‘(IM K

£28% H1H & % # '? ;3 Vol.28 No. 1
2026 &£ 2 F JOURNAL OF PALAEOGEOGRAPHY ( Chinese Edition) Feb. 2026

XEHS: 1671-1505(2026)01-0381-17 DOI:10.7605/gdlxb.2026.048

ETZHERAREZHMEIIZMMF OH-K
BEEAERSmEA

Xe&R' # ' O#HAR? x & FER F K
=K W' FE & HEE 4 &
ez HER ORLR kHx'

|l RAEIRFHABRRATFLAIERLABEEERE, Wl &H 610059
2 FmAEKF, W RA 610039
3 PEeEaEHBAEAS, Wl kH 610051

M OE WINGHT-_E25F A -BReBEFrEARAELEAN. RAKENELR, IRBRESEFEFA
ABMBEAHFIR, BN EN RIS TMNKAFH, XTE0, H . XRD, WH 5 FHEH, B
R4 Hr# B CNL, DEN, GR, RT, RXO fn AC 6 4l 3 # &, F|F SMOTE HF A ERHMEFHEZR, RE &
BHEERAETAMERABEFNE TN RAE, BT (1) CatBoost K i LUK & 18 4 TN 447 H 1k, *t
EEEBAAE KA (2) CaBoostH X &0 A B RUATEA RN S 2 X AW (3) XCBoostH i 4t
CHATERANBEL S EHTERETN; (4) RALRFREEALEANERERL, ¥ —BREBHEFEZR
(BH) TERFHRER, ZHERFERIB PR, ANERET, BAREBAAFE) LN P —BEHK,
BEBLAR ALY, EEARBFFTELAANERR; BEREBLTNEL, NP FHEHFHX, W) 44F —
BoBEeERAEREA “LARE, §EE” WHrAHE, EL—KAUBHME A2 EREEANTRFL,
EN—REZ—FMHEAEEREEARBRAETR, XAT - FHEEFEFRETRE.

X8R MERAEHE NEFT 2BEZER F-—H —&F NllaH

E—EEBN ReR, F, 1983F4, L, RUEIRFHR, TENFHAGED AT R MAEF
T 4E, E-mail: songjinmin2012@cdut.edu.cn ,

hESHES: P588.24" 5 XERERG: A

Distribution prediction of the sepiolite-containing succession in
the Member 1 of Maokou Formation in Sichuan Basin based on
multi-gradient boosting algorithm

SONG Jinmin' REN Shan' LIU Shugen'® WEN Long’ LI Zhiwu' LUO Bing’
LI Keran' YANG Di' WANG Hua’ YE Yuehao' JIN Xin'
ZHANG Zhaoyi' GUO Jiaxin' SHAO Xingpeng' ZHANG Zubing'

1 State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu

« EEARBIESTIH (4%, 42572132, U24B6001) FIEFREHEA LT (42, 20252D1400403) B4 W H). [ Co-funded by the Na-

tional Naturral Science Foundation of China (Nos. 42572132, U24B6001) and National Science and Technology Major Project ( No.2025ZD1400403) ]
W H . 2025-08-29 Pl H . 2025-10-23



‘(IM K

382

+ W ¥E 2 8K

2026 % 2 A

University of Technology, Chengdu 610059, China
2 Xihua University, Chengdu 610039, China
3 PetroChina Southwest Oil & Gas Field Company, Chengdu 610051, China

Abstract The sepiolite-containing succession in the Member 1 of the Middle Permian Maokou
Formation in the Sichuan Basin exhibit self-generation and self-accumulation characteristics, positioning
them as a promising new frontier for the exploration of unconventional gas reservoirs. However, the
identification and predictive distribution of these strata are still underdeveloped. This study utilizes core
samples, thin sections, X-ray diffraction ( XRD ) analysis, well logging, and mud logging data,
performing sensitivity analysis to select six key well log curves; CNL, DEN, GR, RT, RXO, and AC.
The SMOTE algorithm is employed to address feature imbalance. The workflow for predicting sepiolite-
containing succession based on multi-gradient boosting algorithms is as follows; (1) The CatBoost
algorithm is used for binary classification to determine the presence of sepiolite; (2) CatBoost performs
multi-class classification to categorize the morphology of sepiolite-containing succession; (3) XGBoost is
applied for regression analysis to predict the talc content in the sepiolite-containing succession; (4) The
effective thickness of sepiolite-containing succession is identified based on talc content. The sepiolite-
containing succession in the Member 1 of Maokou Formation primarily exhibit three morphologies: spotty,
lenticular, and layered. Prediction results indicate that spotty talc is mainly developed in the northern and
central southern regions of Sichuan Basin, with thickness increasing toward the northeast; lenticular talc
is predominantly distributed in the western Sichuan region; and layered talc is mainly found in north
western, central and southern Sichuan Basin. Overall, the sepiolite-containing succession in the Member
1 of Maokou Formation show a distribution pattern of °thicker in the northeast, thinner in the southwest.’
The Tongjiang-Changshou intracratonic sag area and the Hechuan-Weiyuan-Luzhou region serve as the
sedimentary centers for the effective thickness of sepiolite-containing succession, providing a basis for
future exploration and deployment in these areas.

