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Estimation of the rock mechanics and in-situ stress parameters of carbonate reservoirs using array

sonic logging: A case study of Shunbei No.4 block

Abstract: [Objective] Geomechanical analysis plays a crucial role in exploring and developing oil and gas
reservoirs. However, the study of in-situ stress in the Yijianfang—Yingshan formations of the Middle to Lower Ordovician
in the Shunbei oilfield has lagged behind. This paper compares and analyzes the rock mechanics and in-situ stress
characteristics of different types of carbonate reservoirs in the Yijianfang-Yingshan formations of the Lower Paleozoic
Ordovician in the Shunbei No. 4 block, and explores the control effect of micro-grain structures on the in-situ stress and
rock mechanics parameters of carbonate reservoirs. It aims to provide fundamental geological data for the evaluating of
ultra-deep carbonate reservoirs in the Shunbei area. [Methods] This study, based on the spring combination model,
determined the rock mechanics and in-situ stress characteristics through rock mechanics experiments and array acoustic
logging, and characterized the micro-pore structure of the limestone using casting thin sections and X-ray p-computed
tomography analysis. [Results] The results indicate that the Young's modulus of the Yijianfang—Yingshan formations
ranges from 50 to 89 GPa, the compressive strength from 99 to 136 MPa, and the Poisson's ratio from 0.25 to 0.32. The
maximum horizontal principal stress of the formations ranges from 200 to 225 MPa, while the minimum horizontal
principal stress ranges from 125 to 160 MPa. [Conclusion] Significant differences in rock mechanics parameters and in-
situ stress exist among different types of carbonate reservoirs in the Yijianfang—Yingshan formations. From Type I to Type
IIT and non-reservoir carbonate rocks, the Young's modulus, compressive strength, and maximum horizontal principal stress
increase dramatically, while the Poisson's ratio and minimum horizontal principal stress show little change. Compared to
micritic limestone, sandy—bioclastic limestone has larger calcite particles and reduced particle cohesion, resulting in
decreased compressive strength and Young's modulus. Some calcite particles appear sub-rounded or rounded with higher
three-dimensional particle sphericity, also leading to weaker intergranular engagement and further reduction in compressive
strength and Young's modulus. The presence of numerous pores and fractures in sandy-bioclastic limestone facilitates
frictional sliding and potential failure along microfractures or particle interfaces, contributing to lower compressive strength
and Young's modulus as well. In addition, micritic limestones in the Yijianfang—Yingshan formations are affected by
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hydrothermal activity, with some dolomite being replaced by quartz, which increases the compressive strength and Young's
modulus. The macroscopic mechanical characteristics and rock mechanics parameters of the rock are constrained by the
micro-grain structures. The low-value zones of the Young's modulus, compressive strength, and maximum horizontal
principal stress in the Yijianfang—Yingshan formations are identified as the advantageous reservoir development zones in
the Shunbei No. 4 block.

Keywords: Shunbei No. 4 block; carbonate rock; rock mechanic parameters; in-situ stress
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Fig. 1

Ordovician reservoir

Location of the Shunbei oil and gas field in the Tarim Basin (modified from Qi, 2020) and the lithological characteristics of the
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Table 1 The dynamic and static rock mechanics parameters from geomechanical experiments
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Fig.3 The comparison charts of rock mechanics parameters for different types of reservoirs
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Fig. 4 The comparison charts of in-situ stress parameters for different types of reservoirs
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Fig. 5 The profile of in-situ stress and rock mechanics parameters for well SHB41X
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Fig. 6 Limestone types of the Yijianfang Formation in well SHB45

(a) Siliceous micritic limestone, at 7722 m in well SHB45X; (b) Micritic limestone, at 7724 m in well SHB45X; (c) Bioclastic limestone, at 7725
m in well SHB45X; (d) Oolitic limestone, at 7727 m in well SHB45X
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Fig. 7 CT images of fractures in different reservoirs

(a) CT slice of limestone in the non-reservoir section, at 7570.25 m in well SHB43X; (b) CT image of limestone plug in the non-reservoir

section, at 7570.25 m in well SHB43X; (c) CT slice of limestone in Type III reservoir, at 7543.3 m in well SHB41X; (d) CT image of limestone
plug in Type III reservoir, at 7543.3 m in well SHB41X



WM KD KL TS I A SRR KR T )R ) B —— AL 4 5 S 403

T i )2 4 G 4 P 7R 45~ 65 GPa, it KK F £ 3
J15 I AE 170~ 210 MPa; 11 25 24 4% — 1L U 6% 247 [K
FE 4 P AE 55~70 GPa, fix KK W 1 4 7
180~210 MPa; IIT 25 L I %Y fiff |2 4% [C A & 46 b 75
65~ 85 GPa, fix KK 3 [ J1 4 1 #E 190~220 MPa;
A6k )2 B A [ B 4 1 7E 70~ 90 GPa, i KK F- &
N F1 4 HAE 200~230 MPa; — 1] Fi5 2 —J8& 11 40 1% iR
AR AN TR S RUGK 2 1 S A0 ) o S B OR L R ) A AE
B 25 S, N 128 T2 II0 264 )2 2 3F i 2 Bk iR
AR b OB | B R 5 B R A KK 2 ) B
N

(3)— i) 5 41— Ji 111 21 i )2 B 1 U & K
AN [R) 2 F 0 it 22 000 T8 — 25 T8 K S 8 SR A O 45 A 25
ST R, W0 E AR JE IR T O A ORI
TR 5 B AR, 30 B 32 A RN R 1 2L % A7 AR,
R 128 112800 8 — 26 T8 KA 6 )2 BA B AR B b
5 E A [C A HE L % i R K F2 8 T

References

BILLAUX D, DEDECKER F, CUNDALL P, 2004. A novel approach to
studying rock damage: the three dimensional adaptive continuum/discon-
tinuum code [J]. Rock Engineering, 723-728.

