained
sandstone with sharp, sometimes erosional basal
boundaries showing current and oscillatory ripples,
numerous plant fragments, occasiona inverse and
normal grading and bioturbations alternating with

- one cm to m-thick organic-rich siltstone with
occasional coal beds.

L acustrine environment
dominated by turbiditic sand
deposits (Pollard et a., 1982;
Hinds et d., 2004;
Bhattacharya, 2010).




LE2
(Fig. 8G, H)

cm- to m- thick homolithic organic-rich siltstones
with occasional coal beds aternating with pluri cm-
to m- thick fine to medium grained sandstone beds
with sharp basal boundaries showing current and rare
wave ripples, occasional grading and bioturbation.
Occasional m- to pluri-m-thick sandstone beds with
sharp basal boundaries and generally presenting
convex-up geometries. These beds are generally
graded from gravels to fine-grained sandstone and
show flat-laminations.

L acustrine environment
dominated by suspension
fallout and fan/lobe systems
(Pollard et al., 1982; Reynolds
et d., 1998).

LE3
(Fig. 83, 1)

Massive, horizontally laminated siltstones with cm to
m-thick fine to medium grained sandstone beds.
Occasional bioturbation

Distal lacustrine
environment dominated by
suspension fallout and
biological activity (Pollard et
al., 1982; Reynolds et al.,
1998).

Table 2: Facies assemblage descriptions and their interpretations in terms of depositional

environments.



First sedimentology and palynology data from the Jurassic Yarkand-Fergana Basin
Sinemurian(?) - Pliensbachian onset of sedimentation in half graben setting
Extension led to Middle Jurassic basin widening before Early Cretaceous inversion

Jurassic movements along the Talas Fergana Fault is not associated to Qiangtang collision
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