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Formation of the Hashan area, Junggar Basin
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Fig. 9 Sedimentary microfacies characteristics of the outer delta front of the Fengcheng Formation in the Hasan area, Junggar Basin
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46



bR

A R 2 Ml M R RIR LA IR R e £ T 5T

IR BEDE/IN, A QI o LR ARR, Sl 200 5 i
Mo 58 UURRARRRAE LR X R A CAR A, 2B A
45 7 AN TR DU AR AR Al (9 A 0—24 352 B[] 61 5 X
(&1 12), £ =AM F TS LA 40 R S50 00 £ 57,
Tt e i (L 8 ) 25 B IR, ZR ), i A 7 5 ok
AW R, S Qe 5 B, A DRI - TR
DN At R o 2 Aok a1 e R B LA B

FARVL RS (E 11e), H A = BORBUA L
L i R AR A AR 2 R B T B AL B A
1E( e, £), Bk 1 i B804 o BRI S e Al 5
F 2 BIRBUE AR A S Gl PR BUE AR o iU A= )
FAEZE S INESIE . BIFTER I, AL ICHE TR & 51
0 (1 2, DR T 7 A R 45% 1 AR W Y
HAT W A R B AIE, X n] BE R S B0A = R AUn

APLE A I7 1%, TERG TR A n] R 2R FRAT BB I PR 20 A R e e ) S A
i T E WA e S ———
KUK A FEHER G 20 L
RS = s ) TRV
.............. . .
....... ¢k ke @ o * L *x @

INBELL
i

o Jo PN
o == !
3 — - — — — — - —
[ Jmen T L Al
/- - |A=k - =
s - ws
Bzt [ &k
e w‘%%i—
@@m Ve
e Il

o' ??

P12 VMBS R A e Lyl DX XU 2 A= )RS5 P [ A ik (30 80

Fig. 12 Bioenvironmental co-evolution model of the Fengcheng Formation in the Hashan area, Junggar Basin

43 WHET WS MLER

X HC TR B AT B HS11 F-DL K HSX1 H:, [F]
Wz RS, HSX1 1A WL 3 Fie il 1y
T HS1L I, Wi 1255 F AT HSXI1 5z k1l
YRR s ma (1B 2), T Mty BREE 4387 (&1 10) 1]
i, SOl B IRBUE TR K . FTECRIGER
FEARFTA YT & E ISR E 5w A LU
BE, WK L E TR fe it TR E S, Wil
i DX 958 K T4 S5 B AL A N A RO Y, DR A
B LABE R 0T (FA TN A A ) B o ok R AE ALV FE X
HHLFE S B0, W& 13a fis, w(TOC) {H FE
R TS B3 Tin S8 0 J5 9870, 58 K J5T 5T £ 43 B 10%
Ze AT, w(TOC) L fi e, TiE B /b i () L e s A A1)
FA MU, a5 ik e S 4 AL &
o JUVEHIFEmA LT & 4 FEARIAE 2 )5,
T 58 KR P B 2 R B R K I 4 R A
WKV 2RI Fe, Mg, Ca., Zn S5 550 R,
NI B K AR BRI Az 77 7 o eAb, b A ok L
R R it R o A /K AR R Ak, AN T A= 11
ARER, EARER KAMO %M YN YEY) i

250,
—> Lk
200 o
§ 151 ¢
s [5/7\
£ 108’ .
E °8Q o
051 69? OC?OC?) 0 %o g
p% ° 1 1 1 1 J
0 10 20 30 40 50
WEE KB (A N A HHEA)) Yo
3rp
L2 @
O |oo
2 o8>
ER R
% 1 1 o OI 1 1 ° J
0 2 4 6 3 10 12
w(iEA ) %
Pl 13 YERE IR 23 Ly 1L il DX XU 2H 4 TR B 65 %o A AL I =
iyl

Fig. 13 Influence of special environment of Fengcheng
Formation on organic matter abundance in Hashan
area, Junggar Basin

47



WA E AR

2026 4F 5454 A5 13

Sl A Yy AR B T T SO d A e B J PRk 44
BT & E PR, Wi o X O 7R
BN BT (E 2), JFaa A= =, Hikeg
CINTES R

