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Analysis on fracture—cave structure characteristics and
its controlling factor of palaeo—subterranean
rivers in the western Tahe Qilfield

ZHANG Juan,BAO Dian, YANG Min, HE Chengjiang, DENG Guangxiao,ZHANG Huitao

(Exploration & Production Research Institute , Northwest Oilfield Company ,SINOPEC , Urumgi , Xinjiang ,830011, China)

Abstract: The palaeo—subterranean river has strong heterogeneity and complex spatial structure , which bring difficulties in
understanding on facture—cave structure characteristics of palaeo—subterranean river in the western Tahe Oilfield and its
controlling factors. To solve these problems, the well-seismic calibration technique and the spectral decomposition tech-
nique were utilized to identify and characterize the palaco—subterranean rivers systemically in the western Tahe Oilfield.
Results show that there are four major palaco—subterranean rivers in the Ordovician carbonate rocks in the western Tahe
Oilfield, presenting as complex reticular or dendrimer structure in the plane. From the dynamic and static data of drilling
wells and well-seismic calibration, there are two types of horizontal distribution pattern for the karst caves of the palaeco—
subterranean rivers, which are the ribbon—like cave with continuous distribution and the block—like cave with scattered dis-
tribution. In the vertical , it can be divided into three types from top to bottom: unfilled cave, sand and mud filled cave and
breccia filled cave. The seismic reflection of favorable fracture—cave reservoirs in the seismic section is characterized by
the first trough and peak under the reflection of middle—upper Ordovician top surface in “string”. The Palaeostructural
form, fracture system and open entrances control the morphology of palaco—subterranean rivers and the structural features
of fracture—cave reservoirs. As the fault system plays a constructive role in the hydrocarbon charge, the development areas
of the palaeo—subterranean river matching well with faults are favorable targets for hydrocarbon enrichment.

Key words: palaco—subterranean river; facture—cave structure ; controlling factor; Ordovician ; carbonate rocks ; western Ta-

he Oilfield

Wik H 491:2018-03-23.,

PER TR 5K AR (1985—) , 2, #ioat G ARTE N, TR, TR #H s & HBF ST . IR LT - 18999831875, E-mail : zjuan.xbsj@sin
opec.com,

B 10 < [H R T R I B HEAR G M T i < R i SRR SR BRI T (20162X05053 ), Hh A A F K 20 B T Al TR
ERAAIRIET 1 SRIE A (ZDP17001)



+34- o M

Jit

oo = 20184F7H

T I T LE SE AT F VSR AR i R, SR R
AR G IR R Y 9 R Y B AR S M) B R AR
4 3E T 3 HE B R k5 v T T R 2 26— Uk
T 28 J2 32 2 T /K R ol DI g g B ol 3 55 — 28
Sk AR TET PN %5 Vs T RN A% T 7 Toh T B %) 45 TR, 5 ]
WA SR AR A 2R RSN R K B R
55 S MR KAz s sRCA AR O =X B R A
VoS 0 T N 1) L 3 Ay B 6 2 Ay R YT A e
T o ARAAAE A AT FR PSR AR A
TR PR B, 38 5 & B 70 WK T R, X R
TRTR AR AV Il A 1 FH 20

T FERGR K B 1 A6 JR A IR
A AT, DAAETR UGG 2 £ FREETR PR AT
L3ng S0 7 N1 8= A VAREZE ST SIS et 51 NP LB = Y
FH G 505 vy W5 Yl 8 7 174 3 9 S s, A T ARl 3 R
67% , Hor BRI KT 5x10* eI b 35% , %
e R PRl W= YR S I VAR E B2 REE AR Wit
T I T AR TR 25 A R R I R R ANV 4 . i,
TF el I T VR3] 5 3 T 3 I 235 A R i B 4 il
2R R A

