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Abstract The deep surface water system structure developed in the Middle and Lower Ordovician in
the northwest of Tahe Oilfield has a significant impact on the development of karst fractures and caves on
both sides of the water system. Therefore, it is crucial to quantitatively describe the water system structure
and conduct researches on its evolution mode. Based on three-dimensional seismic data, seismic attribute
extraction technology was utilized to identify paleokarst platform and paleokarst surface water systems. In
addition, the planar and vertical morphologic structure parameters of the surface drainage system were
quantitatively characterized. Consequently, the formation and evolution patterns of paleokarst surface water
systems was explored, and the relationship between surface water system evolution and paleokarst cave-fis-
sure development was analyzed as well. The research results indicate that: (1) Three paleokarst paltform
and a deep meandering gorge type surface watershed structure are developed from east to west in the north-
west of Tahe Oilfield. The main water system in this basin flows in a north-south direction, while the
branch water system flows in an east-west direction, exhibiting an asymmetric distribution pattern.
(2) The curvature rate of a single river bend in the water system is greater than 1.5, exceeding the criti-
cal value for defining the curvature rate of a meander bend, and featuring typical meander characteristics.
The curvature rate of the east-west meander belt is 2. 42, and the curvature rate of the north-south mean-
der belt is 1. 78. (3) The east-west water system mainly has a single V shape, while the north-south wa-
ter system has a composite V shape. The incision depth of the water system in the three paleokarst platform
gradually deepens from east to west, and the average width to depth ratios of the water system are 4. 06,
3.52, and 3.03, respectively. (4) The paleokarst surface water system in the study area experienced
two stages: free meandering and entrenched meandering, reflecting the lateral and vertical erosion proces-
ses of the water system, respectively. Among them, vertical erosion of the water system occurs gradually,
adapting to the gradual uplift of the three paleokarst paltform. (5) Deep meandering is the lowest drainage
reference level in a region, controlling the development of large karst underground rivers on both sides of
the river. Each karst platform has an independent water circulation structure, and the gradual uplift of the
karst platform promotes the differential evolution of the water system, thereby controlling the differences in
the scale and type of karst underground rivers. The understanding of the paleokarst water system structure
and its evolution in the research area provides important reference basis for the study of the development
characteristics and distribution patterns of paleokarst fracture cave storage space.

Key words paleodrainage system, free meander, entrenched meander, fractured-vuggy reser-
voirs, Middle-Lower Ordovician, Tahe oilfield
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Fig. 1 Location of northwestern Tahe oilfield and stratigraphic table
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Fig.2  Early Hercynian paleogeomorphic map, east-west seismic profile, and east-west river longitudinal profile of Tahe oilfield
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Fig. 3 Characterization method of paleokarst surface water system in northwestern Tahe oilfield
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Table 1 Rw4 east-west and north-south single meander
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Table 3 Rw4 east-west and north-south meandering belt

fractal dimension in northwestern Tahe oilfield

REK I AL 250

T Hh 255 S/ km I/ km B C HHR e
D1 2.09 0.73 2.86 0.74
D2 2.99 0.59 5.07 0.84
D3 1.67 0.57 2.93 0.75
D4 1.68 0.71 2.79 0.74
D5 1.96 0.86 2.28 0.70
D6 2.81 1.18 2.38 0.70
D7 6.12 0.44 13.91 0.93
D8 3.05 1.32 2.31 0.70
D9 3.61 2.19 1.65 0.62
D10 3.32 1.45 2.29 0.70
D11 7.18 1.74 4.13 0.80
D12 4.66 0.93 5.01 0.83
D13 4.12 0.50 8.24 0.89
D14 1.36 0.53 2.57 0.72
D15 1.49 0.40 3.73 0.79
N1 1.70 0.86 1.97 0.66
N2 1.78 0.22 8.09 0.88
N3 1.51 0.61 2.48 0.71
N4 1.10 0.40 2.75 0.73
N5 1.20 0.67 1.79 0.64
N6 4.19 0.43 9.74 0.91
N7 0.99 0.52 1.90 0.66
N8 2.40 1.03 2.33 0.70
N9 1.58 0.82 1.93 0.66
N10 0.98 0.48 2.04 0.67
NI11 1.03 0.12 8.58 0.90
N12 1.86 0.64 2.91 0.74
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AR V4 [ 307 il 1.340 0.9960
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Table 2 Rw4 east-west and north-south meandering

belt parameters in northwestern Tahe oilfield
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o KAEK WK FilE RS Bk