Bowers G. L. . Pore pressure estimation from velocity data: accounting for
overpressure mechanisms besides undercompaction[J]. SPE Drilling &
Completion, 1995, 10(2): 89-95.

BU X Q, WANG LY, ZHU L H, et al, 2023. Characteristics and reservoir ac-
cumulation model of Ordovician fault-controlled fractured-vuggy reser-
voirs in Shunbei oil and gas field, Tarim Basin[J]. Lithologic Reservoirs,
35(3): 152-160. (in Chinese with English abstract)

CHEN P, NENG Y, WU X, et al, 2023. Stratification and segmentation char-
acteristics and tectonic evolution of Shunbei No. 5 strike-slip fault zone in
Tarim Basin[J]. Xinjiang Petroleum Geology, 44(1): 33-42. (in Chinese
with English abstract)

CHEN S J, GUO Y H, HUANG W P, et al, 2017. Experimental study of in-
fluence regularity and mechanism of particle size on mechanical proper-
ties of red sandstone[J]. Journal of Shandong University of Science and
Technology (Natural Science), 36(6): 8-14. (in Chinese with English ab-
stract)

CHEN Y L, TANG J, 2022. Well logging evaluation of fractures and Vugs of
carbonate reservoirs in Tuofutai area of Tarim Basin, Xinjiang, China[J].
Chinese Journal of Engineering Geophysics, 19(5): 689-698. (in Chinese
with English abstract)

DENG S, LI H L, ZHANG Z P, et al, 2018. Characteristics of differential
activities in major strike-slip fault zones and their control on hydrocarbon
enrichment in Shunbei area and its surroundings, Tarim Basin[J]. Oil &
Gas Geology, 39(5): 878-888. (in Chinese with English abstract)

DING W L, YIN S, WANG X H, et al, 2015. Assessment method and charac-

terization of tight sandstone gas reservoir fractures[J]. Earth Science
Frontiers, 22(4): 173-187. (in Chinese with English abstract)

DODDS J S, 2003. Particle shape and stiffness: effects on soil behavior[D].
Atlanta: Georgia Institute of Technology.

ELIYAHU M, EMMANUEL S, DAY-STIRRAT R J, et al, 2015. Mechanic-
al properties of organic matter in shales mapped at the nanometer
scale[J]. Marine and Petroleum Geology, 59: 294-304.

EZATI M, AZIZZADEH M, RIAHI M A, et al, 2020. Wellbore stability ana-
lysis using integrated geomechanical modeling: a case study from the Sar-
vak reservoir in one of the SW Iranian oil fields[J]. Arabian Journal of
Geosciences, 13(4): 149.

FU H C, ZHANG C S, ZHAO L X, et al, 2006. Identificaton of the reservoir
space types of the carbonate reservoir in Lunnan area of Tarim Basin by
means of logging data[J]. Journal of Xi’an Shiyou University (Natural
Science Edition), 21(5): 38-41. (in Chinese with English abstract)

GAO CY,ZHAO F H, GAO L F, et al, 2023. The methods of fracture predic-
tion based on structural strain analysis and its application[J]. Journal of
Geomechanics, 29(1): 21-33. (in Chinese with English abstract)

GB/T 50266—2013. 2013. Standard for testing methods for engineering rock
masses [S]. Beijing, China Planning Press.(in Chinese)

GE HK, LINY S, WANG S C, 1998. In situ stresses determination tech-
nique and its applications in petroleum exploration and development[J].
Journal of the University of Petroleum (Edition of Natural Science),
22(1): 94-99. (in Chinese with English abstract)

GE H K, CHEN Y, LIN Y S, 2001. Microscopic mechanism of difference
between static and dynamic elastic parameters of rock[J]. Journal of
China University of Petroleum (Edition of Natural Science), 25(4): 34-36.
(in Chinese with English abstract)

GUO S Q, 2020. Rock mechanical parameter modeling of Fuyu tight oil
reservoir in Well Block T30 of Daqing Oilfield[J]. Petroleum Geology &
Oilfield Development in Daqing, 39(5): 169-174. (in Chinese with Eng-
lish abstract)

GUO Y X, QIN Y, WANG H, et al, 2022. Physical modelling of particle size
on mechanical properties of broken rock [J]. Science Technology and En-
gineering, 22(11): 4489-4496. (in Chinese with English abstract)

HAN Q, YUN L, JIANG H S, et al, 2021. Marine oil and gas filling and accu-
mulation process in the north of Shuntuoguole area in northern Tarim
basin[J]. Journal of Jilin University (Earth Science Edition), 51(3): 645-
658. (in Chinese with English abstract)

