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Abstract In recent years, the Permian Fengcheng Formation of the Mahu sag has become an im-
portant interval for shale oil exploration and newly discovered hydrocarbon reserves in the Junggar Basin.
The Halaalate Mountain area ( Hashan area) is located on the northern margin of the Mahu sag. Due to its
proximity to the thrust belt and in the early stage of exploration, the sedimentary background, palaeogeo-
graphical location and shale oil exploration potential of the Fengcheng Formation of the Hashan area are
still unclear. Based on the exploration and development practice of shale oil in the Hasan area during the
past decade, the sedimentary environment, shale facies, source rock quality, oil content and reservoir
quality of the Fengcheng Formation shale oil in this area were studied systematically. The results show that
besides the main sag in the Mahu sag, there was another alkaline lake center of developed in the central
part of the Hashan area, which is another hydrocarbon rich depression for the Fengcheng Formation. The
volcanic eruption, sedimentary evolution and alkaline salts forming stage of the Hashan area bear a strong
resemblance to that of the Wuxia area to the south. A four end-member classification scheme is proposed
here for the alkaline lake shale in the Fengcheng Formation. The shale of the Fengcheng Formation can be
divided into eight lithofacies, including four salty lithofacies and four non-salty lithofacies. On the whole,
the clayey shale and calcareous shale of the Fengcheng Formation in the Hashan area have the highest or-
ganic matter abundance, the dolomitic shale and salty shale have relatively good oil content, and the do-
lomitic shale and siltstone have the best reservoir property. It is proposed that the dolomitic shale comprises
the class-I sweet spot and the siltstone comprises the class-II sweet spot for shale exploration. For the
Fengcheng Formation, shale in the Hashan area is similar to that of in the Wuxia area in terms of source
rock and reservoir quality, both of which have high shale oil exploration potential.

Key words alkaline lake, thrust zone, shale lithofacies classification, hydrocarbon-rich sag,
shale sweet spots, Fengcheng Formation, Junggar Basin
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Fig. 1 a—Tectonic location of Hashan area, Junggar Basin (modified by Zeng et al., 2023) ; b—Structural map of the western

Hashan area (after Zhou et al., 2024) ; c—Structural map of the Well Hashan 5 area
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Table 1 Comparison of different depositional environments of the Fengcheng Formation in Hashan area, Junggar Basin
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Fig. 2 Typical lithofacies of different sedimentary environments in the Fengcheng Formation of Hashan area, Junggar Basin

eI A DAL T 0 P 3 i 38 4 b O A E R RR A A
HERBTR DI, B AT R0 1M,
AT = AU B AR OAR Lk o XU 2 o A Joi 5 6
i, i A A R B B (] 4-c) o BRI K 1A 1A
AR, EREREAR, JRRBEE TR L . TR 4
EXH S ML, PUTRERITE N, e E
PR, T = AN SR T & BRI A Y
B AT % BRAE 0 5 AR L

3 WHTUESHERS
PSR 241 R 0 R BRI RL, LT 10 4

MU 2%, AR (BRENES A . BRENEE A . UK BN R
A, BATA . WREMA ) MRSy Y (R
MAamKEMMA) KT (Guo e al., 2021b),
FrovwEEEY, AAENMKA . IKAaMa%RR
B O(EBIM 4, 2023; Li et al., 2023; 25K 4
2024) . MAEfLG =ummoc (BB, KR ﬁ%
FREETT) XI5 %8, WA 00 A 32 20 F K 08 il
JUR NG (E RBAE, 20225 k1TSS, 2022; 1%
MLAF, 2022) . = wioc Rl 4y 58— 5 TR 2% 18 XU
WG ER R ER T W) KB MEE, J— T EAEL
Tl JE XU AL D2 K 20 A 5 R s ) 0 1) 5 3K o



