2017 % %41 % PE G R F R (B REFR) Vol.41 No.5

%5 M Journal of China University of Petroleum Oct. 2017
X ERS.1673-5005(2017)05-0001-08 doi ;10.3969/j. issn. 1673-5005.2017. 05. 001

Al - M DX A ¢ F 57 MR ks 1 X )2
e N 55 T T R A

R, e, R, RAEY, E B

(1. PRGBSO RFRFHFERRER, LAFH 266580; 2. BFBAREBTHEET ZRRIFNSHEUBAS L EZH T,
b R F B 2660715 3. F B ALH E L R AR A RS WL AR &R E 257000
4. F B BACHEA] b @ 5N 8] i AR E L P WL AR R E 257017)

FEEE AEMENE IR A 1 7 3 X 22 ) B0 e bl b A 3 5 5 R, A0 R R SR W BRI 1 R4, SR e A TS
O R SN R RR A GORE X A HE T X AT S 2R W2 AR SRR Y T R B AT S B AR S T W SEAS
SRR 5002 PR Y v A B2 BT DD AR A KBS R A e RO T 0 TR BRG] A R R Mk
TSRS W R 8 VA OGBS X 2GR T R0 43R T ~ TG, 38k g o7 W J2 A A 98 3 40 A R B, A5 2L 3 2Kl
JEXH A K WP 2090 5.5.3..0.0. 9k, 7E TS HEAS [ 4 531 W 2 0F 848 e 7 il M H 26k, SR
GETTANETIH 31 B9 75 12 58 20T 1 ¢ R I 800 B | 3 2ok 4 DX IR 8405 0 4 21 L5 15 B A Y e 45t | e 4 S N 2 4 7 3
DX A T3 2 = G A SR TR R R A 40 221 I R A

RERIR  BY R R i s TR EERE ; EEERAE, T HIX

RESES . TE 122.2 MXHRERERD A

IR A0 K Bl RIIK S5, EHET MDA e F 8% Tt ity 1 DR 22 3621 8 0 B R B S B RAE [J]. P
B R 22 AARREERR) ,2017,41(5) ¢ 1-8.

YANG Shaochun, NIU Hairui, SONG Mingshui, et al. Quantitative characterization of development degree of fault-related
fracture in compressional thrust structure block of the Carboniferous in Chepaizi areal J]. Journal of China University of Pe-

troleum (Edition of Natural Science) ,2017,41(5) :1-8.

Quantitative characterization of development degree of
fault-related fracture in compressional thrust structure
block of the Carboniferous in Chepaizi area

YANG Shaochun'?, NIU Hairui'’, SONG Mingshui*, ZHAO Yongfu'*, WANG Yong'*

(1. School of Geosciences in China University of Petroleum, Qingdao 266580, China;
2. Laboratory for Marine Mineral Resources, Qingdao National Laboratory for Marine Science and Technology ,
Qingdao 266071, China;
3. SINOPEC Star Shandong New Energy Coompany Limited, Dongying 257000, China;
4. Management Center of Oil and Gas Exploration, SINOPEC Shengli Oilfield, Dongying 257017, China)

Abstract: Under the multi-phase compressional thrust structure setting in Chepaizi area, Junggar Basin, a large amount of
fractures associated with local fault systems were formed within the Carboniferous volcanic rock. Using a comprehensive anal-
ysis of core, thin sections, image logs and seismic profiles data, a quantitative characterization and prediction of fault-related
fracture development in Carboniferous of Chepaizi area was performed. The results show that the high angle shearing fractures

and tensional fractures are the main types in Carboniferous. The fracture parameters, such as direction, dip angle, density,
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and opening width are closely correlated with the fault. Based on the derived fault-control fracture density function, the fault

grades of the study area can be divided into I , 1T, and Il ,with the effective control distancesas 5.5, 3.0 and 0.9 km, re-

spectively. A quantitative analysis of fault strength was also conducted, mainly using statistical and analytic methods to trans-

form the regional fault information into the fracture information, resulting in a detailed description and a quantitative charac-

terization of fault-related fracture development in the Carboniferous of Chepaizi area.

