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Source rock-fault-reservoir-trap coevolution mechanisms of ultra-deep fault-
controlled hydrocarbon reservoirs in the Shunbei area, Tarim Basin

YUN Lu, CAO Zicheng, GENG Feng, DING Yong

(Northwest il Field Company, SINOPEC, Urumgqi, Xinjiang 830011, China)

Abstract: This study aims to address the critical challenge of understanding hydrocarbon accumulation mechanisms in ultra-
deep sequences. Using interdisciplinary techniques, we systematically reveal the formation mechanisms of fault-controlled
hydrocarbon reservoirs in the Shunbei oil and gas field, Tarim Basin. Given the complexity of hydrocarbon accumulation
and serious difficulties in predicting ultra-deep hydrocarbon reservoirs, which are recognized as major challenges in
hydrocarbon exploration, we innovatively develop a four-element spatiotemporal evolution analysis system that incorporates
source rocks, faults, reservoirs, and traps. This system is expected to provide theoretical support for global ultra-deep
hydrocarbon exploration. A multi-technique combined approach integrating high-precision 3D seismic interpretation, rock
mechanics experiments, and fluid inclusion analysis is employed in this study. Specifically, the distribution characteristics
of fault systems are identified through fine-scale seismic data processing. Meanwhile, the rupture and dissolution processes
of carbonate rocks are determined using rock mechanics experiments, while the hydrocarbon accumulation stages are
precisely divided using techniques including laser-excited Raman spectroscopy. By integrating multi-dimensional data, we

elucidate the mechanisms underlying the core role that fault systems play in the hydrocarbon accumulation process. Five
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innovative insights are obtained in this study. First, fault zones are found to perform a triple function of conduction,
controlled storage, and trapping determination. In addition to serving as pathways for hydrocarbon migration, faults also
function as a key for reservoir development and trap evolution, establishing them as a critical factor governing hydrocarbon
accumulation. Second, the internally coordinated mechanisms of the fault systems are identified, revealing that the
combined effects of primary and secondary faults facilitate the formation of dissolution-rupture composite reservoir spaces
within carbonate rocks. Third, the coupling relationship between strike-slip faulting and hydrocarbon charging is
established, indicating that periodic faulting controls the major hydrocarbon accumulation periods by regulating the thermal
evolution of source rocks. Fourth, the controlling effects of dynamic changes in fault sealing capacity on differential
hydrocarbon accumulation are clarified, demonstrating that the spatiotemporal differences in the sealing capacity directly
lead to differentiation in hydrocarbon occurrence. Fifth, an innovative model illustrating the dynamic coupling of faults’
controlling effects in ultra-deep hydrocarbon reservoirs is developed, revealing that the Shunbei oil and gas field is a result
of multi-stage coupling between fault systems and factors governing hydrogen accumulation. Overall, this study
systematically develops, for the first time, a theoretical system for the formation of ultra-deep fault-controlled hydrocarbon
reservoirs. In this system, a novel hydrocarbon accumulation pattern characterized by dynamic coupling is introduced,
challenging the traditional view of hydrocarbon accumulation as a static process. The study findings have provided accurate
guidance for subsequent hydrocarbon exploration and exploitation of the Shunbei oil and gas field, while also promoting the
transformation of ultra-deep hydrocarbon exploration from empirical prediction into a theory-driven paradigm. Furthermore,
these results offer a critical reference for the exploration of similar ultra-deep hydrocarbon reservoirs worldwide.
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Table 1 Comparison of petroleum geological conditions among the Shunbei oil and gas field in the Tarim Basin, the Sichuan

Basin and the Ordos Basin
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Fig. 1 Tectonic location (a) and the Ordovician fault distribution (b) of the Shunbei oil and gas field, Tarim Basin

FILFEH SR, 2 e m T,

ZHX KB NERGERKBMRRE , ZRZR LT T HE )

