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Abstract Due to intense tectonic compression, the massive sandstone of the Bashijiqike Formation
in the Cretaceous within the piedmont belt of the Kugqa Depression exhibit severe deformation, complex
seismic imaging, and high ambiguity, resulting in limited methods and even fewer achievements in the
detailed study of provenance transport pathway in the Keshen natural gas accumulation area. In response to
this issue, a comprehensive study was conducted on the heavy mineral assemblages of over 400 sandstone
samples from more than 40 wells in the Bashijiqike Formation of the Keshen area, as well as experimental
analyses including sandstone clastic components and cathodoluminescence on over 600 samples from 26
wells. The results show that; (1) Zircon, tourmaline, garnet, and magnetite are consistently present as
heavy minerals in the wells of this area. The presence and variations in the content of stable heavy minerals
such as rutile, apatite, and titanite, along with unstable heavy minerals like epidote, chlorite, and
mica, lead to differences in heavy mineral assemblages across well zones. Combined with the ZTR index,
these variations can help determine the differences in sedimentary provenance pathways among the well
zones. (2) The sedimentary source rocks of the thick sandstone mainly come from pre Carboniferous high-
grade metamorphic rocks, low-grade metamorphic rocks, intermediate acidic igneous rocks, basic
igneous rocks, and sedimentary rocks, which can be subdivided into nine heavy mineral combination
zones from east to west. (3) Due to the control of the content of sandstone debris components by primitive
sedimentation, the planar variation characteristics of the average content of potassium feldspar, plagio-
clase, and metamorphic rock debris in sandstone debris components indicate the existence of 5—7 source
transport pathways. (4) Based on a comprehensive analysis of the characteristics of source pathways indi-
cated by heavy mineral assemblages and sandstone debris components, it is believed that there were at
least seven source transport pathways from east to west during the sedimentation period of the Bashijigike
Formation, among which Zone Il and Zone V may have been channels with longer river extensions. The
above understanding provides a basis for the analysis of large-scale sedimentary microfacies and favorable
sand body distribution in the Keshen area, supporting the fine research and evaluation of gas reservoirs in
this area.

Key words Kuqa Depression, Keshen area, deep thick sandstone, heavy mineral assemblage,
sandstone detrital component, provenance transport pathway

About the first author GUO Zekun, born in 1997, is a master’s degree holder and engineer. He
is mainly engaged in development geology research work. E-mail; gzkun-tlm@petrochina.com.cn.

About the corresponding author GAO Zhiyong, born in 1974, is a senior engineer. He is

mainly engaged in sedimentology and reservoir geology, development geology. E-mail; gzybox@163.com.

KT EEIBEYIRTT ) SO AR ARE . DURRE A9 IR 2Ok A AL AY IS L 7Y R A A o S A
HYEREFECAARZO . ZWEPEAERRILM KA G A%, SR, KA, s,
PrEdETr SR A A I g — K R R R KL B ARk B AR RIS ARG IR X
(REFHAE, 2016a), AEROAREG WHTORN (KIS, 20125 5KEESF, 2015). iz w9 0L



‘(IM K

PPEME . WE T WAL 5 8 4L R AL 2 BT KO W R 38 B R

B2WE A

DL 5 34 [ 8 TR M X 1 S R A A 7 4 1463

B KW TT [ ARG 1 o 3, ALY —m R bR —
MR Z (BRXAF, 20125 sKOREIESE, 2015),
WL, EEBREACER LT R F ek, s
FIRAE 3 A FEY P E RFRAE, 2014), JF
Y ERP R A DU B E R W, BT L=
BH—HRE G LA I oa FAL A A o &
DIBUARD (P 2ORAF, 2020) =& A —IRP R
AFRIAR, ALREMR, ik Ruf (L
8, 2004), HER—FERWRX EEZ N “TIR
HRPE A —RIEE R AT Wi adH A (F
A, 2007)