Keywords: compressional thrust structure; fault grade; fracture density; quantitative characterization; Chepaizi area
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Table 1 Fault grade elements of Carboniferous in Chepaizi area
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Fig.1 Tectonic position of study area and fault distribution of top surface of Carboniferous
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Fig.2 Statistical graphs of different fracture parameter of Carboniferous in Chepaizi area
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Fig.3 Density function and fracture development model for different grades of fault-controlled fracture

3.1 WrRBEESH

W )2 R S AT 2 A i R R A5 AR B A AR
MBS, R RO EAF 22 5 ik Je 1 ok Wy
S50 AT BN ZLEE (B ARHE . TEAEHE T X A
i Z TOUTHTA8) 385 PRV BSC 7 A i il b AR 4 0 23 0 A e
e WA ZWTE RS0 53R 74 A~ K A 2 km 1
ETTE RS (Bl 4(a) ) o BEAPIRSAE S — TR

JC, s B2 YR AT

Q=L,C +L,C,+L, G (4)
AP, Q AW RsRBE; L, PRSI T k)= iy S
JE km; €, R 1 G20 REERY P E R ks L,
POAE P T2 1 S RE ks €, O 1T R0 2 0 284
ZEMPEHI RS ks Ly S RIS PN 8T 2 A9 B EE
km; €,y IR BT JZ= 00 R B A4 S, ke,

1 2 % 4 6 \ 7 7 9 10 i 10r
/1 >< 13 N/N 6 i 17 1}/79& 0 i 9 .
/ 8 y=1.77exp(0.103 1x) o :
w2 X&s ﬁf-fs \Q ;/ 30 , r=051 .
\’\{%2 /é\g/ﬂ“ 3;/ 36@/6 \\o\ Tg6
a1\ /a3 /4/ 45 //(6/ 47 e &x g 5 o
AY =4 o9
ACIEIDE 1
ﬂ’s 3 ° ._.'__‘. ...... °
57 5// 60/} 61 62 I 7
X 2 LI J
6/3/ 64 657E:e/§ 1
o9 %/ Y % 2 p 6 8 10 12 17 16
N I 2458 FEQ
(a)fa 5 7 TOUTH W7 2 P9 4% B T il 43 (b)R 4% R B % FE 5 W 2L 58 B A R 43 T
B4 HRRBEESH

Fig.4 Analysis of fault strength

TER U BT A% A W 5280 1 ), 3 o o L 4
AFAE I BRI AT A B [R5 B Wi B R, A%
AR 1) 2485 e 1 5 B 20 A% i F) W R i JEE
{8, IAHICPESM AT P BRI LA 1 (B 4(b)) , 4T
M XA 3 S T A W S P AT R A9 8K

A KR A REGR 091, Wigdas B o b va il T
(i B TP IEAER AL RAE S A T A 2, R T
ARG B JZ= 6 2858 e 7 B4R AR DRt S B
AP W 2 B Al 2 W BN 448 M R 1 XY H
iU



-6 - G R R 8 RAHER)

