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Fig. 1 Pattern diagram of fault—karst trap type
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Fig.2  Comparison of profiles showing fault—karst reservoir before and after seismic waveform decomposition
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Fig.3 Comparison of attribute plans showing fault-karst reservoir
before and after seismic waveform decomposition
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Fig.4 Comparison of profiles showing fracture before and after multi—scale fracture detection in frequency domain
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Fig.5 Comparison of attribute plans showing fracture before and after multi-scale fracture detection in frequency domain
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Fig. 6 Lithofacies petrophysical analysis chart
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Fig.7 Profiles showing seismic prediction effect of fault—karst lithofacies
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Fig. 8 Connectivity diagram of fault—karst reservoir in Ha601 well area of Halahatang Oilfield, Tarim Basin

4 & ®

T WP VAL 10 3 SR A TR AR L, M) 30
A RSB, BEAT WA A LTSN R AE LA
Lo AR AR B ZRAE T2 80T U v (R PA 0 A1) 55 R ki
I8 VIRV s & NN ESU RIS TS U E AN -4 EAY 174
INBEA WV A 428 ) 5 AR S 5 A S5 DR v A i e
RO AR RS

(L) VB v R st o 7 A A E 2 2 LI 2R84 5
B R ) 5 W, 2% B T R M R T R
E, BE 472 Jl T ¥ A DAY 10 405 44 555 4 W 6 J2= ) 2
IE, 3 J2 Wi 1A P T8 200 2] i ) o 2R A T A . A
P BELATC 5 5 A 22 TB] A 2 72 4™ 20 I DR 325 1 A
RS RRAE L BEAS S 4 b A7 WA 1A Y b R A
Tk

(2) VB At B A 8 45 A B e il ik 2 i I
KR (4 0 P 2Z B, DR MRS E A (I8 32 L 38
e RO K AR SR AL T B BORMKE
ARMAE T T Z DS . ZEAR BRI H
bR A 1T B

(3]

[4]

& % X

WYL, RS HE, XL, SF WA VRN S SO T O s
S50 AR : L HLHT 3l BB 2208 L0 DX [T ], A
BRYIFRRIR, 2017, 5208 1): 199-206.

CHANG Shaoying, ZHUANG Xijin, DENG Xingliang, et al.
Fault-karst carbonate reservoir prediction: a case study in Or-
dovician buried hills, HLHT Oilfield[J]. Oil geophysical pros-
pecting, 2017, 52(S1): 199-206.

O, W SCHE, TR, AR BN b DR IR R o T A i
FRAE 5 IF RS2 Bk (], A a5 R AR A b T, 2015, 36(3):
347-355.

LU Xinbian, HU Wenge, WANG Yan, et al. Characteristics
and development practice of fault—karst carbonate reservoirs
in Tahe area, Tarim Basin[]]. Oil & gas geology, 2015, 36(3):
347-355.

FEITIE . B BUR S MW LR R Bl 256 W 88 Al e e 2R
R LT ] A E KRR, 2018, 39(2): 207-216.
JIAO Fangzheng. Significance and prospect of ultra—deep car-
bonate fault—karst reservoirs in Shunbei area, Tarim Basin[]J].
0il & gas geology, 2018, 39(2): 207-216.

DR WA P RS R RS L] Ay
W5IF &, 2010, 37(3): 316-324.

LUO Qun. Concept, principle, model and significance of the
fault controlling hydrocarbon theory[J . Petroleum exploration
and development, 2010, 37(3): 316-324.



