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Abstract The Fukang Sag of Junggar Basin has huge hydrocarbon potential in the Middle Permian
Lucaogou Formation, yet the distribution patterns and controlling mechanisms of high-quality reservoir
sand bodies remain unclear, constraining breakthroughs in deep exploration. This study integrates cores,
mud logging and wireline logs, seismic data, thin sections, and heavy-mineral datasets to systematically
investigate how lake-level fluctuations, sediment provenance, and palaeogeomorphic evolution control
facies belts and sand-body distribution. Petrographic analysis of sandstone thin sections shows high lithic
and low quartz contents, with framework grains predominantly angular to subangular, indicating short
transport distances and proximal deposition. Heavy-mineral assemblages, together with principal
component and cluster analyses, further identify three main provenance areas; Baijiahai uplift to the
north, Beisantai to the northeast, and the Xiquan nose uplift. Based on recognition of sequence and sys-
tems tract boundaries from seismic sections and well logs, the Lucaogou Formation is subdivided into three
systems tracts: lowstand, transgressive, and highstand system tract. During the lowstand, sublacustrine
fans and semi-deep-lake deposits dominated the sag center, whereas fan deltas developed along the
marginal uplift. During the transgressive stage, the lake expanded and the Fukang Sag was dominated by
semi-deep to deep-lake mudstone deposition, while the areal extent of sublacustrine fans and fan deltas
decreased. During the highstand, lake level became relatively stable and continued sediment infilling and
uplift erosion smoothed the depositional topography. Early inherited uplifts gradually evolved into
submerged low relief highs, and shore-shallow lake beach-bar deposits became widespread. On this basis,
we propose a dynamic sand-distribution mechanism jointly controlled by palaeogeomorphology, pro-
venance, and lake-level fluctuations: (1) provenance analysis indicates that clastic sediments of the
Lucaogou Formation in the Fukang Sag were deposited close to source areas and were strongly influenced
by intrabasinal structural highs such as the Beisantai, Baijiahai and Xiquan uplifts; (2) palaeo-
geomorphic reconstruction suggests four types of topography, including persistent uplift zones, intermittent
uplift zones, slope belts, and deep-depression areas, which regulate the sediments and facies distri-
bution; and (3) lake-level rise and fall regulated accommodation and the topographic gradient, pro-
moting development of large-scale sublacustrine-fan sand bodies during the lowstand, fine-grained
deposition during the transgression, and a shift toward fan delta, shore-shallow lake, beach-bar systems
during the highstand. This “ paleogeomorphology-provenance-lake-level ” dynamic sand-control model
clarifies the formation and distribution of high-quality sand bodies, provides a theoretical basis for under-

standing deep reservoir development, guiding exploration prediction in the Fukang Sag, and offers a
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reference for studies of analogous continental basins.
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Fig. 1 Regional geological background of Fukang Sag, Junggar Basin
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Fig. 2 North-south oriented seismic section showing sequence stratigraphic framework of Fukang Sag (See Fig. 1-B for location)
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Fig. 3 West-east oriented seismic section showing sequence-stratigraphic framework of Fukang Sag (See Fig. 1-B for location)

A . — Jit
W % § SLLILR I i P T
I
4200
I
I
IR
&
N
N S S = —— — = I S AT
S
"
oy 0 R —
il
= L] L] =]
IR e BE W FALE (POE)

AP R = R T RS IERFAE, B 50 JF 5 B— SR RUURF K QRO BRE 40, B 50 Ik, SRR 4287 ~4289 m;
C— ¥ RO ARG G, B SO JF, FFR 4321~4323 m
Bl 4 FREMIBE B SO o 5018 412 A TR AR

Fig. 4 Lithologic characteristics of sequence boundaries in the Lucaogou Formation of Well Fu50 in Fukang Sag



J‘CMK

TRASAF oy o 55—y 30— 140 ~F T 5 e o 1 4% 20 A 8 42 i A T

28K H5M VA B K 235, 5 5 (M o 5 3 201 Sy 491 1675
iy || GRriAPI - R I, SRRy

2| E 154 A o |° A= e

. fm A— A e

16100,

= AN =
/
paa

. .M.F.S.\
74 |6200 =
i 2
v [
b} W —
A4 4
b2
= _ES /‘.
i
i fir
6300 1
e
] 2 [ 1 [=]
G BRI Rk T W WE AW (906)

TFS—4) 43 132 17 5 MFS— I3 K 19 1]
BS  BREIIRE = Sy SR 2 PRIy 5 % O S JF)
Fig. 5 Well-log and lithology based sequence stratigraphic
subdivision of the Lucaogou Formation ( Well Kangtan—5)

in Fukang Sag

W, IR R IZ T AL IR BV A o f RIZ T 2
EHEARAR R, CRETF MM, B bR
F# . (GR E F1 INPEFA {82 08/ ), [ if £E
B A R BB, et iR B e . Bk
AR AR LY s, KUK AR &
W, HERETRE(EG6).

