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Abstract: The Kalataer Formation in the Kekeya Area of the Southwest Tarim Depression is a carbonate reservoir, and its pore-
fracture system determines the enrichment degree of oil and gas. It is extremely difficult and ineffective to identify and evaluate
the pore-fracture system using a single logging parameter. This paper takes the principal component analysis method as the core,
couples multiple components under the condition of minimal information loss, and proposes a new method for interpreting and
evaluating the storage space of carbonate rock pore-fracture systems based on conventional logging data, aiming to achieve
joint quantitative analysis and evaluation of high-density vertical pore-fracture systems in unimaged logging areas. The logging
curve data used in this study include sonic logging curves, density logging curves, neutron logging curves, deep lateral logging
curves, and shallow lateral logging curves, combined with measured porosity and permeability data, mercury injection test data,
etc., to establish a mathematical model for interpreting secondary pore-fracture reservoirs in the Kekeya Area of the southwest
Tarim Depression, quantifying the storage space of the carbonate rock pore-fracture system. The research results show that
the identification results of the porous-fractured reservoir interpretation model of the Kalataer Formation in the Kerkeya Area
are highly consistent with the interpretation results of the imaging logging, with a matching rate of up to 73%, indicating the
effectiveness of the method. The research results can provide a solid guarantee for the efficient exploration of tight carbonate
oil and gas reservoirs.

Keywords: tight carbonate rock; pore—fracture system; principal component analysis; reservoir space identification; Karatar
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of Karatar Formation in the study area

& i

1) A FLBR B R 5, = FLBR 5 %, A kH

RAZAKLIE 22 HE K it 2 22 A 3l il R i = AL
B - REE USRS, nT LI U R = MR B
L

2) M FE RT3 B i nRs AL B 2EEE R B 5 ik

TE B — 1> e M S0 Bk R e U A LB - R A 1 45

tr,

AR B — S RO A PR 1 U A FL B - SR

FRIBREE

3) I sE M X AR RIE R R AR L A = s

LR EZ , LRz e imtib B =5 | So ik
nE RSERRLE a N . SZUURERE AT )
FUGRAAE S50 S5 52 00, ) 5w SVl DX R 785 R 4 L Re

E_lj‘\

FLER T AISREE — FLBRRLAHIE N
4) TR T e B FLAE DR TR, il 2 A

HeZS 18] K B RGBT, AR bn 5 G i e 21
WAF LA, TRGE FRBGR 73%5 230 1 ) o ML
FHAF BT VA FLBR - 2B B PRg U FNEERR AN

£ Lk

[1]

R AR, R A REEVEMROT &R IM]. b
AU AT T AL, 2004,

YUAN Shiyi, SONG Xinmin, RAN Qiquan. Fractured
reservoir development technology[M]. Beijing: Petroleum
Industry Press, 2004.

BT AE, BEAS S, TETNER, G I A PR R v B
PLEE R TR IR A TR L 5 B2 T S 2 4R )2 1 0 AR
FH——2k B =18 /K 4w 2k 112 R T K
Py BEALRLAY R R D). AR 5 07 %, 2023, 50(2)
309-321. doi: 10.11698/PED.20220337

(8]

10.13278/j.cnki.jjuese.20210125

CUI Yitong, WANG Zhuwen, XU Fanghui, et al. Analy-
sis of fracture formation characteristics of igneous rock
based on stoneley wave and electrical imaging logging[J].
Journal of Jilin University (Earth Science Edition), 2022,
52(2): 624-632. doi: 10.13278/j.cnki.jjuese.20210125
FIHE, SRR, A, S R E B2 R R B M
J24 JE B AGONE ). S S8 A7 i BT, 2015, 36(1) : 35-41.
doi: 10.7657/XJPG20150107

SHANG Lin, DAI Junsheng, FENG Jianwei, et al. Effect
of strata thickness on fracture development in sand-mud
interbed[J]. Xinjiang Petroleum Geology, 2015, 36(1): 35—
41. doi: 10.7657/XJPG20150107

FHEAE, kAR, REDL. 980500 AR S A A
T 75 vk B S —— LA P MR H A s i L 2
BT, A7 b BRI B, 2021, 56(3) : 593-602. doi:
10.13810/j.cnki.issn.1000-7210.2021.03.018