HAN Z H, ZHANG L Q, ZHOU J, et al, 2019. Uniaxial compression test and
numerical studies of grain size effect on mechanical properties of
granite[J]. Journal of Engineering Geology, 27(3): 497-504. (in Chinese
with English abstract)

HOU L F, YANG C H, GUO Y T, et al, 2020. Simulation study on crack
steering of near-wellbore in crack-hole type carbonate rock [J]. Science
Technology and Engineering, 20(27): 11080-11086. (in Chinese with
English abstract)

HU G Q, BAI B Z, KE K, 2017. Analysis on borehole instability mechanism
of diabase in Shunbei Block[J]. China Offshore Oil and Gas, 29(5): 119-
125. (in Chinese with English abstract)

HUANG R Z, BAIJ Z, ZHOU Y H, et al, 1993. The relationship between the

location and direction of tensile cracks on the wellbore wall of inclined


https://doi.org/10.1016/j.marpetgeo.2014.09.007
https://doi.org/10.1007/s12517-020-5126-1
https://doi.org/10.1007/s12517-020-5126-1

404 ¥R 55 54 https://journal.geomech.ac.cn 2024

vertical wells and wellbore pressure [J]. Oil Drilling & Production Tech-
nology, 15(5): 7-11. (in Chinese)

ISRAELI 'Y, EMMANUEL S, 2018. Impact of grain size and rock composi-
tion on simulated rock weathering[J]. Earth Surface Dynamics, 6(2):
319-327.

JIAY R, SHIJ T, LI X H, et al, 2021. Classification and evaluation methods
for low-permeability tight gas wells in the Zizhou gas field of
Changqing[J]. Geology and Exploration, 2021, 57(3): 647-655. (in
Chinese with English abstract)

JIANG M J, BAIR P, LIU J D, et al, 2013. Experimental study of inter-gran-
ular particles bonding behaviors for rock microstructure[J]. Chinese
Journal of Rock Mechanics and Engineering, 32(6): 1121-1128. (in
Chinese with English abstract)

JIAO F Z, 2018. Significance and prospect of ultra-deep carbonate fault-karst
reservoirs in Shunbei area, Tarim Basin[J]. Oil & Gas Geology, 39(2):
207-216. (in Chinese with English abstract)

JINF,ZHU X X, YU Y X, et al, 2023. Structural geometry and evolution of
the No. 13 strike-slip fault zone in the Shunbei Area, Tarim Basin[J].
Geotectonica et Metallogenia, 47(1): 54-65. (in Chinese with English ab-
stract)

JOHANSSON E, 2011. Technological properties of rock aggregates[D].
Luleé: University of Technology.

KANG H, 2013. Experimental study on mechanical characteristics of Triaxi-
al compression of sandstone in different sizes[J]. Subgrade
Engineering(6): 94-96, 101. (in Chinese with English abstract)

KOCK I, HUHN K, 2007. Influence of particle shape on the frictional
strength of sediments: A numerical case study[J]. Sedimentary Geology,
196(1-4): 217-233.

KONG L, PENG R, 2011. Particle flow simulation of influence of particle
shape on mechanical properties of quasi-sands[J]. Chinese Journal of
Rock Mechanics and Engineering, 30(10): 2112-2119 (in Chinese with
English abstract)

KUMAR V, CURTIS M E, GUPTA N, et al , 2012. Estimation of elastic
properties of organic matter and woodford shale through nano-indenta-
tion measurements[C]//Proceedings of SPE Canadian unconventional re-
sources conference. Calgary, Canada: SPE.

LI S B, JIANG W, ZHANG X G, et al, 2019. The main controlling factors
and evolutionary sequence of Ordovician fracture in H gas field of Bachu
uplift, Tarim Basin[J]. Journal of Geomechanics, 25(4): 518-526. (in
Chinese with English abstract)

LI Z W, LUO Y H, LIU S G, et al, 2005. The main controlling factors and
evolutionary sequence of ordovician fracture in H gas field of Bachu up-
lift, Tarim basin[J]. Journal of Mineralogy and Petrology, 25(4): 52-60.
(in Chinese with English abstract)

LINDQVIST J E, AKESSON U, MALAGA K, 2007. Microstructure and
functional properties of rock materials[J]. Materials Characterization,
58(11-12): 1183-1188.

LIU B Z, 2020. Analysis of main controlling factors of oil and gas differen-
tial accumulation in Shunbei area, Tarim Basin - taking Shunbei No. 1
and No. 5 strike slip fault zones as examples[J]. China Petroleum Explor-
ation, 25(3): 83-95. (in Chinese with English abstract)

LIU G, RONG G, PENG J, et al, 2013. Mechanical behaviors of rock af-

fected by mineral particle shapes[J]. Chinese Journal of Geotechnical En-
gineering, 35(3): 540-550. (in Chinese with English abstract)

LIUJ Z, CAI Z X, TENG C Y, et al, 2023. Coupling relationship between
formation of calcite veins and hydrocarbon charging in Middle-Lower Or-
dovician reservoirs in strike-slip fault zones within craton in Shunbei area,
Tarim Basin[J]. Oil & Gas Geology, 44(1): 125-137. (in Chinese with
English abstract)

LIU R H, FENG W G, LONG L, et al, 2008. Experimental studies on the
mechanics and acoustics of tight carbonate rock [J]. Petroleum Geology &
Oilfield Development in Daqing, 27(6): 131-135. (in Chinese with Eng-
lish abstract)

