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(a) BEHURZIFCRER G EHHE5E, 2023 1800 (b) BVHRME Rl R EBH5E, 2023 B0 (o HZEERE
Fig.1 Regional geological outline and stratigraphic development of Jurassic strata in the piedmont area of
southwestern Tarim Basin
(a) outline of the Tarim Basin (modified from Wang et al., 2023); (b) division of tectonic units in the southwestern Tarim Basin (modified

from Wang et al., 2023); (c) stratigraphic column
2. FERERATTE

AU TR GEREE T HEVE g LA X LR 2 2R 10 2535010 2 9 VEGHFI 497 AR & FEM,
Horp 384 (EH T & A A #4233 MR T 5525 Hrillik.
21 BEWNYINBESLEE

Xf 233 MRS R A FEAREAT T EF Y M. BRI IRIEAE 10% 1) HhIERVE
W BEEE . FKEBEA TR — RAVE LS, Ik 63~250 pm KUBRIMENFREA.
THATET B, XL TREAT %S AN 2.86 g/em® M4 (CHBrs) ¥AALEE. /3B
B YIE S AN IRE EAE 2 mm BRSO B, IHER KD RS (Axio
Imager A1) HEAT45E, BAGIHGMMEY ISR, BRI 05 735850, =
AEEEAEYY, RBAREET WA . A BECA . ARG, BERCG, R HEERER—
PALFR 2 JEREAT BT 53 AT, 3 B 8 58 TTARAE AL A AT R RHE A BR 2 ) AT [l 35 L

AT B2 ) SE AR AGE I AT 7T e 2 Ko



#oRE: BVUR L ATHLX OR % R DIERHIE S DR A

22 BRRRS I

B =K WTRA A 1) 8 AN SR iR I T JB RGBT Ry 43T TEMIALRT 1 m? 1)
T B Sk I BN I E D 150 URs A, HEAT o %8 H B B0 A I 0 & & (R
4, 2011
23 WYEBBEERBS ST

X} 384 FRHD A FE ST 55 A0 il %%, R FH Gazzi-Dickinson 7 (Ingersoll e al., 1984)
GETHRE B AR Ay o BETHI AU R KT 62.5 nm ELVEFEMI R 45 b FRO e I8 Sk k4T %52 5
VR, M T e B T s S5 L SR, AR TR B K T R KDL LA LA e S T
O GENRSE, 2022). NHRREFEI TSN, BN G SR T 200 4.

3. MR

AU FE I BR A RS BB RS AL B AL T AT IR R 0T,
B FE X AES T BRI 5y 9 6 AMPIEIX (B 2): FiVPETRE RS (1XO) . AT b BfadbEs (X,
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Fig.2 Plane distribution map of Jurassic heavy minerals assemblages in the piedmont area of the southwestern

Tarim Basin

32 WEERAFHHE

T T 4 43 P LA e CAR A () SRV B B TR, ST o T 5 18 ¢ S P 43 B B v A
SAEBOS R, TR LT X R P R A R LA B A N, RIS I
DEMA RS . KA A TR U B A s (B 3), Bk BRI H R K a3 1
PR BB A R CTEIN 55.0%), HIBKRZ CFEIN 39.5%), KAamd CF
BN 5.4%).

AKX D RIS A BH S S SR, VRS EREETE = RIEEBIH L.
Hoh, FIRERBAIERE . WENKSE: SREEBUIRE. ©IIE. MECE. BKE
Fbaiia NE: BIEEBARATE. KE. FERTHEE%.

HEEERUTERER, IKEBRUFENETCE CEEN 67.0%), HRERL CGF

\\\



#oRE: BVUR L ATHLX OR % R DIERHIE S DR A
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Se~g) MIPIBUAEIE CFH27.6%) SEERE (K sh, iv B4, P HEREETHE, [
FH % 1 TR A T O A B S gt (B 4, HEDAPIRIX S TR AR Ak
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VIX 5 H A B S mAl e, PN 60.2% (B Sj~1, o 35 3 (10 2 S5 955 TR A7
—E B RUE CEEN 25.7%) MTRVEETE CFEIN 24.9%) (8 4D, VIX DA FUE
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(a) FRBEAHA: (b)) FHA: (o BHE: (D BREA (o FEHTTHRHE: QA% FKA: RER
Fig.3 Classification of Jurassic sandstone types in the piedmont area of the southwestern Tarim Basin
(a) Shalitashi Formation; (b) Kangsu Formation; (c) Yangye Formation; (d) Targa Formation; (e) Kuzigongsu Formation; Q. quartz; F.

feldspar; R. rock fragments
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Fig.4 Plane distribution map of Jurassic rock debris and pebble components in the piedmont area, southwestern

