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Abstract

The first member of the Canglangpu Formation on the northern slope of the Central Sichuan Paleo-
uplift is an important strategic replacement layer for natural gas exploration in the Sichuan Basin.
However, grain shoals exhibit strong heterogeneity, and conventional seismic inversion struggles
to distinguish thin-layer shoals from non-reservoirs. Based on 3182.32 km? of 3D seismic data and
9 drilling datasets in the study area, this paper adopts an integrated sedimentological-geophysical
approach to conduct sedimentary facies analysis and sedimentary facies-constrained seismic wave-
form difference simulation inversion. The results show that the Canglangpu Formation is under the
dual control of the Deyang-Anyue Paleo-rift and the paleo-uplift. High-quality reservoirs developed
in high-energy grain shoals in the first member of the Canglangpu Formation, forming a favorable
“lower shoal-upper shelf’ reservoir-cap assemblage with the fine-grained deposits of the shallow
shelfin the second member of the Canglangpu Formation. AC, DTC and CNL were selected as the core
sensitive curves for reservoir identification, and the inversion method can accurately delineate the
effective reservoirs distributed in bands along paleogeomorphic highs. This study establishes a
quantitative prediction system for carbonate shoals and provides scientific support for natural gas
exploration deployment in the study area.
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Figure 1. Regional geological overview of Sichuan Basin. (a) Structural location of the northern slope of Central Sichuan
Paleo-Uplift; (b) Comprehensive lithostratigraphic column [1]
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Figure 2. Average lithologic thickness of each sub-member of Canglangpu Formation in the northern slope of central Sichuan area. (a)
Average lithologic thickness of the 1st Member of Canglangpu Formation in the northern slope of central Sichuan area; (b) Average
lithologic thickness of the 2nd Member of Canglangpu Formation in the northern slope of central Sichuan area
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Figure 3. Single-well sedimentary facies analysis of well PS1
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Figure 4. Single-well sedimentary facies analysis of well PS11
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Figure 5. Sedimentary facies correlation analysis of wells PS15-PS13-PS12-PS2
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Figure 6. Sedimentary facies correlation analysis of wells PS11-PS1-PS12
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Figure 7. Sedimentary facies plan of Canglangpu Formation. (a) Sedimentary facies plan of the Second
Canglangpu Member; (b) Sedimentary facies plan of the First Canglangpu Member
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Figure 8. Lithology crossplot. (a) AC-DTC crossplot; (b) AC-CNL crossplot
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Figure 9. Waveform difference simulation profile of the First Canglangpu Member in the northern slope of central Sichuan. (a) Wave-
form difference simulation profile of siltstone; (b) Waveform difference simulation profile of oolitic dolomite; (¢) Waveform difference
simulation profile of mudstone; (d) Waveform difference simulation profile of sandy dolomite; (¢) Waveform difference simulation
profile of dolomite
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Figure 10. Result verification and method comparison. (a) Blind well test; (b) Model-constrained wave impedance inversion
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Figure 11. Lithologic waveform difference simulation map of siltstone in Member 1 of Canglangpu Formation,
northern slope of central Sichuan Basin. (a) Waveform difference simulation map of AC curve; (b) Waveform
difference simulation map of DTC curve; (c) High-probability prediction map of siltstone in Member 1 of
Canglangpu Formation, northern slope of central Sichuan Basin
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Figure 12. Lithologic waveform difference simulation map of mudstone in Member 1 of Canglangpu Formation,
northern slope of central Sichuan Basin. (a) Waveform difference simulation map of AC curve; (b) Waveform differ-
ence simulation map of CNL curve; (c) High-probability prediction map of mudstone in Member 1 of Canglangpu
Formation, northern slope of central Sichuan Basin
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Figure 13. High-probability prediction map of non-reservoir in Member 1 of Canglangpu Formation, northern slope
of central Sichuan Basin. (a) High-probability prediction map of siltstone; (b) High-probability prediction map of
mudstone; (c) Superimposed prediction map of non-reservoir area
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Figure 14. Lithologic waveform difference simulation map of dolomite in Member 1 of Canglangpu For-
mation, northern slope of central Sichuan Basin. (a) Waveform difference simulation map of AC curve; (b)
Waveform difference simulation map of DTC curve; (c) High-probability prediction map of dolomite in Mem-
ber 1 of Canglangpu Formation, northern slope of central Sichuan Basin
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Figure 15. Waveform difference simulation planar map of sandy dolomite in the First Canglangpu Member, northern slope of
Central Sichuan. (a) Waveform difference simulation planar map of AC curve; (b) Waveform difference simulation planar map
of CNL curve; (c) Prediction planar map of sandy dolomite in the First Canglangpu Member, northern slope of Central Sichuan
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Figure 16. Lithologic waveform difference simulation map of oolitic dolomite in Member 1 of Canglangpu Formation, north-
ern slope of central Sichuan Basin. (a) Waveform difference simulation map of AC curve; (b) Waveform difference simulation
map of CNL curve; (c) High-probability prediction map of oolitic dolomite in Member 1 of Canglangpu Formation, northern
slope of central Sichuan Basin
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Figure 17. High-probability prediction map of reservoirs in Member 1 of Canglangpu Formation, northern slope of central
Sichuan Basin. (a) High-probability prediction map of dolomite(b) High-probability prediction map of sandy dolomite(c) High-
probability prediction map of oolitic dolomite(d) Superimposed prediction map of reservoir distribution area

