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Abstract: The Lower Jurassic in eastern Kuqa foreland basin is a fractured tight sandstone reservoir. The distribution of natural
fractures controls hydrocarbon accumulation and single well productivity. Fracture connectivity is a key factor affecting porosity and
permeability performance, productivity of tight reservoirs and cap integrity, but it lacks in systematic research on quantitative
characterization methods of fracture connectivity and its influencing factors. Taking the Lower Jurassic tight sandstone reservoirs in
eastern Kuqa foreland basin as an example, in this paper it analyzes the fracture development characteristics, quantitatively
characterizes the fracture connectivity using a fracture node types and their proportions based method, and analyzes the controlling
factors of fracture connectivity using numerical simulation. There are three types of microfractures in the study area: intragranular
microfractures, grain-edge microfractures and intergranular microfractures. From west to east, fracture connectivity deteriorates
gradually, which is consistent with fracture development intensity. Fracture azimuth dispersion, fracture length, fracture density
and angle between fracture sets are the main factors affecting fracture connectivity. With the increase of fracture azimuth
dispersion, fracture length, fracture density and angle between fracture sets, fracture connectivity becomes better.

Key words: eastern Kuqa foreland basin; fracture connectivity; quantitative characterization; controlling factor; tight sandstone;

petroleum geology.
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Fig.2 Fracture development characteristics of Lower Jurassic at Tugeerming in eastern Kuqa foreland basin
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Fig.8 Quantitative characterization of microfracture connectivity of Lower Jurassic tight sandstone reservoirs in the Yigikelike
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Fig.10 Quantitative characterization of microfracture connectivity in different areas of the Yigikelike structural belt



}\/\/ M\“/ Ny /i\////\w\r(/\h\ &
Ul
LA X

(a)Z¢ 48 J5 B 7y #E=5°
N

Y
248 Y0 R AT
(c)Z4 48 J7 hr 4y HUE=30°

11
Fig.11

e, RS S A R (R Sk A0 B S R
YR 9T 3 Bt o T A A0 224 4 O T R AT E R
fiE ), 28 3k RGBT ASH R A AR AL T S, GE T AN TR 2 7801y
SO ECEE (N, ONG R NG B 50 (N 55 S 400,01
BEASTR) JE BT S5 00 o9 025 1 = A B O A A
S BTN A T S BOR (C) o b S 4k o R
R (1 S RN KR (E A LI 52 (Berkowitz, 19955
Sanderson and Nixon, 2018), LA T #7454 S £
455 ) 2 J R T Y, R RE A5 BT A T
Boim C <2 W, 1% 24 9% I 2% A1k 3k 31 % 8 R & (F
Th). Bl AR S AE BT AT R YRR/ B X R
Brmg B, C 234, 20 4% W 4% B i i Mk 2
Uf 524 €, =3.57 i), 2448 N 45 35 238 0 B (E , iF A
AR A CE 7h) . R e, m] DOKE 3 Py 8 28 L
1511 = #f &%) 43 g 3 A4S DX J ke ¢ iF 20 4 3% 5E v, B
A XL S E X S X (A Te).

FIH Lk 7 vk WP 5 X 240 B85 13 R 456
AN ) 2 8 05 B0 R AT e 3, O X Ak %
R IEAT R R e AR ICOW L A A IR L IR
P IR R DL SR A AT B e 4 1 24k o A (1] 8a) ;

(b)# 4% J7 7 4y HiLE=10°

N

/M

S
R4 E 7 BUHAE B
1

PLUE T7 0 53 IO o SR B i

5 VR M 2R G
(dYR48 7 (7 45 WU E=40°
P 5 W 5248 3o B %

Schematic diagrams for simulation process of influence of fracture azimuth dispersion on fracture connectivity

501 (a) -
~ 40}
< X
§ 30
Az T T
= 20
=
B .| -

——
oL . B=43
0 5 10° 20° 30° 40°

501 (b)
~ 401 $
2 T
§ 40 v
o
= 20f -
£ =
e 10

ol =—

2cm 4 cm 6 cm 8cm 10 cm
El 12 2448 )y v 4y 0% (a) A1 B (b) X X #9395 45 HE 1)
14 5% i
Fig.12 Influence of fracture azimuth dispersion (a) and

length (b) on X-node ratio

IR F KT TRV S48 A HEAT G 2, AR AT O S B 73 A
P (P 8b) 5 fieJm G i A Al 28 BTk i %0 (NG N,