BEAh, it b HSS - 1 2 TR AU A L 55 B
YEF IR EUA A, H = FOREUS A B PLS B
AU TS i YR A (& 4) . BT DL
& I FR A LT & A R K 1A
Lyt DX DRI 2 B 1 0 L i A B AL RN S A
RARIEE, BT XA S50 AN REXT Na' B 752 &
FAE, DAE T HELUE RS & i ARYE R
YITURUT 91, Bl b B 3, S ARk TR TS A
B R £ 78 A, TR 28 3 A5 oy b B IEAH G
FRIRE A7 B (CaSO,) & i RIEB IS W & . LR
(& 13b), B i 5T 2 B35 i w(TOC){E I8 )N,
LA W5t A PR A IHIVER . /NS
T B, Wl BE 0 A 34 0, B2 et s ey ek
AR a3, T BRI, X ] RESE B )
EESEAVURFERFRAEZR N, ZHANG %)
TR R G RIS R I, (e AR A A L
4T A, MBI AR R A B K A A
il e YR B A TR A0 A s O, ] R S R A
TOC MHREE R MM . BEAN, BbET ¥ 1 DiTE 2 1%
A HLAR IR 25 R, B TAE 4 TOC KT, 25
B EET YR A, S5 TOC M 1 IR, 3 b4 2
BPET YRS T AR B 5 e A R
(FE 14a), (RS BRI 1 S B R PR JE Rl
AT HLRR & i, 255145 R A A HLER & i Bl T
AT BT HLAR IR E (2] 14b), X 80T 50
PET YA 5 B 7 LB IR 45 SR B 4 T
LIAZE R (K] 4,10)
4.4 FLEAE

B A RS IR T B B R A (A5
M X6 I Y S AR I %ok By L BRI L P B
(IR AH AT DU, AR TG LS B, i Ll rh BE (HSS
) B9 AL = B I LA AL 7 22 (1] 4 ~ 6),
M7 2 A Hi X 5 ZEh W AR TR], B 2 S IX
A TT U H, WL VE B R SRR A i EBVE R, $ME
TE 0.89%, A2, 17 iy L Hp B A Ja VR B
A R, YIME N 1.3%, A 2 (& 15a), Kl 15b
ATLUE i, B s R, YIE T 0.89% % 1.3% By 1k
IR, B R BRI, KRR A A R T (S
So) 2 KM o X 315 M1 563 A A= HE S 2 R if 5% T
P, B I T R AR TR A AR R R Ry N 1.0% A4,

48

A

a. BVED 48

2.0 ¢ b HSSH, FHbEE YiRAUE A
orEJE
L5} ST

W(TOC)/%
P

el r\)qb el QQ N ’\i’ \5
N A N N o T 3
) ) b » b » v
HE/m

(& 14 WEVES IR b ngy Ll b DX RUIR ZH 5 B P B R FR A AH U8
U BRI S TOC Xt ke

Fig. 14 TOC comparison before and after stripping of alkaline

minerals from the mixed lithofacies mudshale of the

Fengcheng Formation in the Hashan area, Junggar

Basin
1.5
a
| | Roﬁjﬁ *
2l | RriGH
B
=
09| + . +
0.6 1 1 1 L )
HSX1H: HS11:  HSIH  HSSH FWIMKE
ML PE B Myl B
60 -
b
S0+ ILTEE:, R.=0.89%
= 20 y=7.5844x-325705 .
bﬁ B -
: 2
E 30| i
I oS IR, R=11%
2 2l P 1=6.588 9x—1.779 1
a o
10 S B, R=13%
» y=1.513 6x+0.623 6
1 1 1 J
0 1 2 3 4 5 6 7

w(TOC)/%

P15 RN R Za e Lt DRI AL I I AT HLBUAE (a)
UK RIS A St T RRAE (b)

Fig. 15 Maturity of organic matter (a) and hydrocarbon

generation potential characteristics of source rocks (b)

of the Fengcheng Formation in the Hasan area,

Junggar Basin



P R B R AW LR RIRLLIE R B 5 i £ F Mo

AR R RSN 0.8% ~ 1.2%°Y, i 1L
VG B A R A IR A A A e, s i p BEE 2
Ab A A v 0 R i, XU T L B R R
A BB EAR . A LTI ) 45 A8 2%, R AE
A BT B A, 5 5 58 0 % R R A
RS, KRR, EAR AR, 77 Y
W RERE R, Wi ARG I, PR AR, i e
T LA R T T R I AR SR B B, R R X AT
REBA Tl R

PSRRI, = FPNAMRT 2% . B IR -TR
W SR VTRBIIREE . e W%y T i 22 5%, (H4RE
RERBEERA, —MAMINET AR S | =%
WA LA BT AR & B BIRK IX 3, 24 R o R R
REMARSI . AN, KIUERZ X, & &
PRI IR A 1] BETER K .