1RO e o A AIE

1.1 HETIRA

AR P 5 i e P B = 4 T A e 1
SR X T R R T SEA T A Y (R
Tty G AR Btk A5 [ 5 R 2 2%, S Aok, Ak
IR ARAE N BT B AR B A, %R R
PR T R B R S B — R M A , AT e K PR
FER AR & 55 T HAE R
111 FEARZHAK

FI I R 2 B AR AT LA A B vy 5 1 B 7 St %
Ry R RRE . R E R R E T RE RS
R AR BRI AR  fEbr e i B rh s R B
ORE, 8 I I K 2 I IR [E AR, BT AR
55 R S SRR ] B X R R

PLrp— b B S TR (T5) bR i 2, X Ty
AR 48 1 SEAH AL SR SRkt T
Gt Ebs g, A R, R EEE BT
Z R VAP SR VAT, T LR 60~
120 m HATSRPEAT SR W TN S5y AR SR AT AR, L
ARk, Z R E ] . R E ) EA
BT 4 B A o) A DB SR DD A R o Sl e I
FRITRAAE L BRBRR R 32, SRyl vy B ] 58 YAk ]
DAL SRR , A0 - 38 oy ] A B MR i i

55, BRI SRR IEA I (8 1),

B 1 B P AR v A M R S S AE

Fig.1 Seismic reflection characteristics along the palaco—
subterranean river in the western Tahe Oilfield

S R

TG A3 it B R B R SRR AR A R AT 2
LT SN = BT N U T g 5 2 N s S/
ST AR 2 B/ INIEE AR e IR [R]85 /NI AR
FS—AE 4 4B, IS 73 B AR, T LUK i 4k 1
B 3 WA [R) A U BRI A4, A [ —Bsf 2 P A 4
AN [R5 B 0] W 58 i et S SRR TIE , B BT A R i I
A 3313 () P-4, DA 2 2ty I (4 7 1 40 A7
fE o ELRALEE 3440 8 - D4y I 5 R A7 00 031
RO S T R B RE, A RZ (T ZF 0~
60 m) P %E 1 BE(T 2 K 60~120 m) TP 38 2 BE (T
Z R 120 m PAF) 3N IREE B, 43 il EA T AR AR I
SRS A R s, RIE RN HE 1 B R
FEE R 20~30 Hz, N 45 2 BOH 5SOI0R 2228 15~30
Hz S5 0 R 2 (% 1 BeRs 58 (|1 2) . @434
P, TR EE R FENRE 1B, RIERIX
P 1 B SR A L, 43 i 4B 20, 25 F130
Hz () BB A3 %, A5 BN [R50 e 1 o0 A (B13) o 7
[F]—J30 % T ol R AE AR SR AP R R AR AL, X B
B[] — 2% ol W5 T 5L A R i AE S M . OB A
RREREL X5 Ik I 0 2 ) 14 PN T A e I
SRR . Xt S 1B I A5 20, 25 130
Hz (BERHIUR SEA TG 11, S v BT LA 9 T e
A A R i, DA T A R B IE S . S5 R
7, RIS B9 23R ] T B e AE Ty IR T AR AR B, RS 40
Z) oty I T R S AR A TR A o I T P B
e 1 3 2 R IR A R 1) AR AR DRI . DAAE
FHF5E X PG E 46k 38 iy G T TH12333 H- R 401, % iy 165
TA] v 38 I B A5 8k 22.3~24.6 Hz, [11] [ BF I 451 2 44
T2 29.5 Hz, F WA ] B AEAE SRS Bk o
1.2 HESASTRYFIE

0T 3l T PG S L B R ] S kR AR
X o BUARATAIF SR, Al PE A A ARG 2R Y 7K
Bl 1 SRR B W T P PR R BT

1.1.2



a5t 4l [ S R bR R R T P e ST R TN E A ESES -35-

120 120 120 -
100} 100 |
# 80 - i 80 |
S 60 W 60F
a0t = a0t
20 |- 20
1 1 J 0 1 ] O
S 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50 S 10 15 20 25 30 35 40 45 50
WE I 4513/ He W I A5 %/ Hz W5 I 45 %/ Hz
a—RZ b— P FE 1B c—M %28