WANG Jianhua, ZHANG Jinmiao, WU Guochen. Wide-
azimuth Young’s modulus inversion and fracture predic-
tion: An example of H structure in Bozhong Sag[J]. Oil
Geophysical Prospecting, 2021, 56(3): 593-602. doi: 10.-
13810/j.cnki.issn.1000-7210.2021.03.018

EEfh, R, 0. H 0 1 F S HO e R R
(OS2 IRILT]. i ) 2242, 2014, 20(4) : 372-378. doi:
10.3969/j.issn.1006-6616.2014.04.005

YUE Xiwei, DAI Junsheng, WANG Ke. Influence of rock
mechanics parameters on development of fracture[J]. Jour-
nal of Geomechanics, 2014, 20(4) : 372-378. doi: 10.-
3969/j.issn.1006-6616.2014.04.005
BARAR, TR e, RERH , &5, B IR R 2 B 4L
RSB B S 3 BB, 35 AR (b Bk
B , 2022, 52(2) : 592-601. doi: 10.13278/j.cnki.-
jjuese.20210008

ZHAO Dongdong, WANG Xulong, ZHOU Yinming, et al.
Two-dimensional numerical modeling of magnetic anoma-
lies based on poisson equation in space-wavenumber
mixed domain[J]. Journal of Jilin University (Earth Sci-
ence Edition), 2022, 52(2): 592—-601. doi: 10.13278/j.cn-
ki.jjuese.20210008

XUE R, B, sk, & N X b — & 558 —



%3 HXE, F ERG A FRAN AN B 5 A A A 35

[11]

[13]

[15]

Bt J2 F5 1k K A5 i I 3R 23 B[], Wi el <R, 2022,
29(4) : 463—468. doi: 10.6056/dkyqt202204005

LIU Xuanwei, TIAN Yaming, ZHANG Hui, et al. Reser-
voir characteristics and control factors of the second mem-
ber of the Middle Permian Tongmao Formation in northern
Sichuan[J]. Fault-Block Oil and Gas Field, 2022, 29(4):
463-468. doi: 10.6056/dkyqt202204005

RARME, AR, B OOR, AE G ORI R AEBUR I
AEIESLIBERAE . LARRALRE 23 DXCAE R 2 G 7 B B[],
MR, 2023, 58(2) : 710-722. doi: 10.12017/dzkx.-
2023.041

WU Chunyan, ZHAN Zhuanying, LI Wenhou, et al. The
combination methods of mercury intrusion to characterize
pore-throat characteristics in tight oil reservoir: A case
study of Yanchangzu Chang 7 reservoir in Dingbian Area
of Shanbei[J]. Chinese Journal of Geology, 2023, 58(2):
710-722. doi: 10.12017/dzkx.2023.041

FLLHE, APEERT, khaeog, &5 ML — B R ve 4
T Sk B A AR R AR R R R AT A1l R AR
SHLET, 2023, 44(2) : 468—479. doi: 10.11743/0gg2023-
0217

YUAN Honggqi, DENG Xinyu, DU Huiyao, et al. Charac-
terizing the heterogeneity of tight sandstone in outcropped
Permian Shanxi Formation, Liujiang Basin[J]. Oil & Gas
Geology, 2023, 44(2): 468—479. doi: 10.11743/0gg2023-
0217

LAI Jin, WANG Guiwen, FAN Qixuan, et al. Geophysical
well-log evaluation in the era of unconventional hydrocar-
bon resources: A review on current status and prospects[J].
Surveys in Geophysics, 2022, 43(3): 913-957. doi: 10.-
1007/s10712022097054

LAI Jin, LIU Shichen, XIN Yi, et al. Geological-petro-
physical insights in the deep Cambrian dolostone reser-
voirs in Tarim Basin, China[J]. AAPG Bulletin, 2021,
105(11): 2263-2296. doi: 10.1306/03122119135

BT AU 2 LA M AN I a5 D). Jbat:
TR (dEst) |, 2019,

LI Xining. Study on integrated logging evaluation of the
fractured-vuggy reservoir[D]. Beijing: China University
of Petroleum (Beijing), 2019.