5 4% 8

(1) Ly DX AU 2 U6 T = 2 TR AE — A
ANHTZRA, A LA S R TR AR, 4393 = 2
FURUT REVRE B A A A= BIRBUA M . EritEa
YHRFUA A, 2 JOUE RS i 2 B & B & K i
JEIRFUEA . AN FEE RIS i T AF AR 22 5, % K
Ll JE TR AR A G DU A LB 2 R 4, w(TOC) 1
{F 3 2 1 1.36%, U O IR 8 A AH DL & A
=R T A, B VR R S AR AN R DU B A P
F 2 TR, VIR SOZ R e 5 A HL
i, Ak 3.54%, AP IGTRL A URJ50) A0 A HL
JE B A . s BRI A AL R A
R, EmAE 1.2% it . ST YR BE A
A BT = A AR IAR, B3 e BT 8UZ A AL+ B
o FAVLE A FRAFE, Az BR S A
T VU I A RV O T e DR T R DL B 5 L
JE A M L X XU e T A AL =R T -
T 78 - P AR, JH v i R i A DA R B K L s T
FUAMA PRSI 58 [ R-1, B, (= iR
PRV VU A ML A BN A, o i A B
HSS HA MR 2 TAR-TTRL, il g B i
T S TG FIAE 0.79% ~ 0.97%, W 1L Bl s i
FHAE 1.2% ~ 1.37%.

(2) W6 1y i DX IR 2 VR it ot 32 A2 T R R
B ey mkEe AR SOl PE R, A
FIRBUE AR & B0 IR AR S A A AL AR TR OK
SZYSZ SN SR RN DG B S LS N S
TR G 2 AH A B 5 K LR T8 YR B A R A X K

AL RERE . TR TR PAYURE N E .
AN TRFICRR AR A B A A7 A 22501, DURR ARG X
JEE XK AL TG BAT S S A U LR i =
JRIR A ARG SUA A ML T HA B 2R
fedi o IRERE X 2R (AL FCe) FE B/, 40
2, AR SRR R mimvE s 4 & i 2 B
AR, A HLEIN XSS R, (ERRE PR 2 A i A7
BB 73R 5, AR IA B R A A ik
T, (e P AT S SR B A I o e A K R
JB LRI R B R . BB 3 ke
DA ST BT, BT BRI N, TSR 22 e
I ke, I 5 B 1 G Al 2 8 (L 4
w(TOC) , HI 55 )F#AK . (EAEREE IR =AY A
L o s PEE EARR, RS e S B2 X A R T
N2 GUAMAR A HEA X

BEAT AR5 5 AR A5 A b

The authors declare that no competing interests exist.

SE k-

(1] farsek, 254, BB, dE £ &4 7 s R ERE 1]
AR, 2010, 31(5): 695-709.

HE D F, LI D S, TONG X G. Stereoscopic exploration model for
multi-cycle superimposed basins in China[J]. Acta Petrolei Sinica,
2010, 31(5): 695-709. (in Chinese with English abstract)

[2]  TAESC, WA JOREE AR, SCIRE, 45, MR 7 b o BT
IR A = BURHZE [J]. B, 2011,32(5): 525-527.
LEI D W, ABULIMITI Y M, WEN X T, et al. Seismic detection
method for identification of fractures in Fengcheng dolomitic lime-
stone in Wuerhe-Xiazijie fault belt, Junggar Basin[J]. Xinjiang Pet-
roleum Geology, 2011, 32(5): 525-527.(in Chinese with English
abstract)

