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Hierarchy modeling of the Ordovician fault-karst carbonate reservoir in
Tuoputai area, Tahe oilfield, Tarim Basin, NW China
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Abstract: Reservoirs of fault-karst type, special to the carbonate reservoir of the fractured-vuggy type, feature
complicated storage structure, irregular geometry and stochastic spatial distribution under the impact of large strike-slip
fault zones, which is bound to bring new challenges to their 3D quantitative characterization and geological modeling.
Based on diversified research data of multiple scales, the hierarchical scheme of fault karst is established in Tahe
oilfield, Tarim Basin, focusing on the principles of hierarchical constraint, genetic control and hierarchical modeling.
The results show that the fault-karst hierarchy can be divided into four levels according to genesis and scale, namely the
strike-slip faulted fracture zone, the fault karst, the fractured-vuggy zone inside the fault karst, and the karst cavern
filling. In detail, the strike-slip faulted fracture zone framework model is established with deterministic data of the main
and secondary faults, envelope range and key geological horizons obtained from fine interpretation of seismic coherence.
Based on the seismic fault likelihood (FL) attribute, the external envelope model of the fault karst is established with
deterministic method through automatic attribute segmentation and drilling calibration. With the constraint of the
external envelope, the internal architecture elements are classified and modeled. Besides, a large-scale karst cavern

model and a mesoscale discrete fracture distribution model are established with deterministic method based on seismic
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attributes such as texture and ant tracking truncation. As controlled by well data and constrained by seismic-geological
probability, the sequential indication simulation and object-based marked point process simulation methods are applied
to obtain the dissolved pore distribution model and the small-scale fracture discrete distribution model respectively. A
filling model of the karst cavern is built by sequential indication simulation as constrained by wave impedance and large-
scale cavern. Finally, a typical fault-karst reservoir in Tuoputai area, Tahe oilfield, is studied as an example to test the

modeling method mentioned above, and the 3D integrated model thereby built can reflect the spatial hierarchy of the

fault-karst carbonate reservoir.
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Fig. 1 Tectonic location and generalized stratigraphic column of Tahe oilfield
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Fig. 3 Flowchart showing the hierarchy modeling of fault-karst reservoirs
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Tuoputai area, Tahe oilfield
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a. TR PR o) AL R AL s . BT PR ot B ABE AR MR 5 . HRR AR A 5 . FE T2 M AIAS ) 3t B — 3t R 2 MR A A 2
TH10419 THI0427X

TH10419 TH10434
TK 1078 TH10421

TP101

. TH10419TH10427X

TK1078 TH10421 ,L

TPIG TK1058 ﬁ’

TP186 I TP132CH v
%7

TH10434
TH10419 b

¥

RBGRICH W AL KB I 3¢

o Iy 2R N B G
Bl 7 SEIRT T HT G X TP 120X Wi 7 BB e 2o 4 22 RO A A A4 2R
Fig. 7 Multi-dimensional and multi-scale fault-karst internal element models in a typical unit in TP12CX fault zone in Tuoputai area,
Tahe oilfield
a. REBE =AY b, AL AT = 4B s e, K B RSE AR s d. /NELRUSE R

6) 2 ] REE BT A A4 PAZRBIRIh 2298 K, IR, PRI o0 F S X -
AR R Wr 2 18] 2 PR RO WS, AR 2 /NI SREE Y 73 A AL '#Zﬂ ”%%ﬁzﬁ\ﬁmn_ﬁﬂi&

OB R F IR P NI G S R R A R AN R SRR AT I SR AL B BEAE HE— LU Y
B, R R RLBE A Y T R T E MR e w W W, UJ\I%?‘E?H:V’”EI’J?H?EM???H?F it



SRICI, A L B RS M BRI T T 65 DX BB 2R BRI WA A 2R 2 U 1 215

P101 A

- \fé-'h
‘ I‘\_.i
R

B TH10421 L B’
'y i

‘ TP101 ‘ ‘A\A"
L]