B2 i E AR R R B g

Fig.2 Instantaneous frequency statistics of well points in different sections in the western Tahe Oilfield

FAy R

Y
R
O )

B3 ETmEESNE | RARREERFEN G

Fig.3 Energy decomposition in plane for different frequencies of Section in the western Tahe Oilfield

FH PG 505 I B Pl 5 ) ok DX o L 7 30 2 0 P B
Wb e R AR A, AR R RS, A A VE R A,
R KX TR R R A b 3R A KA 7K K
FOK AT I ETE AT, 76 = IEH TR
W AL B R 5 2 ik Bl , B G T I R RS | i
TERR IR £R 75 N R TR I A2 7045 T A8 R i ] ¥
T oty IR A R AR 57 A S SR (IR YT Y 11 A
FCHEM 2 35, SRR T VR R R R 75 T v ke
RS R

FIFH IR R e B GE o3 it S HAR X F 58 XN
R AT 2R G020 SR ] o B RT3 S B P
RIRIRER B 1—4 5L 4 b i i A
=10 IR B BCIREE 4, % 15 T ok, ety i
A7 22 55 SO I 38 , B AARTE B — A~ B Ky i
N S RS RGPS e S NI S W DO B VARS8 T\
] JBAT KR 6.3 km, & H 1 2 NNE [ @ fi K J
2.8 km B I, TIRAE S94—1 H-JHir tH @8 b 2 | 1)
RV A BT, F 0 15 by o) 38 T8 A s 4 (A b 35 72

SRR B AR RAAE . 2 Sl I AR T
SN [ JE A , 4 24 12.6 km , #E TH12106 J: BT H 7
W, [ R AR, R A EW 18] 1Y SO0, °F
T LA T SR IR RPRES AL . 357 I TR
ERE NNE—SSW i), (K JE 0 1.4 km, [R] 285 &
BLATEW [0 3050, SR E , A ZR 19 75IE
A3 45l I R AR S NE—SW (7]
JEA, KB % % NW,NE 2 SN [ 33, 76-F- 1fi 18
I ECIRE Y (e 1,1 4) .
&1 M E ARG EIR FRERT
Tablel Statistical analysis of development characteristics

of palaeo—subterranean rivers in the

western Tahe Oilfield

e £ Tk MEE SCEA R TR
5 EEkm  BEm W% TAATREE/m
1 it SN 6.3 132~200 1 62.5~111.5
2 it SN 12.6 100~235 >1 51~69
3 NNE-SSW 114 130~340 >1 30~88
4 NE-SW >5.9 94~180 >1 23.5~103




-36- MmO M w5 R k% 20184F7 A
CAL/cm RS/ (Q+m)|DEN/ (g'cm'l)
ol 10 35| o 20000 _ .
e S ik GR/API T kD (Qrm) S N i
0 150 0 20000|,4C/ (ks m )
$93-1 5960
TH12106® = B—Y
\ 3 /
*TH10108 5980
][] P
V5 IR 25 sl B
el 5990
3B BT 45 d TH10104 600(;
E4 A A TS AR R o 3
Fig.4 Comprehensive identification results of palaeo—
subterranean rivers in the western Tahe Oilfield 00107
BES THI2115 F Bl F4F1iE
I S = 7 Fig.5 Well logging features of palaeco—subterranean
AY > é:l:
PN | ot G A AR T river drilled by Well TH12115
F2  HEEWEREFTIEEEE N FIRBERE
2.1 Y\ ?Efﬁf'%' 51 Table2 Conventional identification standards for
S i T AL REAE ST A i flling types o factute e in
BN L [ TR T4y ok Fo BT B R A U A e
s N N N bi-p Sl o % 7D e
503 AR R R, (T3 B by 2 — Fr%;”) m’; — ;Z# )
N N . RN L% 8 (B ) AIG R
VAR - 573 3 15
THIZITS i {’T‘gjz f/z(zjn? 014 m 5118 Wi ‘Z{H AR BT LBE | AL 3090 |
J\ lﬁjgﬁ 43‘5 m :/Fl =] ﬂ{)ﬂu#ﬁﬂy\%{m#‘ﬁﬂﬁ Mﬁ N B RN Th , —J5 S 45~100 API;
B BN\ ST 25 (B S5 54 09 A5 Ak - oy W T TR IR By e TCHBILE , /N T2 Q- ms I
5970.5~5 973 m MA FRIHLENR , R IR L AL J—— FRIND A T S a2 1, —