[3]1 &I, WS, R B BRI I R A T

ZRGERIRAL [1]. Al 2015,36(7): 781-790.
CAO J,LEID W, LI Y W, et al. Ancient high-quality alkaline la-
custrine source rocks discovered in the Lower Permian Fengcheng
Formation, Junggar Basin[J]. Acta Petrolei Sinica, 2015, 36(7):
781-790. (in Chinese with English abstract)

[4] 2307 T, Wil XA A5 2 SO I BB AE B 2 PR R 43 A
[D]. tW7R A& PEAMRY(7K), 2013
LI G L. Analysis of hydrocarbon accumulation characteristics and
controlling factors of Carboniferous igneous rocks in Hashan
area[D]. Dongying Shandong: China University of Petroleum
(Huadong), 2013. (in Chinese with English abstract)

[5] ®ikEA, RAEFGE, PR, 5. B /R HAL s R BT h R L5

AR R R G A Nas RS [1]. RARTHERFLE, 2016,
27(4): 609-618.
HAN X L, WU Q Q, LIN H X, et al. Types of carrier system and
models of hydrocarbon migration and accumulation of Hala’alat
Mountain structural belt in the northern margin of Junggar
Basin[J]. Natural Gas Geoscience, 2016, 27(4): 609-618. (in
Chinese with English abstract)

49



R #EAR

2026 4F 5454 A5 13

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

50

JEB, ERR, VERETT, 5. WEMS R A PU I — R/ R T ORR
HIRIE R I 0], AU, 2023, 35(4): 16-28.
TANG Y, WANG Z Q, PANG Y Q, et al. Hydrocarbon-generating
potential of source rocks of Permian Lower Urho Formation in
western Depression, Junggar Basin[J]. Lithologic Reservoirs, 2023,
35(4): 16-28. (in Chinese with English abstract)

KT, skZEAE, FEAE, 45 MG RIBTRIRR LA 5¢ 3R 48 LK HRHIE
KRR SC 0] P R AR A R CE AR D, 2014, 36(3):
9-18.

ZHANG G L, ZHANG K H, WANG S Z, et al. Characteristics of
the Carboniferous volcanic fractures and its hydrocarbon accumu-
lation significance in Hala’alat mountains[J]. Journal of Southwest
Petroleum University (Science & Technology Edition), 2014,
36(3): 9-18. (in Chinese with English abstract)

XUBE, S, WO, SF. MERE R A b X A R R - & R
B FEIAJ5 A0 1 S PRI BIL A S A b 8 S (D). M4, 2017,
91(11): 2573-2583.

LIU Y, YUAN H F, GAO Y, et al. Genetic mechanism of calcite
veins in Carboniferous-Permian volcanic reservoirs in the Hashan
area, Junggar Basin and its petroleum geological significance[J].
Acta Geologica Sinica, 2017, 91(11): 2573-2583. (in Chinese with
English abstract)

R, wEALns L IX 8 R I 2= B Al = A KR A 43
Br 0], AR A 27 BesA A, 2019, 33(1): 14-18.

SONG M Y. Characteristics and genetic analysis for dolomite
rocks reservoir of Permian Fengcheng Formation in Hassan block,
the northern Junggar Basin[J]. Journal of Shengli College China
University of Petroleum, 2019, 33(1): 14-18. (in Chinese with
English abstract)

XA, R i, 2Rt 4. TR R A A VA A 5 2 st
2 []. GUBLAAE, 2020, 38(5): 946-955.

LIU D G, ZHOU L, LI S H, et al. Characteristics of source rocks
and hydrocarbon generation models of Fengcheng Formation in
Mahu Depression[J]. Acta Sedimentologica Sinica, 2020, 38(5):
946-955. (in Chinese with English abstract)

SCARW, BB, AT SCAE, S5 MR R 43 D E T I B XU AH R
WM S P A 5 A ARG (1. AR 5T,
2021,48(1): 38-51.

ZHI D M, TANG Y, HE W J, et al. Orderly coexistence and accu-
mulation models of conventional and unconventional hydrocar-
bons in Lower Permian Fengcheng Formation, Mahu Sag, Junggar
Basin[J]. Petroleum Exploration and Development, 2021, 48(1):
38-51. (in Chinese with English abstract)

ikZEde, P R, 5ROCTE, 55 MENE /R LB IX T &Gt KU
P TCEEH GRS DUE I R BB (7] Al e SR 5T, 2023,
45(4): 593-605.

