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Abstract

The deep shale of the Wufeng-Longmaxi Formation in Block Y, western Chongqing, has undergone
multi-stage tectonic compression and reworking. The spatial heterogeneity of natural fractures is
strong, and the fracture development grade is a key geological factor controlling shale gas preserva-
tion conditions and reservoir fracturing stimulation performance. However, conventional single seis-
mic attribute approaches are insufficient to hierarchically characterize complex fracture develop-
ment, and core and borehole image logging data are limited to well-point scale, failing to achieve con-
tinuous and fine fracture distribution prediction across the entire study area. Targeting the class-im-
balanced dataset under this specific deep shale geological setting, this paper optimizes and validates

a deep-learning-based fracture prediction workflow. To address this technical bottleneck, this study
integrates pre-stack seismic, post-stack seismic and borehole image logging data to construct a multi-
source well-seismic fusion prediction framework. According to logging-calibrated fracture character-
istics, natural fractures are classified into three grades: non-fracture, weak fracture and strong frac-
ture. A multi-index evaluation system is established to quantitatively constrain fracture development,
and the reliability and generalization ability of the prediction model are systematically verified. The
five-fold cross-validation and well-leave-out validation demonstrate that the proposed method
achieves stable performance and high consistency with regional geological laws. Fracture develop-
ment is jointly controlled by fault systems and structural positions. Zones of intense fracturing are
distributed in bands along major fault zones, and fracture intensity increases markedly in anticlinal
cores and structural transition zones. This study provides a geological basis for horizontal well trajec-
tory optimization and fracturing fluid loss risk prediction in Block Y.
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Figure 1. Distribution of sample quantity and category proportion in the study area
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Figure 2. Heatmap of multi-dimensional correlation for input features
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Table 1. Overall evaluation metrics for different input schemes
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Figure 3. ROC curves for fracture classification based on CNN-LSTM fusion model
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Figure 6. Comparison of macro-average ROC curves for three prediction schemes
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Figure 9. Importance ranking of input feature groups
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Figure 10. Comparison of model classification performance under
different class weight schemes
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Figure 11. Comparison of well-level accuracy for well-wise rotation validation
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Figure 12. Overlay map of ant tracking attribute and fracture category prediction in the study area
E 12. ARXEBUFSRELFTNES

DOI: 10.12677/ag.2026.1610131 1500 HOERAL R


https://doi.org/10.12677/ag.2026.1610131

LR I R0 TS RS, KRR “EReaE . g9k, NG =R RERE ST ISR, Ik
ZER R NRSIENL 7 XS LI FR e TORGEIX A R e BV I, TR AR R RS AR,  WI R A i T HE R TR
JEAEE ;s 595G XA AE R AR e Sl , R S KU X, it P A S R e v AT B L] smARAEIX
oA R TR REER T, IRRBOCIUBER R R, /KT AR BN R EAeE,  Toik ik i 7 P
M THEE . B T2, R RECE RGO . 270 0 B¢ &R AT ERONA XA iie . 7
s 2 SR gt R R K 2 PRS0 478 Ak W b o K 4

5.2. HRRBRSHT

AR 3 1) 22 PR o i R G P A R AR T AR A E A5 X U, (BT A7 A T S 2
JRIBR . BERIPERESZ I bR M O 5 RS2, I ZREERIE T G IR, IR AN
WA AN 2B 50, RGN FEARBEAFAE RO [0 AL, T2 s R EGEREA B A AL, FRAR T BRI 5
SR GORHEI AT 73 R BR ], AR R VR IR T B ER G, TeVR IR R A, 59 aE TIIRG
FHRS AR -

A, BRI B A e DU BB 70 AR, RE A TN B A5 R 5 AN S R U, B 5 4 SR K
A TRERACTH R BERTIZ I, 5 SR Al 5% A% 20 R, 25 &5 B R A 2 A e T
T, ST RS AL RALE o RN, AR 28 5 I SR A& e AR T X 261 2 A Re 1A IR,
HAVE X HE R TT TN, R B i A E Al 2 28R 16].

6. &g

1) AKABZ VRSB, TRIRTE Y XERUS TCREE . 595848, sRAALE% = R4y R, did
WAL 73 VAN RV A NI RAE R B SR E BIF . BEALINASS R IR, BRAEFRE Ace =
0.7943, JNFL F1 53% wF;=0.7961, Kappa £ =0.6438, AUC=0.8989. 5 #735 X EIE 5 FH 20 56 e 74
IOUESE AL R R, AV I 24 TN 7 Rz AL PERE AR e, TI0IN &45 SR 55 Sl A 00 He A e 4 SR DG e
RAF, ARSI RS R 2448 2 A) RS 40 21 1) o

2) 1EG— R A R NFHER 44T, MET 5 — CNN. Hi— LSTM M %%, CNN-LSTM fil&
W 2% RE 6 B U A AN [ 2L 48 S UG B, LIRS T REAS 7 LUK SRS IR 80k, 256 T e
Moo WFFE L IX TR 22 BRI A 55 5448 5 0n 48 2 M A ELAS A, LA 2 I T 3R 6% B 24 il R
ARSI, TIEE R4 R FUESE . 8IS L T B A O RHE S BoTiR R 247 5
HIRAAE T 3O TIX RGN Z QTR S E, 5 XM BN R B3 A . BEX L IXREEGERE AR AN I
IF R, $5) SR T GE R £R-G P R R S 5 3 3G R/ B R A T 2 S BTN 45 SR A 25 L S b o 1 0L