REL2% 01 Th LB BE A REAIE , GO S 7 Sy 1 €2
BB o TRIE N 5 973~5 992 m b it 78 1
BET, FEIN R i SRy AR AR BH R R 2 B 1)
fIE, 78 B AL H: Lm0 BH & A K 2 B, 5992~
6 014 m N FABRFCIHEET , A SRME A TIeA 5 A
Z ], HAE 4 30~60 APT; B BH A K 3~70 Q- m, 1%
DUFH ] WL /NH R 7 DU TR BB S5 R 5
R S) o 456 S TR, N7 1ty i T] 48 3
FRIFCS I HU I bR e (R 2) , PR su
R ZAE R B R A s IR S M LA T
TIN5 AR A0 - 5 0 T FE SRR A R AR T
AL I s A5 A T R0
22 FHEEREHEE

55 WAL SR T S A BORH R LR )
PHE A, 0y g T A A 25 4 & B IS L HEA T 2R A R
Slo B A MR SN R s 1 TR B0 B SR
AR, 255 FI LA R8T 25 o)k BRI, A3 5
TS AT I EW 0] TH12182 32 3 M 6], iy B3] I 1%
TH10112 H-4E 5 820~5 834.6 m 4l FE AN/ Fe4H
BETR ™ JaAeoE r i Dk 35 vd, SRET I Dl 4%

30~60 API; HFZE— 8 3~70 Q-m

10* v, 2LV RE T 72 /2 , 3R BA TH10112 H: XA &5 fif
L BET LA FIW ok ok 7o i 4 T 7 4% )2 (&
6) o FLUK 8 XA W S AR S MR E
T BL A KA GE T, B R i BEAC R T oty T 2%
P RE BRI 22 5 BERSH AT M e AIE vy B vl
P FEIE M . ol RS AT P IRBE BT R e i R s A
RINAER A M N R F AR 2,
BELATC 553 i o S AT 24 35 o7 i 4 2 1) & B R JE 2%
BT FE AP AT REE

BT LR Tk, nlREIE T I PGy b e - T
TR AR 53 N 228 . — R EACN S K F 4
R BT, JRy AR S v T B el e I B A an 3
W RGN EW 0] TH12182 323 , Z5 A 1A 45 1 iR
A AR A 2 (B R B, A w52
R A 43 32 A B 7 I 6) 5 59— 25y 5] Al it 4
73 [0 R B R R, ORAEFR B 22 | 4 4540 5 i)
B B NS KB B AIHCR A 1S
CEG PR 45 5 R vy ] FE R R P B B R
BIRIR A JRB R B AR SR A 5 (7)) o