2017 £ 10 A

3.2 HEFNEZBEXTM

FI W= 24 2R a5 R 0 U AT S8 4 X
W24 (5 B2 2 A 15 B AR 5 T HIVE T 4 HEF
Hb DA 1 F A 1 A 6% 7 B A (R R I (| 5 ) Pl &
TR AL R - T 50 A, NEL S Thal LU Y )2 Y
JE A 7 st RV B s o 2 4R 1) K 75 A A,
T [, 2485 T T A I 227 2 0956 1) 52 40 IR
BUBREIR A (HEA W R R A MR
X, %% Kk 7 2 W22 4G Ra sl AR
R AEARIGON W2 1 2804k (HE 673 J1HE 665 il
HE 682 J) (W2 0E 15525 b (HF 60 ) DL B 22
B (HE 668 JEAIHE 612 Jfm ) , 40 R4E % T =i (H
X, AT3K 8 ~ 12 Z5/m , 3% f& B T 76 3 L8 3R 7 Bt 3 4
WG SR AL, H W ) oA AR A R niAE T
G T2 BT B S T2 B i HE 671 31 HE 661 It
HE 662 H-FIHE 674 If—iff A REE R LA X /N
4 45/m,

8 O

o Ltfor] ¥
Wzl
2

0RGBERE/ Gon )

E5 FHFHUXARRUELEZEFEHTN
Fig.5 Plane prediction charts of fracture density

of Carboniferous in Chepaizi area

— 8% A1) ] A R 158 25 A iz e 25 A T ) o 1
JE T U KRG UL 3] 1) S A 2 i
s s nY 248E % B (3R 2) KL, Hi 85% It
FAXT IR ZEE I AE 25% VAN, Bk 45 & RAF (A2
13 3 HE 671 HF1HE 683 H-AHXT IR 24Kk, W BE 2
T SRR s I VR F R s2 )

S5 G iR BRI AR, E A TR 43
i 5 REE 3 ARG . A TR R B X1
HE 673 I HE 665 I HE 66 HFNHE 61 FH: B9 = 3 &
&, BP9k 34,39 36.28 18,71 A1 11.9 14

TREERKE X MHE 662 I HE 661 H-FidHE 674 I
(4 H P73 5 43 0 2. 08 1.67 il 2.48 t, {HAL &
B, T 24 Kk F X AHE 664 HAUHMAERR | 2
TH AR TR I3 W7 A A S SR ) ST LT L
PRI, 12 8858 5 1 R AE D 1 S U 4 2R T 5wl oy
HE— P SR R eI 2%
F2 FHTFHRARRRETUETRE
S Rk il AR
Table 2 Error analysis of fracture prediction and well

testing results of Carboniferous in Chepaizi area

e L0 254 4 8¢ T AsERE MR B
F/ (& -m™) B/ (K-m) E/% t
HE 61 5.4 4.2 16.7 11.9
HE 66 5.0 3.8 24.0 18.71
HE 661 2.6 2.9 11.5 1.67
HE 662 2.8 2.3 17.8 2.08
HE 664 7.4 6.0 18.9 biiipi A
HE 665 9.5 8.0 15.7 36.28
HE 666 3.0 2.7 10.0 9. 06
HE 668 5.5 6.1 10.9 9.94
HE673 8.5 10.0 17.6 34.39
Hi 674 2.0 2.2 10.0 2.48
Hi 682 2.9 2.4 17.2 e
i 683 3.2 5.1 59.3 biiivi A
HE 684 4.5 3.8 15.6
i 685 5.6 6.4 14.3
HE 67 2.3 2.7 17.4
HE 672 5.0 6.3 16.0 biiipi A
HE 667 2.7 3.2 18.5 5.9
%13 2.0 3.9 95.0 Hiipia
HE 671 2.9 2.0 31.1
HE1-1 4.5 5.2 15.5 0.27
4 &

(1) ZEHET-H X A 7 Z2 )22 56 1) 7T 43 A3 SN
I EW NW I NE 4 MEHET7 1), W2 900 m] ) 534
I ~ W%, 1 HWrR R R R T 10 km, 1T Z0Hr
ZUGEMK FETE 5 ~ 8 km, [T ZR M 2L 4 fh K /N T 5
km,

(2) W5 IX 24 88 55 ) R vh 43 A T3 NS [ NE
6] NWW [i] 3T EW [ Fl NW [i] 5 A5 07, S5 W2 E
A —F, ZaE R DL £ B BT 4% o T Se R
PR, 2R B WIE I MR Z 3% T W2
() 53 AT FBTHE | AL 001 i ey | 2448 R B R