S/ km L/ km C W/ km A/ km
Z: VY [ ) il A 43.09 17.78 242 0.76~3.24 1.69
EEAEREN 33.48 18.8 1.78 0.53~2.70 2.68

Rouen ] gl 17 25 i % 24 2. 19, Shenandoah ] 5§ 3% 7]
A7 25 i A<y 1,98 Rwd i) 417 25l & 15 [ Ay 4
Y g%y g M )l el A R 2R RN, FE ARV )
] gty 2 g A< A P AR 0 R ) g YT
i, P Rwd 7K R 58 4 5 4 g e 3] il 2l A vl

B LR Z RO, o3 I8 4R D O T S il E Y
7RIS ROERAE, — BOA N HR R B RO 1,
{0 T 24 RO 3 T i i B A O o AR A S 4
BOETHRAR BRG] il 7 70 R 4680 1,340,
AL E T s o 4RO 1324 (% 3) o lId 2 &
A SO EE AR ) K R I 25 il RS 0 4E R
TR K &, ARV 1] K AR AR AT R b 1l K 2R g
AP Y R 3

4.2 KEWTVIHFHE
4.2.1 KRETUMNESEHIE

J T WESE Rwd K R T VIRRAE, 43 90 % H AR
P4 1] 43 32 K Z A0 R b ) 3 K FR 08 ) TR A T 38
X Hrp ARV 043 K RILAHE T 33 Sk
[, IR G AL A 4 3 A X B, Fdbm)
F oK Z AR 27 SFR I m, SRR T YIRS MR
BRI 3 AKX B, At 4 AB B, BC
B CD B (K 7) s

mE 7N, A&RMPE, G4 B HTHEH6 KK
ARTFUIES#AE LUV EShE, Hd, Gl 61
KATURER A E, BAKR, BIET I
o B S KR TUWRERYS), BABK, HZ
ERSRNKRTREBMLTE®S P, &
4 )\ E1 3] E9 /KR T YIGREEZ Wi/, HARE T H
& m, KU E R/, mdbm AB 5 CD Bk
REIHR— V ERGEH CD Bk RIS MR
hTE%, M BCBKREEMEHREE S V FH,
WFYUIRERE, BC BUKR TUIRERK, WE
T AB BoFn CD B, CD Bk &R FUIRE /N
4.2.2 KETVIHNRLESHE

SRV W SRR T INTIRO P )
vi B AR AT 583, Hop E1-E9 50K & 1 1
fLFam 4, HgREREN 169.46 m, fi/NE
FEAUN 54.82m, G S 1, B T/KRBE MM A
BHEAAX AT, H IR mERE, O
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Fig. 7 Water system morphology corresponding to the north-south and east-west water systems
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cross sections of Rw4 in northwestern Tahe oilfield
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MR, FEARVEMK RS, B4, 5. 6 KRR
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RO MR/, KRR L RENS BT b
B 7K R R VIR BE 1 25 1k

Hir w4 KRR T 2.32~6.52 Z 1],
FHIEH K 406, G S KARTBIRHE AT 2. 12~
6.62 Z ], VAN 3.52, G 6 KR FEIR LA
T 1.63~4.56 Z i), F¥{EHN 3.03, 50 5 KR

Yo R LRUE R BOR, G 6 58 5 ALK
RTER LB, BEF G 4 7 e, KRR
PR AR A B R S () 8) o X Uil &1 5
HOK R T OIR LA 2], TSR B TR 6 — Il /K
A TUI, LG 4 — MKk R T UK. %
WM & 6 KRBIKT U RE, GH S K
Z, B4 5N,
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W A PRI ACEE SR MR AR X 22 L A — E SRR
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BEIX R 52 R o T B R AR A O R A DT
J¥oL, SEATE A H R A
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Table 4 Statistics of width and depth parameters of
east-west and north-south water systems of Rw4 in

