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Concept and geological model of fault-fracture reservoir and their application in
seismic fracture prediction: A case study on the Xu 2 Member tight sandstone gas
pool in Xinchang area, Western Sichuan Depression in Sichuan Basin

Liu Zhenfeng,Liu Zhongquan,Guo Yuanling,Ji Yuxin,Li Wangpeng, Lin Tian, Chen Tiansheng, Jin Wujun

(Petroleum Exploration and Production Research Institute ,SINOPEC , Beijing 100083, China)

Abstract ; Fractures are one of the factors crucial for the formation of sweet spots in tight oil & gas reservoirs. Due to the
great difference between the geological scale of fractures and the resolution of seismic data,and the vague understanding
on development patterns of effective fractures of large scale,the effectiveness of seismic prediction methods of fractures is
very limited. Based on the concept of fault-fracture reservoir put forward by some geological researchers in recent years,
we summarize the connotation of fault-fracture reservoir, and establish a geological model showing their development in
the tight sandstone gas pool of the second member of Xujiahe Formation ( hereinafter referred to as Xu 2 Member) in
Xinchang area. Furthermore ,under the guide of the newly established geological model ,we discuss the compositional units
and geophysical response features of enclosing rocks, calculate and screen the gradient structure tensor ( GST')-based
chaotic attributes (chaos) and the maximum likelihood attributes for fault-fracture reservoir prediction, and put forward
the technical scheme in predicting fault-fracture reservoirs in the Xu 2 Member tight sandstone pool in Xinchang area. In
application of the scheme, artificial fault interpretation and electrical imaging logging are used to determine the threshold
values of the GST-based chaotic attributes ( chaos) and the maximum likelihood attributes. Besides , the threshold values
of seismic attributes are calibrated according to the interpretation results of electrical imaging logging and artificial faults,

the maximum likelihood attributes ( greater than 0. 15) are applied to describe the sliding surface of faults, various ranges
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of threshold values of chaotic attributes are applied to depict the sliding breaking zone ( chaos attribute,0.18 =1.0) and

induced fracture zone ( chaos attribute,0.05 —0.18) ,and corresponding prediction results are obtained for major target

sequences in the study area as guided by the geological model. The comparison of prediction results and electrical imaging

log data shows the prediction is in high consistency with the actual situation,and its geological significance is obvious,

indicating the concept of fault-fracture reservoir and its geological model are of application value in the practice of seismic

fracture prediction.

Key words : seismic prediction,tight sandstone; fault-fracture reservoir,Xujiahe Formation; Xinchang area,Sichuan Basin
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Fig.1  Geological model of the fault-fracture reservoir in the Xu 2 Member in Xinchang area
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Fig.2 Electrical imaging log data of sliding breaking zone (a) ,induced fracture zone (b) and bedrock (¢) of

the Xu 2 Member in Xinchang area
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Fig.3 Seismic reflection characteristics and seismic attribute anomalies of fault-fracture reservoirs developed in

the Xu 2 Member in Xinchang area
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Fig.4 Technical scheme in seismic prediction of fault-fracture

reservoirs in the Xu 2 Member in Xinchang area

S B WA 5 SR
5 OBHLIX N BEECERD A W R AR 2
BRI T

Fig.5 Seismic prediction section of corresponding components of

fault-fracture reservoirs in the Xu 2 Member in Xinchang area

WRHEAT 2 Y =4 W IR T 45 L, W] LASR B
VR JZ Beny 2 1 s T 1 S e M S 2448 1Y
AR A 1B 6 R T X B E )2 Tt
14 T J22 T 0 T N 448 T Y (T Sl B Al R 5 S L 4
) TR ARG O, R € R BIRA FR AR 1 &
BRRE, BANWIZE . X NA SRR TR R 2Lt 15
O, T @ Wb 2 v — w0 £ 3 44 (4 UF KT 30°) He
BERBENIA L150 (17 ) X601 (95 4%) . X201 (14
2%) . X501(8 %%) X3(10 £ ) F1 XC8 (13 %) %6 [,
- m AR KT IAEE WA X856 (1 4%) |
X202(3 4%) . X209 (1 4) . X5(1 4) . X10(2 %%) . X11
(4 2%) X101 (3 4%5) . X203 (Jorf — fm ff B 4 4% )
XCo(ToHr - i das) 559 HJf. hE 6 I, 15 1
I - AR S R E A A IR LIS0,X501
FXC8 453 HFE, S SV A R 5 T 80%