H AL ] 2%

KA X

WAL

I8 Bl FHFEHT & Hu X TP12CX W22y i AL S T Wi (A P9 AR Gy i et 2
Fig. 8 Fault-karst internal element models in a typical unit in TP12CX fault zone in Tuoputai area, Tahe oilfield
a. i3 TP101 ALY FI A A s b, JF LIRS 1 23 4520 s oo dF TH10421 FEREALR T 4524 5 d. A8 A 77 AL ML

W WS R A BB B, S A R AR BUAS [R) ) 1Y) 4 4%
R, SR B 5 P D 1 e S e R S 5 e A AR (]
Te), A WLHGE ) BRI R AL P R AR ) 344
F,UAm N 3 K — R 130~1 500 mo /)
T 20 24 57 b K R R A X D T AR, R AR S B
58, 4B BNk G vt H IR B % B ARAE . AF5%
DX /N SR B (1 5 [ 5 | rp R AR — S, A AT DA
1o AR RE R 3 B SE AR BV T 29 5~130 m, AR
SR R RAG B 456 O KW 2R il 2448 &
BT - R RAR () 6) , R B AT B
() 7 P R e R v | 58 B/ N TR S B ) A A AR
(E7d)s

3.2.4 RRAMBAR

i T E HE e 1 AR Ak R TR, 32 BORERR
FEARAEAERE A, DR AN E VAR BE R, IR
P A PR 48T FEBCY AT AR 2L T i
AR Corols G INH: B RN ) A AR Sk |, B
AT IR FEBUE M W E S 1] R S AR AR

HFAI GRSk AT LA AR A5 FESHE R M AL R 2 (HX]
FOR SRR IC R SE S R A Z B R, 106 3
MR R BN A SR E R AT A R
MESE o T N FEIEAN [ P 2 ml S kB Ve A2 1 . 35
BELC i 1 55 2 AL BEE =2 1B A B A A S, i it
{7 A FLBRBE F) 22 5 AT LA ] 4 R Ik FE LS 3R 0 22 5
Unims FLBEE AT RE A 0 ST B R SR, AR FL B RE ] g
N FARRFEI T A S T . AN R 22 ORI L
B R IR, KRB O AR BRI R
PR A A A | 3 i) 28 22 LA D, T A2 2 bR
KOS5 KR 7R TERURE, SR e LR s 4L i
PRI 7 A AT RE A SR ES AL (B 9) o I
AT, Ho A REUZ B TR 7K R a SEBF 51,
HHAM RS BEH TR P 2 1A B A —E 2R

R, KA TR] — R RS A 2 TR AN [) RUBE A 1) B 2
SEVEATRLG PR MR RO AR PR E L X LA AN TR] 1Y
R T AR, fCRAE R LT,
P2 S IX 22 H B R s R (151 10) .



216 A5 KRR R $43 %
TH1042 D TH104213F
ZE e
o Y
s
‘ g
¥ .
a
=]
B 300m
Tl A% % WL
(g/cm’-m/s)
wloo
0
WA T ZRE #1178 31 8 5 78 31 GRill £& RTih £k
K19 B THHEHT & HuIX TP12CX W5ty diL R B TRy (A 7 eI R A Y
Fig. 9 Cavern filling model in a typical unit in TP12CX fault zone in Tuoputai area, Tahe oilfield
a. FIRWBEHURRL ;b 7RI e FE 4
Tr1042 0419 71T 10434 VAT 1%, I AL E Sl — 20 3 e Lo 5

TPIO1 TK1078

JORAA FRALE AR
B 10 3T G T & Hb X TP 12CX W7 24 HI8 o 50 s 14 22

AN

EX Gl Sy bl
Fig. 10  Integrated 3D fauli-karst geological model of multiple dis-
crete media in a typical unit in TP12CX fault zone in Tuoputai

area, Tahe oilfield
4 Ziig

D TWHs R R Z OB T . BN
“TRRAH SR B, R R R IR
PR E R BATZR AN 2 A A S ) o b Jo
PRUBE R AR B, 22 HEA ] ) 0 A T 128 A0 T

2) AR T TR 28 AN () G HLAE B o A1 i, I 3k
TEEO PR o TP L7 ¢ SR T

Toh LR B2 rpr /NI B 53 3 R T AT B 3B PP BUAE
BRAD R 7 P i R 1 BE LRSS R AL T
o s PR AR AT N 23R A 4 R T D T 5 5 71
JARRE”, B BT L SR (0 FE B PR S ke 1
SN BRI LT A