2482 HIERRL2E  http://www.earth-science.net

o548 %

02cm

O 4cm

A 6cm

¢ 8cm

* 10 cm

N AN ARNARNY

P13 REETT O o HOE (a) TR BE (b) X 28 48 M 246 14 38 415 ) 52 1)

Fig.13 Influence of fracture azimuth dispersion (a) and length (b) on fracture network connectivity

N AR (N S S8R AR ZE A
Lo A5 5 22 1) = A P T E B g S BB T 5 R YT R R
i (Cy) 4B 24 4% 3% 0 A % (] 8e) . 45 R b EIK
AT L R 1 A AR ) b X, 45 R SR 05 Y B )
ELA 22 5 (& 9) . Horp | V85 1l X T 78 45 4 L
1] 3 B 43 A AE 15 % ~50% , w3 My X TR A5 HE Bl
FFEAAE A0%~T0% , AR ¥4 Hhu X T2 47 g ] 3=
By A AE T0%0~85% , BI N PG [n] A, T 785 55 L 6]
b IO =T L R i e o 1 0
FE 35%~T70% , B XY BT b ) 35 A A
TE 20 % ~40% , Z5 350 X Y A AT 5 B B 3 5 A A
1 1026~20% , BD AN TG ] 5, Y A5 6 LE ] 2 R AR
) e X BT TE A5 A M XY EE ) AR A R B
B, FEAAE 5% ~15% Z [a], WA VG 1] 48 A [ AR
(SR ER- I Y R E S A e RV |
W7 24 & % 3 IR B0 (&1 10) « 7R 3B Ml X 24 4% 3% 3 o 4
PR 25, 3 B4 A E R FE B X R Oy b
DX, 24 5% 3% 3 R A8 A, 8 43 2L B AL Tl B 0% e IR
A TUHOH X R A E M e, K R A T
AR S B R I DA AR ) VY, A B GE AR A

4 REEE WL E N R LR
ey USRI

FI S8R % BEMLE L J7 3, ) 5% i 24 4% 142 3@
PER R R AT AL B AR R AR LR AR
(1) P AL Ay g 37 I B AR 20 m X 20 m, R
BRRD S T B0, AR T Ak kR R Y ik e

fi MR Y A RS 1 A o S 4% R G5 A R LAY T
B, 26 7R B AU Py 2 4k R R O G 5 (2) 24 B AR Y A
S BB R A K Ay A R R Ty A
Bl 5 P AR R A5 5 (3) 24 4% W 4% Y AR B < 3 1 AR IR A i
T A 2 A X 4%, AR R T B AR AR AL X
N B AL AR B — S % B A bR R A K S AR RS OR
TR FEEN s SRS AR B K R R N oA
AT B — A A R SR B R A, B 58 B 2 4% )
26 0 B B 5 (4) 3% 8 M ) R 38 0 48 A (R S YT
B 9] K% 24 4 3% 38 ) 00 R R A 2R A7 (&1 7¢) FI T . 7
AU FE AL T v, 43 PR 2H RN 2 S 5% R S 5 i iR AT
B4 (1) HAT ATl K B ) 3 A0 46 43 50RE 11 B 2
MU RG (2) WA MRS B —dHE A B ENK
R A AR 2 HLA A AR R R R R 6 A BD
FERII AR O B DL AN
2405 4 Z 0] ey 2 S B0 24 4 o A Tk ARG
HUH BT, BB N T RS T BUE
LG K B (5 ) % 24 4% 3% 38 1 1 fg . H v, A8
AT R 20 m X 20 m B A 244 F i 100 &, 24
BERKBE S m, S8 O YI(E N 07, B0 AR 4 4% U5 13 43 L
BE (A AL T 0°.5°,10°,20°,30°F1 40°) , 43 A7 24 4%
D5 A5 43 H0RE Xt 584 4% 3% 3 Mk i S2 L & 11a~11d 43931
g ZL5% I A AR B = 57,107 30°H1 40° B BEHILAE i 1Y
B — g Ao | LAk T ) BOHL AL 1R RN 24 4% 4 A
FAE B 2 3% B .20 mX 20 m K R, B0 4% K R
100 4%, 2445 J7 67 BMH 07, 2448 J5 31 43 #EE 30°, Bl A%
R E(HIAELT 2 cm. 4 cm, 6 cm, 8 cm Al
10 em) , 4347 S48 1 B (8 3 ) %o 8 4 14 3 A 11 5 )