(3) ARTRIZ 3 T2 %o 4 4% % 75 A 4 il 4 T R
Ivi] , W J2 G S A, BT 2 I 88 A 0 G L B 4 4%
B ICR R AN & T B I B
I T AT B e 42 i S e BE 25 Ry 5.5 km, 11 4%
W J2 X B 4 % P R I R 5 R 3.0 km, T K7)2



% 41

A B5H8

MYEREF EHTRR R AT RE T R LA R L FRERZ R <7

Xof BT 4 4% 4 S A B R 0.9 ki,

(4) W85 B2 AL 7 WS B T 2 X 2244

SR R BRI 4, mT 7 i T 4% 14 F- T
oM o ZBEETEENT 1 UM I ZMZ AYE ) 12 45k
S BEAR A, FEAS RO W2 A 5 AL W72 5 1 %
LR LK IR = S 0 | 449 O A T R (L IX

SE k.
(1] SR, BE ST, AT, A5 Fp [ A oy s i ) i bl 222

(2]

(3]

(4]

(5]

(6]

M BIIE L A AR T[T ] A3 27412, 2003,24(2) -
13-17.

JIA Chengzao, WEI Guoqi, LI Benliang, et al. Tectonic
evolution of two-epoch foreland basins and its control for
natural gas accumulation in China's mid-western areas
[J]. Acta Petrolei Sinica, 2003,24(2) :13-17.

ESCF ARAL ST, R R, 4. SRR 22 i 43 b 7Y 5 346 o
W SR AR S R B SR DT ] [0 ] op A i B R
2005,10(5) :13-19.

XIA Yipin, XU Ligui, ZHENG Lianghe, et al. Structural
features and oil-gas prospecting targets of thrusting fault
belt in western edge of Ordos Basin[ J]. China Petrleum
Exploration, 2005,10(5) :13-19.

XA BT R J% 4 5 B0 o i R — B -1k
TR e R S 25 A [ 0] R A 3 5
2#,2010,34(2) ;204-215.

LIU Hua, CHEN Jianping. Regularities of Triassic-Juras-
sic structural movements controlling fans development in
the Wuxia thrust belt of Junggar Basin[ J]. Geotectonica
Et Metallogenia, 2010,34(2) :204-215.

AYDIN M G, ENGELDER T. Revisiting the Hubbert—
Rubey pore pressure model for overthrust faulting: infer-
ences from bedding-parallel detachment surfaces within
Middle Devonian gas shale, the Appalachian Basin, USA
[J]. Journal of Structural Geology, 2014 ,69 :519-537.
TR, H 2, FNAR, 5. 1 0B R £ 4t 75 b 25 W 24785 o
IR S AR IR FR LT ] W B <, 2004, 11
(6) :13-14.

TAN Kaijun, TIAN Xin, SUN Dong, et al. Controlling
factors and characteristic of petroleum occurrence in fault
belt in northwestern margin of Junggar Basin[ J]. Fault-
Block Oil & Gas Field, 2004,11(6) :13-14.

WU A, B A A RN IR A M 2T R W A
WA KAl = SRR RR AR )] A Pl <L, 2011, 23
(1) .47-51.

YUAN Yunfeng, CAl Ye, FAN Zuochun, et al. Fracture
characteristics of Carboniferous volcanic reservoirs in

Hongche fault belt of Junggar Basin[ J]. Lithologic Res-

(7]

(8]

(9]

[10]

[11]

(12]