H25% 4l i UEAT I AT T vy BT A T 5 R AR B A | IR 2% <37
"0 0.5km T T 07- 0.5km " T YU
— ok 7 T 0) -
¥ e, e MG 7 o > N
. e THI2164 ey W T 4 .
e ‘i;[kﬁmln . }‘ J'&:’?T}fﬂ)llz Ty
3 - "i > 5 . i N
B B 4l 26/ Hz ¥ 75 MR AR i
10 30 50 100 300 500

a— P R LB I 431 ¢

Y F ¥ .
PBHLH/ (geem®emes™)
10000 13500 17000

o— N FELBEIE Lt

b— P 1B ¥ U7 AR R

0 0.5km
| E—

TH12182 TH12164
‘. THlOII

m 1
SREE WAKEM kM

d— 7l I 9] 1 11 4% 9] 265 44

Bo6 3SuREn TH12182 BT 450 & il A 45 R

Fig.6  Prediction result of fracture—cave structure in plane for No.3 palaeo—subterranean river in Section TH12182

‘ TH12337

TH12346'8%,

5% i 43 %</ Hz
30

¥ 77 IR
50 100 300 500

10

a— N R LBLIBE I A % b— P 1B ) )7 AR AR

l-l;_l'. ’
W ISKIH12337 s ¥

® TH12337

W .
= w

. -

C8 &
|l Ry

g T
o' PHI234688 | "

L T

TH12346

PBHLH/ (geem®emes™)
10000 13500 17000
[ — —

m ] =
E T VT WS

o— P HELBLUE B BT vty 15 ] P T 4% 3 445 44

7 1 SHEATEEEREETNEER

Fig.7 Prediction result of fracture—cave structure in plane for No.1 palaeo—subterranean river

I TRt RS

31 HHMEES

WA E IS A S T I A A E ), 3T
POy ] S 2 TR B R g — (] oyl Al —
T B R G L2, R DU VS O R A A
Yo eV R b —TT BA B 4 To T 4 i R A L
ISR AR5 C o] 2 ™ A2 A3 ) v A T A% R L 7B
P RS SR T AR R ra R & & SN 1] S EW 1] 2K
TLF PEHELASN iAo 1, H IS X b T iE

FGE - T R AT e 1E 5 1 PO B %) 4 3 T S A W
AN
32 WiRERS
FABIFGEIA A, 75 BRI SR 4 o by B e 45 T 3
FETU AR AR GE Ay el A AR SR A K B
AR B 7 1) ARG DXt I T A T 25 4
filtFIRT , WA R GEAE Tl ] 1) 4 Aty i e
RGET 2545 () A FE o B 1) 2R R PE A,
FIAE 44171 - OB SRR T Wr2bf
T sk DR BEAS R A 4k e B, B
HB At METAS 1E & B SOk ST R 2 AN R TR . @



-38- o M

5

Y

Ko & 20184F7 A

BT 24 22 43 a5 B oty W ) 1) Jmy 3 5 8 R TR K, &
A AL LA iy g ) se XU 3 n . 5 7 g
TALE ] — B W 24 RS 3y, 6T L SBIE B oy i
AL KT R AR, oy 5 ] B AN R 3 A AR AT
D)5 W7 2405 s B SR T b)) o By e
AT I A T, BRI T R e SRS AR
DX VB Y 15 iy 5 I 32 21 AN [] 49 R W 284 10 e SR A
FH L 53 B 1 224 A0 6 Al ST 038 53 , A8 1) 2 2 P 38
Z(E1,K7).

Wy 6Ty 5 9T 18 T ol B LA T i 4 2 T i 1
A B SRR R I 1), AEOX o W ¥ s 300 5 3 1l
HURARPTECEREY o oy BT — R B IR R, B b
RS A AR & — AN AR S A i R A T
AN T AR o 1T 57 T A 9 3 Y W 2 R 4
VB AR H LA I A Sl E | A R R
55 W SR DT LR G ) oy i T B RS T A B T R
ROR 0 1S RE] [A TH12233 25, 2y sa 2
R I A 5x10° o 1717 W 2434 38 2% 14 22 1 7y i
WA SRR 2E . L, Wiy B i Rk
FAGHEZS (8] () PRAF S AL B A E T, A% L3
AT FRAEH
3.3 FEEAA