TR M AR T ik 2, EEAETY)
HE b W8 A B BRH D . B0
WIRENNIE FEPIVE 8= U = SN I EIVAE 582 A A% 73 TRV
5 (B S, 20135 st aF, 20145 &F W 4
55, 20155 fRZARMI L AE %, 20195 5k, 2025),
FAT, B ARSIk S o e IR XA i s 5L B
AVEPUE BT T B (BRARMZAE DL, 2019;
fZASSF, 20205 5Kfi, 2025), EEAEGPHS .
W oE WIS AT o T S LR G e T IR X M s 5% L B
AVERSE, SAMAAK. KO, AEEFZTYAE
F IR DX AR T T S, AN B S A S T B [
W ox M AT AL 2 50 Br 25 0 ) B e 1k o A
(B 1= B %5, 2013; bl dg 4%, 2014; f2 B 4%,
2021) o ARG D5 LIRS I S RS A5 41 U/ Pb AR
LA BRI AT S5 E 07 W) 1A ) 52 3R 20 M 45 7 vk
455, AR E R R T (AR,
2012; M4, 20135 EhUCEAE, 20145 IRANAN
LAEX%, 2019),

RIT N BRI 9 35 B 4 v 4 20 34 s A AR X 0 D57
o] S Bp 25 28 R 45 5 T, (H G T 3 B A R e TR X
TP — Rt i DX A5 R AR T 4 XA TR 1
MBETERITTED R B TR RS A LR
EA S5 e A 0 B SRR K . MR AR i O
R Z ks AL, 52 )5 W R 3 B I 5 00 2N R A
I, )P i 45 T B 22 1 A S T R 45 1 W 4 D
WA TTIEMERE K L, ISR EA YA S 0 b
025 B T 2 53 R AE S0 BT O 45 B il KRR AR, F X
B R (RS0 AE, 20255 sk B AR, 2025)
FIWr IR IR 5 10 BEEAE T, R 4R 23 B 4 YR
OPARAEAL, AT R B ROTTAR GO B A D A e A

W5 F 1 T B A o

1 st

B BLOR 2 2 R B AR S Rl iy, 4
(e RS I A W= 7 S | AL O e Nk AP N B
i FERRIMIBG . BKR RS AR A RE AT . PR MR A g B
RO E MG T (K 1-a, 1-b) . #FREX S5
PLAHM LR, AT 5B IR 35 AT B AR BB
(B 1-b) (EFHY], 2014; ERFSE, 2018), o
Pr—r WA H AN B2 A A R (B 1-¢), H
FHERERMNALEROMA LG wAdMEED S
(f5 & B %, 2014; F ¥ B, 2014; 5l 4 5%,
2021), EAfFEEA e TR BAlr o =B, B
TEOME—B, M%AE 5500 ~8500 m, JEJF S 260
~310m, AWM ELHABO TS, THD A
M. MA A FEREZH AR (EHE,
20145 Pty 5 55, 20185 s fEAF, 2020; E 5]
&, 20215 MpilEAEAE, 2021),

s — R IR R B TR R R
tr, R ik oE E B Oy ORI, L 2 Al E
(MRt 58, 20125 sKo€p845F, 2015), IMifi T =&
bl TIN5 TN AR N =11 TR B R VA v B S e -
(E 1-d), BEAEEA e A iR, b m
RILZ ZWEERAMEES T, WG NIE K R %
R i eaBEED AT, IWiHAs TR
i 225 P — R = A R TR, e —
SOUR ML X FE R R R R = AN AT & SF U0 R
(Bl 1-d) (& 55 % 2014, 2016b; 3K 5% 2 5%,
2015; B4, 2000), ZELWOEIEWD S &)
THEL I —E A 4 YO s, TR AL
MWESEERT, RS H S REE (£
FRWAE, 20185 MpifE4idE, 20215 BiG%, 2025),