LIU S X, WANG Z X, ZHANG L Y, et al, 2018. Micromechanics properties
analysis of shale based on nano-indentation [J]. Journal of Experimental
Mechanics, 33(6): 957-968. (in Chinese with English abstract)

LIU S X, WANG Z X, ZHANG L Y, et al, 2019. Effects of microstructure
characteristics of shale on development of complex fracture network[J].
Journal of Mining and Safety Engineering, 36(2): 420-428. (in Chinese
with English abstract)

LIU Z, KANG Z H, ZHOU L, et al, 2014. Distribution model of remaining oil
of fractured-vuggy carbonate reservoir in 6-7 Area, Tahe Oilfield[J].
Geoscience, 28(2): 369-378. (in Chinese with English abstract)

LU X B, HU W G, WANG Y, et al, 2015. Characteristics and development
practice of fault-karst carbonate reservoirs in Tahe area, Tarim Basin[J].
Oil & Gas Geology, 36(3): 347-355. (in Chinese with English abstract)

LU H T, HAN J, ZHANG J B, et al, 2021. Development characteristics and
formation mechanism of ultra-deep carbonate fault-dissolution body in
Shunbei area, Tarim Basin[J]. Petroleum Geology & Experiment, 43(1):
14-22. (in Chinese with English abstract)

MA N B, MA X P, DU W W, et al, 2019. Developmental characteristics for
the carbonate reservoir in Ordovician in first area of SHUNBEI[J]. Inner
Mongolia Petrochemical Industry, 45(7): 106-112. (in Chinese)

MA QF, QINY P, ZHOU T B, et al, 2019. Constitutive model of rock com-
paction stage based on contact theory [J]. Journal of Central South Uni-
versity (Science and Technology), 50(8): 1941-1948. (in Chinese with
English abstract)

MA Y S, HE Z L, ZHAO P R, et al, 2019. A new progress in formation
mechanism of deep and ultra-deep carbonate reservoir[J]. Acta Petrolei
Sinica, 40(12): 1415-1425. (in Chinese with English abstract)

NING C Z, SUNL D, HU S Y, et al, 2021. Karst types and characteristics of
the Ordovician fracture-cavity type carbonate reservoirs in Halahatang
oilfield, Tarim Basin[J]. Acta Petrolei Sinica, 42(1): 15-32. (in Chinese
with English abstract)

POTYONDY D O, CUNDALL P A, 2004. A bonded-particle model for
rock[J]. International Journal of Rock Mechanics and Mining Sciences,
41(8): 1329-1364.

PRIKRYL R, 2001. Some microstructural aspects of strength variation in
rocks[J]. International Journal of Rock Mechanics and Mining Sciences,
38(5): 671-682.

QI L X, 2020. Characteristics and inspiration of ultra-deep fault-karst reser-
voir in the Shunbei area of the Tarim Basin[J]. China Petroleum Explora-
tion, 25(1): 102-111. (in Chinese with English abstract)

QI L X, DING Y, 2023. Differences in marine hydrocarbon accumulation


https://doi.org/10.5194/esurf-6-319-2018
https://doi.org/10.1016/j.sedgeo.2006.07.011
https://doi.org/10.1016/j.matchar.2007.04.012
https://doi.org/10.1016/j.ijrmms.2004.09.011
https://doi.org/10.1016/S1365-1609(01)00031-4

WM KD KL TS I A SRR KR T )R ) B —— AL 4 5 S 405

between the eastern and western parts of Shunbei area, Tarim Basin[J].
Petroleum Geology & Experiment, 45(1): 20-28. (in Chinese with Eng-
lish abstract)

SHANG K, GUO N, CAO Z C, et al, 2017. Main controlling factors of reser-
voir in Ordovician Yijianfang Formation on the northern slope of Middle
Tarim Basin[J]. Marine Origin Petroleum Geology, 22(1): 39-46. (in
Chinese with English abstract)

SHI J T, HAO J M, WANG X L, 2022. Reservoir characteristics and con-
trolling factors of Lower-Middle Ordovician Yingshan Formation in Tahe
area[J]. Journal of Jilin University (Earth Science Edition), 52(2): 348-
362. (in Chinese with English abstract)

SHINOHARA K, OIDA M, GOLMAN B, 2000. Effect of particle shape on
angle of internal friction by triaxial compression test[J]. Powder Techno-
logy, 107(1-2): 131-136.

SHU H L, QIU K B, LI Q F, et al, 2021. A method for evaluating the geo-
mechanical characteristics of shale gas: the geomechanical characteristics
of the mountain shale in the intensively reworked marine area of South
China[J]. Natural Gas Industry, 41(S1): 1-13. (in Chinese with English
abstract)

SONG G, LIH Y, YE N, et al, 2022. Types and features of diagenetic fluids
in Shunbei No. 4 strike-slip fault zone in Shuntuoguole Low Uplift, Tar-
im Basin[J]. Petroleum Geology & Experiment, 44(4): 603-612. (in
Chinese with English abstract)

SONG Q, MA Q, DONG X J, et al, 2016. Sequence stratigraphic framework
and sedimentary evolution of the Ordovician in northern Tarim Basin[J].
Journal of Palacogeography, 18(5): 731-742. (in Chinese with English ab-
stract)