2 % x #t

(1] e, Dhigss, XVERSE, &5 . 4B BRI AR 2 K2 R

JE AT BIF 5 —— LA AT il PG XU B R il 4 () ). b
“£Hi%%,2012, 19(2): 59-66.
Hou Jiagen, Ma Xiaoqgiang, Liu Yuming, et al. Modelling of car-
bonate fracture-vuggy reservoir: A case study of Ordovician reser-
voir of 4th block in Tahe Oilfield [J].
2012, 19(2): 59-66.

(2] BOnAR, Thvesi, S PH, 45 . BRTRER 5 R R kA P b B Al
BRG], B4R, 2013, 19(1): 64-69.
Hou Jiagen, Ma Xiaogiang, Hu Xiangyang, et al. Key issues of

Earth Science Frontiers,

3D geological modeling of paleokarst-cave carbonate reservoir[J].
Geological Journal of China Universities, 2013, 19(1): 64-69

(3] Thibgss, GEANAR, B, 8. 187 AV IR/ CBLR )2 = 2 i
ST —— L) B T il P O B B R AR S L)), IS AT
2013, 59(2):315-324.
Ma Xiaoqiang, Hou Jiagen, Hu Xiangyang, et al. Discussion on
3D geological modeling of palaeokarst cave reservoir: A case study
on ordovician reservoir of the 4th block in the Tahe Oilfield [J].
Geological Review, 2013, 59(2): 315-324.

(4] HERRTL, A, HRE, 45 BRI A S8 TR A R RS



514

SRICI, A L B RS M BRI T T 65 DX BB 2R BRI WA A 2R 2 U 1 217

[5]

HEBORL ] A RIARIRT,2020,41(2) : 434-441.

Kang Zhijiang, Li Yang, Ji Bingyu, et al. Key technologies for
EOR in fractured-vuggy carbonate reservoirs[J]. Oil & Gas Geo-
logy,2020,41(2) :434-441.

BT BH, ZE0H, BGEINT, 55 BRIR Eh A A% 1 T 7B — 20k b o e
Ry i —— LA T O X 8 B R e o LT ). A K4k
AHLTT, 2013, 34(3) : 383-387.

Hu Xiangyang, Li Yang, Quan Lianshun, et al. Three-dimensional
geological modeling of fractured-vuggy carbonate reservoirs: a case
from the Ordovician reservoirs in Tahe - IV block, Tahe oilfield [ ] ].
0il & Gas Geology,2013,34(3): 383-387.

B BUBE, A A, A I HURZ DAL 5 W 28 A (R Hb e
B PR RERFAE ST LD ] b U, 2020,27(1) : 68-74.

Qu Chang, Zhao Rui, Li Huili, et al. Seismic reflection and produc-
tivity of reservoirs in the fault-zone 5 of Shunbei, Tarim Basin [J].
Special Oil & Gas Reserviors, 2020, 27(1) :68-74.

I, BEIR, K08 . BRARER A 4R B AR AL AR B 53 2843
GBI ] AR SIT R, 2016, 43(4): 600-606.

Li Yang, Hou Jiagen, Li Yongqiang. Features and classified hie-
rarchical modeling of carbonate fracture-cavity reservoirs[J]. Pe-
troleum Exploration and Development, 2016, 43(4) : 600-606.
XUHRIE G, SROCIE , 45 . “WTAE A IS b PR R AR 2L
HETTUIN (37— L 0 1) 3 b )11 G 340 o 37 3 3t IX 200 5 3l 2
TRBUREWE RO BT ], A S R AR AT, 2021,42(4)
973-980.