2 EUMASHE

MAXTET YA SRR TRZHRE
(X 21 #% F X)o7, 2003; 2= XL g 4F, 2006a,
2006b; XigEZE | 2007; ZEXUNZE, 2014), i&fHE
WAL 505 43 AT 0 5 DR I X B2 1 T A K
S R AR B A I, 2 5 W, Al R
AT b S W PR PR BT (R £ A% R X
2003)



‘(IM K

1464 + o 2 F R 2026 % 8 f
[b]
0 40 80km it i 0 10 km ®ii
N — N
— —_ ~N— 1 °
A ot =>—"" _'%// A @ikl Bz
‘.Eﬂrll/.’l“rkx e _—mw
m‘:ll //I.,——/Mks ;\\';!E\l\\\’('/‘ ~ —— F24
— &‘ﬁ\i‘«p/"—"-—"*/-/’w—- i — L /R,/._._._.Mivﬂ.lﬂ ...... ——————— PR __
[ i g v 7 e S |y e e
‘_—;\\‘—/\Ei{ﬂ&\“\w /g //\» P % 1 e R g | “Mmm ) ° 0/.|Jw,m
;\\\” Sy emam o7 ) Ry Sl I,
T NG _— b *
lﬂl/ ~N_° - ,
i i ]4;4_@ %l
S 22 ,f‘*i\/,
SN R A, -
[ ] my R ETEL
LR ARt g SRR WS~ __
BRE gpmm M w R AR
AE\‘\ //— /114@',\\\
iz s JHL B s i rin| [E3 G WO SERAEEE
M AN NN A WD R N 2N
/M /\ HBLP -
/)\\ =AU
- -‘-—._.\.
— L= e AT S e AR IR
LT S STy E AN e
= F P P M’ i A i s
T AT N Jin2e
e shin s (e
e 504 R . 55
4 ) AN G
B FL Ay G S ALO\ R0 [SEIRT S \ g
= il £ 1 40 5 - 4
w1 X k2ot Skiksor
A SRR = A0 N BT g S
AT i, . AR = A T2
_/"“—"— - RN Flk1
o W Seol
: 6 S S~~_ EM N
4 . /// SER30 %o . N e SR 4
\ y ESSEIN EE ST o o ——
\ [ _— 19 HHK100 Aoy K7 e N
1 I Fd L4
: i o | 0 mmlA
I I " "ﬁy\"IS ] E—
" I G483 SOM /
p/ / PRI g AN [=Sle]L] [ O [ CIEA
K 4 ey K PR R B S B MRS W R
A [ dne ) Jitil K AT S Wk [

a— B HU % 7 4 6 o7 P T ] 5 b— T i 30 3 67 P T[] 5 e —F 5 IX T — 7 TR ARG O3 A A
d = AR 3 s 2 AR Ak g e 2 T B S i [
P13 B DL DR B T 5 B — B TR T R0 A o T

Fig. 1 Plan view of Kelasu structural belt in Kuqa Depression and key gas reservoirs in the Kela-Keshen gas field
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Table 1 Heavy mineral content of the Bashijigike Formation sandstones in wells Kela 203 and Keshen 902