SONG Q, MA Q, LIU Y, et al, 2018. Sedimentary characteristics and distri-
bution regularities of Ordovician carbonate grainstone shoals in Tabei
area, NW China[J]. Lithologic Reservoirs, 30(1): 46-54. (in Chinese with
English abstract)

SONG Z P, LIU H K, ZHENG F, et al, 2023. Mechanical behavior and fail-
ure response characteristics of hard sandstones considering bedding dip
angles[J]. Coal Geology & Exploration, 51(12): 167-175. (in Chinese
with English abstract)

SUNDS,LVHT, WANG L J, et al, 2018. Determination of the in-situ stress
state at 7 km depth under Tarim Basin by ASR and DITH methods[J].
Chinese Journal of Rock Mechanics and Engineering, 37(2): 383-391. (in
Chinese with English abstract)

WALLS J D, DVORKIN J, 1994. Measured and calculated horizontal stresses
in the Travis Peak Formation[J]. SPE Formation Evaluation, 9(4): 259-
263.

WANG B, ZHAO Y Q, HE S, et al, 2020. Hydrocarbon accumulation stages
and their controlling factors in the northern Ordovician Shunbei 5 fault
zone, Tarim Basin[J]. Oil & Gas Geology, 41(5): 965-974. (in Chinese
with English abstract)

WANG W B, FU H, LU L R, et al, 2021. Sequence model of Ordovician car-
bonate strata in Shunbei area, Tarim basin, and its significance[J]. Acta
Sedimentologica Sinica, 39(6): 1451-1465. (in Chinese with English ab-
stract)

WANG W J, LI D Q, JIN J B, et al, 2022. Technical problems and measures

of wellbore stability of broken formation in Shunbei oil and gas field[J].

Science Technology and Engineering, 22(13): 5205-5212. (in Chinese
with English abstract)

WANG Y W, CHEN H H, CAO Z C, et al, 2023. Controlling effects of fluid
activity on reservoir formation in Shunbei area[J]. Fault-block Oil & Gas
Field, 30(1): 44-51. (in Chinese with English abstract)

WANG Y X, WANG B, GU Y, et al, 2023. Coupling relationship between
fluid transformation and oil and gas filling of middle lower Ordovician in
Shunbei area of Tarim Basin[J]. Science Technology and Engineering,
23(1): 66-76. (in Chinese with English abstract)

WONG R H C, CHAU K T, WANG P, 1996. Microcracking and grain size
effect in Yuen Long marbles[J]. International Journal of Rock Mechan-
ics and Mining Sciences & Geomechanics Abstracts, 33(5): 479-485.

WU B L, 2001. Boit’s effective stress coefficient evaluation: static and dy-
namic approaches[C]//Proceedings of the ISRM International Symposi-
um - 2nd Asian Rock Mechanics Symposium. Beijing: ISRM: 369-372.

WU Q Q, LIJR, CAOF, et al, 2019. Characteristics of fault-karst carbonate
reservoirs in the Shunbei No. 1 well block, Tarim basin[J]. Carsologica
Sinica, 38(3): 444-449. (in Chinese with English abstract)

XIA Z L, LIU S G, SHI H X, et al, 2008. Experimental analysis of the rock
mechanical properties of the fractured reservoir under formation condi-
tions in the Central Iran Basin[J]. Petroleum Geology & Experiment,
30(1): 86-93. (in Chinese with English abstract)

YANG HB, WU Y Y, 2011. The experimental analysis of microstructure and
mechanical properties of tight reservoir rocks [J]. Complex Hydrocarbon
Reservoirs, 4(3): 10-15. (in Chinese with English abstract)

YANG Q, SUN J,JIA'Y X, et al, 2017. Experimental study on rock mechan-
ics of reservoir Nanchang 8 in Ordos Basin[J]. Petroleum Geology and
Engineering, 31(4): 100-103. (in Chinese with English abstract)

YE G Q, CAO H, GAO Q, et al, 2019. Numerical simulation study on the in-
fluence of particle proportion on rock mechanics characteristics[J].
Journal of Geomechanics, 25(6): 1129-1137. (in Chinese with English ab-
stract)

YIN XY, MA N, MA Z Q, et al, 2018. Review of in-situ stress prediction
technology [J]. Geophysical Prospecting for Petroleum, 57(4): 488-504.
(in Chinese with English abstract)

ZENG L B, LI Z X, SHI C E, et al, 2007. Characteristics and origin of frac-
tures in the extra low-permeability sandstone reservoirs of the Upper Tri-
assic Yanchang Formation in the Ordos basin[J]. Acta Geologica Sinica,
81(2): 174-180. (in Chinese with English abstract)

ZHANG G S, 2005. Characteristics of fractures in the tight sandstone reser-
voirs of Xujiahe Formation in West Sichuan Depression[J]. Natural Gas
Industry, 25(7): 11-13, 26. (in Chinese with English abstract)

ZHANG Y Y, LID Q, GAO S Y, et al, 2022. Analysis on influencing factors
of wellbore instability of Ordovician fractured formation in Shunbei Oil
and Gas Field[J]. Fault-Block Oil & Gas Field, 29(2): 256-260. (in
Chinese with English abstract)