Liu Zhenfeng, Liu Zhongquan, Guo Yuanling, et al. Concept and
geological model of fault-fracture reservoir and their application in
seismic fracture prediction: A case study on the Xu 2 Member tight
sandstone gas pool in Xinchang area, Western Sichuan Depression
in Sichuan Basin[ J]. Oil & Gas Geology,2021,42(4):973-980. .
T35 . TERHEID IR TR HZE “H R RIS A S
HR LY. R A B 5t & ,2020,39(6) : 135-142.

Ding Fang. Modeling and characterizing technique of the “sweet
spot”and its application in low-permeability reservoirs with limited
wells at the early stage of the development[J]. Petroleum Geology
& Oilfield Development in Daqing,2020,39(6) : 135-142.

BV E, INEEDY L SRR, A . BN TR BRI R A R A A R
A7 1 ——— DA R 7 b 35 VRT S67 25T W B 5% 1 Ry 491 [ .
A7 R AR, 2021,42(3) : 728-737.

Lyu Xinrui, Sun Jianfang, Wu Xingwei, et al. Internal architecture
characterization of fractured - vuggy carbonate reservoirs: A case
study on the Ordovician reservoirs, Tahe Unit S67, Tarim Basin
[J]. 0il & Gas Geology,2021,42(3):728-737.

EBE, L, BB, 45 . BRI ER 5 A I LR — e Ay
TEHARWEGE —— LABE ] B8 Bl 22 48 Tt o 491 L0 . v 92 3%
HFT, 2012, 34(2): 193-198.

Lu Xinbian, Zhao Min, Hu Xiangyang, et al. Studies of 3D reser-

voir modeling: taking Ordovician carbonate fractured-vuggy reser-
voirs in Tahe Oilfield as an example [J]. Petroleum Geology &
Experiment,2012,34( 2) : 193-198.

ZRIKE  BEINAR, XARER 55 . T A= 1 I i Sk = 4
MR )]. AR =M (AR BFE R L2016, 40(

[13]

[15]

5) : 43-50.

Li Yonggiang, Hou Jiagen, Liu Yuming, et al. 3D modeling of
cave reservoirs based on karst patterns [J]. Journal of China Uni-
versity of Petroleum (Edition of Natural Science) , 2016, 40(5) :
43-50.

PRyc B3, by, Aot i, 55 . DUIIRTR T A = A aiiis
PRor AT ] Widkith <O, 2020,27(1) : 13- 16.

Chen Keyong, Lu Hongjiang, He Yikun, et al. Distribution char-
acteristics of dolomite reservoir-permeability systems determined -
by epikarstic paleocaves[ ] |. Fault-Block Oil and Gas Field,2020,
27(1):13-16.

M, IR, XUERES . 4. SETIh SRS 2R G AR h 5 7 T 7Y
i J% = 2 A AR N [0 ). o R R A, 2011, 33
(5): 12-16.

Zhao Bin, Hou Jiagen, Liu Yuming, et al. Three dimensional
modeling and application of Ordovician carbonate cavity reservoirs
in Tahe Oilfield[J]. Journal of Oil and Gas Technology, 2011, 33
(5): 12-16.

VRS, IR, S B, A5 SR A T AR AR R =
BELT] AR S oE 4R CH R REE R L 2012, 36(2)
34-38.

Liu Yuming, Hou Jiagen, Hu Xiangyang, et al. 3D modeling of
paleokarst reservoir in Tahe Oilfield[J]. Journal of China Univer-
sity of Petroleum, 2012, 36(2): 34-38.
EOTE S SCHE RS A SR Ml DR R R WA AT FECRRAE
SIFA SRR, Frih S KA, 2015,36(3) : 347-355.
Lu Xinbian, Hu Wenge, Wang Yan, et al. Characteristics and de-
velopment practice of fault - karst carbonate reservoirs in Tahe
area, Tarim Basin [J]. 0il & Gas Geology, 2015, 36 (3) :
347-355.