ZHANG K H, SUN Z L, ZHANG G L, et al. Shale dominant litho-
facies and shale oil enrichment model of Lower Permian
Fengcheng Formation in Hashan area, Junggar Basin[J]. Petroleum
Geology & Experiment, 2023, 45(4): 593-605. (in Chinese with
English abstract)

FARAS, BUAEAS, WAV, 45, VHENES 21X £ 115 180 101 XSl 2] ot
FREFIES 7T (], A1, 2022, 43(7): 899-911.

JIANG F J, HUANG R D, HU T, et al. Geological characteristics
and classification evaluation of shale oil in Fengcheng Formation
in Mahu Sag, Junggar Basin[J]. Acta Petrolei Sinica, 2022, 43(7):

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

899-911. (in Chinese with English abstract)

F/NEE, F R, B G W) M5 KU ZE 0 R B AR AR K
Hma ke ). i, 2018, 39(1): 9-15.

WANG X J, WANG T T, CAO J. Basic characteristics and highly
efficient hydrocarbon generation of alkaline-lacustrine source rocks
in Fengcheng Formation of Mahu Sag[J]. Xinjiang Petroleum Geo-
logy, 2018, 39(1): 9-15. (in Chinese with English abstract)
SCARM, BB, 5T, A5 FRI 1 XU R B A U A LI
KU BrA I (1], e AR, 2016, 37(5): 499-506.

ZHI D M, CAO J, XIANG B L, et al. Fengcheng alkaline lacus-
trine source rocks of Lower Permian in Mahu Sag in Junggar Basin:
Hydrocarbon generation mechanism and petroleum resources rees-
timation[J]. Xinjiang Petroleum Geology, 2016, 37(5): 499-506.
(in Chinese with English abstract)

PR, V&, 2R A5, S I AR 2 M D 38 1M1 — 8 AR KU A e U
EERRE I AERHIE [9]. AR, 2022, 34(4): 116-127.
BAI'Y, WANG F, NIU Z J, et al. Hydrocarbon generation kinetics
of source rocks of Permian Fengcheng Formation in Mahu Sag,
Junggar Basin[J]. Lithologic Reservoirs, 2022, 34(4): 116-127. (in
Chinese with English abstract)

doll, B8, Bz, 55 FET VKA A BN I NIk T — &5t
IR PR TP VM (1], RO 2224 GRERBLAARD , 2022,
52(5): 1735-1746.

MENG Y, WANG J, MA W Y, et al. Evaluation of hydrocarbon
source rock characteristics of Lower Permian Fengcheng Forma-
tion in Mahu Sag based on fine grained sedimentary rock type[J].
Journal of Jilin University (Earth Science Edition), 2022, 52(5):
1735-1746. (in Chinese with English abstract)

ZEYRI, REAE, T, A5, YHEPE K 2 1L X 8 2R XU A 40
DUBUSAE AT (9], Al SEgib i, 2023, 45(4): 693-704.
LI Z M, XIONG W, WANG B, et al. Fine-grained sedimentary
characteristics and evolution model of Permian Fengcheng Forma-
tion in Hashan area, Junggar Basin[J]. Petroleum Geology & Ex-
periment, 2023, 45(4): 693-704. (in Chinese with English ab-
stract)

K S RIS IR Z e L IR L DX XU ZH e T £ 0 K
AR S [J]. Al KRR, 2013, 34(2): 145-152.
ZHANG S W. Identification and its petroleum geologic signific-
ance of the Fengcheng Formation source rocks in Hala’alat area,
the northern margin of Junggar Basin[J]. Oil & Gas Geology, 2013,
34(2): 145-152. (in Chinese with English abstract)

T, A, R, A5 MR R A P b2 0A L X 5 2R XU
HPTBUARR [, AR, 2022, 43(4): 396-403.

YU H Z, WANG Y, ZHOU J, et al. Sedimentary system of Permi-
an Fengcheng Formation in Hashan area in northwestern margin of
Junggar Basin[J]. Xinjiang Petroleum Geology, 2022, 43(4): 396-
403. (in Chinese with English abstract)

WEVAF, MIAESR, AR, S5 EMS R G PY AL L X & R
R 2R B i it J2 AR R A ] 2R (0. T 0, 2023,
35(1):25-35.