557 3] i

T R B A AR TR R B G U D i 2 B T e R R R 2483

T

=

\
\

S
%%éi%i{ﬂllﬁwﬁ%[@

/N

AT e

i

%%t@ﬂmw@

AR 4 T 1 R AE

(a)Z 42 41 1A] K fi=10°

Py “
/ .

R4k o A B

S

4 o A B 5K AR T R AE
(c) #4824 1] Jz f3=40°

4% V0 Y 2R A
(b) %4 5% 41 ] 9 f4=20°

4 o A 5K

20 4% 4 38 M % iF
(d)%4 4% 41 I 2 fy=50°

Rk oy A B

P14 5% 2 ) e ffy x4 4% 3 T A S AR 0L o R R R

Fig.14 Schematic diagrams for simulation process of influence of angle between fracture sets on fracture connectivity

B2 5 R | 448 Oy 0 o0 B0E AR B (O 8 ) 2 5
Wi PR 2 8 4% 3% T M 1Y) B PR 3L Y AR O v A R
S OB, A Sy 1A 450, 2448 AN n] BRIk 21 % @ R S
(&l 12a) ; bl & 24 4% J7 50 43 BIBE (9 35 XU 504K
2 N ) A, 2 i A A (/] 13a) 54
448 5 (31 43 HRE K B 407, 24 4% 54T Ak T I
AR, UL A IR K AT, gl R
IR B FE R A B A AR K R ARG, X R S A
A 55 980 0 B (B 12h) , 24 5% 3% 8 M % W
b I R I AL RS (B 13D).

BBE SRR, BT 0T T 244k 4 W) e £
Sl K (R B ) X 2 g i T VE B S R P B 3
BEE 20 mX 20 m B 2445 H0E 100 45 (P4,
R S5046), 8K 6 m, —H 2887 hifi g 0°, ik
S Yy B4 5% 5 5 f (107,207, 30° . 40° . 50° . 60° .
70° . 80°F1 90°) , 43 #r 24 4% 4 1] e ff Xof 24 4% % 38 1 1Y
SZA . &l 1da~14d 43 51 0 41 18] 9 1 24 10°.20° 40701
50°HF, BEHL A B A e — 21 28 4 A5 X | 24 4% G ) BUa
A6 PEUR 24 9 3% 38 PE R AE AR 4 58BN 20 m X 20 m
BEAY, 2448 40 100 25 (WAL, 141 50 2% ) , — 4 24 4%

=

H=N

B

&
E i
]

1001 (a)
ol ales
9 —
=
£ ol ==
ey -
: =
£ 407 ==
= Eig
g
0L 10° 20° 30° 40° 50° 60° 70° 80° 90°
100 (b)
X
E 60_ ——1
23
g
= 40f ==
?;j
==

0 2cm 4cm 6 cm 8 cm 10 cm
15 ZLARZH H) I A1 (a) FIHCJE (b)) XF X BT g Lo A7) 1) 52 )
Fig.15 Influence of angle between fracture sets (a) and frac-

ture length (b) on X-node ratio

FrLF N O, oy — 2 4 4% 5 6 ff1 45°, 43 ) ile A HE
HREEE)(OHMELT 2em.4 cm.6 cm.8 cm
10 cm) , s AT 244K B (4 B ) X 24 4 3 3 M 1) 7



2484 i BR B 27

http://www.earth-science.net

o548 %

220°
© 40°

X

Fig.16

Y.
T AR 20 50 06 38 Tk R A
()R 4 2% % [%=0.4%/m

N

HUEE BRI
()55 4% J%=1.2%/m

R4 o A X

M RSN Z5 R W UR, BLAE AH ) e AR R K B (O
JE) R WM A R E @M EENR A
5% A 1A e fy R B (4 R ) A9 39 m L XL A
R 5] HE 0 A s A (IR 15) , 4% 0% M B
W H R 3% P O i SR R % (] 16) .