_

H26% 45 X HCRAE s T ) R 7 b UG b 2k e L DXXU 3 2 3 DS il SRR 5 B R R

1023

(=] 5 YV

uﬁmm# S

i

FLR I

GR/API M2R1/Q-
0 150 s T 306 o] wl |l e |w GRIAPL] g cm* L]
| I CAL/em i [ M2Re/Qm , A 1P 1 i o G | KRS Y] (PSSP (PP
P | M2RO/Qm. SURU| thEasql | (B E] | R DUBUAT | #h 74k
I3 i T 1000 LA i B 52 | RD/Q
1/ — b3 : H m| |2 m|CAL/em
SP/m 11\/[2RX/§120310 - Ju 0 6000(7 15 T 2
1, \ )
z i T
¥ o I
e L Dol
& o Lo
I I I I I
1 1 1 I 1
I I =3 I ] I
Pt & bl
U w0
X P it Lol
E o & — ol
[ — + [
B P 2 fﬁ Pl
Lo i Lo
" BRI LI
b o i = P
o & .
o v B IR
— o F — N
P 5 £ & Pl
A . | B Lo
b L W] £ ‘\1 i
: | I I : = . I I
SRR SR 345.5m P P sl A |
. P D NG
_ Lo S A=
— I I g { I"
e o | '{1
[ - .
e Bl
o - ‘
R O B A
o Lo |
= Lo 20 A i - ;
L “lo i E"l
o s L B |
il BN R w [
[ o KA
B E ! r E3E] | ﬂé : Xll
‘ || gj 1 ”
1 i 3 !
| 1 | e RS B
it i 1 1 !
! i w0 e 1
oy ik % ml | |ef® p | o
Eil =k A Jak K K
B Bk B H oL o4k

Xy Bl ki K i A
i+ [ -

wen Beemizy [ [ %R
== B -&w = e wvey [ wmvey [y [

a— My 1l X 2 PR RIPUAR O 5 b— IR GERE 1 R R TR RUR A 255 5 R BT s o— Il 5 R (T2 )

Fisei (BPRZT) PUBUIRA1ZE & AR
PR3 o B JR i b e 1L 3t DX XU 2 30 9y 90 0 4 9 A v O B PR A R A X Ll

Fig. 3 Comparison of sedimentary environment and salinity between proximal depocenter and distal depocenter

of the Fengcheng Formation in Hashan area, Junggar Basin



e

1024 + o E F K

2024 % 10 A

# E
Nl

paig g
[1] |1l
= =
= =

P

E
i3

EN
z

s
=

a— Wl —BeUURR I, WG AR B B b— R BeUUR Y, W14 P A A2 B B s o— U= BOUTRRINT 0, 980 A B B B
P 4 R R 3 3t 3 3 B L R RO 2L ORR AR R A AR AL (ZR5 (i 45, 20225 JHB54E, 2022b;

FBGESE, 2023; KA, 2023; AE%)

Fig. 4 Distribution of sedimentary facies of the Fengcheng Formation in northern Mahu sag, Junggar Basin

(modified from He et al., 2022; Tang et al., 2022b; Ni et al., 2023; Zhang et al., 2023)



‘(IM K

#2608 HS5H

X HCRAE s T ) R 7 b UG b 2k e L DXXU 3 2 3 DS il SRR 5 B R R 1025

iy L b X XU A 2 O B AL (AL S
M TRRL 4 H) B0 a8 4k 231 AR S k17
XRD ff B¢, ARSI TR AR . R SR . o B
AT WEFIWY YN E . IR T Xkgl vt
HI AT PIAE  BRERT Y (AL Na—BRBR 5 A0
Na-BlifRER) . KO (KAMAKE) | ki
Y (FfEAaMEasA) MEEay, L
TP S22 PP & e T 35% (&l 5-a),
Wt B A5 0 10 = 3t 76 I 8 R 43 7 ORI & $h B AR K 1
JR AL T