ZENG Z P, LIU Z Q, ZHAO L Q, et al. Shale oil reservoir charac-
teristics and controlling factors of Permian Fengcheng Formation in
Hashan area, northwestern margin of Junggar Basin[J]. Lithologic
Reservoirs, 2023, 35(1): 25-35. (in Chinese with English abstract)
o, A AR, R B, AF. RlAEBTRA ) 2 TUE OB URIE B Y
PRIV LIS M B 0 = B R 1) (7], SR @ iz, 2025,



PR

A R 2 Ml M R RIR LA IR R e £ T 5T

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

44(5): 106-122.

CAO Q, ZHOU K J, WANG C L, et al. Sedimentary characterist-
ics and exploration potential evaluation of deep shale in continent-
al rift lake: A case study of the Third Member of the Shahejie
Formation in the Banqgiao Sag[J]. Bulletin of Geological Science
and Technology, 2025, 44(5): 106-122. (in Chinese with English
abstract)

REETE, BIK K, B30, 5. I s e i RAE LS
T MR 78 7 5L DA ity B AL AT 52 4 S 491 [0, sk
Bl2#, 2023, 48(2): 517-532.

SONG Z Z, GE B F, WANG W Z, et al. Quantitative characteriza-
tion of ultra-deep paleo-oil reservoirs and its indication for deep
gas accumulation: A case study on the Dengying Formation, the
north slope of central Sichuan Paleo-Uplift[J]. Earth Science, 2023,
48(2): 517-532. (in Chinese with English abstract)

SKIKAE, 4 T, RS, AR VLD M S R LA
ot RUUBURHE S UTRBUREE [0]. i 32447, 2003, 5(1): 29-35.
ZHANG Y S, YANG Y Q, QI Z X, et al. Sedimentary characterist-
ics and environments of the salt-bearing series of Qianjiang Forma-
tion of the Paleogene in Qianjiang Sag of Jianghan Basin[J]. Journ-
al of Palacogeography, 2003, 5(1): 29-35. (in Chinese with Eng-
lish abstract)

BT, AR, E R, S5 MR R 4 E ) 1M R XU AR K U T
B BRI [J]. RAR BRI, 2022, 33(5): 677-692.

TANG Y, ZHENG M L, WANG X T, et al. Sedimentary paleoen-
vironment of source rocks of Fengcheng Formation in Mahu Sag,
Junggar Basin[J]. Natural Gas Geoscience, 2022, 33(5): 677-692.
(in Chinese with English abstract)

PR, FIE, BETOL, & Hl U A LR 2R A R R R
2 [J]. HERRLE, 2020, 45(4): 1375-1387.

SUN Z L, WANG F R, HOU Y G, et al. Main controlling factors
and modes of organic matter enrichment in Salt Lake shale[J].
Earth Science, 2020, 45(4): 1375-1387. (in Chinese with English
abstract)

a4, 2, 1R, 4. SRR =R RIE KA 7 Bty
DUBERMEIR A S22 S [0]. AR S04, 2018, 45(6): 936-946.
FUJH, LIS X, XU L M, et al. Paleo-sedimentary environmental
restoration and its significance of Chang 7 Member of Triassic
Yanchang Formation in Ordos Basin, NW China[J]. Petroleum Ex-
ploration and Development, 2018, 45(6): 936-946. (in Chinese
with English abstract)

CAO J, XIA L, WANG T. An alkaline lake in the Late Paleozoic
Ice Age (LPIA): A review and new insights into paleoenviron-
ment and hydrocarbon potential[J]. Earth-Science Reviews,
2020(202): 103091.

A, KRERAS, SR, 45 BRI A AL TN AR S5 4
JEHLEE [7]. p R Bk, 2025, 55(5): 1619-1641.

CAO J, ZHANG R J, ZHI D M. et al. Unique bimodal oil genera-
tion of alkaline-saline lacustrine source rock: Evidences, model and
mechanism of organic-inorganic interactions[J]. Scientia Sinica
Terrae, 2025, 55(5): 1619-1641. (in Chinese with English ab-
stract)

RS, W8, S5, 4. VR AR F P DRI X 5 A e A
YRS UM AL B 22 S (0] P ERL S R, 2022,
52(4): 732-746.