i I A YR K E R %
Hu 0 2 — - — - — - ERIR7E RS
A BRA &494a AWTA BEKA WY =8 ke 946 Ba Asa
3837.49 3.30  4.60 / 4.30 9.30  56.90 / 0.60 / 1.70 /
3835.22 2.70  5.60 / 5.60 560 52.80 / 8.30 830 2.70 /
3840.79 3.10 2.50  0.60 1.20 16.00 36.40 / 3.10 / 3.70 /
3844.71 4.90 3.50 / 3.80 7.00 51.20 0.70 030  0.30 2.10 /
B 384812 420 2.10  0.20 0.80 8.90 59.60 1.90 1.50 / 0.80 /
— 3850.58 6.90 1.60 / 0.60 17.00 54.70 1.20 2.10 / 1.80 / OB EAR
o B ’ ' ‘ ’ ’ ' ' ' ' AR T A7 + 85 K AT+ 1
’“; 3853.62 10.70 2.90  0.10 0.40 9.60 57.60 0.50 0.70 / 1.00 / B+ B+ 0 R T A
203 .
3855.55 6.00 2.50  0.20 / 1.00  49.10 / 1.20 / 1.70 / EERs2 SiiRE]
3856.55 3.10  2.10 / 0.50 3.90  25.60 1.30 3.70 / 0.30 /
3858.65 2.90 40.00 / / 3.40  19.00 0.60 / 1.10 /
g 401420 130 1.50  0.10 8.70 4.40 3420 /  10.10 / 0.80 /
= 4014.88 0.90 0.90 / 2.40 830 10.10 /  42.70 / 0.50 /
B 401621 090 1.00  0.10 8.90 5.50 24.00 0.30 12.20 / 0.80 /
7926.72 7.17  2.71 / 0.19 / 68.22  / / / / 9.30
7927.41 2.13  2.89 / 0.61 / 2371/ / / / 9.88
B 792931 633 3.09 / / / 61.56  / / / /1237
= Ty = - Lo
o 7930.09 355 187  / / /5028 s / / , gop HAHRIUALRT
B AR+ H kA, TG
R 7931.35 1.14 2.51 / 0.23 / 43.96  / / / /28 s BRA . E
902 Jf: 7932.02 3.11 5.26 / / / 65.55 / / / / 13.16 75 A, DAl gk A
= S
7972.43 2.92  2.77 / 0.58 / 3825  / / / /1139 ASF
B 797327 358 2.83 / 0.30 / 4620  / / / 0.15 8.49
;“ 7973.98 1.60 1.60 / 0.96 / 3237/ / / / 5.45
>4
7975.84 2.89 1.93 / 0.24 / 30.12 / 0.24 / / 3.61
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Table 2 Average heavy mineral content and ZTR index of sandstones from the Bashijigike Formation in Kela 2~Keshen

2-Keshen 8—Keshen 9—Keshen 13 gas reservoirs in eastern Keshen area

FEEH YT HE T/ % (BRI & 5N 11.8% ~53.69% , A A)

/R R ZTR 5%
A WRAa &L4aa AT a BERn wmEe o %6 &40 WBa Mo e askn

L 2 /46 3.9 0.7 0.4 0.4 3.9 25.1 0.6 1.7 0.7 / / / / 5.0
oL 201 /24 4.6 1.8 0.6 2.6 7.8 30.6 0.9 2.9 / 1.4 / / 0.5 7.0
L 203 H/12 3.9 2.7 0.2 3.4 7.7 40.9 0.9 7.2 4.3 1.5 / / / 6.8
L 204 J/4 1.8 1.7 0.6 7.2 7.5 30.0 / 5.2 / 2.0 / / / 4.1
LR 201 H-/8 4.3 1.6 / 0.4 / 42.6 / / / / 0.3 / 7.6 5.9
LR 202 H/11 8.9 3.7 / 5.3 2.0 55.1 0.2 5.2 / / / / 5.0 12.6
LUK 205 H:/16 2.6 3.0 / 0.4 0.2 44.3 0.5 1.5 0.3 0.3 0.2 0.2 12.7 5.6
JLUR 206 /10 2.3 2.4 0.3 0.2 / 25.1 0.9 0.7 / / / / 10.7 5.0
LR 207 /49 3.4 2.6 0.3 0.3 0.4 52.0 0.3 0.4 0.2 0.2 / / 13.2 6.3
T 1003 /23 6.4 2.0 / 2.6 1.0 46.0 2.0 1.5 / 0.5 / / 9.0 8.4