5 4 1]

XU , 45, WA R M |l A xR H 2R Tt v ) 2 ] 979

0

6 Hrimtx T RO 4Nz R 2458 R (5 i S
i RIS S 2R ) Y 1T R A DL
Fig. 6 Distribution of well-developed faults and facture zones

(including sliding breaking zones and induced fracture zones)

in Tx*® sand group in Xinchang area

1) “WrEe (R 248 SR A 2= P B E MR EEBN
KE AL - SRR AT B BRI OB AR
JRERTC, “WraEIAR” R REER N K F I E ARSI,
BT AR A TS R BUOR A R T e 58 A FR
P18 M S A L ) R T M S, X U I R
FRAARTIT ¢ 52 B T 50 Y ASEAT 250 28 1 Tl LAY

2) Bt X BV R S WA IR Rk
WEEA 3 LR BATT : DB 3 S 0 Sl ety A
SR SMI 7 AR . I SRR RS T 24k
7 A P R A R T R (AR > 30°) B K R
F T Sl AEAY R S R LY 2448 e A 7
W JZ= 3 S P N2 400 m i P, HeHh 200 m ST 2
PR, A R 0 R = A b R AT e O R R R A
AL

3) T GST Wi E (hi) AN K ABL AR i 1 vl
LAAE g W 4 1 000 ) A0/ M o S A o TR A T
DA A A 258 M e ey 08 5 s 45 0 ) AR AU P, e R AR
SRR AR SR 1A AR R BE AT — RSN, e
R BT RAFAE o A ST T2 A 4 R L
QI REAE B R R 2 B, T LA d5e RALAR s 1
22 2 T Sl TR, R o TR P ) A D 1 e L2 3
SRR FI5 S R

4) Frim/n B R T B R T 5N S B
W, M N W72 B AR B v AR SR i T 12

Z2\ 398 1 4 AU 7 SRR 1, T A BOAR I ) W 2= 38 2l
T\ BRI K7 S 2R R A A T T 45 2R
F T BN AR R T AR A o A AR, T
SR 3 5O SO WA, 5 SR UM 5 BE R e, 3R
T TS A AR 2 o M b oA o 2R T ) 5 e v L
A T E N HEL

s % x #t

(1] B, WGP, X E 5 SRS Y R ZBUED A

T2 2E S A S [T]. A 5 R AR At 5, 2020, 41 (6)
1212 -1221.
Mao Zhe ,Zeng Lianbo, Liu Guoping, et al. Characterization and effec-
tiveness of natural fractures in deep tight sandstones at the south mar-
gin of the Junggar Basin , northwestern China[ J]. Oil & Gas Geology,
2020,41(6) :1212 —1221.

[2] 2252, We &, R 4efh, 4. BT likelihood 1l 7% J& 14 1 35085 <UL

W TSN —— L0 1] 1 | P38 K B X — Bl [T ] A
TS KA THLT, 2020 ,41(6) 1299 - 1309.
Li Meng, Shang Xiaofei,Zhao Huawei, et al. Prediction of fractures in
tight gas reservoirs based on likelihood attribute—A case study of the
2nd member of Xujiahe Formation in Xinchang area, Western Si-
chuan Depression, Sichuan Basin[ J]. Oil & Gas Geology,2020,41
(6):1299 - 1309.

[3] &, BRI, FMACIE, 5. v [ PP SR T At B i <
“HER R SRR [T]. A S R AR A BT, 2020, 41 (4)
684 —695.

Cai Xunyu, Qiu Guiqiang,Sun Dongsheng, et al. Types and characte-
ristics of tight sandstone sweet spots in large basins of central-western
China[ J]. Oil & Gas Geology,2020,41(4) :684 —695.