XIA LW, CAO J, BIAN L C, et al. Co-evolution of paleo-environ-

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

ment and bio-precursors in a Permian alkaline lake, Mahu Mega-oil
Province, Junggar Basin: Implications for oil sources[J]. Scientia
Sinica Terrae, 2022, 52(4): 732-746. (in Chinese with English ab-
stract)

FRANCAVILLA M, KAMATEROU P, INTINI S, et al. Cascad-
ing microalgae biorefinery: Fast pyrolysis of Dunaliella tertiolecta
lipid extracted-residue[J]. Algal Research, 2015, 11: 184-193.
FATR, RENE, T84 =W K LR DU HLBTY B
LRI RE K BRI A R AR ()], A1 2A T, 2013, 34(6):
1077-1087.

WANG S R, SONG D F, HE D F. The enrichment effect of organ-
ic materials by volcanic ash in sediments of the Santanghu Basin
and the evolutionary pattern of tuffaceous source rocks[J]. Acta
Petrolei Sinica, 2013, 34(6): 1077-1087. (in Chinese with English
abstract)

KAMO S L, CZAMANSKE G K, AMELIN Y, et al. Rapid erup-
tion of Siberian flood-volcanic rocks and evidence for coincidence
with the Permian-Triassic boundary and mass extinction at 251
Ma[J]. Earth and Planetary Science Letters, 2003, 214(1/2): 75-91.
HAE, RURMYE, B2, S VDL T RV AR D URRE S
AR (] A PRI UR, 2021, 33(2): 9-16.

HUANG H, YUAN J M, PENG W, et al. Sedimentary characterist-
ics and reservoir accumulation model of salt lake of Paleogene Qi-
anjiang Formation in Jianghan Basin[J]. Lithologic Reservoirs,
2021, 33(2): 9-16. (in Chinese with English abstract)

ZHANG J K, CAO J, XIANG B L, et al. Constraining multi-stage
and protracted oil generation of alkaline lacustrine source rocks by
heteroatomic compounds[J]. Organic Geochemistry, 2023, 184:
104668.

TANG Y, HE W J, BAI Y B, et al. Source rock evaluation and hy-
drocarbon generation model of a Permian alkaline lakes: A case
study of the Fengcheng Formation in the Mahu Sag, Junggar
Basin[J]. Minerals, 2021, 11(6): 644.

A, IR, XIS, S5 SUEIMET AP BB AR R Rl ri e Y
53 LAFEA GG — A 2 KU A ) [1]. HusR L, 2023, 48(1):
223-234.

WANG W, WANG Z L, LIU C G, et al. Key technology of shale
oil sweet spot evaluation and sweet spot type division in Fengcheng
Formation of Mahu Sag[J]. Earth Science, 2023, 48(1): 223-234.
(in Chinese with English abstract)

TR, JEWE, ZEBR, 45 HENE /R 70 3 I T K — oS 3R KU AH S i
AREFHIE [J]. BAROR S TR, 2024, 24(32): 13695-13707.
ZHANG Y, ZHOU N, LI J, et al. Hydrocarbon generation charac-
teristics of Permian Fengcheng Formation source rocks in Mahu
Sag, Junggar Basin[J]. Science Technology and Engineering, 2024,
24(32): 13695-13707. (in Chinese with English abstract)

ZENFIE, XIGe, EREEE, 45, 0 Ll XA ARRAE B iR 43 [0, ¢
Pt S, 2016, 23(4): 29-32.

LIS J, LIU X, WANG Y Z, et al. Heavy-oil properties and genesis
in Hashan[J]. Special Oil & Gas Reservoirs, 2016, 23(4): 29-32.
(in Chinese with English abstract)

B, PR, DA, G5 B BUR G PR AR K e R AR R
PSR 5 IR I DURRE R LASF IR AT A ) (7], S
BHEER, 2025, 44(4): 201-216.