3) WY XERUUE AR BRI W RUR R 5 G A CE ], JESS MR R . Pl b, X
Pu RAEIE £ TR 2 M IRE T A, WRME . MIEFAT AN R R H R E X,

4) ARIRBEFIE BRI T 2T R IR,  RERE N TIX A HPUB A BT 2 2 XURG $E T 79000 42
BERTSE QRO AR . AR, SRR R RE R SE T & T2k T 2 VR A I 2 oW O AR A, AR
FERLA G R A E N, LhRTUAR TRENMAF, 7S AT 50 STl S5 S 8h BRI R 456
RIE, B PR T 45 F A TR A 1 .

EHEWH

PR KA 5 A R O 3 0 H “ T CNN-LSTM &R (1 22 5 25 BE R 25 b 7% 2448 T 7 v -
PLRTPE X Y XBOAE]” (LIS : YKICX2520132)% Blj.

DOI: 10.12677/ag.2026.1610131 1501 HOBRBL 2RI


https://doi.org/10.12677/ag.2026.1610131

SE

(1]
(2]

(8]
(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

A RE, B, B, & TURSEARRE. FERE S ARATRT]. KRR HERR2E, 2017, 28(12): 1781-1796.
BRBHBAAE, sgwg, AR, &5, V)N & BOm s X TUs S22 ROBERGETUNIT]. BCER 3R TR %24k (B 43 F}
221, 2020, 47(1): 75-84.

XEER, XER, i 5 HERETINE AR R RIVIRD]. A A Tk, 2024, 31(3): 26-34.

Reddm, WNE, VLW, % BT &7 SNEIEN 5 R 5k 5 T —— DLBz TUA S A I [Cl/H E
FMFEETAER RS, BRI T RS, WA AT R TR A EE AR E. 2024 FNEERMS TR
BRI IR IR 18 S0 4. 2024: 86-93.

ATAZL SRR EALCE A TN A S S VRN BT R ORI LD]. AR BIER 5K, 2008, 35(5): 588-594.
Tk, XNEE, FHE, £ )N KB X R H R IR R B I L E R D). Wil i, 2024,
31(4): 580-588.

TRAME, WHNEE, SKARE, . GRS BCE EFEORAENY ) 2 Y1 HEX R AR FE)]. AR, 2020, 59(6):
970-977.

TN, R, SRR EREE TN VAR S R S AT, B, 2025, 32(2): 83-84, 82.

4k, RN ZRVERIEBIORER G = T o 8 S ] TR E D, 2019(2): 99-103.

B, BFE, ARIE, . BT HEZ MR TN KR 2 2 ki 5 [CY/h E HBR Y 2= 4. 2024 4
EHERELE G EARFE S E——L 8+ = HERE N TG EEARIRE. L8110 & eaiR S8 6
WA SRR, Jbat: Jb R T H R, 2024: 451-454.

e, REE, HAM, & BETIRES N TUE SURREEM TN A D]. HERIR I, 2024, 19(9): 987-1001.
WG, VFRERL, BERT, S5 TRIR AR 62 RAE R RETINE R K LM (7], KR A LR 59T &, 2023, 42(4):
131-138.

TS, TkUREE, MRE, S B HLK BN 2R 1 P 1A X R RR 2 U D 6 R R AR IR S L i S P AR 5
M[J]. HbSERF @R, 2024, 43(2): 75-86.

SHAE, R, AT, S )R HLX R BRAT R TR S R AR AR R R R RE A T]. Al S R
SREHT, 2023, 44(2): 393-405.

HOT, BREEMK, BRANZE, & JET RSN LP-PCNN £ 8 & 2448 Tl 777 0]. AHPeR, 2022, 61(5): 821-
829.

WREEAE, WHEE, REK, . MR D EIESORAL G TUE X P IS AR P 2R & R )], MR S GR,
2022, 46(6): 1349-1358.

DOI: 10.12677/ag.2026.1610131 1502 HOBRBL 2RI


https://doi.org/10.12677/ag.2026.1610131

	多源井震数据驱动下渝西地区Y区块页岩裂缝预测研究
	摘  要
	关键词
	Multi-Source Well-Seismic Data Driven Shale Fracture Prediction in Block Y, Western Chongqing
	Abstract
	Keywords
	1. 引言
	2. 研究区概况及多源数据构建
	2.1. 研究区地质背景及裂缝分级标准
	2.2. 多源数据选取
	2.3. 数据预处理

	3. 研究框架与裂缝预测评价方法
	3.1. 井‑震协同裂缝预测总体技术框架
	3.2. 井–震多源数据融合与样本均衡方法
	3.3. 裂缝预测多维度评价体系构建

	4. 裂缝预测结果与分析
	4.1. 多源数据输入组合的预测指标对比
	4.2. 裂缝各类别预测效果与混淆矩阵分析
	4.3. 特征重要性与权重策略对比分析
	4.4. 模型验证分析

	5. 裂缝预测及其工程应用与应用局限
	5.1. 裂缝平面预测与工程应用
	5.2. 应用局限分析

	6. 结论
	基金项目
	参考文献