Key words gradient boosting machines, machine-learning, sepiolite containing succession,
Member 1 of Maokou Formation, Permian, Sichuan Basin
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Fig. 1 Sedimentary facies map (A) and integrated stratigraphic column (B) of the Member 1

of Maokou Formation of Sichuan Basin (modified from Song et al., 2024b)
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Fig. 3  Petrological characteristics of the sepiolite containing formation in the Member 1 of Maokou Formation of Sichuan Basin
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Fig. 4 Plot of logging features versus sepiolite (talc) containing formation
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CatBoost J& Hk T XJ B e e A4 1) A J3E $i2 T 4 7
( Gradient Boosting Decision Tree, GBDT), ¥;2% 5|
FifiE ( Categorical Features) 5 Af & &7} ( Gradient
Boosting) #H4, BEMSTEfLZs 8 E P (Friedman,
1999) (& 6-A), & T il {6 5 2% ( Prediction
Values Change ) 0% %F fE{H F & & 8 o g 5% A
(trees) EPrAMAT AL (leafs) MMACHT, HI X
RN

I, = Z e,(v, —avr)® + ¢,(v, —avr)® (5)

trees Teafsp
c,v,tc,v,

K, avr= re, * O A e, 73 3 Fe7R 2 M1 K
AT P R B, v, v, g3 0 R R AE
i R I

XGBoost ( eXtreme Gradient Boosting) #% 2 6
FE 42 7 ( Prokhorenkova et al., 2018), 4 2 & F
GBDT Wy—FpB L. 4E | DME n DEAF m 4>
FIEA RS D= | (v, y) | (I DI =nl DI
=n, x, eR", y,eR), BBEARTHHIRLfEH] K 4
o e ROk I A s 45 2R (& 6-B)

Jo=e(x)= > fe) ., fie B (6)
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g MM FAE w; ow, 8 DM T ERSEG 321 mmsy

R AR A (q) K H KB, Jf W22 AT AutoKeras ® T 2 A% (Jin
SIS UAD B VAN e Rl N {3 - G NV e il = N 28 et al., 2019) , {7 iiF A7tk 5 BB AL
THMIAE 3.2.1 l&5H

2 ) AR R R ) R B R AR A L2 IENMEE Y253t A oP 2 S B L T 5 4 B AR R K 1
¥ (Dorogush et al., 2018) S, VR BCRE IO V0 RIS R =

uwzzy@”x>+gom> (7 7:1:2, ﬁ?a@@ﬁ(@ﬁ)?%ﬁf S
AT 7R A 5 TR RS, BS80S 24 ph 58 U o

1 :
Q) =yT+ A w] ) b, TR, SRR
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Cross_ entropy_binary = W{ = Ly, - log(p,) +

(1 =y,) = log(1 =p,) ]| (9)
Xf, NRARFEAR LR, v, BRH i DHEA NS
2, p BRHE AR B, poe [0, 1],

Z oy JE AR g o R IR A R, S U
IR
Cross_entropy_multi = - %z Zyi/.-log(p”.) (10)

= =
A, NERRREAREE, v, B RS
e BIARZE, p RN ER | DREARRX T L5 ¢ 1
NN

[a] U5 ) 2SR P 45 75 AR % 22 (Root Mean Square
Error, RMSE) ( Hyndman and Koehler, 2006)
b, IEAXWT

RMSE = 2; (Y, - f(xi))> (11)
4 H#HR

4.1 RBELER
4.1.1 HEEFLER

T B A T R B P By CatBoost J2 XGBoost
B[] LightGBM & B B ML £k 4k ( Random For-
est) . AN L # 4 B 2% ( Artificial Neural Network,
ANN) . 3 #f ) 7 #l ( Support Vector Machine,
SVM) ., KNN (K-Nearest Neighbors) Kz DI -3 [ 2%
(Naive Bayes) #E47xf LRI (K 3), MFEI%Z
B CIGREE TN 500) A B2 4R T 45 5905 X 35 13
2 F Y 23 28 [R] 0 K [ 09 950000 A% R 44 40 T H At
LS

LA X OB BE B T 4R 31 P 9 CatBoost Jz XG-

Boost #6 BULE 5 ¥ 10 A1 J2 RAFTENE — 70 2 ] i %
B I 2R 45 R 78, CatBoost . XGBoost 15 I ¥E i)l| 25 1%
25 PG AIE 1 22 J5 T R B4R, 408 0.01 5 0.03, 3
G RUEHET E YR 5] 98% 5 97% . i A1 7Ry
203 28 In) A5 A0 3 I 25 2R W 7R, CatBoost £5 8Y fi 1f
TR EHER P, CatBoost BRI 25 1% 22 5 55 UF 1% 22
435120 0.01 5 0. 02, Y ZRAER B 96% , B ik vk £
£ 92% . XGBoost L7 (¥ Il 2k 15 22 5 % UE 1R 22 /)
S 0.07 5 0. 11, Il 5 5 5 30k HE B B2 53 1 R 92%
55 91% , 3= B 2 00 5 160 ) #1092 AL BE J1 AN 2 Y
fiE o BT WRAT 55 h B f 5 R I, B CatBoost 5
RUWE DN FE 4%, I T3 i () JZ &
FEAEVE Z 00 38 50 A 7 IR 2 20 SR 3500 23 A
4.1.2 @EIFEHER