KA I ORHE R TR A 1 5 3R
10 38 W 0 T TN DAL, 2 1 A R b 2 DT
B JeRb S 7E A BRI A T s S 7o 38, XA 3
B IR 223 ] () BE IR A kg 7 B 20 R B RN SR
DU - =T DR RS %5 355 A R HE ARG S SR il Ay B
AT I 2

&

4 5B

B I P AR £ 4 4%ty T , T 1 1 2 5 2
R B BRSSO\ 1 % BT b — T I H S
AT LLF 60 ~ 120 me it T4 T 25 K ST 1 7T 43
o S B ) R AR TR 45 % A 1O AT oIk 2 K
S Y E A BT R4 b A ST B VR B e R
BRFEH 3 FhAEI SO RS A RS
TR A 1T 357 55 T 25 % 4R 45 40 A e £
B . RIS e T T 0L 1) L W
G % 7 5T S8 2 TR B B AR P L ELGH I P
TRV, TP % SCBRIE ST , 7 W 5 19 DG
PR DI T B A ) LB IX

Sk

(U] B, Ay AL, MRS, 258 B T3ty FET B P % di v 4 oty

(2]

[4]

[9]

[10]

TR B RERR T AT L5815, 2014,36(3) : 268-274.

LU Xinbian, HE Chengjiang, DENG Guangxiao, et al.Develop-
ment features of karst ancient river system in Ordovician reser-
voirs, Tahe Oil Field[ ] ].Petroleum Geology & Experiment, 2014,
36(3):268-274.

S, 5 S TR R R i Bt A A1 3 SR AEFAR
[CLVHZ R S5 T & PR, 2015.

HU Wenge, LU Xinbian.Characterization and classification of car-
bonate fractured—vuggy reservoirs in Tahe Oilfield [C]Xi’an:In-
ternational Field Exploration and Development Conference ,2015.
AL, BrJa & TR, S5 WA S b DX P 28 i i i
VU B PR S ) AP UL, 2017, 29(5) :89-96.

DAI Dongdong, FANG Qifei, WAN Xiaoguo, et al.Identification
of Ordovician karstic paleochannels and its accumulation signifi-
cance in Halahatang areal J ].Lithologic Reservoirs,2017,29(5)
89-96.

FOpT i, 5% 00t AR TR T R R
LA BT i TR, A ] B
J§i,2010,31(1):22-27.

iy

E2RliE WUR TS RER Rl
A [ ] A5 AR

LU Xinbian, CAI Zhongxian.A study of the paleo—cavern system
in fractured— vuggy carbonate reservoirs and oil/gas develop-
ment—taking the reservoirs in Tahe oilfield as an example[J ].0il
& Gas Geology,2010,31(1):22-27.

SR, B S S T i 12 XS ) 2 o g 3 DXl o
TE YU B L) A B S TR, 2016,30(1) : 26-31.
GUO Chuan, TIAN Liang, BAO Dian.Regional karst old channel
identification and its significance of eastern Ordovician reservoir
of block—12 in Tahe oilfield[J ].Petroleum Geology and Engineer-
ing,2016,30(1):26-31.

TSRS L AR, RIS SN , S 0 i AL 1 AR A BRI 4 ]
BRI LY ] A R, 2017,22(1) :99-105.

GAO Hougiang, XU Ying, SHAO Wenchao, et al.Application of
reverse— time migration technology in imaging of fractures and
cavities in carbonate reservoirs [ J ].China Petroleum Exploration,
2017,22(1):99-105.

I R i B A S Je K iy P TR R o 3 () .
SHBF R, 2017,24(4) :1-7.

WANG Yanguang.Progress of seismic prestack depth migration
and its application problems and solution [J].Petroleum Geology
and Recovery Efficiency,2017,24(4) :1-7.