Tarim Basin
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Fig.5 Photographs under cross-polarized light of rock debris from the Jurassic Fusha Fault Depression, piedmont

area of southwestern Tarim Basin

(a) tuff fragment, Qimgan section, J,k; (b) basalt fragment, Qimgan section, J,y; (c) andesite fragment, Qimgan section, Jsk; (d) andesite
fragment, Oytag section, Jsk; (e) phyllite fragment, Kushanhe section, J4; (f) schist fragment, Tongyouluke section, J,y; (g) quartz schist
fragment, Tanmu section, J3&; (h) limestone fragment, Tongyouluke section, J,y; (i) medium sandstone fragment, Tongyouluke section, J3k;
(j) basalt fragment, Fanxiumeikuang section, J,y; (k) cryptomere fragment, Wuheshalubei section, Jy; (1) cryptomere fragment,
Kuzigongsu section, Jsk; (m) schist fragment, Kangsu section, J,k; (n) quartzite fragment, Yangye section, J,y; (o) limestone fragment,

Kangsu section, J,£; (p) limestone fragment, Kangsu section, J;k
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Table 1 Content of Jurassic pebble components of conglomerates in piedmont area, SW Tarim Basin
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Ko BEvars ifi X th 2 RARE &k AR E
(a) FISEERAT, SRRAHIT, Jis; (b) RMERA, SRAHIM, Lis; (o) ZaERRMT, BEATHIE, Js; () ZILE6RA,
HARFHIM, Lis; (o) FERARRA, HARTHE, Lis; (O BRE, BSER, HART, s () ZUAEEA, HEHARITE, Jis;
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Fig.6 Typical Jurassic conglomerate outcrops in piedmont area of the southwestern Tarim Basin

(a) quartzite gravel, Aitegou section, J;s; (b) medium sandstone gravel, Aitegou section, Jis; (c) basalt gravel, Qimgan section, Js; (d)
andesite gravel, Qimgan section, J;s; (e) granite gravel, Qimgan section, J;s; (f) conglomerate, complex composition, Tanmu section, J;s;
(g) basalt gravel, Tanmu section, J;s; (h) conglomerate, Kuzigongsu section, J,y; (i) basalt gravel, Fanxiumeikuang section, J,y; (j)

quartzite gravel, Wuheshalubei section, J.#; (k) fine sandstone gravel, Kangsu section, J;s; (I) conglomerate, complex composition,
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Kangsu section, J;s; (m) andesite gravel, Kangsu section, J;s; (n) gravel with weathering rind, Kangsu section, J;s; (0) gravel with

spheroidal weathering joints, Kangsu section, J;s
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BT HIBRAE. B WASFAER SRR (B 7D, BRI (20250 ARV
R RAEAERE S JLB KRR R: 1 XA7/E FS8 JFIX (FS801. FS8. FS2). FS9 M1 KY1
H=AMETF RS, Hr, FS8 I, FSO HRI KY1 HRZP RWEJE A i 0 /R HH~439 Ma
(HPgad—ERL) M~803 Ma (e i) XIS AHREIE (Cui et al., 2025). 1M 7GE R
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WA B RIS (BRAL%, 2025). RETHRCIE LR B R = 2 o bl b Alf4E 7
MEIAE KA (Zhang et al., 20165 ZR/MISSE, 2017; FETERR, 2021), {HEP REEEA
RN =B LM, RPZBLNMRKAIRSSHIE.

TNIX 189 HA 500 T 9 LB A 2 — 7 v AL O 018 B A 1 1 2 LU AT DRI P8 D9 ~230
Ma (=&4), HANERKEL JLFALEAE (Cuietal., 2025). BRI 585 B 4 —# i
SRR T B A AR U R R N H 242 Ma (=&l W—HF0g, FEEEBEE D R e
R, 52 AL, BERTTRA R R H~247 Ma (Z&40) I E g R S kg
(Bershaw ef al., 2012; Cui et al., 2025). dbWK/RIFRTE (230~190 Ma) X FAN
MEAEFEAREL, HAlZX =& /RIS 2R, HEMEKE D RKE, HRILBH A A7
f£ (Cui et al., 2025). XK HAF 5 EAREE 5of i E7 VINUE B ALBAEL, 48R T
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Fig.7 Plane distribution map of Jurassic paleocurrent direction in piedmont area, southwestern Tarim Basin

