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BT, EWIMEE X BOERS S A )2 KRR ML L E R R IR T
KA WF5Y (Laubach et al., 2004; JE B H:4E, 2006; B HEIE4E, 2007; J&430%E, 2008;
Zeng and Li, 2009; iR E, 2011; BEEE, 2014; T X4, 2015; Fall et al.,
2015; JL#ASE, 2018; Liietal., 2019; B SCHESE, 2020), {HXF 0T K AR 24 4% 1 0F 52 AH
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Fig. 1 The maps of tectonic unit, study area and well location in the Ordos Basin
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Fig. 2 Stratigraphic histogram of Yanchang Formation and lithologic histogram of well J4 in
the southern Ordos Basin (modified from Li et al., 2020; Luetal., 2021)
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K72FEICAHNZE, MR, KRR EAN REM Tin. K7, E2HM
KRN 62,5 pm WARITTRY), RE A . MRS . lelimibs . mibs . 805
AY 5 UL S BE A S5 A (18125 Lietal., 20205 Luetal., 2021), BAMEA . KEHY
Fra, TUAREEIRAE T2 EE (K LA, 2009) . B FUIBIREE AR P, ik 40k:
DU B a2 BUIRL, TE R T 2 22 A a6 .

2 RARBLE Y R TN 28 Y 5 AR

KR ZLHE S5 th T 0 38 A8 P A F s B RE VR HDE Uy . fEA 25 b RARAFAE
A% 2218 (Nelson, 1985), & MM BTl N, SRR 22 Hir 4 i e 3l . XK 7R 2 005 )2
FR IR BLEE ] DLy o b 3 5% RN R B4 W R 28 (WG BRI, 2008) , L A i 4 4 2
KB RAE MR R DI RN AL . A R4 TR T A )2 B4R . DU 4 Al 4
BE3RNRA, TR . BEK A MIUA T, RINRLGESSH N R B R IEAAAE W i 25 57
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AR, AT RLaE— 25 43 o v A B B U0 24 A R AR B B U L B

(1) Byy)244E

1) e ff BBy U) 2 ak

A MG RK TR R TR AT N —F RIRMEEIR, E X R
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B Z2 /K V-5 1 1 R AR AT G (R BRDE 5%, 2007) . i ME B DI 24 K28R H T
HEHETR, WEYH, MR, & A BIE S mARE (F 3a~ B 3d) . REIGHE L .
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T N-S [a] Al NW-SE [1] 4 20 = ff B2 B9 U1 54 5% , b NE-SW [0 FlLE E-W n 2448 | 2 F ., H
U5 1A AR, T N-S 16 FI NW-SE [7] Z04% (1 & & 2 BE AR A 45 2% (K 6) o

M4 b R 5 3k . A ORI b A B B IR sE A BB R, LS A R s m i
Wy 0 60 B2 A A0 AT RN X S8k A 1 B 77 3 0 AR AR, A5 AR R B V) 24 4k 2 A e 3 R B
LR HETE R (B BRI %, 2007; =4%E, 2015; Gongetal., 2019; f5IEA%E, 2021),
He 1L I #E NWW-SEE [l /K A & BY TR R S /E T, JE T 3K E-W ] 1 NW-SE [1] % 41 /5
BT U)245%  B HRUHE I AE NNE-SSW (] 7K A & 55 i JJ/ER T, BT NE-SW #il
I N-S [ 9 4 R Y ) 25

2) AR B By ) 244k

I B By U 24 4% £ B R MO0 I L 4% . WA Z I T R Y F1 . 7R A
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WA, 1448.46 ~ 1 448.62 m (JEAZ W& 1h AN 1 i 7R)
Fig. 3 Tectonic fractures in different lithologies of Chang 7 oil formation in

the southern Ordos Basin (see Fig.1b and Fig.1c for well locations)
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Fig.4 High-dip angle tectonic fractures in shales of Chang 7

oil formation in Xunyi outcrop in the southern Ordos Basin
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Fig. 5 Tectonic fractures in image logs of well J13

(see Fig.1c for well location, the arrows indicate fractures )
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Fig.6 Rose map of fracture strike in Chang 7 oil formation in

the southern Ordos Basin(obtained from image logs, N =34)
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Fig. 7 Photographs of bedding fractures and lamellation fractures in different lithologies of

Chang 7 oil formation in the southern Ordos Basin
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i, TR EE RMZHLE ., WA hi)Z B2 E P mfEROTRE KT ET D
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H(E 70, AL

(2) TTREsE

TR SR U Y B ARAE [ R A Y S S T, AR U R T R
() ZEGEFR 22 S DU B 48 (IR ik D55, 2009), SEbAH Y )J2 BRAE L. DT B 4% 2 vl b i
KRB W RRBLEIN . RGO REE R o0, TUSE FRAAELZIZRE N IUAE T, Hor
A7 T 25 R TT B Wil 80 )23 1 e 1l A8 A i & A= B
A5 MG A R B A T B 4% R AR R
Ko L) =G ME (K Th) . TTRLEE (Y
TR — N LA K ERCH ok, IR
55, ARCHEA, R DU T AR 28 )
N ) 3 YL 30 T