ZHANG Y, MAO Q Y, LI HY, et al, 2023. Characteristics and practical ap-
plication of ultra-deep fault-controlled fractured-cavity type reservoir in
central Shunbei arealJ]. China Petroleum Exploration, 28(1): 1-13. (in
Chinese with English abstract)

ZHAOJY,JID S, WU J, et al, 2022. Research on rock mechanics paramet-

ers of the Jurassic-Cretaceous reservoir in the Sikeshu sag, Junggar Basin,


https://doi.org/10.1016/S0032-5910(99)00179-5
https://doi.org/10.1016/S0032-5910(99)00179-5
https://doi.org/10.1016/S0032-5910(99)00179-5
https://doi.org/10.2118/21843-PA

406 ¥R 55 54 https://journal.geomech.ac.cn 2024

ChinalJ]. Journal of Geomechanics, 28(4): 573-582. (in Chinese with
English abstract)

ZHAO N, WANG L, ZHANG L, et al , 2022. Mechanical properties and frac-
turing characteristics of tight sandstones based on granularity classifica-
tion: a case study of Permian Lower Shihezi Formation, Ordos Basin[J].
Petroleum Geology & Experiment, 44(4): 720-729, 738. (in Chinese with
English abstract)

ZHAO R, ZHAO T, LI H L, et al, 2019. Fault-controlled fracture-cavity
reservoir characterization and main-controlling factors in the Shunbei Hy-
drocarbon Field of Tarim Basin[J]. Special Oil and Gas Reservoirs,
26(5): 8-13. (in Chinese with English abstract)

ZHAO Y Q, 2022. The fourth-order sequence stratigraphic division and geo-
logical  significance of Ordovician Yingshan Formation in
Shunbei— Shunnan area, Tarim Basin, China[J]. Journal of Chengdu
University of Technology (Science & Technology Edition), 49(4): 454-
467. (in Chinese with English abstract)

ZHAO Z H, LIU Z N, PU H, et al, 2018. Effect of thermal treatment on
brazilian tensile strength of granites with different grain size distribu-
tions [J]. Rock Mechanics and Rock Engineering, 51(4): 1293-1303.

ZHU X X, ZHAO R, ZHAO T, 2023. Characteristics and control effect on
reservoir and accumulation of strike-slip segments in Shunbei No. 1 fault
zone, Tarim Basin[J]. Lithologic Reservoirs, 35(5): 131-138. (in Chinese
with English abstract)

Bt o 325 38 STk

NG, F R R, R EEAE, 45, 2023, B BK 4 U AL i S R 2
7 455 4 ) 70 A 2 A B AR X [T S i SO, 35(3): 152-
160.

BRST-, BRI, 52, 45, 2023, 85 HUR 203t AL 5 558 K 4l 4 2 43
BERRAE KM 7 8 Ak (00,8 i f7 3 b T, 44( 1) : 33-42.

MR B, 50T, 107 W1, 45, 2017, K% BE X 21 0 4 7 2% 1k T3 5% i 41
5 LR 5T DI R B KR (AR R RD),
36(6): 8-14.

4 B R, A, 2022, 3 9B HLK 25 HAG T A M KB R AR A i 2 4k
T 0 I PE A (3], TR b BR Y B 22 42, 19(5) : 689-698.

X1, 22 R, 5k P, 45, 2018, 34 BLR 4% M Wb K 4B IX 3k
Wi 241 25 SR SRR AE RO S R E EM X R 1) A5 RARK
M5, 39(5): 878-888.

T3, FHO, EAE, S 2015 SR ARG E MM T ES
FAE[I]. Mo 20T %%, 22(4): 173-187.

T R, TR AR, B R 2, 25, 2006. 35 HL K 45 4 46 B UL P AR A R £k
08 )2 28 BN R 5k (0D, PG 2 0K R (A R B
JiR), 21(5): 38-41.

R P, BRI, R, A, 2023, 3 TR a R AR 4 AT Y 24 AE T
J7 8 B LN Y ). M BT g 2 24 4, 29(1) : 21-33.

GB/T 50266—2013. 2013. T2 & {442k 46 J7 ¥ 4 [S]. db ot d T
Sl AL

B, BRI, TS, 1998, Ry 035 K IR B S K T g
F O] AR 2R (AR BRA) , 22(1) : 94-99.

B, PR, ARBEAS, 2001. B A Bl A S A 5 2 802 A SO0
HLEE [T, Al K224 (A A B E ) L 25(4) 2 34-36.

0 EE, 2020, K P H T30 X 4R X2 BUR KR A A 1 E S
SR [J]. R PR A B 5 T &, 39(5): 169-174.

S A, 2B, FUE, S, 2022, R4 X B RE A A7 7 5k IR R i B A
LI WEoT D). B2 R 5 T8, 22(11) : 4489-4496.

Nk, =, HAR L, S, 2021 B HLR 7 AL s X BB R < TS
A AR AT 7). 35 AROR 2 24 4 (M R BL 24 ), 51(3) 1 645-658.

R AE, KB, G, S, 2019, T REAR X AE i 2 80 46 R
S B 5 5 AT A 0], TR LR 22 4R, 27(3) : 497-504.

e %, A, SREN TR, 45, 2020. 5% W T R £h 4 T O 15 S 6k 4%
RS LIE S ], Bl 28R 5 TR, 20(27) : 11080-11086.