JIANG J, PING H W, WU S J, et al. Identification of oil sources

from marine-continental faces source rooks and quantitative evalu-

51


https://doi.org/10.1360/SSTe-2024-0218
https://doi.org/10.1360/SSTe-2024-0218
https://doi.org/10.1360/SSTe-2024-0218
https://doi.org/10.1360/SSTe-2024-0218
https://doi.org/10.1360/SSTe-2024-0218
https://doi.org/10.1016/j.orggeochem.2023.104668
https://doi.org/10.3390/min11060644

R BRI 20264F 4SE Y

ation of mixed-source oil contributions in the southern slope of zone[J]. Bulletin of Geological Science and Technology, 2025,

Kuga Depression, Tarim Basin: A case study of the Yaha structure 44(4):201-216. (in Chinese with English abstract)

Summary for “WEVE R Z b L1 - X XU ZH e 50 it It 22 Sk e A

Quality difference analysis of source rocks in the Fengcheng Formation,
Hashan area, Junggar Basin

SUN Zhongliang"**" , ZHANG Kuihua*, SONG Zhenxiang"**, YU Hongzhou’ , WANG Bin"** ,
SONG Meiyuan®’ , LI Zhiming"**, CAO Tingting"*”

1. State Key Laboratory of Shale Oil and Gas Enrichment Mechanisms and Effective Development, Wuxi Jiangsu 214126, China;
2. Wuxi Research Institute of Petroleum Geology, RIPEP, SINOPEC, Wuxi Jiangsu 214126, China;

3. SINOPEC Key Laboratory of Petroleum Accumulation Mechanisms, Wuxi Jiangsu 214126, China;

4. Exploration and Development Research Institute, Shengli Oilfield Company, SINOPEC, Dongying Shandong 257015, China;
5. Shengli Oilfield Company, SINOPEC, Dongying Shandong 257015, China

* Corresponding author, E-mail: sunzhl8188.syky@sinopec.com

Abstract: Shale oil in the Permian Fengcheng Formation of the Hashan area shows promising momentum, with
breakthroughs achieved in multiple wells. Previous research indicates that the Fengcheng Formation in the Hashan
area is mainly composed of four lithofacies: terrigenous clastic lithofacies, dolomitic mixed lithofacies, volcanic
clastic-bearing mixed lithofacies, and alkaline mineral-bearing mixed lithofacies, within which various types of
source rocks have developed. [Objective] To further evaluate the quality of these source rocks and the factors
controlling it, [Methods] this study investigates the sedimentary background and conducts a lithofacies-based
evaluation. The aim is to identify lithofacies containing high-quality source rocks and to analyze the controlling
factors of source rock quality, thereby clarifying the further exploration directions. [Results] The results show that,
among the mudstones in the Fengcheng Formation of the Hashan area, the volcanic clastic-bearing mixed lithofacies
has the highest total organic matter content, whereas the dolomitic mixed lithofacies has the greatest hydrocarbon
generation potential. The kerogen of the mudstones in the Fengcheng Formation of the Hashan area is mainly Type
I -T. The mudstone maturity in the western section of Hashan area ranges from 0.79% to 0.97% R,, while in the
middle section, R, is mainly between 1.2% and 1.37%. [Conclusion] The source rock quality in the Fengcheng
Formation of the Hashan area is mainly controlled by sedimentary environment, hydrocarbon-generating parent
material, maturity, alkaline minerals, and volcanic activity. Organic matter in dolomitic mixed lithofacies and
alkaline mineral-bearing mixed lithofacies is more enriched in deep-water, reducing, medium-to-high salinity, and
arid environments. In contrast, organic matter in terrigenous clastic lithofacies and volcanic clastic-bearing mixed
lithofacies is more enriched in relatively shallow-water, oxygen-poor, low-salinity, and arid-semi-arid environments.
Green algae (dunaliella-like) developed in high-salinity areas of the sedimentary center exhibit higher oil and gas
conversion rates, enabling dolomitic mixed-lithofacies mudstones to have high hydrocarbon generation potential
even with low organic matter abundance. Increased maturity and alkaline minerals reduce the measured TOC (total
organic carbon) content and hydrocarbon generation potential, while an appropriate amount of volcanic clastics
provides favorable conditions for the organic matter enrichment.

Key words: Hashan area; Fengcheng Formation; source rock; hydrocarbon generation parent material; alkaline

minerals; volcanism; Junggar Basin
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