TGS BRIRER WA AN R R R A S BEBOAR S

[5]

(7]

[10]

[11]

[12]

BRI, SR, AR, A B 15U TZ83 S X AR i
PAif 2 B R B SR AU LT ). AT S T, 2020,
25(3): 234-242.
HAN Jie, YUAN Yuan, XIAO Chunyan, et al. Development
characteristics and oil-gas accumulation rules of fault—karst
reservoir of TZ83 well area in Tazhong | gas field[J]. Marine
origin petroleum geology, 2020, 25(3): 234-242.
INAR, BN 5, 0, 45 . 3 HLR Z 0 or vy 3 D
DTSR 2 o L o) 2R A R Bt 2 X P A L0 . 4%
S HLERRLF, 2015, 26(44 T 1): 80-87.
SUN Dong, YANG Lisha, WANG Hongbin, et al. Strike-slip
fault system in Halahatang area of Tarim Basin and its control
on reservoirs of Ordovician marine carbonate rock [ J]. Natural
gas geoscience, 2015, 26(S1): 80-87.
ZEMS R, TR, HTD B BRI X X X rigs
P Z 7 2 5SROI, A M ER By B R, 2017, 5203 1)
1): 189-194.
LI Pengfei, CUI Deyu, TIAN Haonan. Fault-karst carbonate
reservoir description with GeoEast interpretation sub—system
in the Tabei area, Tarim Basin[J]. Oil geophysical prospect-
ing, 2017, 52(S1): 189-194.
XU, BEST N, 2R, A5 LAY M DR T 2 v 1A 2
23 [ JofE 2 K A A R BER [T]. A7 il 2 i, 2020, 41(4):
412-420.
LIU Baozeng, QI Lixin, LI Zongjie, et al. Spatial characteriza-
tion and quantitative description technology for ultra-deep
fault—karst reservoirs in the Shunbei areal]]. Acta petrolei si-
nica, 2020, 41(4): 412-420.
HEON, LS5, ALK, 45 . MRLRG I 4 DG W I 24 55
FERTHEAFAE (1], B8 AT LT, 2019, 40(4): 449-455.
ZHENG Xiaoli, AN Haiting, WANG Zujun, et al. Characteris-
tics of strike—slip faults and fault-karst carbonate reservoirs in
Halahatang area, Tarim Basin[J]. Xinjiang petroleum geology,
2019, 40(4): 449-455.
AR, R, AL, A BEURE R R Bl 2 A i AL B
X I AR G i [T, AR S ERRL 2, 2015, 26(2):
218-228.
LI Meng, TANG Liangjie, QI Lixin, et al. Differential tectonic
evolution and its controlling on hydrocarbon accumulation in
the south slope of Tabei Uplift [J]. Natural gas geoscience,
2015, 26(2): 218-228.
FOUA . IS, ARG, 55 . B LR A H Wiz ey I8 3 DXtk
T2 £ A I A SRR i 5 A GBCATT T ()], A A R,
2011, 27(3): 827-844.
ZHU Guangyou, YANG Haijun, ZHU Yongfeng, et al. Study
on petroleum geological characteristics and accumulation of
carbonate reservoirs in Hanilcatam area, Tarim Basin[J]. Ac-
ta petrologica sinica, 2011, 27(3): 827-844.
R, BT, TR WA, A5 B HUR A5 M b X — T
AL 252 W s M4t SR R AR K R LT ] i AE R, 2019,
40(12): 1470-1484.
LI Yingtao, QI Lixin, ZHANG Shaonan, et al. Characteristics
and development mode of the Middle and Lower Ordovician

fault—karst reservoir in Shunbei area, Tarim Basin[J]. Acta

[14]

[20]

199

petrolei sinica, 2019, 40(12): 1470-1484.

BEILH . 1 B G TR TR A A R S h5 7R (0],
PRI, 2020, 25(1): 102-111.

QI Lixin. Characteristics and inspiration of ultra—deep fault—
karst reservoir in the Shunbei area of the Tarim Basin [J].
China petroleum exploration, 2020, 25(1): 102-111.

LyT9FE, Gk, A, A P LR 2 WAL Ml DX W o
W ORI SRG]. il MR BRI AR, 2019, 54(2):
398-403.

MA Naibai, JIN Shenglin, YANG Ruizhao, et al. Seismic re-
sponse characteristics and identification of fault—karst reser-
voir in Shunbei area, Tarim Basin[J]. Oil geophysical pros-
pecting, 2019, 54(2): 398-403.