TR TP W R S IR 0 A BORTE AU R M DX B b 1A
TR AR L LR PA T B 5 T 4, 2016,35(6) : 132-137.
FENG Zhihui, YAO Dan, CHEN Shumin, et al.Application of
spectral decomposition technique in Aonan dense sandbody pre-
diction[ ] ].Petroleum Geology & Oilfield Development in Daqing,
2016,35(6):132-137.

KIS A 2 P B Y0 A N SR AR v 8 B L ] AR A
AU, 2017,24(6) :44-47.

ZHANG Lu.Application of seismic frequency — divided multiat-
tribute fusion method to small faults interpretation [ J ].Special Oil
& Gas Reservoirs,2017,24(6) :44-47.

ARG MR R T R G AT ] s IR AT
1994,6(2) :7-16.



CEPRE S 28 ik

B A6 T TR FH G 80 oty e S ) 235 )RR I B Pl R R

30

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ZHU Xuewen.Systematic evolution of underground river cavern
development [J].Yunnan Geographic Environment Research,
1994,6(2):7-16.

WK M, 2%, 55 IUARCE VA T ) B R T B L BB
FRRBLE RS R A AR S 7R —— AR I A
TRGE T 1) AR B, 2015,20(2) : 1-7.

DAN Yong, LIANG Bin, YI Lianxing, et al.Revelation of research
of modern karst subterranean streams to exploration of paleokarst
fractured—caved reservoirs : an example of Zhaidi underground riv-
er in Guilin applied in Ordovician fractured—caved reservoirs in
northern Tarim Basin [J].Marine Origin Petroleum Geology,
2015,20(2):1-7.

INEIAR, RNIGEARE , TR PRAY, S5t T3 0 PR A2 i I 1 3l 3
AR KRR, 2015, 26 (7] 1) : 168-173.

SUN Qinhua, LIU Xiaomei, ZHANG Huquan, et al.Automatic es-
timation of erosion depth of ancient river[J ].Natural Gas Geosci-
ence,2015,26(Supplement1) : 168—173.

T WA 5 TR WA DV R B R IE Sk 3l g 25 AR L)
#,1998,15(1):17-25.

YANG Mingde.Characteristics and hydrodynamic conditons of
cave development in karst gorge districts [ J].Carsologica Sinica,
1998,15(1):17-25.

JEIVLY, Bl , MG B, A5 AT i B BBl 3R 5 I P A
PRI ER [ LAl S b, 2009, 31(6) : 547-550.

ZHOU Jiangyu, LU Haitao, LIN Zhongmin, et al.Karstification
models of the Ordovician carbonates and their influential factors
in the Tahe Oilfield, the Tarim Basin[J ].Petroleum Geology & Ex-
periment,2009,31(6) : 547-550.

XUTT R 2 WY, R, A5 KA B B R ARTRER A L
HK RBETE ) R LY A T B, 2013, 18(4) - 75-81.
LIU Weifang, ZHENG Duoming, WANG Hongqiu, et al.Research
methods and the significance of palaeodrainage patterns in Ordo-
vician buried—hill carbonate reservoirs, Tarim Basin [J].Marine
Origin Petroleum Geology ,2013,18(4):75-81.

F ol , AU gt , P SOARE el ORI R it JE R IR R 5T
DA FH BB 28 03 O il [0 ] A7 i 5 R A8 < BT, 2003,
24(1):75-80.

XIAO Yuru, HE Fengyu, SUN Yimei.Reservoir characteristics of

paleocave carbonates—A case study of Ordovician paleocave in
Tahe Oilfield, Tarim Basin[]J].0il & Gas Geology, 2003,24(1 ).
75-80.

ZRIRAN  RHAR SR, A5 SR DX IR AR L 5 i 2 T AR
JrEFE [ C L R Z s AL il < R 5 R R g S AL
A M R, 2005,

LI Zongjie ,HAN Gehua,ZHANG Xuguang, et al.Research on pre-
diction technology and method for Tahe carbonate reservoir [ C ]/
Oil and gas field exploration and development in northern Tarim
Basin.Beijing: Geology Publishing House,2005.
BENLHT o 5 BT U B R AR R L e A R BRI S T
PRI A KRR M, 2010,31(1) : 1-12.