northwestern Tahe oilfield

BAEE KRR KRAE| WHE KREE KRR

i 5 / m / m i 5 / m / m

E1l 393.41 117.88 E31 419.78 157.05
E2 547.72 169.46 E32 415.83 127.72
E3 551.17 168.65 E33 249.76 130.54
E4 346.57 149.09 S1 388.64 63.51
ES 593.57 133.40 S2 667.10 67.66
E6 298.75 76.65 S3 382.56 55.33
E7 546.73 101.71 S4 411.19 42.07
E8 360.87 86.35 S5 498.81 42.47
E9 357.50 54.82 S6 360.88 33.63
E10 455.53 76.32 S7 250.70 20.90
El1l 314.04 148.28 S8 746.05 144.70
E12 344.61 107.69 S9 530.04 123.80
E13 499.90 122.08 S10 307.96 118.71
E14 254.39 92.01 S11 550.86 139.74
E15 830.71 169.14 S12 595.10 109.86
E16 563.50 189.35 S13 498.81 122.73
E17 231.31 34.95 S14 361.74 127.28
E18 458.01 115.80 S15 390.37 131.17
E19 249.76 99.23 S16 444.16 152.74
E20 523.25 209.89 S17 329.65 140.01
E21 309.07 114.47 S18 195.18 134.92
E22 519.29 198.96 S19 608.11 202.44
E23 461.30 193.99 S20 719.15 191.19
E24 315.00 193.82 S21 719.15 173.37
E25 501.50 141.64 S22 579.49 143.89
E26 398.70 136.34 S23 771.20 68.20
E27 628.69 160.52 S24 359.14 119.24
E28 377.61 141.64 S25 330.51 93.52
E29 377.61 114.47 S26 442.42 80.79
E30 523.91 114.97 S27 333.12 41.94

FE BT A S AR gl R, R A A gl Y
il T A R i Sl R . RIAE Rw4
2R VG 1) 11 4 300 f 90 10 S A 3t 3k B & 0 T
S R B, m b K R W E A
XS RG] 4y K R 2 — 2, (R IRER A7 7E 3411
RIKH) 0.9 WM mAEAE, KA LU h Rwd (1 7R
VG 112 K R S db i TR R b, A
Hl 37T B AT LR T S TR gl O AR 5

x5 BAmBAREILE Rwvd KFAEEKRERLSE T

Table 5 Statistics of breadth depth ratio of east-west water

system of Rw4 in northwestern Tahe oilfield

A ) 1 B R o ) T FEIR I
E1l 3.34 E18 3.96
E2 3.23 E19 2.52
E3 3.27 E20 2.49
E4 2.32 E21 2.70
ES 4.45 E22 2.61
E6 3.90 E23 2.38
E7 5.38 E24 1.63
E8 4.18 E25 3.54
E9 6.52 E26 2.92
E10 5.97 E27 3.92
Ell 2.12 E28 2.67
E12 3.20 E29 3.30
E13 4.09 E30 4.56
E14 2.76 E31 2.67
E15 4.91 E32 3.26
El6 2.98 E33 1.91
E17 6.62

10

; 2o

26 ° FIfI6
2 .
% 5000 10000 15000 20000 25000 30000 35000 40000

PEES/m

8 BETTih FH YL TR Rwd ARV 1] K &R 98 TR LT ¢ ]

Fig. 8 Rw4 line chart of width to depth ratio of east-west

water system of Rw4 in northwestern Tahe oilfield

®6 ENSMABBRRESH

Table 6 Typical meanders at home and abroad and their parameters

— KEK  MmsEK SR B
S/ km L/ km C e
% B VLT [l iy 9 14.4 0.9 16.00  0.94
7 B VL R i 17.1 0.4 4275 0.98
B ] A 2y iy 10.7 0.9 11.89  0.92
WVLEE I 9.4 0.5 18.80  0.95
PR VL2 I gt O 15.6 1.2 13.00  0.93
L R ARAN I 1 32.5 1.3 25.00  0.96
BBy YT YT VS 9 17.0 0.8 21.25  0.96
T AL T Bl 28.2 1.6 17.63  0.95
JAE 13 JR ] R B i 9 9.7 0.9 10.78  0.92
e o
mﬂggfg%ggm 14.3 0.3 47.67  0.98
I 1A ] Saint ] 3 13.7 1.2 11.42  0.92
J& %3 Biltan 7 7.5 0.8 9.38 0.90

o R PRk B KK AR (2007)
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Fig. 9 Development model of the middle Caledonian—Early Hercynian paleowater system in the Middle

to Lower Ordovician in northwestern Tahe oilfield
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Fig. 10 Paleodrainage system evolution and development pattern of karst caves in the Middle

to Lower Ordovician in northwestern Tahe oilfield
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