FRUE, VEES, OB . SE I b X R 2 1k R o Wi Ak A
2890 RFRAELT . 732241, 2020, 41(3): 301-309.

CHENG Hong, WANG Yan, LU Xinbian. Classifications and
characteristics of deep carbonate fault—karst trap in Tahe area
[J]. Acta petrolei sinica, 2020, 41(3): 301-309.

i e, 5K BRI ST il PRk R A WV R T e A i
JrRIEL L. A IR AR, 2017, 13(1): 25-30.

BAO Dian, ZHANG Huitao. Description of the separation in
fault—karst carbonate reservoirs in Tahe Oilfield[ J]. Xinjiang
oil & gas, 2017, 13(1): 25-30.

TRESC RN, BT, 45 L WA ORI SRS R K
A AL LA LR 2 b I 05 P il P 5 g 2
X LR A A BIL) ] A RS TT 42, 2020, 47(2): 286-296.
DING Zhiwen, WANG Rujun, CHEN Fangfang, et al. Origin,
hydrocarbon accumulation and oil-gas enrichment of fault—
karst carbonate reservoirs: a case study of Ordovician carbon-
ate reservoirs in South Tahe area of Halahatang Oilfield,
Tarim Basin [J]. Petroleum exploration and development,
2020, 47(2): 286-296.

F M, AR, AR, 4 B R G IR BRI
HUBLGR 2 73 200 HE SR AE A3 0T L) ). M BB T, 2020, 66(4
Tl 1): 54-56.

GAO Lijun, LI Zongjie, LI Haiying, et al. Classification and
characteristic analysis of super—deep carbonate reservoirs in
Tarim Basin[ ] |. Geological review, 2020, 66(S1): 54-56.
IREN, SKOK B A, G5 TR R SR BRI A A )2
R i B L BRI [ . ATz, 2010, 31(2): 196-203.
SU Jin, ZHANG Shuichang, YANG Haijun, et al. Control of
fault system to formation of effective carbonate reservoir and
the rules of petroleum accumulation[J]. Acta petrolei sinica,
2010, 31(2): 196-203.

TRk, BROGHE, WL, S B R G B S X
A T2 B MR T (T ], A S R AR, 2016,
37(5): 786-791.

WAN Xiaoguo, WU Guanghui, XIE En, et al. Seismic predic-
tion of fault damage zones in carbonates in Halahatang area,
Tarim Basin[ ] . Oil & gas geology, 2016, 37(5): 786-791.
AT, RS, T 5, A B I T 5 X R 2R —
V] P ZEL BT 5 A SR A B A2 s PR R [ ). A i S 8 b
2010, 32(2): 108-114.

PENG Shoutao, HE Zhiliang, DING Yong, et al. Characteris-



200

tics and major controlling factors of carbonates reservoir in
the middle Ordovician Yijianfang Formation, Tuofutai area,
Tahe Oilfield [ J]. Petroleum geology & experiment, 2010, 32

TR A H T 20224F 45 27 % 45 24

voirs in the northern Tarim Basin: taking the Ordovician res-
ervoirs in the Tahe Oilfield as an example ] ]. Petroleum ge-
ology and experiment, 2018, 40(4): 461-469.