116 ZR4E2H A] (a) FI BE (b) %] 24 5% [0 £ 36 38 1 19 52 i)

Influence of angle between fracture sets (a) and fracture length (b) on fracture network connectivity

| //W%
iy

8 B R AE

Z4 43 A B 5
(b) 2454 28 % [§=0.8%/m

o 3
o k2
o 1K M4
o Rk R4

A K1
© K W3
& KPS

()R 2 AR R R 2 48 B 2R 4 7 38 A A O 4 2R
F17  HRws ve BLE R AT T R 2 8 2% WL 2R 4 34 il A 4L

Fig.17 Simulation of macro fracture connectivity of Lower Jurassic in the Yiqikelike structural belt

SRR S0 ¥ VRIFSIEE 1 Y T VA
0 R ER Lol T e AR I A 1 £ R A
B AR 5 IO T 7 W 4 4 R 40 1 o3 A X, TR Ui
TC 15 b JE 2 4 3 0 R AT P E R RAE R AT LA



7 YL T TR A AR R DR 5 G R 2 S 0 e I S I 2485

DA O A T S 35 B 5 g 24 4% 3 S R Y LA
PSS O AL YO Y SUSTE iy iV
FEA R B AP a A BB T I 9T X 3 4 S A I L, B
UL S-N [ \NE-SW [i] il NW-SE [i1] , H: 52 95 17 £
439 R 358° VAT A 1217, 7 v 43 BB 43 il ol 257,
2871 20°. AR 4l % Sk DX o, 2R 4% 1 T SE R B 2
Sy A TE 4~8 m, SR 5 AU [6] B S 4 % B R
255 W AE O (B 17) AL 45 S R | Bl 4 255 %
JEE RGO, 4 4 GE M WA b Y MR ENT
0.5 4% /m B} (K47 o8 HL S0 b 12l 7R 30 ) , HUf b i
BEE A — S BR LA TR E R Y
BB B N 0.5~1.1 45 /m i (4K 25 72 B 7 4 v i
S IDES ST EVE £/ @~ NT R A R N S i
HERAS Y M A R EOR T L1 % /m B (MK A e
Lo A T PE ) L S A A TR A E RS

5 48t

(1) 22107 i 7 b AR AR 2 7 B o by 38 2 Ak
B BUR R )7 R R il R RN R g, L
R 1 R A AT R A o R Rk R R BT
BT E By V)2 %%, 2K H NW-SE [ | if
S-N [i] Fl NE-SW [i] 3 41 . % Wi 24 4% 28 %% Ji 32 5 5y
e 0.4~1.2 %% /m. 7E W L, WF 58 X & B R
B Rk % F R A8 3R IO R 4k T 4 2 5%
B R 0.38 em/cm®. 7% W 24 4% A 0 24 4 5 A A AL
A3 AT R BD NV ) 2R, ek BRI AR 2
(2) MR P52 4 1 25 B S8 VI R, 24 485 1
X3 R 326 AR AL ALY g (DAY ) (AR 42 AU A (Y
) LA K 28 CRLAS (X RL) Ll g 4 i 3 R 2k R
A R L B, nT DL S g i v gk AT A
B E5 R R, AR R M X 2 4E O G PR IR R 2%
B ¢ 2 NS U1 P N S 0 S B L7 A P
B R MR R AF oy R AL TG B E R A
VG 0 M DX % A% % GE PR A A, R R AL Tl
SN R 7N S N N WIS U T R T
(3) 3 ok B BEPIIE 52, RBE 20 &R R T i oy
HORE R R R A R A R R ) R A 34 PR Y
FEE R AEPH RSN, G AR ME I 2% 8
AR, B A5 24 4% J7 5 43 HB0RE R 24 48 K R I 8, R
WeEE VSR LA ML M B R
2 1] e ffy L B K B 0 1, 24 A 5% SR R AR AT
(4) DA 0 0BG A50 0 S 3R BRI 24 4 AH 56 S 500
LY PG X T 531X 7 0 24 B 3% 3l M aJE AT BT, &5