E 17, N deRie—ERERSHETUNFEEE. () JIFREe—REZESMENTEEE; (b) )IIFIRK
P—BRURAZESHMETMNTEEE; (o JdtREe—RIKNA LS SBMETUNTEEE; (d) JIFRke—KR
it = X158 & T ¥ @ &

(3) Xk 2Lt P 5 5 R 25

G REE IS L, R I — B A R I I R AT, W T R R S R I
X340 (X 530 5 A5 2000 2 5 T W SR T 1 [X 3o - o7 350 72 5 ORI LA 2 IR
fi, SIAMRVIRYI S, TS A e v S

TG T BTN 7L R R, S ANZ T RS E R R FEAR AT, WAH T A% O AR
HK, FTNBESR A B S AR B B S R 2
6. it

(1) HiJE VR E 1 T ) 433 26 S WA 17 500 R o

b 7 2 ) 3 2 AR B R UL, B 0 1 e 2 0 /0N JEE B b T K1 14, AR

_ v
4fﬁl2ﬂ:

X, d NERTEF R (m), v N Z B (m/s), AR R IR (Hz) .

ST FC DOV IR A 4L 5 B 25 (AC) P IUMEN 52.197 ps/ft, #5345 2 2 PN v = 5839.42
m/s; AR 72 A0 S s A L AR B 280 Hz, AR TH IR RN /3 HE R 208 5.21 m. E0 A
FEAE R R EERT 5 m MEARTIRATER, WTHAX T ZKE R 3~4 m #EMAE, LEECKTHEBRS
R, S S5 R TCIEIE W Z . — E MR L RS IR, 50 2 I RS R N R 2
MEAAR, SO HMEARN RS B R R S ) 2 S 1) TN AR AE Al 22

(2) HbFE i 2 P B L Ath b TR s e [ 3R

AU RIS VIR QR BRAC T 2, (A2 2= T4 © FLBRRANR: &2
FEPN IR LA, SAEEENIEN NS EE, 5 FEERRAERANEE: RERREE
F LB RS LU AR A 2 B 2 SO A S e A, — AP T S 4 R AN E PE[13]-[15]. @

d (6.1)

DOI: 10.12677/gser.2026.153049 533 PRI


https://doi.org/10.12677/gser.2026.153049

R %

IS R IR AR SRR AL — 2 B P S MO 5 3, RO LA X 5 (0 5 v ot
i SARFLIB B (17508 s FLBGH OIS TR WAL RS )& BRI (S, 5
AR AL SLRIAT14] (1610 © WG AU : Jed bR I K it 5 0 B9 1y 220 O R
S, 7L AR 53 0 T AR RIS T A T B I 25 /IR 2 5 S A B R 1 e 0
SECBHT b2 P RN 7] @ BB TP 10— BUikRRah s - HARRBIRBUSE 2, R
ER AR L SRR, B IR 2 S BT R TR R LIRS
I L 2 8 S0 SR, 30— R T RIS AR 18]

7. BER

ARSIty ke LR AR I TR AL TEXT R, ALK AR = 42 5 5Bl BRI DTN
KA AT, BT T DX AR - 2 R S R AL ], 1 BOs RE BRI 56 — BOBOK Y
BN ME BB R AF Ak R s IR i AC. DTC. CNL Jyfilt = BURih 2, SRHUIBUHZ diH
R 22 AU T 1%, AT R PAR R b S 2 e, R 2 vy 3t 30 vt Bl o 25 e DR JR A ) e
WHREZ, GEHALITENS ESSZBOR TG RN TR PR ik s Wik
FARFBRUTARS B 5 SIS0, L T BRI £h 6 MURLIMER# 2 € S T T i, B 78 X R AR B R AL IX AL
5 AT R F SR AL T AT e PR -

SE

(11 #M, 3Ok, REE, 55 1P ERALEE R X 2 R R KRR IR R ST 0], Ak, 2022, 43(10):
1351-1368.