(4] B, RAEAN AREEAT 46 PR UM b = B e o 4 — B

BORR AL R R R R [T]. o E AR B AR
%,2010,34(4) :1 -6.
Zhao Yan,Wu Shenghe , Xu Zhangyou, et al. Control factors of com-
pacted high-quality sand stone Reservoirs of member 2 of Xujiahe for-
mation ,upper Triassic in Xinchang gas field of western Sichuan de-
pression [ J]. Journal of China University of Petroleum : Edition of
Natural Sciences,2010,34 (4):1 -6.

[S] Xmke, e, SR, 4 I M E =& 50— Jim

BRI L B R N 22 5 Ve [ ] S OR 22440 H AR 2
MR ,2015,45(4) :993 -1001.
Liu Sibing, Shen zhongmin, Lv Zhengxiang, et al. Contributing factor
divergence analysis of relative high quality reservoir of upper Triassic
in the 2nd and 4th member of Xujiahe gas field in West Sichuan[ J].
Journal of Jilin University : Earth Science Edition,2015,45 (4) .
993 -1001.

[6] REIE. BOBED A RURLE M4 2 0N 0 15— LU 79 3 B 57 %
AMB BRI D]. B : SR TR ,2004.

Wu Chaorong. The prediction of fractured gas reservoirs of tight clas-
tic rock-take the 2™ mbr of Xujiahe Formation of Xinchang gas field
as case[ D]. Chengdu ; Chengdu University of Technology,2004.

(7] WA, REF R0, 45 Wil INARES MR S S i < R 6



980

5 KRR R

542 %

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ZJ]. A4 ,2010,31(5) 774 - 780.

Chen Wei, Wu Zhiping, Hou Feng, et al. Internal structures of fault
zones and their relationship with hydrocarbon migration and accumu-
lation[ J]. Acta Petrolei Sinica,2010,31 (5) ;774 -780.
B, B R, Hrhoo, 5. )2 288 INETsE [ M. Jbat. 43l
Toll At ,2009 .1 - 2.

Mu Longxin, Zhao Guoliang, Tian Zhongyuan, et al. The research of
reservoir fracture [ M]. Beijing; Petroleum Industry Press,2009:1 2.
A, BRRFAE. W AEE M BT [ ML AU A0l Tl ) Rt
1998:129 - 154.

Wu Shenghe, Xiong Qihua. Petroleum reservoir geology [ M ]. Bei-
jing : Petroleum Industry Press, 1998 :129 — 154.

PRI, AR, PN [, 45 MR RSE TN R [T ] A
#,2012,51(2) :191 - 198.

Liu Zhenfeng, Qu Shouli, Sun Jianguo, et al. Progress of seismic frac-
ture characterization technology [ J]. Geophysical Prospecting for Pe-
troleum,2012,51 (2) :191 - 198.

ZE/INAL R i DRSPS DTV A S R E MR - B R
LT MR M BR PR, 2013 ,43(6) 11779 —~ 1788.

Li Xiaogang, Xu Guogiang, Qi Zhilin, et al. Qualitative identification
of fault-related fracture: Principle and its application[ J]. Journal of
Jilin University ( earth science edition) ,2013,43 (6) 1779 —1788.
/NN B R O, 5. R R S e AR HORTE RS T X O
X R LB L BRI A [ T]. & PROR 25440 st R} 27
W ,2012,42(2) 344 -352.

Li Xiaogang, Xu Guoqiang, Han Jianfa, et al. Application of a new
method for quantitative calculation of fault-related fracture: A case
study from Lianglitage formation in Tazhong X well area, Tarim Ba-
sin, China [ J]. Journal of Jilin University ( earth science edition) ,
2012,42 (2):344 -352.

Fl, FUAE. D)1 A A C AR 2 B S A SRR S R
SCLTT. AR TR A4l L AARIAARR, 2019 ,46(5) 541 - 548.
Wang Wei,Fan Rui. Characteristics of Xujiahe Formation fault-frac-
ture reservoirs in the northern Sichuan Basin and its exploration sig-
nificance[ J]. Journal of Chengdu Universityof Technology ( Science &
Technology Edition) ,2019,46 (5) .541 —548.
XSERE, AR AR, XU e, 45 DU ) P9 B IR R O b A R
JECET FERLAE ()] RARRTN,2020,40(2) ;31 - 40.