R /R,IEMFFE X 34 %% KN 4~8 m 1 L
T, b G RLAE R LG, R EE E E B W AR ALY
45 % FE/NF 0.5 %% /m i (4K A7 e BL v b 1 7 AR
), REEAL TR RS R R KN 0.5~
1.1 2% /m B (R 75 50 BL 5 i i ol v 38 ), 88 b T
I 0 3 IR A M A KT 11 5% /m B (IR &
v B v A A PG ), B4R A T AT R i RS

M AMIEELITFFER G HEHAR
Fe R B E T AN AT ka
TaEFAINA LKA LKA RAEGH
B, A2 b R T RO )

References

Alghalandis, Y. F., Dowd, P. A., Xu, C. S., 2015. Connec-
tivity Field: A Measure for Characterising Fracture Net-
works. Mathematical Geosciences, 47(1): 63—83.
https://doi.org/10.1007/s11004-014-9520-7

Bao, Y.C., Liu, Q.H., Du, X.F., et al., 2021. Division of
Glutenite Lithofacies Based on the Trielement of Gravel-
Matrix - Fracture. Earth Science, 46(6):2157—2171 (in
Chinese with English abstract).

Berkowitz, B., 1995. Analysis of Fracture Network Connec-
tivity Using Percolation Theory. Mathematical Geolo-
gy, 27(4): 467—483. https://doi. org/10.1007/
BF02084422

Ding, W.L., Wang, X.H., Hu, Q.J., etal., 2015. Progress
in Tight Sandstone Reservoir Fractures Research. Ad-
vances in Earth Science, 30(7): 737—750 (in Chinese
with English abstract).

Feng, J.W., Zhao, L.B., Wang, Y.D., 2020. Controlling
Factors for Productivity of Ultra-Deep Tight Reser-
voirs in Keshen Gas Field, Kuga Depression. Acta
Petrolei Sinica, 41(4): 478—488 (in Chinese with
English abstract).

Ferrill, D. A., Smart, K. J., Cawood, A. J., et al., 2021.
The Fold - Thrust Belt Stress Cycle: Superposition of
Normal, Strike-Slip, and Thrust Faulting Deformation
Regimes. Journal of Structural Geology, 148: 104362.
https://doi.org/10.1016/j.jsg.2021.104362

Ghosh, K., Mitra, S., 2009. Two-Dimensional Simulation
of Controls of Fracture Parameters on Fracture Connec-
tivity. AAPG Bulletin, 93(11): 1517—1533. https://doi.
org/10.1306/0727090904 1

Gong, L., Fu, X. F., Wang, Z. S., et al., 2019a. A New
Approach for Characterization and Prediction of Natural
Fracture Occurrence in Tight Oil Sandstones with In-
tense Anisotropy. AAPG Bulletin, 103(6): 1383— 1400.



2486 i BR B 27

http://www.earth-science.net

o548 %

https://doi.org/10.1306/12131818054

Gong, L., Liu, B., Fu, X. F., et al., 2019b. Quantitative
Prediction of Sub-Seismic Faults and Their Impact on
Waterflood Performance: Bozhong 34 Oilfield Case
Study. Journal of Petroleum Science and Engineering,
172: 60—69.  https://doi.  org/10.1016/j.  pet-
r0l.2018.09.049

Gong, L., Gao, M.Z., Zeng, L.B., etal., 2017. Controlling
Factors on Fracture Development in the Tight Sand-
stone Reservoirs: A Case Study of Jurassic-Neogene in
the Kuqa Foreland Basin. Natural Gas Geoscience, 28
(2): 199— 208 (in Chinese with English abstract).