HAEK, ARTEK, BPREC, AR BE T MR T BRI
A RAEVUITED] BAEOR 5 TR, 2021, 21(36) -
15421-15428.

CAO lifei, ZOU Deyong, SHU Tengfei, et al. Fracture
identification in carbonate rock based on principal com-
ponent analysis[J]. Science Technology and Engineering,
2021, 21(36): 15421-15428.

VAR, W05, K, 55 245 B RG  TUa iRz A
o3 ZHRD. hEA IR, 2016, 21(5): 110-116.
doi: 10.3969/j.issn.1672-7703.2016.05.0015

SHEN Luyin, PAN Renfang, XIE Bing, et al. Automatic

[16]

(18]

[20]

of shale oil with multiple information[J]. China Petroleum
Exploration, 2016, 21(5): 110-116. doi: 10.3969/j.issn.-
1672-7703.2016.05.0015

W, RACHL, kOB, % BT 3 U0 40 i i i )2
[ i 255 PR A A A S 5 Al il L A Bk 7 e
LA BIT]. A 25615, 2014, 36(3) : 376-380. doi:
10.11781/sysydz201403376

PAN Rong, ZHU Xiaomin, ZHANG lJianfeng, et al. A
model for comprehensive evaluation of reservoir quality

based on principal component analysis: A case study of
Bashijiqik Formation in Kelasu tectonic zone[J]. Petro-
leum Geology & Experiment, 2014, 36(3): 376-380. doi:
10.11781/sysydz201403376

SRR, R G, BB, 5 T U E R Pk
BRI I it 2 P 2 TR BOR D). 5 AR 4 (b R
220D, 2022, 52(4) - 1369-1376. doi: 10.13278/j.cnki.-
jjuese.20210265

ZHANG Qiang, LI Jiajin, WANG Maomao, et al. Log-
ging curve rock layering technology based on improved
principal component analysis[J]. Journal of Jilin Univer-
sity (Earth Science Edition), 2022, 52 (4): 1369-1376. doi:
10.13278/j.cnki.jjuese.20210265

XUAH, PR R, R R AL A 5 7SIl 3T R BEHT S
FRLfit 2 FFAELT]. RIR T, 2007, 27(4) : 18-20. doi:
10.3321/j.issn:1000-0976.2007.04.006

LIU Taixun, XU Huaimin, JIAO Cuihua. Reservoir cha-
racteristics of Paleogene condensate gas pools in Kekeya
Gas Field, Tarim Basin[J]. Natural Gas Industry, 2007,
27(4): 18-20. doi: 10.3321/j.issn:1000-0976.2007.04.006
BIAAT. A SO I R R R R AR R R A U VR
Lo ALBRIEALID]. WA : PUR A1k, 2017,

ZHONG Zhiqi. Carbonate diagenesis and pore evolution
of the Karatal Formation in the Kekeya Paleogene[D].
Chengdu: Southwest Petroleum University, 2017.
WA, ET N, I, A R B R AR AR
Eh o BLEE R R KR RUYIURLI]. B 8 9 M 5, 2017,
38(2): 133-136. doi: 10.7657/XJPG20170202

DALI Junsheng, WANG Yukun, FENG Jianwei, et al. Cha-
racteristics and formation periods of fractures in ordovi-
cian carbonate rocks in Hetianhe Gas Field[J]. Xinjiang
Petroleum Geology, 2017, 38(2): 133-136. doi: 10.7657/-
XJPG20170202

B, EREst, R H, S R IR L X R IR A
LR VAN —— LARS BRSP4 R B A e R IR IS
S PEAE K== 4 (A AR BEA D , 2018, 48(2)
261-267. doi: 10.16152/j.cnki.xdxbzr.201802016

LIAO Xiao, WANG Zhenliang, FAN Changyu, et al.
The comprehensive evaluation of source rock in low-
exploration area: A case study on the Carboniferous source
rock in southwest sag of Tarim Basin[J]. Journal of North-
west University (Natural Science Edition), 2018, 48(2):



36

0 i B K F IR (A RFAFR)