[13]

ervoirs, 2011,23(1) .47-51.
Wtd, B, O E R e DR AR Vb L R
SUBAHT[T]. hEAh R A4 (A ARBRRRD) |
2012,36(3) .7-13.
YANG Kai, DONG Chengiang, XU Guosheng. Analysis
of provenance and sedimentary facies of Neogene Shawan
formation in Chepaizi area[ J]. Journal of China Universi-
ty of Petroleum ( Edition of Natural Science), 2012,36
(3):7-13.
PR BN R, S VI K 2 M VS % HE T
pa¥eh & WRIE T~ TS IR ARG PSR iPNE o = Q!
IRFLNR) ,2016,40(5) :22-31.
MENG Fanchao, CAO Yingchang, CUI Yan, et al. Gen-
esis of Carboniferous volcanic reservoirs in Chepaizi sali-
ent in western margin of Junggar Basin[J]. Journal of
China University of Petroleum ( Edition of Natural Sci-
ence) , 2016,40(5) : 22-31.
R, A HE T DX R TR A 1 S R G B
RIS R ,2015,22(2) :45-50.
DONG Chengiang. Hydrocarbon accumulation conditions
and key exploration technologies of igneous rock in the
Chepaizi area[ J]. Petroleum Geology & Recovery Effi-
ciency, 2015,22(2) :45-50.
TRHEG A7 TR 53 KL A it 4 23 T 4 R At
R LIPS T30 XA s RO [0 ]
K224 ,2016 ,45(3) :582-590.
WEN Yaru, YANG Shaochun, WANG Yong. Combina-
tion of volcanic reservoir spaces and hydrocarbon storage
modes; a case study on the Carboniferous system in Che-
paizi area, west of Junggar Basin[ J]. Journal of China
University of Mining & Technology, 2016,45(3) .582-
590.
ALY k. T B T A 1 SR Y 1AL
BEAUL[ T ). #1247 40, 2015,21 (1) :47-55.
GAO Xiaogiao, ZHANG Da. Numerical simulation of
structural fractures controlled by reverse fault[ J]. Jour-
nal of Geomechanics, 2015,21(1) .47-55.
BHG B, B0 S IR E AR CRE A i f 1
AR R T IR 2 [ T]. R R 54z, 2014, 20
(1):105-113.
JU Wei, HOU Guiting, HUANG Shaoying, et al. Con-
straints and controls of fault related folds on the develop-
ment of tectonic fractures in sandstones[ J]. Geological
Journal of China Universities, 2014 ,20(1) :105-113.
IR, B  IhEy 55 Z IR AR R BUR D
OB IR BE IR St BRI 5 [0 ] v 1= 3
K (A ARARHERR) ,2016,40(1) 1 18-26.
FENG Jianwei, CHANG Lunjie, SUN Zhixue, et al.



¥ E G K FFIR(AAFFR)

2017 £ 10 A

[14]

[15]

[16]

[17]

[18]

[19]

Geological model and characteristics of dissrete fracture
network in tight sandstone gas reservoir constrained by
multi-factors[ J]. Journal of China University of Petrole-
um ( Edition of Natural Science) , 2016,40(1) :18-26.

RUSEHT. KO U 2 T 2R v R T 0
FELT]. VUL R 24 ( A AR BHF R ,2014,44(2)
279-284.

LIU Jingxin. The method of forecasting the developmen-
tal characteristics of tectoclase in igneous reservoir[ J].

Journal of Northwest University ( Natural Science Edi-
tion) , 2014 ,44(2) :279-284.

ZUR BEBUIE TR SCRR, S TR 2 R U A R 1
BERE MR T]. HERY 24 ,2011,54(2)
466-473.

LI Le, HOU Guiting, PAN Wenqing, et al. The con-
straints of reverse fault to the development of structural
fractures in compacted rocks [ J]. Chinese Journal of
Geophysics, 2011,54(2) :466-473.

5z W XM, 55 DS , 5. Y47 7K 2 Ml DT 7K M1
W Z A OGRS R B R BB SR F S ) ]
Bh2#,2012,47(4) :1176-1187.

ZHANG Yunfeng, LIU Peipei, QI Qingpeng, et al.