Gong, L., Gao, S. A., Liu, B., et al., 2021a. Quantitative
Prediction of Natural Fractures in Shale Oil Reservoirs.
Geofluids, 2021: 5571855. https://doi. org/10.1155/
2021/5571855

Gong, L., Wang, J., Gao, S., et al., 2021b. Characteriza-
tion, Controlling Factors and Evolution of Fracture Ef-
fectiveness in Shale Oil Reservoirs. Jowrnal of Petro-
lewm Science and Engineering, 203: 108655. https://
doi.org/10.1016/j.petrol.2021.108655

Gong, L., Zeng, L.B., Du, Y.J., etal., 2015. Influences of
Structural Diagenesis on Fracture Effectiveness: A Case
Study of the Cretaceous Tight Sandstone Reservoirs of
Kuqga Foreland Basin. Journal of China University of
Mining & Technology, 44(3): 514—519 (in Chinese
with English abstract).

Hooker, J. N., Laubach, S. E., Marrett, R., et al., 2018.
Microfracture Spacing Distributions and the Evolution of
Fracture Patterns in Sandstones. Jowrnal of Structural
Geology, 108: 66—79. https://doi. org/10.1016/].
j82.2017.04.001

Jin, Z. J., 2014. A Study on the Distribution of Oil and
Gas Reservoirs Controlled by Source-Caprock Assem-
blage in Unmodified Foreland Region of Tarim Basin.
Oil & Gas Geology, 35(06): 763—770 (in Chinese
with English abstract).

Ju, W., Niu, X. B., Feng, S. B., et al., 2020. The
Present-Day In-Situ Stress State and Fracture Effec-
tiveness Evaluation in Shale Oil Reservoir: A Case
Study of the Yanchang Formation Chang 7 Oil-Bear-
ing Layer in the Ordos Basin. Journal of China Uni-
versity of Mining & Technology, 49(05): 931—940 (in
Chinese with English abstract).

Laubach, S. E., Lamarche, J., Gauthier, B. D. M., et al.,
2018. Spatial Arrangement of Faults and Opening-Mode
Fractures. Journal of Structural Geology, 108: 2—15.
https://doi.org/10.1016/j.jsg.2017.08.008

Lei, Q. H., Wang, X. G., 2016. Tectonic Interpretation of
the Connectivity of a Multiscale Fracture System in
Limestone. Geophysical Research Letters, 43(4): 1551 —
1558. https://doi.org/10.1002/2015GL.067277

Lyu, W. Y., Zeng, L. B., Zhou, S. B., et al., 2019. Nat-
ural Fractures in Tight-Oil Sandstones: A Case Study
of the Upper Triassic Yanchang Formation in the
Southwestern Ordos Basin, China. AAPG Bulletin,
103(10):  2343—2367.  https://doi.  org/10.1306/
0130191608617115

Magnusdottir, L., Horne, R. N., 2015. Inversion of Time-
Lapse Electric Potential Data to Estimate Fracture Con-
nectivity in Geothermal Reservoirs. Mathematical Geo-
sciences, 47(1): 85—104. https://doi. org/10.1007/
$11004-013-9515-9

Peacock, D. C. P., Sanderson, D. J., Rotevatn, A., 2018.
Relationships between Fractures. Journal of Structural
Geology, 106: 41—53. https://doi. org/10.1016/].
jsg.2017.11.010

Petrie, E. S., Evans, J. P., Bauer, S. J., 2014. Failure of
Cap-Rock Seals as Determined from Mechanical Stratig-
raphy, Stress History, and Tensile-Failure Analysis of
Exhumed Analogs. AAPG Bulletin, 98(11): 2365—
2389. https://doi.org/10.1306/06171413126

Rashid, F., Hussein, D., Lawrence, J. A., et al., 2020.
Characterization and Impact on Reservoir Quality of
Fractures in the Cretaceous Qamchuqa Formation, Za-
gros Folded Belt. Marine and Petroleum Geology,
113:  104117. https://doi. org/10.1016/j. marpet-
2e0.2019.104117

Sanderson, D.J., Nixon, C. W., 2015. The Use of Topolo-
gy in Fracture Network Characterization. Journal of
Structural Geology, 72: 55—66. https://doi. org/
10.1016/5.jsg.2015.01.005

Sanderson, D. J., Nixon, C. W., 2018. Topology, Connec-
tivity and Percolation in Fracture Networks. Journal of
Structural Geology, 115: 167—177. https://doi. org/
10.1016/j.jsg.2018.07.011

Shi, C.Q., Xu, A.M., Wei, H.X., et al., 2020. Quantita-
tive Characterization on the Clastic Reservoir Destruc-
tion by Tectonic Compression: a Case Study of the Juras-
sic Ahe Formation in Yiqikelike Structural Belt, Kuga
Depression. Acta Petrolei Sinica, 41(2): 205—215 (in
Chinese with English abstract).

