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Origin of differential hydrocarbon accumulation in ultra-deep carbonate reservoirs
along strike-slip fault zones in the Fuman area, northern Tarim Basin
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Abstract: In recent years, breakthroughs have been achieved in hydrocarbon exploration efforts in the ulira-deep marine
carbonate rocks of strike-slip fault systems in the northern Tarim Basin. However, the Fuman oilfield in the basin
exhibits pronounced differences in hydrocarbon distribution and enrichment, with the mechanisms driving the
differential hydrocarbon accumulation in ultra-deep reservoirs governed by strike-slip faults remaining unclear. In this

study, we investigate the geometric structures and evolution of strike-slip faults in the Fuman area, as well as their role
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in hydrocarbon migration and accumulation. By analyzing the hydrocarbon accumulation and enrichment mechanisms,
we identify the dominant factors controlling hydrocarbon accumulation in ultra-deep carbonate reservoirs in the area. The
results indicate that the strike-slip faults in the study area experienced a dynamic evolutionary process consisting of the
early extension or weak compression, the middle-stage transpression, extension, or translation slip, and the late-stage
stabilization, successive development, or tenso-shear inversion. The F,5 and F|17 fault zones underwent alternating
compression, shear, and tensile stresses, resulting in significant evolutionary differences across their various parts. In
contrast, the F\7 and F|16 fault zones were primarily subjected to shear and tensile stresses, leading to relatively simple
evolutionary processes. The faults with differential evolutionary processes exhibit distinct geometric structures, resulting
in varying configurations of their connection to source rocks, hydrocarbon transport capacities, and reservoir properties.
Consequently, three hydrocarbon charging models are formed: vertical charging as represented by F\5 and k16, lateral
migration for adjustment by F,7, and a combination of the former two patterns by F;17. The hydrocarbon charging
process is governed by the differential evolution of fault zones. The late-stage strong activity of faults in the eastern part
of the Fuman area, combined with the charging and accumulation of substantial highly mature pyrolysis gas during the
Himalayan movement, results in the formation of a hydrocarbon distribution pattern characterized by “oil in the west and
gas in the east”. Furthermore, the evolutionary differences across various parts of the fault zones cause more complex
changes in hydrocarbon properties. For reservoirs dominated by vertical hydrocarbon charging, the degree of
hydrocarbon enrichment is determined by the coupling of the connection to source rocks, hydrocarbon transport
capacities, and reservoir properties of fault zones. Meanwhile, the hydrocarbon properties of the reservoirs are governed
by the various hydrocarbon charging stages. For reservoirs dominated by lateral hydrocarbon migration, the degree of
hydrocarbon enrichment and hydrocarbon property changes are controlled by their properties and the extent of lateral
connections within.

Key words: migration and accumulation capacity, enrichment mechanism, strike-slip fault, ultra-deep reservoir,

carbonate hydrocarbon reservoir, Fuman area, Tarim Basin
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Fig. 1 Geological overview of the Fuman area

a. B R GGG SAOCI) 235 b B DS 8 (e SCRRT 18 B2 5 o stuJR AR IAT (5 SCHKT 47 120

LB T A, I ) 3 8 AR 6 715 Sl NW-SE [n], ifF 5% IX.
iﬁﬁﬂsﬁﬁ”“”ﬂ,%ﬁﬁﬂfﬁ dR A A R Y /N T
R RE P 0] 4)

VBT SR8 5[] S DRI 24} A 1 e v A 0 Ak PR A A 2
SRS WY p Y T B B R R R R
?ﬂi?%"jdﬁﬂ%iéﬁﬁﬂﬁ,ﬁ;ﬁ%Tﬂfiff’é%iﬂﬂ@{;ﬁm%ﬁ;
FEACERRL 3B, Wi 24 L 1% 1 A/ NS T )2, TP e
HIGEN , Mot R (& 4a—c) o F,17 WiZdat B I he/h
R R 24, v B WG R 2 R AN R 3 3 IX R R
TR 4 R R 5 I X R B PR W, i A A
DX 35 S 43 00 A SR B R Ak AR A Bl (1] 4f, ) o
F,7 Wi %5 5 F 16 Wrddal S iR R g5 fd e, h PR 0k
g, e BT A4k RGBT e AL (Kl 4d Le) .