SRR ZH DU s T 1 & B R B, KU AL T
HhWERTAE LT EA MR, R
hbE M2, B Yk S E & REAR D
(<3%) (Bl 5-a), I8 4R A0 2 Al 3 it
Erp, Fiwyor g it 20% (B 5-b) . K
e ST W) AR IR R 0 W) AL & ER AR S R )2 o B
— BT (>15%), FJLAFIE 25 & EhAEE &8
HAT A o W YA E 2 PR 2
FEFEN, ETHEEH LT YERM . &K gR
KRaE, S . KEEMAG . B A, W
KAaFAARRET Y (BM5, 2023; Liet al.,
2023), £ k25 RN T o AR vk 2B A
AR A B, 5T vOR H i 7 ) f gk +
TR CHRMET, DR TEYE CMETYT W
S, VEE RIS T AR AR, LK IR
WP R IR +h 0 4 o M = — T (B 5-¢) o BT
WIREE Y (A +HsA) WEHEEEN T
5%~35%2 0, RUKBARSE (HaA&EK
F50%) FKE. ZED] “RFAET R H SR
Az e, R A X S = s ()
ZATEKRT 25%) MAE = FisE, dE—2 %0500
25% 94k . HILAG B AnE S-c X =M, 58
ANEM: BERE . BREIE . SRR E. STiHha
RUUE . mibE . & (85) BulE. BEmils
ML, Hrp & REERE 15% ~25% 2
M, “Bi7 RRFEEHEEBIE 25%~50% 2 6, % EH
MR ZENRIEA A ST AR sl &, KR
IUHRAN TAE G =i oIk AR & Eh I W e b, i
HFE5 % 58 T S bR A 7= Wik 5 i T A PEARE o

TR T 2 R AR 3 B T AR B B R Al B 2% 1 R
Wl , AT AR 47 Hb 0547 00 2 2 o) F00 o L v A D A 7
RIRZH f5e A L, AT S A R ok 3 (18] 6-a)

R )E Y 2H A

W& %
)
G

15
10
5
0 I

FfRF+A B R Hiow  KEFY

A TR 25 W 4 A
60
50 —
40
30 —

20 —
10 —
0

IO+ R EER ] KL

PR, o)

o IS IS i i
© WIISHAI, T, AT

080 wissta£ . A

© Wy IiSIEr Eh

0.6

pap o 05 fit i+
KA EFaYel
. b
. FHEs
. abpis 04 0 e s
N GihzEIUE SUSII . fiL
Sl O LI RRH . 1HTR6 .
Vi il Wik i0l)
VI BmFICE o 11 44
VI BB UE oG IISHA G H
VI B R
Lo
a— R Z YA R b—IEEHM BT WA c—m il X
JRUI 4 BT ) 43 B R

Bl 5 Ve JR 7 0 g L DX XU 2 0T 25 2 A X
Fig. 5 Classification of shale lithofacies in the Fengcheng

Formation of Hashan area, Junggar Basin



2024 % 10 A

e
+

B

Ee i

]
&
=
&
@
D
o>

S I, JFIR 4182.45 m; b—FE 25, WAl S JF, JFIR 4186.49 m; o—F 1 BT A
H W13, HE2099.55 m; e—Z JRUUA, M 63, HH 2544.5 m; (—FHILMEA, WL SH, HH 4438.5m; g— T4k
BEOCH, Wi S I, R 4466.79 m; h—ER R 0E, Myl S HF, IR 4457.03 my i—JRBUER A, WAL S JF, JRR 4644.8 m

, WAL 4 3F, IR 217471 m;

6 ENE IR ZR 3t 13t DX KU 2L A [R] 0T o A U iR

Fig. 6 Microscopic characteristics of different shale lithofacies in the Fengcheng Formation of Hashan area, Junggar Basin

EERH THRBIPREL M o 0 1 DXRE IR 0
HERLE TIEWIRTUR H O X = BORE Py IR DT A
FLRMA=ZB(E 7). #itas (L9 aa
KT 50%) FERIRAB A F I (6-b), HAFIE=E
RITWS Hm s =B s — . L (&1 7)
G IR 4 A O, USRI A R, 1R
WA G WMRIE . Bt FoCa EEET TEY
WU G, ARBOBOK A TR, RIS L) 4 IF
N (B S-c), B P LU A7 (18] 6-¢)
NE, HYCRSBAA PRI 555 TUE KT
f14 5 B2 W v T 6 L S MR A I UTRRER S, T

fpa RAFRE, RYA = A, EEREGUZK
(K 6-d), Zarfk. BEACRECHE BBk, E8K
T T APy DU O ) B UK S TR U
(B 7)o = A $h B BAS Ji 0A = (] 6-e),
T2 R T TIROKF WA FEOK AR, s
HMI T 1 HFEE T) .