(3) Wk 544k

TUA R WA WA 244, TR TUATE
TUR R 7 20 A8 W K i 4 5 S0 B/
11 T 0 1 — gk 4 4% (35 BX %, 2008) ,
J& T R — R R 8) . TR L
TR EREETZORE, £ FHLE
SRR, FEHNE L EZ VT FIE S
o WCAEAE R RBLIRS /N, JEARET, PIR 8 MUK S 7 4 E K 7 I 2 4 A S TR

ARE . WM RBTRIERE, HZ A(L23F, 939.81 m; G241 1b %)
%ﬂz {}E‘jﬁ%?ﬁi}ﬁ\ , ﬁ ;“ﬁ ,@% , ﬁﬁxj‘ M| /%“ E(] Fig. 8 Photograph of shrinkage fracture of Chang 7 oil
’ﬁ%?ﬁé %Xﬁd\ formation in the southern Ordos Basin

(well L2, 939.81 m; see Fig 1b for well location )
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(1) A X 2 5% i 4 il 7
W T [F A PR 0 ) 2 BN [R], BEATTAE AR B A 3 B AR T, # i EEE Y IR
B DL Mk BRI 22 7 (B ERE, 2004) . BFSE X R —AF 22 (9 A R 3
Wr)Z MR AR KT, WA O ML, HMEba bl l MaE P I M ek, A
OB, PRMERNEREART, REEH I B EER, RKATiA1md
b BEbE LR A A T, WANE A D I B A, M AR R
] b (%) S s B AR N /N o DU e A B A A D UL DU IR A R Ak Ty
FUELE ) A E AR BTN, R, M S M AT R B RE R T IUA (K9).
RIS AR R, M REREE, HUSMEMERE N T, M
B, MR A A R SRR, A 0 R I, Ml AR B R A A, A
MM ET LT .
(2) A 12520 2485 0 ¥ I AE
(RS AP RSB T - e s B
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PR 2 Wi b A 7 IR LR R A A
T AR E AT (N = 76)

2 JZ (Underwood et al., 2003; Laubach et
Fig. 9  The intensity distribution of tectonic fractures in
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Chang 7 oil formation of different lithologies,

southern Ordos Basin (N = 76)
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Fig. 10 The relationship between tectonic fracture spacing
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and mechanical layer thickness in fine sandstones in

Chang 7 oil formation, southern Ordos Basin (N=13)
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Fig. 11  Relationship between bedding-fracture intensity
and illite content in sandstones of Chang 7 oil formation in

well Bl (N =13; see Fig.1c for well location )
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Fig. 12 The relationship between bedding fracture intensity
and rigid glass chip content of tuffs in Chang 7 oil formation in

well B1 (N = 8; see Fig.1c for well location )
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Development characteristics and main controlling factors of natural
fractures in shale series of the seventh member of the Yanchang

Formation, southern Ordos Basin

Li Yanlu"? Lu Shilei' Xia Dongling’ Lii Wenya'
Liang Feng' Tang Lei' Li Ruiqi' Wang Leifei’
(1. College of Geosciences, China University of Petroleum, Beijing 102249; 2. Changqing Oilfield Company, PetroChina,
Xi‘an 710018; 3. Petroleum Exploration and Production Research Institute, SINOPEC, Beijing 100083)

Abstract

Using outcrops, cores, thin sections and well logs, the paper studied the genetic types,
developmental characteristics and main control factors of natural fractures in the terrestrial
shale strata of the 7" member of the Yanchang Formation (Chang 7) in the southern Ordos
Basin. In terms of geological origin, the natural fractures developed in the shale series of Chang 7
in the southern Ordos Basin can be divided into tectonic fractures and diagenetic fractures,
with the former including high-dip angle shear fractures, low-dip angle shear fractures and
tensile fractures. The diagenetic fractures mainly include bedding fractures, lamellation
fractures and shrinkage fractures. The development of natural fractures in different lithologies
is obviously different. The natural fractures in tight sandstones are dominated by tectonic
fractures, the bedding fractures are only developed in siltstones and local fine sandstones. In
shales and tuffs, lamellation fractures or bedding fractures and tectonic fractures are all
developed. The main controlling factors of different types of natural fractures are obviously
different. The development degree of tectonic fractures is controlled by lithology and the
thickness of rock mechanical stratigraphy. The development degree of bedding fractures in
sandstones is mainly controlled by the degree of carbonaceous interlayer development and clay
mineral transformation. The development degree of bedding fractures tuff is mainly controlled
by rigid glass chip contents. The development degree of lamellation fractures is mainly
controlled by the lamina, TOC content and pyrite content.

Keywords Natural fractures, Development characteristics, Main controlling factors,

Shale oil, Chang 7 oil formation, Ordos Basin
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