https://www.cnki.net

3.1 HSESBHIEIREESR

T T XL g 2R 9 R R A S R TR jtﬂiﬁf”
L5 Z A R G 2B, Z B R IR 2 <
N RN SR B RRAE T2 2 il mﬂ@ﬁz%ié}ﬁ‘ﬁf
— [ P LI L TOERR , AAA I~ PRIl ORCh 3 JE I
ZAIMSL I -7K R GE . TS W4 il RS AR X 45
K, FTRH =K BL)Z  JEaR -1 U2 ) 5= (18 5a) s F,7 i
LB AN, LLl—T 28 J (K 5b) s F 16
S AL AR X/ AR LA UZ L AL B



1230 i 5

PNE/E W i o545 %

F 7Wi 3¢

#Kii601575

F Sl iy

Eﬂimosﬁ

F'17%ﬁ§%:ﬁ;um
kg

F 7l

0.1470.162
BRif2-5X |

0,173 0270104
0.136 01308 2-3 1
0.247 0,166 BE#5-5

0216 0,161
ERipi2-1

E)“\MH

R

F#7303H

0.078

0090
FHB0L-HIR 500 0,077

FAB-HL

£ F13-H2
0.730

FL7W 2y

SR 0.800 3 500 0.216 0.127

lE E ) (- ][

PrEEL hi4y B TR B FAfir SR JE (glom®) AU E(m3t) BT S R (%) T R (%)
P2 il DX AR T 2R S 1 A AR IR Bl S - 1 28 AL AR AR

Fig. 2 Maps showing typical fault zones and variation in hydrocarbon properties in the Fuman area
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Fig. 7 Flow chart and methods for the comprehensive assessment of hydrocarbon migration and accumulation conditions of fault-controlled

fractured-vuggy hydrocarbon reservoirs in a strike-slip fault zone
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Table 1 Characteristics of the connection to source rocks and hydrocarbon transport capacity of strike-slip fault zones in the Fuman area
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Table 3 Pearson correlations between parameters for hydrocarbon migration and accumulation and the degree of hydrocarbon

enrichment in strike-slip fault zones in the Fuman area

TS RIS T H =N 5 E Sl Fitr=A Fal A S
J IR HH O R E 0.274 0.621" 0.732" 0. 667"
VAT R -
E KT CRUR) 0.304 0. 008 0.001 0. 003
. J IR AAH O R E 0. 068 0. 143 0.136 0. 144
TR T /m —
BEVEARTEUR) 0. 803 0.583 0. 604 0.582
J IR HMAH G R A 0.418" 0.183 0.354 0.231
B AR -
BEVEAKTFRUR) 0.042 0.380 0.082 0. 266
F IR I R AL 0. 507" 0.299 0.516™ 0.361
FHEL AT/ i
B EEAE-(WUR) 0.012 0. 147 0. 008 0.076
o B IR OC FR B 0.767" 0. 044 0.219 0.091
%%n . %E/m o
BEMACT-GUR) 0 0.834 0.292 0. 666
B IRAMFH G R 0.355 0.262 0. 300 0.277
e R <~
BEMEACT-GUR) 0. 125 0.251 0. 187 0.224

TE 7R RER RS A S HC G IR SRR AR SR AR 1
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Table 4 Characteristic values and variance percentages of six principal components of the hydrocarbon migration and

accumulation parameters in strike—slip fault zones in the Fuman area

EWI G PIbRHEE (A TrZE 003 % ST %
1 3.682 61.364 61.364
2 1. 084 18.070 79.434
3 0. 546 9.103 88.537
4 0. 500 8.327 96. 864
5 0.127 2.119 98.983
6 0. 061 1.017 100. 000
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