2025 F

261-267. doi: 10.16152/j.cnki.xdxbzr.201802016

LI Maowen, LIN Renzi, LIAO Yongsheng, et al. Organic
geochemistry of oils and condensates in the Kekeya Field,
southwest depression of the Tarim Basin (China)[J]. Or-
ganic Geochemistry, 1999, 30(1): 15-37. doi: 10.1016/-
S0146-6380(98)00201-0

R, O, T . B G TUA IR E T
3 e e A S 18 07 TR 5 R SO, 2022, 29(2) -
16—23. doi: 10.3969/j.issn.1006-6535.2022.02.003

LAI Fugqiang, LI Shichao, WANG Min, et al. Optimal re-
trieval method for mineral constituents of shale oil reser-
voirs in Jiyang Sag[J]. Special Oil & Gas Reservoirs, 2022,
29(2): 16-23. doi: 10.3969/.issn.1006-6535.2022.02.003
WM, FAER, . R T BUR D A 2 LRk R
48 43 T8 BRI 43 14 0] Sl AR R AE R AR AR D], R AK
KTk, 2023, 43(3) : 78—90. doi: 10.3787/j.issn.1000-
0976.2023.03.008

DONG Xinxu, MENG Xiangzhen, PU Renhai. Occur-
rence characteristics of movable fluids based on the divi-
sion of pore throat system in tight gas reservoir by fractal
theory[J]. Natural Gas Industry, 2023, 43(3): 78-90. doi:
10.3787/j.issn.1000-0976.2023.03.008

BERSE, ma iy, A2 B UK 40 IR 2 Bk 1R 6 2
T - HOEVE S 228U Z A P IS A ], Hoe A2k,
2023, 30(4): 1-18. doi: 10.13745/j.esf.5£.2023.6.5
FAN Tailiang, GAO Zhiqian, WU Jun. Formation and
modification of deep-burial carbonate rocks and orderly
distribution of multi-type reservoirs in the Tarim Basin[J].
Earth Science Frontiers, 2023, 30(4): 1-18. doi: 10.137-
45/j.esf.sf.2023.6.5

ZERE, ZRAERS, MRS, S DU A e — e
B DUA A A P it B 2 TR RRAELT]. A R 5 01 K&
2012, 39(6) : 691-698.

LIANG Chao, JIANG Zaixing, YANG Yiting, et al. Cha-
racteristics of shale lithofacies and reservoir space of the
Wufeng-Longmaxi Formation, Sichuan Basin[J]. Petro-
leum Exploration and Development, 2012, 39(6): 691—
698.

Wik, 9T, NI, . A vd 7 A T R R
P IR B R 1 v e 1 T R AL B IE A L]. = R
2B R (AARFHEMD , 2010, 12(3) 2 14-17. doi:
10.3969/j.issn.1673-1980.2010.03.005

YANG Honggiang, WANG Zhenyu, ZHOU Chenggang, et
al. Carbonate diagenesis and porosity formation of Kataer

Formation (Tertiary) in Kekeya Gas Field, Tarim Basin[J].
Journal of Chonggqing Institute of Technology (Natural
Science Edition), 2010, 12(3): 14-17. doi: 10.3969/}.issn.-
1673-1980.2010.03.005

(E=EM])

TRICE, 1982 4248, 55, DU, 1)1
FAEN, @Y LB, i1, £33
A I 7 T RIFSE AR
- E-mail: 1569266080@qq.com

FVBE, 1998 4-2E, 55, DU, TH
S DN T/ S ) 10 B =8 -9 B
SZ I AL 5 o3 AT LA 5
E-mail: 616933786@qq.com

XIFFT, 1995 4R, 3, DU,
e, TR, 4, 328
FE A T R 7 R OF S TAE.
E-mail: 1569266080@qq.com

BEHERT, 1961 4R, 5, DU, W)
LW, #%, L RAES
Ui, 32 A S RO L] 5
SR I BB i
BR 27 SR T AE. E-mail:
pangxq@cup.edu.cn

3K IR, 1995 4R, T, DU, IR
AN, LRI, B, FEMNE
A IT & 2 D T AT AR
E-mail : upczhanghu@163.com

TR N SAeN
TR L« http : //zk swpuxb.com