RS A B U R TR L Y
WA MY, R Y R AR T 25%, DUBK B Y
1. BREAEECMBE AN Ao . SRR A Bk
B TS S TR R BT # v i TR A
— B (B 7)), J& F 8] O (9 4008 2 77 3 U0 A



‘CM K

#2608 HS5H

X HCRAE s T ) R 7 b UG b 2k e L DXXU 3 2 3 DS il SRR 5 B R R 1027

BN ITI AR AT
W k6t

EED wpen
13504
1400/ 0 3500 7000 m
)
14504
15001
1550 g, K AR
1600 =
1650(F¢ W %thsi#
17004 /m i FTERE
17504 3100{ o
S \ 3150 —E= %&
18501 3200/ B ’%‘ﬁ%ﬁ?
5 1900 B LA 3250{ E J%{,‘J%%\Q
19501 M
3 hooo [ 1L P09k i 2
A sl ms P30 s @5@ TEHHIE AL
¥ B400{ E &)
H ZIOORL %@B‘i‘ﬁ% h4sgl L %\T S s b=
2150 seol o 7 B v —
220015 7&% N /m -
2250 . Zt /\5&% 3750 AN
23001 /5\;15 e e sy
2350 ’/ﬁﬁi /{\‘)7)5 3850 ¥
2400 )5,@ > 3900 — e
2450, ) 3950 -
2500, | e
PRIV /é\%y . 40501 Wb
26001 RS D FTO0
265015, >9§<§\’ - 25 lisd !
Z B Tk A
2700]— G 5 %5 14200
Bt N
275 ‘}%\?@3\ 42501
\r\f&‘ﬁ\c 4300, - b i 7 U 2
. 43501 Bt
m 2 bk ke WE}@V b 4450 NEAD iR ey
3300
I\IJ-I
3400] B WD e A :Gggm = el
3500] g | 2 1L,
3550. H HEREE 480(}& /gm e
1850 A LR -
3600 i
e 3650 = 90014 eI =
4 So00 FolH oK
; Py =
Jy 3750 % Vgﬁss ,
S IR
X, 138001 )%, =
I, 38504 ’5‘:%6)’))6
] [so00/B A b
3950 @’5 » IR ST
4000 NN
2 SWONE
4080 @@, @&%f\% VA
aoof s e P30
4150{ " A Z o [0
4200] g | | B¢ Jsa00 Kk
4250 by p T 5450({ A,
%R 3 Jik i s00l—
* % * x 55504 LS
7
00/
565 -
ZIRAND A

Pl 7 o) R 3t ey L s DX () 35 AR B o0 A A (R T DL 1-a)

Fig. 7 Distribution of different shale lithofacies in the Fengcheng Formation of Hashan area, Junggar Basin

(profile location is referred to Fig. 1-a)

(A KA, 2023), 7 & S0 4 7F T A0 B o 3
ThIRAEEE L B AEEL . L, AR S S
MDA Y RS R A, HE
DUBIABE RO il e 22 5 K . FEh = s %

KB T am IR URR v D st AR R B K — B
(B 7), DU BT K B BE Bk A 8. £R i 0 A
(P 6-h) MYemhmh (K 6-i), FZNIPRBZM
HIREEIRE R, s I ) KA 7 BT DU R i