SRR, TS . )2 M BTEB R BUR S R[], AR
HBJT, 2007, 12(3) : 53-60.

Wu Shenghe, Li Yupeng. Reservoir modeling: Current situation
and developmental prospect [J]. Maine Oil and Gas Geology,
2007, 12(3): 53-60.

Wi, A i 2 BTl A R R A O S i s R
KFZ[]. bR, 2010,31(5) : 774-780.

Chen Wei, Wu Zhiping, Hou Feng, et al. Internal structures of
fault zones and their relationship with hydrocarbon migration and
accumulation [ J]. Acta Petrolei Sinica,2010,31(5): 774-780.
WRFH , EO, 5K, 45 . 35 HUR Z i s 3 b Xy e R AR
TRD A B R R IS P OB AR B ORI [T ], AR 2244l
GERELFAR) ,2020,50(2) :509-517.

Chen Xiuyan, Wang Jian, Zhang Liping, et al. Sedimentary char-
acteristics and genesis of carbonate cements in Carbonife - rous
Donghe sandstone member, Hanilcatam area of Tarim Basin[J] .
Journal of Jilin University (Earth Science Edition) ,2020,50(2) :
509-517.

JEISC, ZE T G SONE , 45 I TR 2R I R L 0ty i 4
HIPERLT]. A A%4R,2011,27( 8) : 2339-2348.

Zhou Wen, Li Xiuhua, Jin Wenhui, et al. The control action of

fault to paleokarst in view of Ordovician reservoirs in Tahe area



218 145 KRR R F4a3E
[J]. Acta Petrologica Sinica, 2011 ,27( 8) : 2339-2348. 94-100.
(21]  SIR, MRoRIG, GOBAE, 45 HEIRTih BB SRR R R 2 A A [29]  TFHL, JUE, BORE, & . I 7RIt X 20 5] 4 W AR A A

[22]

[23]

[24]

[25]

[26]

[27]

(28]

ST 2 2 S it 2 R AE B TR LR (D). A 5 R AR b R
2016,37(5): 644-652.

Han Changcheng, Lin Chengyan, Lu Xinbian, et al. Characteriza-
tion and genesis of fault-controlled karst reservoirs in Ordovician
carbonate karst slope of Tahe oilfield, Tarim Basin[J]. Oil & Gas
Geology,2016,37(5): 644-652.

Loucks R G. Paleocave carbonate reservoirs: Origins, burial -
depth modifications, spatial complexity, and reservoir implica-
tions [J]. AAPG Bulletin, 1999, 83(3): 1795-1834.

RS ZEAT SC, BRRE L 55 . TR 2 MG AT B TER Hh 5 fi J= 72 T G
BARGHOR—LIm)1 iz AR -FEa R 5 58 HUR 2 2 by
FRUHOBILI ] A0S KRR THT, 2021,42(3) : 717-727.
Lin Yu, Li Xiangwen, Chen Kang, et al. Key seismic techniques for
predicting deep marine carbonate reservoirs and the effect analy-
sis: A case study on the Sinian-Cambrian reservoirs in the Sichuan
Basin and the Ordovician reservoirs in the Tarim Basin[]J]. Oil &
Gas Geology,2021,42(3):717-727.

SO, MBHGAE, R . BT P BB R T A S A i I
FOHT-10 KR ERT = 4R X L] JRH M, 2017,4(1):37-
42,74.

Wen Huan, Deng Guangxiao, Wang Zhen. Analysis of controlling
factors of reservoir development in Ordovician reservoirs in Tahe
Oilfield-3D high precision seismic Area in Eastern 10 ArealJ]. Un-
conventional Oil & Gas,2017,(1):37-42,74.

B SO SR AR R 4 TR TR R R BR e T i ()]
WA ST &, 2020, 10(2): 1-10.

Hu Wenge. Development technology and research direction of frac-
tured-vuggy carbonate reservoirs in Tahe Oilfield[J]. Reservoir E-
valuation and Development, 2020, 10(2): 1-10.