(modified from Sobel, 1999; Li et al., 2025)
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Fig.8 Lithofacies of major Jurassic sedimentary systems in piedmont area, southwestern Tarim Basin
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Table 2 Classification of Jurassic lithofacies associations in piedmont area, southwestern Tarim Basin
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Fig.9 Jurassic lithofacies combinations in piedmont area, southwestern Tarim Basin
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(a) thick layered medium-coarse conglomerate interbedded with lenticular coarse sandstone bodies, FAl, Aitegou section, Jys; (b)
parallel-bedded conglomerate intercalated with blocky medium-fine sandstone, FA2, Tongyouluke section, Jsk; (c) vertically stacked
graded-bedded sandy conglomerate, FA3, Kuzigongsu section, Jsk; (d) graded-bedded sandy conglomerate, FA4, Oytag section, J,k; (e)
plant stem fossils, Kushanhe section, Jk; (f) trough cross-bedded fine sandstone interbedded with gray mudstone, FAS, Fanxiumeikuang
section, J,y; (g) carbonaceous mudstone interbedded with massive siltstone bands, FA7, Tongyouluke section, J,k; (h) ripple marks,
Kuzigongsu section, J,y; (i) reddish-brown mudstone interbedded with parallel-bedded siltstone, FAS, Tongyouluke section, J.f; (j)
dinosaur footprint fossils, Kushanhe section, J,#; (k) deformation structures in siltstone, FA9, Tongyouluke section, J,y; (1) graded-bedded
sandy conglomerate and parallel-bedded siltstone, FA9, Kushanhe section, J,y; (m) flute casts, FA9, Tongyouluke section, J,y; (n)
reddish-brown mudstone and trough cross-bedded coarse sandstone in equal-thickness deposits, FA10, Kangsu section, J;k; (0) vertically

stacked sand bodies, FAT1, Kangsu section, I,k
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Fig.10 Major Jurassic sedimentary systems in piedmont area, southwestern Tarim Basin
(a) proximal alluvial fan, Qimgan Section, J;s; (b) mid-alluvial fan, Kuzigongsu Section, Jsk; (c) fan-delta plain, Oytag Section, Jo; (d)

fan-delta front, Kuzigongsu Section, J,y; (e) braided river delta plain, Qimgan Section, J,k; (f) braided river, Kangsu Section, J,k
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Fig.11 Comparative Jurassic sedimentary facies profiles in the piedmont area, southwestern Tarim Basin
(a) Aketao Fault Depression (Note: Due to significant variations in stratigraphic thickness, the vertical scale is not uniform); (b)

Kuzigongsu Fault Depression

512 BXTHME

PEFL T3 Wi R R 2 RAFAE E A G AN UTRR L (B 110D P EIBAHVIRE, *
BV R BE IR HT-oK, T CGEE R RR 5B THCAR 1 696 m J&E (i ARl AR LA — iR e ik
Bk EPORPRHE . BRI VTRUE, TORTE Bl e s va e 25 Sy & bR, FEIrE
IR E 755 m JE 0 ERIRIT WA il O MDA, e 2 3032 P IR PR RO o # i ZH A
W, AR B R S T, FRs AP B, 7EHEK IR B R



T/ = AN AT GOK T 0 TE RS AR s ETORAVE BBl 4k 10 DU F 0 Jre 28 e s FE I T, AL A
B VUK L BEJS R ERIRIT = A -1 S - S B AR, FED5 ) T o 2 SR B IR A a Fi 7 K
VIRAEE . 25 WIRIE IR THRE , BER AR B FERTTIr H A6 R R, B R AR R il o
VeE 7R T UIRIEE ) NI, 2 AT IR, Rk DR AR e A AR 7 s M v
PRI, FrEEREREE— 2 M. Bk b, FHEZT 7B E—#m—r iU
AT R, SO KR 7R BIVR P 2 AR A A, T e ) 1 e B — B ST /2R
T —RIRI] = A — B BT AL R, V8 700 A 4 R R K I DTARAFALE
52 RRETERS

TR M DURRARSE RSN 5 8] 3 LR B TR X LU T At 9, 45 5 b i s 1 1 35 %
B RG] R RS REHTIRA I, $87R 1 &2 RLTTRAR I 2 8] AT R -
52.1 G EHEHA

PHRIEH AR SR KRR 2T L. AR B4FIE, FERE MR
BV . =B ARG LT TSR0 B L TR A A AL, BT R R E M E — R
SHMUIBUA R, AL FS8 X B B it 2 Oz VPRI = A I, Ll 5 v S foft 2208 2
Hly (BES7AE, 2025); VD WTRERT AR ML IX AL Ge 3o & 8 mUIR VR BRI = A9, 1A
BRAHPIR A, BB IX LSRR S s PR = (18 12a), MECUR BB . B 50 f
WT 3 G2 35ty B AR X R B SR A P AR (T 1220 P8 R L2 A0 5T 75 T o = A
OCEENTAR 1 ACE PG R LR B & E A s s (B 12a).
522 7