Study on fault associated crack development characteris-
tics and simulation experiment about the buried hill res-

ervoir in the Beier Sag, Hailer Basin[ J]. Chinese Jour-

nal of Geology, 2012,47(4) .1176-1187.

TR BTG, 5, 4. IEWT R AR R 4E ) SR
SWEFEL)]. BREE R 5 T4 ,2010,10(36) :8975-
8979.

ZHANG Yunfeng, ZHAO Xuguang, WANG Yu, et al.
Physical simulation experiment of normal faults associat-
ed fractures [ J |. Science Technology & Engineering,
2010,10(36) :8975-8979.

TLREAR R A AR, 25 R 40 T2 LA E B 3T 5
P 2 HEE[ ] AT 5 RAR M, 2011,32(6)
928-933.

FENG Zhendong, DAI Junsheng, DENG Hang, et al.
Quantitative evaluation of fractures with fractal geometry
in Kela-2 gas field[ J]. Oil & Gas Geology, 2011,32
(6):928-933.

JRAE A PR k. B F 3490 B Ak DG oty 5 L i )2 24 2 11 2
JEARFIELT]. Al oR 224 ( F AR B2 AR L2011,
35(5):1-5.

ZHOU Tingquan, CHEN Junxia. Fractal characteristics

of fracture in Zhuangxi buried-hill reservoir, Jiyang de-

[20]

(21]

[22]

[23]

[24]

(25]

pression[ J ]. Journal of China University of Petroleum
(Edition of Natural Science) , 2011,35(5) :1-5.
WATANABE K, TAKAHASHI H. Parametric study of
the energy extraction from hot dry rock based on fractal
fracture network model [ J ]. Geothermics, 1995, 24
(2):223-236.

TR, XU, 2 [ 2%, 45, W8T J22 A DG 2R B f) — b
HIFRINELT]. MR, 2006,80(2) :192-195.

XU Guoqiang, LIU Shugen, LI Guorong, et al. A new
method for quantitative calculating of fault fractured pore
space[ J]. Acta Geologica Sinica, 2006,80(2);192-
195.

/NN R i B A, A BT R AR E A R
TR X X R B A AR5 P R I [ 1], &
BRACEE 24 (HEFRRIEAR) ,2012,42(2) 1344352,

LI Xiaogang, XU Guogiang, HAN Jianfa, et al. Appli-
cation of a new method for quantitative calculating of
fault-related fracture:a case study from Lianglitage For-
mation in Tazhong X Well Area, Tarim Basin, China
[J]. Journal of Jilin University ( Earth Science Edi-
tion) , 2012,42(2) .344-352.

REG IR, R A5 R TR R AN b R4
WREE R [T ], E AR Rk (AR R
fR) ,2014,38(6) :1-8.

SONG Fan, SU Nina, FENG Jianwei, et al. Quantita-
tive prediction of fracture density based on friction effect
[J]. Journal of China University of Petroleum ( Edition
of Natural Science) , 2014,38(6) :1-8.

W R R S RS M AR F M X 7 Y B
WA E MR FRAELT]. h R R (AR
Bl2EhR) ,2016,47(5) :1649-1659.

YUAN Jing, LI Chuntang, YANG Xuejun, et al. Devel-
opment characteristics of glutenite reservoir fractures of
the fourth member of Shahejie Formation in Yanjia area,
Dongying sag[ J]. Journal of Central South University
(Science and Technology) , 2016,47(5) :1649-1659.
D& IR B, BRER, 55, K 2RI 2L 1Y 43 TR Rk
(I HusRAR a7 (b [ M R 27 2 41 ) ,2007,32(2)
227-234.

FU Xiaofei, SU Yuping, LU Yanfang, et al. Fractal
characteristic and geological meaning of fault and frac-
ture[ J .
Geosciences ) , 2007 ,32(2) :227-234.

Earth Science (Journal of China University of

BR%K)