BT LLE B R SR A PR REAE R B
R A TR AR R ORI R 3, IR A
— RN ZRET . AR T MR )R
FHIR Y T5 5, ARG T A E)Z R 4L A 19
AHESZ Y o HARAL s 1A A BE R SRy 2 AR
PUEIZ P LR R, 1 AR I el 2 A8 AR E J2= 7 A0
AL 3 SRR 2 A A, R EE R A
ATNMEZ PR, T AR YT ST AR F 38 B
Ot A RO AR AR, T A X T R 2 A
HERFEITE IR (K 5) o

J5 B /m

(©)

f=] f=3 OO0 00D
§882E2858828ggc8Re88s0

J5 Ff/m ___ IREEN

A— AR AR AL s B—0 (R IRt A R 5 C— oz 3y s 3
P 6 AT AR AR R Y B I B K S 4l b AR I
Fig. 6 Palaeogeomorphologic maps of Fukang Sag and

adjacent areas based on residual thickness

2.3 HHMIREFE

TE 7 B LI P M RS A OF 58 A R At L, AR
RO OGRS R M
B B L e % A AN TR) (A R 3 B B ol i B A R
(K 6). & RER, FREMEGRERINZHE—2
WSS R, ERPEE A LER A E RN
&L AR =6 — 1w M . AR A PR G
WE LA SR B o e ke . R R (2019) 7R
He 55 3t 52 GORE LA TR PR H R I B LR 4 7Y
SREBEYIIRIX, R — R AL Ry 1 ik
A R AR T, A HORE R RE M 5 SO SE I L oy
B, JF oy BRI EE LI . SRR, AHFIEIA
AL A ZHE S AR =G — 1A df AR 1 ALk
Gi— R AT, WS TSR L JLIE] D YA B Y
EAAPERM R (B 6) o ok Lo E K vl W /R 2 A g



‘(IM K

1676 + W =

#® 2026 £ 10 A

Gk b B IMIBE 5 R B R MR A5 FRo0, Hop
FEMIBE 32 YR b . L =6 — & e 5 B 58T
A 114 3R] 52 15

B TR RO AL R B G, APTIT
— B ARG RS R L S £ e A
TEAL - ARAOZIN I, P9 S Vi TR R O i O e
MIBA G X, B U 5 308 o 22 S BE S (18] 6-A) ;
BEAWIR I, A AR X T PR L T, R X R
HEEAIF BT, lL=a—Wa ik
H 5 e T A DK AR, BRI
FUBEA T Ik /0 EATS SR AT ) 0 i e S B /K T, PR G
RS FF2E s b X (B 6-B) , HEEE 5%
AR VAT R VA S i R TR Y
THaZete TR, BRLE TFRURE, PUIR G FEE [
A Pricds, BEE AN WA ST, BFSE X A HUB 5
L% (K 6-C).

3 YRFFIES T

DU IR R S I R - RGP 2 —
P, XTI A AR A0 MR AR S A 2 Wk
PR A E NS (R AR AE %,
2019) o AWM T A A0 7 4808 MVE 07 ) KU die
PRI B 1T P s 2L 114 48 )1 00 TSR R

3.1 2RFHIE

W8 & R ) 4 e B YRGS . i
P (Q) - kA (F) -&a8 (L) =MmE (W
Dickinson = &), AIAKARYFE M EE =S
i iz #5 B  ( Dickinson and Suczek, 1979; Dickin-
son, 1985). —fifi &, &0 Je& & 248 M E %
P 2 2 W AR ER , S 32 MUAR B Dl A 7 R T
B 5 T A R T D T B s A 2 . XUAE
55 AR K/ 8 Ll 45 57 o R B 020 i i
Fr Q/(F+L) 0] J 7 B3 5 i UKL 72 XAk — iz —
DURRGE 8 5 8 e A ™ ) (DL s ) 1
FEFE (Helmold, 1985),

XD ERE G AL BTt R, BB IR M R
Hibm a5 KkaamwbahE, LialE
KAawa (B 7-A) o wha ke bl 8 I 9855 & AR
(F ¥y 8.84%), K A (20.71%) 5 & B
(70.45%) AR, /8 M BV RAR, 1578 I
Wiz FR1E . Dickinson — ffj & 4% #5322 VE A K V) E

IRN—d PN (& 7-B), 3k 5 DI v g K 7
WARB G A AR (BR—Faxit) 2
SEYHFEAR b A R, O T Sl R B 2/ B IR— 3K
Jo A HAR R A — B (Memtimin et al., 2020) , /)8
FMULKIESE E, WD RIIR A EE, H
s TR PLBE A M2 g o (K 7-C) .