W8, AMEE, RTET, 2017, 0 b X 3 i 4 o He B BE R 2 PR 0 A
(1. B bR, 29(5): 119-125.

WM, IR AE, RN, 2, 1993 A} 1 I RE gk v 28 80 47 B
EMEIFRE SRR U] GMaR T2, 15(5): 7-11.

BUMAAR, AR, 2R, S, 2021, K8 B0 SR KA O I
58 LUK IR T 90 A 60 (0], 3B 5 5 04K, 57(3) : 647-655.

OB, S, XV, S5, 2013, 5 A0 IO ISR 32 i 4 1k A i 56
WFoE (D). A0 )12 5 TR 2, 32(6): 1121-1128.

FE 7 IE, 2018. 35 HLA 40 b IE b AR5 R B 12 3k 2 I 00 1 il <0 & 9
SCE S ], Al 5 RS, 39(2): 207-216.

GV, RFA, K—IK, 45, 2023, 85 BLK Z HUBAL b X 13 4558 W
240 R H FEAE (D], KM 3 5 T %, 47(1) : 54-65.

JHE ), 2013, AN [F]RLAR B 25 =Bl e 4 ) 4 R PR IR0 F 5 (00, 3k T
F2(6): 94-96, 101.

FL5E, A7, 2010 ORI AR %G S5 4 g 2 VS5 5R me 190 J50AE T A5 4
1A %5 TR 2=, 30010) 2 2112-2119.

2, 254, TRALAS, 25, 2019, 35 FLOK 4 M 28 i H S H R T
F OB TN F S R 55T (00, MR ) AR, 25(4):
518-526.

R, B R, XUMAR, 4, 2005, )11 450 b X B 2 4 4 T B0 Gk
212 RS A b (0. 0 W0 2A A, 25(4) 1 52-60.

X538, 2020, 85 HLOR Z5 Wb b X R 28 SRR A BRI R 8T
DAL 145 . LAE 545 58 W W 248 o 6 L], op [ o 38 4R,
25(3): 83-95.

XU, S, AR, AF, 2013, 4 ) ORI R A 5 A g 25 R M 80N 4
B (0], A 1 TR 24T, 35(3) : 540-550.

XUHE T, 28, K T, 45, 2023 5 HLOK 25 I b i X 5 i 3 Y
T W W7 240 - TR 2R G A A R O A TTKOR B R S i R s e
AR I A S KRS T, 44(1): 125-137.

XIZEA, W30k, ¥, 5, 2008 EUE BRI A A N 5iE IR
5T (3], KPSA M 53 5 9F %, 27(6) : 131-135.

X, LT, Ak, %, 2018, 5 F 44 2K IR 1Y 01 4 oW )y 2
PEJT 5 BT (3], 55585 T3 %, 33(6) : 957-968.

X, L5, MRS, %, 2019, U1 45 fi 0020 ¥ 45 1iE X 52 2% 2L 4%
[0 46 T W A9 5% (1), R0 5 46 4 TRE 2241, 36(2) : 420-428.
OO, BE R 2, R, A, 2014, G IR 0 RR R £k A I R0 A% dih 2 A A

3 ARSI 7S -E XA 60 (0], B4R b i, 28(2) : 369-378.

O, B OCH, TE B, 4, 2015. BT M X R TR £h S 6T I A i G 4
AIE 5 JF & 52 e L)L Al 5 R AR i, 36(3) : 347-355.

B, AR, sk gk br, 45, 2021, 85 B 20 i T At Hb X8 PR A Rk
W IR & RRAE S8 RUL ] (0], AT SE 50 M T, 43(1): 14-22.

o5 FE, D, M4, 55, 2019 It — X B F R B R £ % )2


https://doi.org/10.1007/s00603-018-1404-6
https://doi.org/10.3969/j.issn.1671-1815.2020.27.015
https://doi.org/10.11743/ogg20150301

3 X F, F. BTSN ARG SRR Ih S 8 = A 0 Ty s AR ) 28— LA L 4 -5l S 4 407

RE FRAE S B0 (0], N5 Ak T, 45(7): 106-112.

kg, ZEERF, R [, %, 2019, 3 T 0L 3 fil BAS 10 5 4 TR
By B A M BB [J]. g K2 2 3 CHL AR B2 1), 50(8): 1941-
1948.

R A, iR as, B SR, SE, 2019 TR R — MR )2 Rk FR 3h A 8 )2 B
BUATL BT S (I, Al 2= 4R, 40(12) : 1415-1425.

TR, PN, B 2, S5, 2021, 85 FL R 45 b WA RL I 9 il SR B
R B B R R A 2 A T 2 B KR AE LI A7 a2 4z, 42(1):
15-32.

BT AT, 2020, 35 TR 4 b b 8 R T R T R AE 5 g s [T R
B Aol 7€, 25(1) : 102-111.

VESLHT, T B, 2023, B HLK 45 M W b Ml 1X 2R P 3 6 AR I R 22
St (30 G W S5 T, 45(1) 2 20-28.

MBI, FS R, B A R, S, 2017, B B AL st B P b i B R — )
A2 F R FR 0 (00 VA S BT, 22(1) < 39-46.

VLV, SR, /NG, 2022, BT M X B B AR 0 LA 2 AR AE K
HEREFE ] H R Gk R =R ), 52(2) : 348-362.