QI Lixin, YUN Lu.Development characteristics and main control-
ling factors of the Ordovician carbonate karst in Tahe oilfield [J].

0il & Gas Geology,2010,31(1):1-12.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

AR R B R R IR R AR R R R AR
SR ATRLEEL) ] AR, 2011, 32(1) : 101-106.

LI Yang, FAN Zhihui.Developmental pattern and distribution rule
of the fracture—cavity system of Ordovician carbonate reservoirs
in the Tahe Oilfield[J].Acta Petrolei Sinica,2011,32(1):101-
106.

SR SRENAE , R, 5 B R M B S X R R
B2 A R O 5 28 R SCR [T ] A S g b 5T, 2017,
39(6):790-796.

WU Guoqiang, ZHANG Lijuan, YANG Zhenzhou, et al.Paleo—
karstification of the Ordovician carbonate reservoirs and the rela-
tionship with fractures in the Halahatang area of Tarim Basin [1].
Petroleum Geology & Experiment,2017,39(6) : 790-796.

TR T, 2RI U, A5 G il BB AR L O R
REAE Rl Ao A 5 R 3R [ ]l A 5 SRl , 2016, 23
(5):1-8.

HAN Jie, HONG Tao,ZHU Yongfeng, et al.Characteristics of Or-
dovician buried=hill cave reservoir and controlling factors of pe-
troleum distribution of Lungu oilfield [ J ].Petroleum Geology and
Recovery Efficiency,2016,23(5) : 1-8.

ZEBH, Ao, Phog e S ST T R B 3R A A3l B A TR 25
FEAELT ] AT 2441, 2016,37(3) : 289-298.

LI Yang, JIN Qiang, ZHONG Jianhua, et al.Karst zonings and
fracture—cave structure characteristics of Ordovician reservoirs in
Tahe oilfield, Tarim Basin[J ].Acta Petrolei Sinica,2016,37(3):
289-298.

EhIGESE AR, B 1) B, 55 0 B 3 b B YT il P 9 B 2 4
BURSOK AR R 5L )] B T, 2013,59(3) : 521-
532.

MA Xiaogiang, HOU Jiagen, HU Xiangyang, et al.Framework of
fault=controlled meteoric palaeokarst Ordovician reservoirs in Ta-
he Oilfield, Tarim Basin [J].Geological Review, 2013, 59 (3) :
521-532.

FUPE VI EE B0 B bt DX P BB G | LA 3R A A 4y
AT B A2 R 3 L 13l U B 5 R e, 2015, 22.(2) « 17—
23.

HE Hu, FENG Haixia, CAl Zhongxian.Distribution characteris-
tics of supergene karst and dominated factors analysis in Ying-
shan Formation of Lower—Middle Ordovician in Tazhong areal ] ].
Petroleum Geology and Recovery Efficiency,2015,22(2):17-23.
BRI XA, XURE STl P e BB e TOU I 7 v 7K Zox
H G B S ] B, 2010,24(2) :273-278.

CAI Zhongxian, LIU Yongli, LIU Qun.The appearance and signifi-
cance of palaco—drainage systems connection in the top of Lower—
Middle Ordovician in Tahe Oilfield[ ] ].Geoscience,2010,24(2) :
273-278.

WS, J A T, KRR S IR R T AR R L A 4 2R
GE USRI ] A SE 95 1 5, 2016, 38 (1) : 56-62.

CAO Jianwen, XIA Riyuan, ZHANG Qingyu, et al.Typical filling
models of a fractured—vuggy system in carbonate rocks under a
moist environment[ J |.Petroleum Geology & Experiment,2016,38

(1):56-62.

wig ENhD