WA BN WS R B s . WD R RRD o) ik
2. BB ZE, LIRER T, &R IR —I) R
R, SRRSOk A BT ABEIRE . %
g SEdE . Jeds Ko 7 A AR E S 3
Waha B LB K E . ZIllE, REE, FaE.
RERUE N . IREW Bk, FE ik a . Jr
fedr . R A5, REDRR ., Zlea M FEHS =
A (B 7-C) o S5 BREMBE N MIEE & (40 vy 2R
BB =G 0E) ARFREEUZILE ., BEK
HREERNFE(ET-C), A%k &a/H
(B 7-A), HEWTIm T R X AR 7] A8 3 2R Y
HEPEIX

3.2 E¥WHIE

AW 50 e Xt DU e AT W IR O3 T 64 R O
2, EEUE I ) 0 TS P A B 2 R
PIUR T ML T A (Helmold, 19855 R 7S Al 1E
M, 2019) o AUHFIEIE T BREMES 11 0 14 4
PR AR R T AT AR, SR AT A A
ERIT M MR LT 3 AN TELRa iR, B
fity 2 A T B T B A S A P o Y AR AR
Xo PMRGA EEFEH YRR A BKA . H
B, &Lf. WO, BT, AT A, B
. N BRAT A BEORAR AT L BRERET . EBRET
(K 8).

FREMIBE EEHm A YR A . R
. RO, 18R KOG TR X IFSE X 32 R R
JEY R . BN RS S 540 U-Pb
FAED AT R B A R ah B IR AR
HLE A1 T 2 B & (~ 320 Ma, ~ 300 Ma,
~280Ma), HAH AL =G 0, TR R,
A7 TR AF R X BE R AR I AW 5 (Zhao et al.,
2020) . FTEYGLALE R Y)E)ALA TR B O 4 2KF
il e NCIIDIES: SR DR RSP SETRT S8 ALY
JEFRPIIIX, A = 5 TPk 48 7 52 ) ) 2R AL T
PIURIX, 321G R S 52 W 1 b R TR A X (18T 8) 6



J‘CMK

HRASEE o MO — W U — 0 T 3 A X A AR o A A s 4
H28% HS5W VA B K 235, 5 5 (M o 5 3 201 Sy 491 1677

) A (Qt) 1% ®) Y (Qt) P

KA (F)/i% 25
(©)

90.00
8000 @ 146
O ri4g
@ 149
70.00 O 50
@ 551
@ 54
60.00 O HER3
@ iRl
§ O Jii6
5 5000 o
&t A Y y
40.00 /
25
/\ /N
\ / /\ /
30.00 X/ \\ /’ AN
100 / \ / \
0
20.00 0 25 50 75 100
K% AR %
10.00
0.00 S 1 I I n
BEIRKE ErElibey A kS RERUA E3liEe MECH Py’ Eres) THCE
W4 MR 4 WR49 MERS50 RS WRS54 EEHE 3 BgHR 1 BEfie M4
(D) - ;
F36J1 et 246 i R2JF
J% r’;"mg o GRIAPI 15 | 224k u r’;"f WGRIAPI, 5 %@ 7’7‘{? JGRiAPL ] *J;‘l fff 1 GRIAPL o
O = 2400
L o | 1
(2040 WL - b5
i P75 s | L o
v it |- F3350 -
L - KA
I F 4
| pso ~2080| L
: [ 3400 [-2500
385 - e
[ 3450 [
7 72120 ?}’—'_{ |-
ik Ve Y= £
AP # 3500 % 2600
: [F2160] :
s [ Lasso r %

o e [ Quews [F=—Jwew [ Jwws [c==] o [Crrzin [oo]es [ oo mrmpns [>av kmms
A—Tb# Q-F-L = ff &l ; B—Dickinson =&l ; C—3 5 = Bl KB4 43 A 5 D— 5B (1B AN [m) Ay 36 3 07 14 4 i 3R B I A PEARAE
AL 6
Wl 7 BRI B = B 21 5 A A 43 2 B IV PN e A X B 2 2 R
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Fig. 8 Heavy mineral contents distribution of the Lucaogou Formation in Fukang Sag, Junggar Basin
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Fig. 10  Core characteristics of sublacustrine fans in the Lucaogou Formation in Fukang Sag, Junggar Basin

Pl BLG,  DH I R UASE f) g 0 AR (1 B i ) 2l
K 1) e AT 5 LB KO TR R R 51 R S S R T AR
ARTE A L ZEHL ]