LR, LB, 25 R K, 25, 2021, TS HE T 7 2F SR AE SR A 7 i
o [ R 7 R SR IR DXL BT M B ) A R AE (] R AT
A, 41(S1): 1-13.

NI, 2 e, b, 4, 2022, 85 HUR 20 0 TG SR ) R B L 4 5
M A A T A 28 R RS B R AE DI04 i ST A b R
44(4): 603-612.

KA, DA, WL, 45, 2016. 1 5L £ b 56 4 X B R 2T
S 5 TR AR (0], o B A2 3R, 18(5): 731-742.

R, D, XA, 45, 2018. H5 Ik i X B B 2R B BR £h A TR I AR
R B o3 A R (30 8 MRl 0T, 30(1) : 46-54.

RIEF, XL ET, KR, 5, 2023, 25 & 2 PR A A0 BE AP A 1 2 AT
Sy T 1 24 0 7 A AE L] 4 B b 55 B4R, 51(12) 2 167-175

N, BitE Vs, EZEHE, %, 2018. ASR I DITF 1% £5 & #i & 85 LK
Wb 7 km IR I SRS [T A A S TR¥%M, 37(2):
383-391.

Tk, BXKSR, ] A, SE, 2020. 35 TR A BT S 5 D S A b B R P

FU AR T R K He s R R L0]. A S R AR, 41(5):

965-974.

FAT, R, SN, 4, 2022, b S B R bR T BERE
FEBORAMER 5 X5 (1], B BR 5 AR, 22(13) : 5205-5212.

FSCHE, A, (B BSR4, 2021, B LR Z5 I b X B P AR Bk R
o B R D] UURL 2R IR, 39(6) : 1451-1465.

FEAM, BRLO, W A, 45, 2023, 06 M K A T B 4 2 TE R
B VR T [0]. T e A< H, 30(1) : 44-51.

E B, B, B2, 4, 2023, 55 BUA 4 3 AL 3 X b R SR S R
s SR FTEMA XA DL B2 E AR S TR, 23(1): 66-76.

{LFFFr, 25 H, WK, %5, 2019, Wb 1 X 5 2R W07 0 1 0 R 0
RERE ).t E AW, 38(3): 444-449.

RAEE, XUMAR, AR AL, 45, 2008, Ff AT ] 45 3 2 4% 1 R 2448
it J22 55 A0 70 2 M T 92 8 43 (0] 0 i S5 46 b BT, 30(1) = 86-93.
Wit Rz =, 2011 BUR K )2 5 A O S5 K F0 g 2 1 A 5

A3HT (1], 2 22 A, 4(3): 10-15.

B, IVt BELWT, 4%, 2017, SRR £ W07 4 v K 8t R A A A
SEER ST (1. A e BT 5 TR, 31(4) 2 100-103.

T, R, AR, A, 2019, UKL AT B WS A ) SRR AE B I (9 4
EA L 5T [T]. M5 ) 2 2 4, 25(6) 2 1129-1137.

ED DL, ThUR, IhiF w2, £, 2018. M7 A7 T HE AR B9 BF 58 B 5
], A AR, 57(4) ; 488-504.

BT, A%, SRR, 4R, 2007 SRR WA b S B S R
TG 7B 5 10 4 ik 2 28 4 R AE KO I [ b o 24 41k, 81(2): 174-
180.

ik St A, 2005, )11V 34 9 200 5K 1T 2 B0 D A i 2 2L A AR AE (U], R 4R
Sk, 25(7): 11-13, 26.

KWz, ZERA, B AT, 45, 2022 W 3 A< B B AR B R 1 b )2
FBE SRR i X 2R 43T L] T Bm A H, 29(2) 1 256-260.

SR, BRE, MR, A, 2023 b o R )2 W 1 4% TR R <
G figt S PR RRAE 55 S 1 TO0. vl A R, 28( 1) 1-13.

B HEZE, BEA A, R, A 2022 1 T UK £ Ho AR R R Ok 2 £
— R R A A %S B (0], M ) 2 2 4R, 28(4):
573-582.

BT, L, kA, 55, 2002, 3 TORLAR 4 S M B0 10 ) AE R R
BRI IE IS : LB REW A S R T A& FH NI A
VH 5250 BT, 44(4) : 720-729, 738.

BB, B, 2R ERAT, A5, 2019, 85 B A0 b AL T ST I 4% 4% i) A
fiff 2R AE 5 32 5 PR 3R (T0. AR5l 0BE, 26(5) : 8-13.

B 7 i, 2022. 15 LA 45 Hb I A — I g X R 1L 2 DY 4% 2 I b )2 K
a3 Kb B R LI AR B R A A R (B AR B ), 49(4):
454-467.

KT, BB, B, 2023, 85 HLAR G AL 15 W 2440 E W o> By
TIE 5 5 Al 4 A 7). 25 P vl A<, 35(5) 2 131-138.


https://doi.org/10.3969/j.issn.1672-7703.2020.01.010
https://doi.org/10.3969/j.issn.1672-7703.2020.01.010

	0 引言
	1 实验和方法
	1.1 岩石力学实验
	1.2 岩石力学参数和地应力计算方法

	2 实验结果
	2.1 动、静态岩石力学参数
	2.2 地应力
	2.3 不同类型储层的岩石力学参数和地应力特征

	3 讨论
	4 结论
	参考文献