‘(1M K

1028 + W E

#& 2024 % 10 A

o, BB TR RO AR X, RE T
PR O ME I L DTRR X B R —Be (& 7) o

4 AETEERIEM

4.1 WEEREN

VU 1 A 208 ) 4 52 ) U T i <
AT U APE I AT N . TUE AR
T VA T T B A LS R R B
FJLAEFR (Jarvie, 20145 435354, 2024), %
T L DX 2 L B R DA XU 2L O i A
we BB R R (5 %, 2022b, 2023,
2024) , B ng L DRI 2 5 5 T 2 1 XU 2
HEATRTEG, A BT R UKD iy Lt DXXU 2 1) T
W PRAT R o WA XS H 2 A XU ) TOC, A=
WS (S,+S,) . aa g T, MAEE (HI),

S BN L DX KU 2 A A LS R B L SR A S
3 T3 T 5 R 5 5 XA XUk 4 44 A 2 (] 8-a,
8=b, 8-c)o Myl X KU ZH e VR 2 AL T — i
BRI A VSR (18 8-a), DL I A0 1L, 21 /%
W FE (K 8-b), BIKC KF B B (18] 8—¢) o

My Lyt DX AN ] 0 o AR AT BB o R 22 7 K
A FOUa AU e, HRERRIUS, &
JRVTE & £6 0 D e A0 o ek A AL R F JE dR
(K 8-d), HZ L vl 1A LB 2 2 B
HEF, DLTRIAN I B0 3 (8] 8—e) o X R HITTM
AV R B0 BI85 1) A B A AR X R 1A L
T A HLR RS, i T RE -5 v 8 B2 K R i vy
AT BURA O, TG 2 AT RE 5 A [ 5 6 RE 7K (A 2R
PRI A K (Hou et al., 2022) . 555 H1 X K
Il ZH e B K AR BRI DU Y B A B = TR AR A
TR B ER K MR ER B LR 5T A ((Guo et al.,

100 100!

a N b c
A \03.0.3% [b] e
200 9 AN #0.5% 04
Y DA
10 I — % A ® g;;ﬂ}g 0.3 Nty i X
_ ¥ ; N- e
w NG W §
g E 3
£ < 02
%] =
+ R
w ey
o 0.1 I I
@ 00050511151I52I>!
o s { an ~0.5 0.5~1 1~1.5 1.5~
°p P — TOC/%
0.1 LA b 1l 1 L1
0.1 1 10 500
TOC/%
100 0
: La] ’ [¢] [t
i A 500
’ & \ 0.5% OBLATE . .
I _— oa SN Wb 1000
i 6 800 anany )
o i q s S 1500] % oo o I5¥%101
10 D@ H J BE-Y Wik . : WA 123
- o | : e 2000 o atme * . LR
o E @} 0 g 000 i °E‘m*ﬁ@f . ”'.' K Bl
2 [ N " oleifmE | Easo0| o - It
T3 Y £ % = Sgoen i
- - 3 . O !d:E T o 7 pury * { oG
o | FREA C e of L 3500 . oI VR
s S Wb ° ..
SN I _ 4000 . e il
° S RFIH % 9. = lekz
EEiEe 1.3% 4500 Se* .
"R o B s T %o
g ’ 5000 %%,
o JeFH R .
o1 & | —— 5500 =
0.1 1 10 480 500 03 06 09 12 15 18 21
TOC/% Ro/%

a4 111 X5 % B3 X R AL A U F XS (15 M X BRI T Guo et al., 2021a) 5 b—0g 111 1X 5 1% B3 X XU AL A BT 26 280 1
FAPEXT I (5 B KB KR T Guo et al., 2021a) 5 c— Wy L3 X5 5 B30 I XURAL TOC 23 A 45 38368 L5 d— gy 1y 3t DX 2 A 1) 51 25 25 A
AL R B 5 e— Iy L X IR A AS [8] BUE 55 AR AT HLE 26 LA Lt BE 3T L5 (=0 L XA HLIE R Bl B 72 A
Pl 8 o ME O A Ml KU AT L5 S S R A

Fig. 8 Abundance and type evaluation of organic matter in the Fengcheng Formation, Junggar Basin
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Fig. 11 Main pore types of different shale lithofacies of the Fengcheng Formation in Hashan area, Junggar Basin
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