(2): 108-114. [25]  ERE, SOU, X8, A5 . 4TI FH 0 Ak o Wi A ) i
[22] WESCHER, P00 AE, SEUCRL, 45 RRIR L Fh A 24 4% 7 At RWFFTE LT A, 2019, 58(1): 149-154.
FRITT]. Hu2FRT2%, 2013, 20(5): 188-195. WANG Zhen, WEN Huan, DENG Guangxiao, et al. Fault—
PAN Wengqing, HOU Guiting, QI Yingmin, et al. Discussion karst characterization technology in the Tahe Oilfield, China
on the development models of structural fractures in the car- [J]. Geophysical prospecting for petroleum, 2019, 58(1):
bonate rocks [J]. FEarth science frontiers, 2013, 20(5): 149-154.
188-195. [26] Wb, 57, VLA, 2 35 b 15 TG 08 L 2 e ik
(23] Wbde, ZRHAR, 7% A0, AF | BRI L A AL ST AT R 5 fift 2R 53 R fidh 2 e S P A3 H7 [0 ). ol Sl o 5 R A,
P b i 2 R AR B R A3 BUR 251 TZ62 11Xy 141 2016, 23(1): 14-21.
[J ] WA B, 2019, 24(3): 91-96. HAN Jie, WU Xiao, JIANG Jie, et al. Classification and conti-
CHANG Shaoying, LI Shiyin, QIAO Zhanfeng, et al. Applica- nuity analysis on carbonate reservoir of the Yingshan Forma-
tion of weak amplitude reservoir identification technology in tion in the western Tazhong I Gasfield[]]. Petroleum geology
karst reservoir of carbonate weathered crust: an example and recovery efficiency, 2016, 23(1): 14-21.
study of TZ62 well area in Tarim Basin[J]. Marine origin pe- [27] ZER 4, mA—, B ik, 25 55 FOK 2  n H A I8 X B
troleum geology, 2019, 24(3): 91-96. 1% b o 2 3 AR A% 2 AR B 20 B R (] v I B AR
[24] #ffE, i, TEE, & B ORG24 5 Wi 2015, 20(4): 24-29.

AU FECRFAE: DA il S P 2R A ] L ] il S 56
JBi, 2018, 40(4): 461-469.
LU Xinbian, YANG Min, WANG Yan, et al. Geological char-

acteristics of “strata—bound” and “fault-controlled” reser-

LI Guohui, YUAN Jingyi, LUO Haoyu, et al. Quantitative de-
scription technology for fracture—cavity carbonate reservoirs
in Halahatang area, Tarim Basin[J]. China petroleum explo-
ration, 2015, 20(4): 24-29.

LR Ep

Key techniques and applications of seismic characterization of
carbonate fault—karst configuration
CHANG Shaoying, CUI Shiti, CAO Peng, WANG Mengxiu,CUI Yuyao

Abstract: In view of the production problems such as difficult identification of deep—ultra deep weak energy carbonate
fault—karst, unclear connectivity of fault—karst carbonate reservoir, as well as high yield of “small beads”, low production
of “big beads”, “low beads” producing oil, and “high beads” producing water, on the basis of the understanding of the
geological model of fault—karst configuration, the geometric shape characteristics, scale and internal lithofacies of fault—
karst are characterized by using dynamic and static production data, and then the feasibility of depicting the outline and
internal structure of fault—karst is explored. The quantitative description techniques are introduced as the following three
aspects: (1) The seismic wave decomposition technique is applied to remove strong reflection in the overlying strata and
highlight the response characteristics of weak energy fault—karst reservoir. It is an important basic work for fine
description of the interior of the fault—karst. (2) The boundary of fault—karst is described by multi—scale fault detection in
frequency domain, which realizes the fault identification of weak seismic response, and can provide better and more
accurate fault information. (3) Combined with geological and logging information, the internal lithofacies distribution of
fault—karst are identified by using fracture—cavity lithofacies inverse technique, so that the spatial heterogeneity of fracture—
caveity reservoirs can be quantitatively evaluated from the perspective of lithofacies. The key techniques of seismic
characterization of carbonate fault—karst configuration provide a new idea for efficient well location optimization of fault—
karst reservoir. The drilling success rate of fault—karst reservoir is increased from about 75% to 94% after the development
idea of reservoir is changed from point cave to three—dimensional fault—karst. In practice, the research results can be used
to evaluate the connectivity of fault—karst reservoir, optimize efficient wells, tap the potential of remaining oil, and
propose measures for fault—karst reservoir and improve oil recovery.
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