Liu Zhongqun, Xu Shilin, Liu Junlong, et al. Enrichment laws of deep
tight sandstone gas reservoirs in the Western Sichuan Depression, Si-
chuan Basin[J]. Natural Gas Industry,2020,40 (2) .31 —40.
Micarelli L, Benedicto A, Wibberley C A ]J. Structural evaluation and
permeability of normal fault zones in highly porous carbonate rocks
[J]. Journal of Structural Geology,2006,28(7) :1214 —1227.

Brogi A. Fault zone architecture and permeability features in siliceous
sedimentary rocks: Insights from the Rapolano geothermal area
(Northern Apennines, Italy ) [ J ]. Journal of Structural Geology,
2008,30(2) :237 —-256.

[17]

[18]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Evans J P, Forster C B, Goddard J V. Permeability of fault-related
rocks ,and implication for hydraulic structure of fault zones[ J]. Jour-
nal of Structural Geology,1997,19(11) :1393 —1404.

APIETR, TP, BT , 45 AL B AS A4t R A0 1T 2%
ek A A 5 32 [0 ). M BRBE2F « o [ 3 I3 27 27 4l , 2005, 30
(3):328 -336.

Fu Xiaofei, Fang Deqing, Lv Yanfang, et al. Method of evaluating ver-
tical sealing of faults in terms of the internal structure of faultzones
[J]. Earth Science; Journal of China University of Geosciences,
2005,30(3) :328 —336.

B, BAERT, P W s oY R4 1 5 i B R BB AT [T,
RPATINEBE 4] ,2007 ,31(2) :4 - 7.

Gao Jun,Lv Yanfang, Tian Qingfeng. Analysis of hydrocarbon migra-
tion through the fault based on interior structure of fault zone[ J].
Journal of Daqing Petroleum Institute,2007,31(2) :4 - 7.
SPGB DRI, THE AR W7 2L o i A S B HAE [T ). 7Y
JE 7% 4, 2006 ,28(3) :274 - 279.

Zhang Xijuan,Zeng Qingli, Ma Yinsheng. Fluid involvement inactive
fault zone [ J ]. Northwestern Seismological Journal, 2006,28 (3 ) :
274 -279.

Randen T, Monsen E, Signer C, et al. Three-dimensional texture at-
tributes for seismic data analysis[ J]. SEG Technical Program Ex-
panded Abstracts,2000:668 - 671.

Luo Yi, Wang Yuchun Eugene, Nasher M, et al. Computationof dips
and azimuths with weighted structural tensor approach [ J]. Geophy-
sics,2006,71(5) : 119 —121.

Wang Yuchun Eugene, Luo Yi, Alfaraj M. Inverse-vector approach for
smoothing dips and azimuths [ J]. Geophysics,2008,73(6) :9 - 14.
EVHR, kA AR, 2250, AF. R R BE S5 AL sl e I £k A BT
[J]. A Bk # I £4, 2018 ,53 (4) :826 - 831.

Wang Qingzhen, Zhang Jinmiao, Jiang Xiudi, et al. Salt dome and
fault detection based on the gradient-structure tensor[ J]. Oil Geo-
physical Prospecting,2018,53(4) .826 —831.

Hale D. Methods to compute fault images, extract fault surfaces, and
estimate fault throws from 3D seismic images[ J]. Geophysics,2013,
78(2): 33 -43.

IO B — R SRR, SF. R R RLAR R A T U Y
FH——— LA HELA 250 b A 38 DX A B3 X e L W 28 A 9 A 54
FIRR FILT] . RIRZIBERFL:,2018,29(6) : 817 -825.

Ma Debo,Zhao Yimin, Zhang Yintao, et al. Application of maximum
likelihood attribute to fault identification: A case study of Rewapu
block in Halahatang area, Tarim Basin, NW China[ J]. Natural Gas
Geoscience ,2018,29(6) : 817 —825.

Dong Shaoqun ,Zeng Lianbo, Lyu Wenya, et al. Fracture identification
and evaluation using conventional logs in tight sandstones: A case
study in the Ordos Basin, China[ J]. Energy Geoscience, 2020, 1
(3 -4).115 -123. hitps://doi. org/10. 1016/j. engeos. 2020. 06.
003.

(%h# KEHR)