R M1 ek AR e MY T 18 IS 9L 0 AR A2 AR
SHJRUUR N E, e LUR I 5% I R BEAT ST 41 Y
AR DK 23, DR OG0 S R 3 5 ) 4 D R i
ARG — R IX 2 JETORR A IS B ORI
DIBUATELAAN D o &, (A n] W BRaned, i
OO g W5 8 e T A 2 o 190 RE F DLAR Y GRS o

2R B RS REE T B R AE (B 11) o M se i i
R R ORR R B S AR R L 3 2 2 A XU T
i R ke (1B 12-A) o 26T 2 HE B I 1 52
BRAE , XU A T M S SR B U 4 1 i
b E T RB, GRMGEMZ RN GR {H
e MAE L RRAE (1 12-B, 12-C)
4.1.2 BHBERR

B M R 1 X — 3 K DX e A L WA AR
HhE, ARG K S T HOK RS, ARy 2 A



~ewi

TRASAF oy o 55—y 30— 140 ~F T 5 e o 1 4% 20 A 8 42 i A T

H28% HS5W VY MBS J 235 b BB SR U1 o 727 S ) 4 A 6 1681
AH | S AH | TAH WH-AH B [AR| A WA Pk
R GRIAPI Im%}?m . 1RT/QM10 7J( | GR/APL lsﬁrﬁ‘i FH:HE (RTQ-M
A P YR F KA BT
| s . R 2 KR
it Lasi B IR HE
i ]
Headt, WAL TEIE A 196 5 BA6IE, WM R
o CR/APE ISU;‘}T/&E S| RT/QM]O“ OCR,A,,[ y
{lﬁﬂ bl bao 5 i
i3 H C wewRs = | IR 5
LR B gl 2 Bk
i b= 345 ! {Jﬁ Jes
- - )
(45 BT, DU R M %Li %
1 o CR/API, wpeke [0 HEPESIE
- GRIAPT | %
- Fos KGR ;
A E b i VAL
i - weehl | ey
’ & i o)
HEFR33E, A MR A AN a0 BRI
GR/API i 1 RT/Q-M
40— 12 7”/‘JX AR |
% AWED | T SR
| i
RE ] 1 B
| s Wb MibE Je S 20
U” )q; GR/API W}% » . RT/Q-M Izl
" Oy | AR ) W AN T AR PTAN T
"
i K (e
A PiES
7 [
559
EASOIE, A FIUE

PLL BB TR M e 2 AR A
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TR, B A 2 S A R S UG SR Rt [X
Bl /0 DEURUBE DI, AT S BOR = A PN AR
FE AR/, 4 M DX L > R — % A e K DT
&, AUE I T R R X T — A kR W R
(F 15-B) . 5 v A 3ok o 300 90 °F 1 b Al 9%, &
S SRS B I SO F 52, SN2 R
BRI —MEITTRL (B 15-C) o Wi A & ]
A ML e 3 A D A DR AR, 3 T Y T R R T
A R ST R, R A RS RE ] T UTAR fi
U, =ZHTIMPE TR — B = A — A
RTENZ A S

5 MSR—¥E—# T EELER
i 5 4
B I 5 5 2L LB A (0 JR A 3 = R
AR WS . WP A S 4
b R B T A 40 7 (5 A A A R

285 0P T R S R T A s ] (A) 5 B ER/
B (R R X ERVE ) K3 25
FEOIBGE S5 s IR AR e, iz
WiE G At (S) A7 4 {4 o AR Al O DR E L
BB k. =FILFEMEM T A/S |, #im
0 0V B — B = A N — R O 4 T BR A AR A I
et .

5.1 MR AR = 6 1E A

i RO A2 Y DU AL A B AR A2
(K 65 & 15), Kkl LI 4 2.

1) FrgifEpede X . PALVG SR & e WUk, &
TR LA ik o 3 L i) S Gk b AR e IR . Y
RGN R AR AR EERS &%
EERARA, BRES=FRZML, AFFLENEER
PRIX . ZHA I K RE MY IR E .
P IR G I R A7 3 A ) 5 6 g 1% o X ) G 4
PP (B 15-A, 15-B), i i Azl il 1R 198



J ‘CM K

TRASAF oy o 55—y 30— 140 ~F T 5 e o 1 4% 20 A 8 42 i A T

B2 E HSH

VY MBS J 235 b BB SR U1 o 727 S ) 4 A 6 1685

: EEEEE*E

EEH weie LT
[*o%d mi=smm i1
e B rxw

B v i
[@] s Yy Ty 1

A— AR AL YCRBUAR S A7 5 B— IR DORRA 0 A 5 C— i SRR 2 A
Pl 15 BB M 3 2 R A 23 A

Fig. 15 Depositional facies distribution of the Lucaogou Formation in Fukang Sag
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