[2] K7, BEET, BN, & 1)1 2R R TR AL AR IR E R B B R[], RARAR Tk, 2020, 40(11):
11-19.

[3] Z=W T, MR, ™E, & D)2 R RIGRE AT, RV ERELE, 2021, 32(9): 1334-1346.

(4] ZEWOM, 28K, X, 5. VO 2 Bt X FE m R I TR A AR AR S 5 TR b R ) A AE R SR AT R [D). A
PR, 2022, 34(4): 22-31.

[51 ks, &K, &, 2 )RR K IR Al — BBV MRS AE K 43 AT 7). Wil <, 2023, 30(5): 822-830

(6] &b, AR, 5K, 25, )il B bR AT 8240 — Bl )2 s T A s AL R s A RURE[T]. HJs 254, 2025, 99(3):
879-896.

(71 FARIR, BFEZE, EZE, & )b i dua 58 5 R 8 T m 20 SR IF A s A [0]. & M =R,
2024, 36(4): 159-168.

8] =Rk, Fuk, RN, S )1 R IE R R IR T B R AR S TURHIE & bR M), AR 5k, 2021,
48(2): 290-302.

[91 ERPHBALE, stgrg, BXHh, 25 SEURZ s BRI 5 XHE 8 Bh-1l 1 By 20 a8 S i BN [T]. ik
FHL TR 222240 (B AR BFERR), 2023, 50(5): 560-568+587.

LA IR BN R T 2, FE YIS AR 2 SRR TR R 2, B R S S TR R B 2 2,
FEMEFSE AW E VRS, PEA WA AR LR 2. $+ T m4E E S R iR
ARSI EAE. 2018: 349,

[11] ERE, BAFE, WLE, % SRS RE BRI, EHE 2R, 2013, 56(10): 3445-3460.

[12] XUEH, XK, FEE, 5. TR 029 g PP s SR A [I]. RA bR 575 K, 2007,
26(5): 133-137.

[13] SRR BT 5N 36T U b 28 () i 2 TN 5 15 —— DAL EE B b = rp W BN B[], B ik AR, 2017,
22(3): 56-62.

[14] BkzEAE. HIRZERIR A (6 ZHE 5 A HEEHERMBI R RAE[)]. HuERYIBE224R, 2023, 66(1): 16-33.
[15] %ifame, BEE K, R, 25 WAGRER £h 2 Hh 2 A0y 33 M 2 0m 87 i SRR ML ER Ar A A 9 T 0 5 LR I Ak

DOI: 10.12677/gser.2026.153049 534 PRI


https://doi.org/10.12677/gser.2026.153049

R 2%

BCM[T]. HUERMIBR AR, 2023, 66(12): 5141-5156.

[16] EAEER, X4k, fxhte, & dERE LS &M B RIRE A8 2 A A W ERRRAE Je F A i) [R 25 s2 36 8 72 [J]. M
FRYFR AR, 2025, 68(7): 2736-2753.

(171 R E A B R TT R 7 B R B AR 7 AT, )1 rp oy B AU R R TR 2 S 72 1 20 9 A5 5 2 DA AR
R, AR, 2026, 65(2): 234-245.

[18] #hmald, T, x5k, & &BERD— T WEBIRAUSAE R HLIE g R0N[T]. TSR, 2024, 42(3): 789-802.

DOI: 10.12677/gser.2026.153049 535 PRI


https://doi.org/10.12677/gser.2026.153049

	沉积相约束下的碳酸盐岩滩体储层有利区波形差异模拟预测
	——以川中古隆起北斜坡沧浪铺组为例
	摘  要
	关键词
	Waveform Difference Simulation and Prediction of Favorable Reservoir Zones in Carbonate Shoal Bodies Constrained by Sedimentary Facies
	—A Case Study of Canglangpu Formation in the Northern Slope of Central Sichuan Paleo-Uplift
	Abstract
	Keywords
	1. 引言
	2. 地质概况
	3. 数据与方法
	3.1. 数据介绍
	3.2. 研究方法

	4. 沉积相特征与展布规律
	4.1. 岩性特征与岩性组合差异
	4.2. 单井沉积相分析
	4.3. 连井沉积相对比与平面展布
	4.3.1. 连井沉积相对比
	4.3.2. 沉积相平面展布与演化


	5. 沧浪铺组一段储层识别与岩性展布预测
	5.1. 基于测井交会图的储层敏感曲线优选
	5.2. 基于波形差异模拟反演的岩性展布预测
	5.2.1. 剖面约束与岩性识别效果验证
	5.2.2. 反演结果验证与方法对比
	5.2.3. 岩性平面展布预测


	6. 讨论
	7. 总结
	参考文献