Smith, J., Durucan, S., Korre, A., etal., 2011. Carbon Di-
oxide Storage Risk Assessment: Analysis of Caprock
Fracture Network Connectivity. International Journal of

Greenhouse Gas Control, 5(2): 226— 240. https://doi.



7 YL T TR A AR R DR 5 G R 2 S 0 e I S I 2487

org/10.1016/].ijgge.2010.10.002

Wang, B., Yang, Y., Cao, Z.C., et al., 2021. U-Pb Dating
of Calcite Veins Developed in the Middle-Lower Ordovi-
cian Reservoirs in Tahe Oilfield and Its Petroleum Geo-
logic Significance in Tahe Oilfield. Earth Science, 46(9):
3203— 3216 (in Chinese with English abstract).

Wang, K., Yang, H.J., Zhang, H.L., et al., 2018. Charac-
teristics and Effectiveness of Structural Fractures in
Ultra-Deep Tight Sandstone Reservoir: A Case Study of
Keshen-8 Gas Pool in Kuqa Depression, Tarim Basin.
Oil & Gas Geology, 39(4): 719—729 (in Chinese with
English abstract).

Wang, R.Y., Hu, Z.Q., Liu, J.S., et al., 2018. Compara-
tive Analysis of Characteristics and Controlling Factors
of Fractures in Marine and Continental Shales: A Case
Study of the Lower Cambrian in Cengong Area, North-
ern Guizhou Province. Oil & Gas Geology, 39(4): 631—
640 (in Chinese with English abstract).

Wang, W., Fu, H., Xing, L.X., et al., 2021. Crack Prop-
agation Behavior of Carbonatite Geothermal Reservoir
Rock Mass Based on Extended Finite Element Meth-
od. Earth Science, 46(10): 3509—3519 (in Chinese
with English abstract).

Wang, Z.Y., Huang, J.F., 1993. A Multisteps Coalescence
Model for the Development of Stress-Induced Cracks in
Reservoir Rocks. Progress in Geophysics, 8(4): 81—89
(in Chinese with English abstract).

Wu, G. H., Yue, G. L., Shi, J., et al., 2006. Analysis of
Connectivity of Fractures of Ordovician Carbonates and
Its Implication in Central Tarim Basin. West China Pe-
troleum Geosciences, 2(2): 156—159 (in Chinese with
English abstract).

Xu, C., Dowd, P.A., Mardia, K. V., et al., 2006. A Con-
nectivity Index for Discrete Fracture Networks. Mathe-
matical Geology, 38(5): 611—634. https://doi. org/
10.1007/s11004-006-9029-9

Yang, Y., Wang, B., Cao, Z.C., et al., 2021. Genesis and
Formation Time of Calcite Veins of Middle-Lower Or-
dovician Reservoirs in Northern Shuntuoguole Low -
Uplift, Tarim Basin. Earth Science, 46(6): 2246 — 2257
(in Chinese with English abstract).

Zeng, L.B., Gong, L., Zu, K.W., et al., 2012. Influence
Factors on Fracture Validity of the Paleogene Reser-
voir, Western Qaidam Basin. Acta Geologica Sinica, 86
(11): 1809— 1814 (in Chinese with English abstract).

Zeng, L.B., Li, Y.G., Wang, Z.G., et al., 2007. Type
and Sequence of Fractures in the Second Member of

Xujiahe Formation at the South of Western Sichuan De-

pression. Earth Science, 32(2): 194—200 (in Chinese
with English abstract).
Zeng, L.B., Lu, P., Qu, X.F.,

Fractures in Tight Sandstone Reservoirs with Low Per-

et al., 2020. Multi-Scale

meability and Geological Conditions of Their Develop-
ment. Oil & Gas Geology, 41(3): 449—454 (in Chinese
with English abstract).