CatBoost . XGBoost 1 7 34 fig &b T [0] )5 [a) 81, X%}
T A S [ O AE 55, A AR 50 B,
2 PRI R —E LG RE 1o X HE R R
XGBoost KR %) 14 G B4 LBk . XGBoost 1Y)l k%
Z5IER 2455 0.07 5 0.05, & ZE L F Cat-
Boost [ 0. 25 5 0. 24, FKHILEH M1 & A EL L H
I b, XGBoost 7E U045 46 & 5 iz AL BE Sy b B AL
B, TS A S 1A A Y B R

4.2 HEKIE

B YZ Ak B 7 3o 0T 55 780 3000 235 R ) AT S
FREL, K YL T B 2R (B 7)), Cat-
Boost £ 2 1 41 )72 F A7 16 1 43 25 [n] B v A 35 4
FEI, R A 2 AR WO AR R 94% , X 1
YA T 9 B R A 96% (18l T-A) . XGBoost X JE
TRV A7 )2 2 T VA A SR Ol 80% , K 1 VI A1 2 AR T
T HERf 2 69% (] 7-B) o LR X% L 7R CatBoost

x3 FEANBFEIRAERIE

Table 3 Comparison of performance results of different machine learning methods

T RHUE W A A AE A ) A

A 7R 2 23 2 1R A0 2 A (o] ) (i)

WgpiRzE  RibRZE  INAMEME  RiEEsE JIgiRE RiERE  IIZERE BubEsE %Rz BiERz

LAY 24 7Y
CatBoost 0.01 0.03 0.98 0.97
XGBoost 0.01 0.03 0.98 0.97
LightGBM 0.01 0.02 0.98 0.98
i #1125 Ak 0.18 0.18 0.54 0.54
ANN 0.21 0.14 0.92 0.95
SVM / 0.02 / 0.95
KNN / 0.20 / 0.65
g / 0.73 / 0.25

0.01
0.07
0.45
0.84
1.01
/
/
/

0.02 0.96 0.92 0.25 0.24
0.11 0.92 0.91 0.07 0.05
0.48 0.74 0.68 0.29 0.27
0.85 0.32 0.31 0.23 0.21
0.97 0.41 0.41 0.64 0.44
0.60 / 0.62 / 0.38
0.87 / 0.11 / 1.27
0.92 / 0.08 / /
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60) KIIZE (n=20) BIAGHf1. TR MRS 33k
BERBEN OCAFAE) 8 L(fFAE) , 20 Kt E -1
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RMSE ( Root Mean Squared Error, 33 5 R i% 2 )
S — ol PR A A [ A A 0N % 22 A 4 b, 0
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T 5 S PR =2 6] 2 5 80/ BB R A, AR
B 50 /L2 ASEHY R K R BUE AR e th 1 T
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Ay 0.07 5 0.05 (& 8-B) , #HH XGBoost & Al
TE AT 55 A ROR T 4F , BEALTE [ )9 [R]85 1 )
ZALRE KB A AN 1K 8-C L R® Rk E BB, Fon
il 0 B LG B8 0, T A R R X Kt 1 4
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Table 4 Verification well comparison accuracy

T RS WO Bk XRD %55 g %
—k P IE/ % /%

1 YB7 91.24 90.54 89.41 90.1
2 HBI11 78.56 77.98 81.72 79.4
3 LX2 84.17 82.34 76.56 81.0
4 QL16 98.62 97.53 92.14 96.1
5 W118 79.43 78.21 84.99 80.9
6 JT1 87.91 85.67 80.37 84.7
7 CT1 92.08 91.56 93.65 92.4
8 LT1 76.34 75.64 77.89 76.3
9 NC1 93.77 91.12 88.23 91.0
10 LS1 81.56 80.43 79.12 80.0
11 w117 95.43 94.21 91.38 93.0
12 FS1 89.72 88.65 78.77 85.4

XRD 5256 25 5 55 91F W A1 % o 0] 9 45 2 o o 7 1
K 84.52% o TR Y S VE A R 79. 4% ~96. 1%,
TNy 81.6% (K 4) .
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TSN 60% , F— b W BV ARG — ¢ B
N —a B A TR, PHEEY — c W
RABBELCRIE AW A S RN 81%; FHFERE Y — a
WEEEEGR WA GEN 8%, F— a TP
BUREZ WM AW A& a0 A5 R 8K 3550 ~
3563 m B g A S T3% 5 b B R B B AR
wWA AR 3% (K9, BAGEINES
XRD 52 56 25 RAEW) & FORFFTE 89%
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Fig. 9 Single-well verification chart of sepiolite content prediction in the Member 1 of Maokou Formation of Well HB1
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