TR 8 H/24 3.7 2.3 0.2 0.2 0.6 39.3 0.4 0.5 0.3 0.2 / / 9.9 6.2
i 801 Ff/12 1.4 1.8 / 0.9 / 48.7 / 0.5 0.4 0.3 / / 9.9 3.2~6.4
SR 802 F1:/10 1.6 2.8 / 0.3 / 49.7  31.1 0.3 / 0.3 / / 14.2 4.4
SR 8004 F:/9 2.5 2.0 / 0.8 / 41.5 0.5 0.3 / 0.3 / / 7.9 4.5
FLIR 902 H/11 3.5 2.7 / 0.4 / 48.3 / 0.2 / 0.2 / / 10.7 6.2
SLUR 904 J/27 2.4 2.1 0.2 0.5 / 52.2 / 0.3 / 0.2 / / 13.4 4.5

iR 12 /9 4.2 3.0 / 0.7 / 56.0 / / 0.2 / / / 17.6 7.2
g 13 /10 1.9 2.3 / 0.2 / 39.5 / 0.2 / 0.1 / / 14.4 4.2~7.8
R 131 H/3 6.0 1.9 / 0.5 / 58.9 / / 0.2 / / / 7.3 7.9
R 134 JF/24 4.8 1.5 / 0.5 1.6 69.7 0.4 0.6 / / / / 5.7 6.3~10.2

£33 ERMREBRERII-ERS-RRU-ERINSEEAETRANEETYTEHLES ZTR 5HHIE
Table 3  Average heavy mineral content and ZTR index of sandstones from Bashijigike Formation in Keshen 11-Keshen

5-Keshen 24-Keshen 31 gas reservoirs in western Keshen area

TEEG YIS % (R B & iy 8.5% ~33.6% , N iFA)

48/ FE i A - ZTR 834
B RSO BAA ARTA BEKRAO BT s gikA gWa WA Ba Ea Aa
TR 1101 /6 4.3 0.9 / 0.9 26 542 04 04 / / / / 3.6 5.2
TR 1102 /7 2.6 1.7 / 8.5 35 421/ 7.1 / / / / 4.0 4.3
TR 1103 /19 2.7 0.5 / 1.0 13 413/ 0.3 0.4 / / / 2.0 3.2
TR 501 H/39 2.4 1.8 0.2 1.0 / 41.5 07 0.6 02 0.2 / / 17.6 4.4
TR 503 H/20 2.8 1.2 0.2 0.3 / 56.6  / 0.2 0.6 0.1 / / 12.1 4.2
TR 504 H/27 2.0 1.5 0.2 0.7 / 36.8 03 0.7 02 02 / / 10.8 3.7
VR 505 343 2.2 1.6 0.2 1.1 / 504 0.2 0.4 02 0.2 / / 15.1 4.0
TV 241 3£/18 5.8 2.5 0.2 0.3 6.0 51.1 04 04 / / / / 12.1 8.5
VR 242 3E/17 4.5 2.2 / 0.6 25 562/ 1.1 / / / / 6.8 6.7
R 24 3E/6 2.3 0.8 / / 6.6 620 / / / / / / 2.3 3.1
PR 19 /12 13.8 1.7 / / 1.8 614  / 0.2 / / / / 8.3 15.5
TR 4 JE/13 2.0 1.9 0.2 10.2 03 519 / 0.3 0.3 0.5 / / 5.4 4.1
W 1 H/T 9.9 4.5 0.8 1.6 / 28.9  / 1.3 / 1.5 3.0 / 25.0 15.2
FR 3101 /15 2.1 1.4 / 2.1 1.6 46.1 0.7 / / / / / 8.0 3.5~6.2
TR 3102 Jk/16 7.3 1.1 / 0.2 1.7 702  / / 0.2 / / / 8.1 8.4~14.8
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Fig. 2 Heavy mineral assemblages and ZTR index distribution characteristics of the Kela 2—Keshen 2-Keshen 8-

Keshen 9-Keshen 13 gas reservoir in eastern Keshen area
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Table 4 Average content of sandstone detrital components in the Bashijiqike Formation of key wells in Keshen area
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in different wells in Keshen area
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Fig. 8 Division of provenance transport channels in the Bashijigike Formation in Keshen area
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Fig. 9 Sedimentary model of fluvial-dominated braided delta in the Bashijiqike Formation in Keshen area
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