Zeng, L. B., Su, H., Tang, X. M., et al., 2013. Fractured
Tight Sandstone Oil and Gas Reservoirs: A New Play
Type in the Dongpu Depression, Bohai Bay Basin, Chi-
na. AAPG Bulletin, 97(3): 363—377. https://doi.org/
10.1306/09121212057

Zhang, R.H., Yang, H.J., Wei, H.X., et al., 2019. The
Sandstone Characteristics and Hydrocarbon Exploration
Signification of Lower Jurassic in Middle East Section of
Northern Tectonic Belt in Kuga Depression, Tarim Ba-
sin. Natural Gas Geoscience, 30(9): 1243—1252 (in Chi-

nese with English abstract).

B Hp 325 % STk

1A 2, XIS GE, MhIEIG, 55 2021, B TRk AR 48 =
TCE MWL A A AR5 . H Bk R, 46(6):2157—2171.

T, EXAE, R, %, 2015, BUBRD A 18 2 85 05T
it . b ERFEFAE R, 30(7): 737—750.

A, BT, AR, 2020, FE 4 4 5T A H B IR
A2 e I R R A, 41(4): 478—488.

P&, B, Sk, 4, 2017, S SOEwD A i )2 24850
A0 4% K3 5 BT —— DL G Bl A b Rk B R i
A RN HIKFL =, 28(2): 199— 208.

PG, WHE, MECER, 4, 2015, MR R VR O S gk A A
PR 5 - L 2 Bl A 1 R O D A R )
L R 2 AR, 44(3): 514—519.

G2, 2014, TR -6 e b B 3 HUK & 40 DX A4 A LA
A5 KR AT, 35(6): 763—770.

BRGNS R, 4 2020, U IR IR LA LY )1
520 RO A —— DLSR R Z2 1 A K 1K 7 9k
JEE R E T RS2, 49(5): 931— 940.

SURRBE, VPR, AT R4, AR 2020, R B X RE S i 2
Tl IR T B 1) S 6 HE ——— DU 42 34 [ A 2 o B o Ay 1
WORE RS A ). Al AE R, 41(2): 205—215.

Tk, B, WA R, 4, 2021, B PR BB 55 i R 2
HEJT A Ik U-Pb R4 28 45 0 Bl b B3 58 S . b 2R
2%, 46(9):3203—3216.

TH, BifF4E, B R, 4, 2018, B EBE T AR IS
BUUE FAE 54 UM —— DL LK 43 Ml PR 45 8 B TR 8
ARG AR KRR T, 39(4): 719—729.

TR, WA, XA, 4, 2018, v E [ 7 A A5 A oL
LB R AR M A R R —— DL LS TLHL X



2488 HIERRL2E  http://www.earth-science.net

o548 %

TFIERG R B . A5 KRR, 39(4): 631—640.

T, fgE, TWARGE, 25, 2021, LT P JBA BRoC ik BRIk
A R S IR s Y R AT N L b Bk AL 2%, 46(10):
3509—3519.

T, AR 1993, i 2550 I ) S 4E AL 1 % %
BRI Je 3 . MR P E L 8(4): 81—89.

BROGHE, T AR, DTBR 45, 2006. B i B I F R R £h 5 205k

M S T R R S b [ P R KM R, 2(2):

156—159.

Wk, Fok, W AR, 5, 2021, B B A HE I HE S A% e
AU v T B B G5 At S A T R BT e ) ek
B2, 46(6):2246—2257.

RO, ULAE, MLTUEL, 25, 2012, S5k K 7 Hh PG B T B Ak
J2 B SRR I 2R M SR F I, 86(11): 1809 —
1814.

BOCE, ZEERAN, FAEE, 4, 2007 )1 VE AT BB B
A At 2 288 25 KLY iLF 3 . ML ER B 22, 32(2):
194—200.

MU, B, RS, 4 2020 BURRB B R 2 N E R
S B JLE B M R K 0F L i S R AR O R, 4103):
449—454,

TSR IE, M, BT %, S 2019, B B 200 8 L
48 3 T AR B P R AR B G RS A R A B AR
SRR A MBS, 30(9): 1243 —1252.