E’J{fﬂiﬂcﬁﬁ X X IR B L2 o S RE R e T
punih=A s

1.1.1 BRBE&MH

FEIR R B IR k3T 2 AR VR 5 2 I T b s IX 9 A< ) B 2
KPR PR S = (TOC) M 1. 5% ~ 4. 2%, ;)%
W RAF o 0 BRI — Vi S U HE R I, AL
JoT A A A O S AT 5 B S —ae Ll i — 2D Ak
2 7 AR T RN B AT I AR B S RS A T S A
R RIRFFZ XIS TE T FEE

1.1.2 B4

YA W) 2R R TR R 2
BEREART 2%, il 52

AR RNO A FUALER
STAIA PR o W7 SR 7 e O

VR, W28ty P 0 PR R e 1z 7 B A L 7R b A
R AL FORY 1 LA 0 S S AR A . IR T AL K

BT K S 8 e A R R T R i s A R

SEIE N IR RN A A RN = AR SN B
AR ISR At E . SR AR IR, il ]
il A7 s B P Al as(a)

1.1.3 EB5RE£%

Z2 WA i s sl PR3 1 WA Ml DX 8%l SRR AL, H
T T W 2 A 3 [6] 73 J2= 356 8055 00 1] o3 BE2E S AL R
T IB R 5 R M T R R etk . A
DX 1 2 FL A 3 [ 232 R 1 B ) 22 S AL AR
e 1] 2 176 Bl 7 T, AN [ R BE 4 W 415 22 1 A ik A %
ij]?ﬁf“ﬁlﬁ] “/%%%ﬁ%%%ﬂﬁ%%f“ﬁﬂ’]ﬁ%ﬁﬂﬁ,‘?ﬁ
SIS H AT A% o H PP R )= 00 B Bl AR A2
25 {”iﬁﬁsﬁﬁ"”x@JL%ﬂﬁF’rﬁﬁbEﬁ%fiﬁ%E’J
il 2, 15 20 07 25 B 55 AR AT ] 5 3 o 2 S fol By 284
G NOE R NIRRT AN U E ey 25F o
B Mim o3 B2 S A 5 I, A T W AR K D7 1) L
89 AN ] B v B AT AN (] 9 3846 1 sl A e Al o [ IX
SRS T AN B S R R A 25 S A% B i gl s
AR 7 2 M J2= s P A A 2 5o O3 BL



5 4 1] = B, A T UK G TR W R - W — R I [R] S A AL 1065

it R R P AL e A, S AR AR s R Bk 1
T T B8, A A AR A AL il DX 3 0 A A
skt

1.2 #WHEFE

BT W i SORROR FE  S 2R 1 AR SCR 2
N Ml 5 - M R BRER 5 0 W T3 05 B M i =k Aol
I GEOREAN 2R A BB RBOAR A T Y- DR — -
iR AR 2, ZR e I I 1 2% 8 A i o ol v g A
HAE R A a8 8 R B i AR T

TELREBIRTETT 1T, SR 1 R 3 Figf At — RO DL - 3l
BYUE” = — WA BT 7 v  l id B R R
A COR/TT /A0 KRR A | B A A LL S S TR S0 M 450
P, 38 HZFMEORTT R ZHEERTIE . ATt 7 i, 2
TR E =GR ORL , Bl A AR T A S R A B
TR KA 20 1 W R G SRR . =0T )7
T, 2R FH A CT 3714 (X ST ER B = 4140 ) 2R Ui 4 2 1]
(1 = HEL5 Y, 455 78 A BT S BT RE RSB i
ST OB TS 7 T, 3K G 3z T A 2 AR AR
IR A, 02 SR B T B BE , Rl e R
L B s iz ORS8O IE R, 70 #r 0 2R AL 27 1
3 WA R o R VR e FEE I 00 22 5 5 O AR A
T35 X HE T TR IR R K W SR ] A il
BN . ZT7 LY R HLEE T B —FOR R R, B — 20 4R
TH T AL BRI U A 1) T FEE: o