S, MUDRE, B, S BT R X IRARER A WA R
BB AP RVERILT ). HuERBLFRTH, 2017, 7(5): 681-694.
Wu Tao, Dai Shaokang, Cao fei, et al. Strike-slip fault system
and it” s controlling on the formation of “reservoir of fault control-
ling dissolution” : A case study of Toufutai area, Tahe oil fields
[J]. Advances in Geosciences, 2017, 7(5): 681-694.

ER2, SO, XL, 5. BTl 5 R £k 5 R oA 220 i 5 A
Mg SR ALT]. AR, 2019, 58(1):149-154.

Wang Zhen, Wen Huan, Deng Guangxiao, et al. Fault controlled-
karst reservoir characterization technology in the Tahe Oilfield,
China[J]. Geophysical Prospecting for Petroleum, 2019, 58(1):
149-154.

IREHT, T2, Beardr, S5, B I 0P 2R AR B AR IR
A EERINEETI)]. #eFiZk, 2008, 15(1): 94-100.

Wen Zhixin, Wang Hongman, Qi Lixin, et al. Research on the
prediction of Ordovician carbonate reservoir of fissure- cave type in

the Tahe Oilfield [J]. Earth Science Frontiers, 2008, 15 (1) :

[30]

[31]

[33]

[34]

[35]

[36]

[37]

FIEDR H AR R EEA LT ], Al 5 RIR ST, 2021 ,42(4)
992-1001.

Wang Wei, Fan Rui, Li Chengyin, et al. Exploration and predic-
tion of promising fault - fracture reservoirs in the Xujiahe Forma-
tion, northeastern Sichuan Basin[J]. Oil & Gas Geology, 2021, 42
(4):992-1001.

s, B R, SRR, S5 SRR R A W 2R TP
JNEFH = DA B R 230 b e 390 b DX AR B DX R B B % T 2R
BB EIL) ). KRR, 2018, 29(6): 817-825.

Ma Debo, Zhao Yimin, Zhang Yintao, et al. Application of maxi-
mum likelihood attribute to fault identification: A case study of Re-
wapu block in Halahatang area, Tarim Basin, NW China [1].
Natural Gas Geoscience, 2018, 29(6): 817-825.

Otsu N. A threshold selection method from gray-level histograms
[J].
1979, 9(1) : 62-66.

IEEE Transactions on Systems, Man, and Cybernetics,

Gao D. Application of three-dimensional seismic texture analysis
with special reference to deep-marine facies discrimination and in-
terpretation: Offshore Angola, west Africa [J]. AAPG Bulletin,
2007, 91(12):1665-1683.

Gao D. Application of seismic texture model regression to seismic
facies characterization and interpretation [J]. Leading Edge,
2008, 27(3):394-397.

Gao D. Latest developments in seismic texture analysis for subsur-
face structure, facies, and reservoir characterization: A review
[J]. Geophysics, 2011, 76(2): 1-13.

Li Yang, Zhou Dehua, Wang Weihong, et al. Development of un-
conventional gas and technologies adopted in China [J].
Geoscience, 2020, 1(1-2): 55-68.

MR, 4o, 2R FH L 45 . BEYATIi BB 2R A i )2 /N U A )
HFEHY IR [T ], A7l 5 K AR BT, 2012, 36 (6) -
900-908.

Energy

Tian Fei, Jin Qiang, Li Yang, et al. Identification of small frac-
ture-vugs and their fillings through log interpretation in fractured-
vuggy Ordovician reservoirs in Tahe oilfield[J]. Oil and Gas Geo-
logy, 2012, 33(6): 900-908.

fR5E, Bk AR KRR, 45 . R JE - IR)Z kR 3 it 2 Pe
PR RS BT [ ], AW KRR AT, 2021, 42(3) -
533-546.

He Zhiliang, Ma Yongsheng, Zhu Dongya, et al. Theoretical and
technological progress and research direction of deep and ultra -
deep carbonate reservoirs [J]0il & Gas Geology, 2021, 42(3) :
533-546.

(%% TRE4R)