RETFA TR BT, WIS EIEE YR (& 12b), {HP BA LT YD ke AT
ARHBIX L KA IX A K AT o, W 0 563 £y L A=t DR SR] e g st X090 473 DR 5 20 B IR S (I
12b). P4 B LAl BESCH A B R — B = AN MAR &R, R R B B 2] B IR =
SN BTG AL SR T R BV VRO ] e g TR b A G T A A
FEEPRIT = AN L V57 VR B SOMEN S 2 AR TRV 2R (I 12b) . PO R LU AT e A 5T 5 I
OCEEALFR YRR = AU, R AR R I35 T A & R — PRI (& 12b).
523 #rta

Bt ORI 2R BT, R X YE Y sk R (B 120). PR LT
TR EELSWRAA, JZKERRBE (B 120). THES ILFTBES AR K FiR
FARL AR B — 3 = AT UTARAAR &R, e 0ty 42 11 RO PR DR VT = A R 2 25 08/ s VD W R 2 3
HE R AN T PEERIAT = A I 5 5] g DT 63 381y PR DRIRT — A I A g = A I T AR A ik, [ e



#oRE: BVUR L ATHLX OR % R DIERHIE S DR A

KE WA MR VBT (B 1200 PH R LAl e Aot 75 e 2 e [
) PO R B, WA SR E B = T R I A T I R LT AR AR & )R
FREL YA, AR B IR BRI =M (B 120).

Bl 12 S5VHFS L AT X Gk 2 R DT AT 1 ] (SR ObRiC AR RBTE 50 RS g 10 AL AN 38 20
(a) PWHRBEAH: (b HBHA: (o BitdH: (O FERTTIHRA
Fig.12 Jurassic sedimentary facies in the piedmont area, southwestern Tarim Basin (green markers indicate wells
and outcrops subjected to detailed analysis in this study)

(a) Shalitashi Formation; (b) Kangsu Formation; (c) Yangye Formation; (d) Kuzigongsu Formation
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Fig.13 Model of Jurassic sedimentary evolution in the piedmont area, southwestern Tarim Basin

(a) Shalitashi Formation and Kangsu Formation; (b) Yangye Formation; (¢) Kuzigongsu Formation
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Abstract: [Objective] A successful breakthrough in the Jurassic strata of Well Fusha 8 in the piedmont area of the
southwestern Tarim Basin marks the emergence of a new oil-bearing series, demonstrating promising prospects for
oil and gas exploration. Currently, an insufficient understanding of the provenance characteristics and sedimentary
evolution of the Jurassic system has become a critical issue constraining oil and gas exploration. [Methods] The
research object was the Jurassic in the piedmont area of the southwestern Tarim Basin. Field outcrops, drilling data
and other relevant materials were investigated to determine the provenance systems, sedimentary facies types and
sedimentary evolution processes of the region. [Results] The Jurassic strata were primarily sourced from the West
Kunlun Mountains and the West Tianshan Mountains, with lesser contributions from the slope areas. Two major
provenance systems are present in both the Fusha and Aketao Fault Depressions: the southern (West Kunlun
Mountains) and the northern (slope area). The Kuzigongsu Fault Depression was mainly sourced from the West
Tianshan Mountains. Fourteen lithofacies and fourteen lithofacies associations were found in the Jurassic, with
seven sedimentary facies types being determined. The Fusha and Aketao Fault Depressions in the piedmont area of
the West Kunlun Mountains evolved during the Lower to Middle Jurassic, progressing from initial rifting to an
intense rifting stage, and finally to a rift-sag transition stage. The steep slope zone to the south primarily resulted
in the development of alluvial-fan to fan-delta sedimentary systems; the gentle slope zone to the north developed
small-scale braided river deltas and fan deltas. Boundary faults remained active during the Lower to Middle
Jurassic in the Kuzigongsu Fault Depression anterior to the West Tianshan Mountains. An alluvial-fan to fan-delta
sedimentary system developed in the main subdepression, while a secondary subdepression was initially filled and
leveled by alluvial fan conglomerates. Rifting activity expanded westward at a later stage, predominantly forming
braided- to meandering-river deposits. During the Upper Jurassic, compression and regional aridification triggered
basin basement uplift and enhanced sediment supply, resulting in widespread development of alluvial fan deposits
across the study area, and marking the terminal stage of rifted lake basin evolution. [Conclusions] Overall, the
Jurassic strata in the piedmont area of the southwestern Tarim Basin experienced a transgression during the Lower
to Middle Jurassic and a regression during the Middle to Upper Jurassic, reflecting a multi-stage sedimentary
evolution. This study not only reconstructed the filling and evolution process of the Jurassic in the region but also
provides valuable insights for the paleogeographic reconstruction of sedimentary areas in residual basins.

Key words: Jurassic; provenance analysis; rifted lake basin; sedimentary evolution; sedimentary model; Tarim

Basin