2 YR e B R AR

SRS K (ESRTH RaNa VAU 7 T N A EY <3 i
TSI IR A R PR PR . BRI <z
Mo 1o e v 473 i S Bt 3 A €2, [] A 52 M0 3 A = 1) 0 A
S )2 0 R E R A PR A B OG-l
SEAFRETT . = SRR 2 A LI, Db IR]vE AL, SL [
PE 1AL b D ORI B 23 B UAE

2.1 RiREHRENLSE-HRENK

2.1.1 Bk s #IRAHLA

-1t s DX o B AN AR T R e 4
e o A A R A2 3 2 D R A 2
SRR TR P S N S BB T A4 R A R KB T 5 )=
g U e ok oA A BIL S B Bl g 2 e A A R
A AR I X R A A SR AR G0 H
E%[ls—zo]o

2.1.2 A-HERAHENEK

Fe T A ke AL S BB AL M DR P 22 ) 1
34 A A - HERR B B (1] 2) < i HE 2R i 30— v 2.
W18 W LATE TS 8 T AR e A i A5 A T
S A S HE 5 B S — L Y], 2 i s B
T, AR i e B AT i O T B R HERE 5 S
WY, PR GRS 5T AU AR S T AR A TN
kSR

b A AE

FE T 22 ) R A A T DT s DX e 2R £
LB S B R A R AR AR AR DB 2 R ) A B
e [ AL R 22 W72 LA TR TG B QL K i 1 50
PESEZH, n] AR E Wr G sl 2 . WEFE s R,
49 Bl 5 S SR TR A 2Z TR S 3 P O
B, TR W T TR AL W R Sl S U -
BRSNS BRI R A Jr o o, R
I Sh A 7 T, W R Bl E b ) R 12 i o, 4
RIS 2 DA T 1) BSE AT R T I 5 B A
3 75 T, BAE AR RE AL AR e, AL TR LR 3,
PRI B A 90 by BT RO U8 s FEE I 22 S T
U I 9B 22 30 FE R AR S 1 R B D R
FETE Ny 3 5 A5 ] 3 A AL DT T, il AORCE BT 15—
125 W 417 5 LI A0 IR e A R (1 3) L i
AU 1 R AR i —BEAT R — U, B TR
i B SRR ZR A I

2.1.4 B KT 5 F

BRI 0 3% 2 A 3t 4 o v P T 0 2 i OO
JORC R ) £ B BT ik 2 — |, A IR R R T A
o R B AL AT Oy SR TR Z R B SR R
TR T Wk B A T A R 9 R R AT R A 1)
Je T4l 1 T 22 /0N HLJG B\ I 30 B0t ) aih 0.
WO W] AL 3t X ih O i AT iR
FZRAES

LRI S R A SRS R BT (K 4),
I IRRUEE F8y 35 4T — T T 341X RSB A0 YT L 2 3 I Y
23 (6] 3 SR o BLAORTR , LT 321 W 22 ) i ety
YA (LTI 32) | EL GRS TR] AR X B 3l = A
[ 32 B (57t MU0 0 = 5 ol 3 BT SRS 14 B T
Bz (LL2 A 3310 32) , ARG 0T it 3= , 28 ) 5 )
[6] (A= s R 10 ) 3z — SR A7 5 1l 00 1 Wi 2805 1) iR
WIRRER Z (DL 3 32) , LG S0 D il 24 oy =, 2 i)

2.1.3



1066 £S5 KRR R F47 5

< o [s] o \ c [ » [ 1 I K | E [N g

R =0.55% N,

= 0,
R=0175% ° K,

R=1.00%

R=130% . -
5000 s

JE /m

R

!
T
o

{ Oy

——— MR IS —ate L 4 i3 <,

10 000 | | L L L m

500 400 300 200 100 0
HhBT A /Ma

_ B N OB N

HERS HiJZ i R,<0.55%  R=0.55%~  R=0.75%~  R=1.00%~  R=1.30%~ R, >2.00%
BT 0.75% 1.00% 1.30% 2.00%

I

] [

B2 B HEORGHBL H DOR IR AR R SRR
Fig. 2 Hydrocarbon generation and expulsion histories of source rocks in the Shunbei area, Tarim Basin
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