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Abstract: The Kangjiawan large-scale Pb-Zn deposit in central Hunan exhibits significant deep exploration potential,
necessitating targeted studies on deep ore body localization and prospectivity prediction. To address this challenge,
a three-dimensional (3D) implicit modeling approach integrated with optimized machine learning algorithms was
employed to predict deep-seated ore targets within the deposit, yielding highly promising results. The
methodological workflow is as follows: First, drilling data and geochemical data were integrated to construct a
standardized geological model dataset. Then, a 3D geological-geochemical model of the deposit was established
based on the Leapfrog Geo implicit modeling platform, revealing the spatial distribution patterns of strata, ore bodies
and ore-forming elements. Finally, the performance differences and prediction effects of three models, namely
Random Forest (RF), Back Propagation Neural Network (BPNN) and Extreme Gradient Boosting (XGBoost), were
compared systematically. The results demonstrate that the Random Forest model exhibits the optimal comprehensive
performance, while the Back Propagation Neural Network model performs slightly inferior to the former. Their
predictions show remarkable spatial consistency, and the inferred geometries of potential ore bodies align closely
with established geological controls and mineralization patterns. Through the comprehensive analysis of feature
importance of the RF model, verification of prediction results, and integration of regional geological laws, this study
reveals that the regional large-scale thrust fault F22, together with favorable host strata—including the Gaojiatian
Formation (Jurassic), and the Douling and Qixia Formations (Permian)—as well as silicified alteration zones,
constitute the primary structural and lithological controls on mineralization. The spatial distributions of sulfur (S)
and gold (Au) exhibit strong positive coupling and high mineralization intensity. Based on ensemble predictions
from the RF and BPNN models, two high-potential exploration targets have been delineated. Both targets conform
to the recognized mineralization trend at Kangjiawan: ore bodies extend southward along interlayered silicified
fracture zones and are preferentially hosted within the Permian Qixia and Dangchong Formations. These results
provide a robust geoscientific foundation for guiding deep-level exploration at the Kangjiawan deposit.

Keywords: Kangjiawan; 3D geological implicit modeling; machine learning; prospectivity prediction
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Table 2 Statistical Table of Geochemical Element Parameters in Kangjiawan
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Table 4 Sample data of Pb-Zn ore body block

Fe X Y z dXx dy dz i
0 2939795 38360681  -1071 10 10 10 Unknown
1 2939805 38360681  -1071 10 10 10 Unknown
2 2939815 38360681  -1071 10 10 10 Pb-Zn
3 2939825 38360681  -1071 10 10 10 Unknown

T2 WA [ Rl o B, g U ERAL 2 BB AR R [ RE G D 5 = AR fE B A e = BB R B
AP, H s 0Nk 5 s, o SAGRBROTEREEEEUE, v — X EdE, FR
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Table 5 Sample data of S element block

FFa X Y z dX dy dz S (%)
0 2939795 38360681 -1071 10 10 10 S,<1.0
1 2939805 38360681 -1071 10 10 10 S,1.0-5.0
2 2939815 38360681 -1071 10 10 10 S,5.0-12.0
3 2939825 38360681 -1071 10 10 10 S,>12.0
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Table 6 Table of Output Elements for the 3D Model of the Kangjiawan Pb-Zn Deposit
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MO THIG IR FVEE SR, DAL OR B B FRORE B AR . SRJFREER 7 P 32 B ki (X
ORI R F22), FEIHE (S R A AR AKCE S MALEEE i
BRALS R B A GTE—S, M T RIS B4 . SRR K 177, B 74,
H 100 B =4EE0E TR TSR, HAEAR SR 1309800 4. Kl —4EAshn{E BAUE
NEANPUERIFF RIS SRR, BT 5 SR AR RN 25 ST =4 T AL Ab 3 . A2
WZRAC ROy H A, R R VEAE R A

® 7 REEREN RIUNERR
Table 7 Table of Prediction Elements of the Kangjiawan Pb-Zn Deposit

AR A 5 4 R A e HUAH AR EE A
Bf [0,1] (X 35 R B 47 7 2 F22
QB TEACRE A AR Y
P1d B R R R K
P1q 0.] B RMEARE
Coss ARRGREEA S H

RFAIEAS

P.dI ZERRASWE, MbE
g P ZEmErHAGTHE, BibE
Pb B A
Zn Xt A P A PR
Au G JE AR
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Ag R A

S Tt J 2
H bRz & LES [01] RN A

4.3.2 ANFFIEET)IZ5

AWFiHET Python M) scikit-learn £, FFXTRANLARMR . uihh BEFEF. RIAEREAZ M
2% = MR S KRGS ERA S VAL, B R AR T = T 3 55 b 1 SR AR AR B AN
Bl el CHRREAS 2333 A, W REA 258147 ). EHABIERHIARTATHEE, AW
KA R R, B HdE AR L 8:1:1 LuBIRI MRS B ANASE, MR & HdEE
PR oA 5 IR HHE — B, B A R ALY 2R T4

—RAEA BT RandomizedSearchCV I SHELLSE U S I, Zd R E 50 KBE
BUIFEIEA, FFE5E 5 8 WRIEFRERNSEA G . Kb, BV S S8
&, MBS HICE N RARWECE 317, RRREE 38, TR/ MEAS 8, AT
B/NREARET 9, FRAEE IR T AONE & HFE (None); IAMEIRHIZ /2% (BPNN) FEAI DL
MLPClassifier AFERMEEMT A, FORBEA 78 Ish, BB R RIERIKEL 1000; BEAZ.L
SHCE A AL R BEHUES N F# (SGD), #IUR2E 313 0.1, B2 451 (128,64,32),
LR 128, IENE 2% 0.0001, BUERRECH ReLU; SR B SR TR, 7EM H bt
HUPI K% 2 SRS T e S 4SRN, RIE 5l NS HLH], FEIRFRBLAY LG R T I R, A2
FUBEL A G KR, HAA S BB ESHO: RSB ORIREE 7, 2% 2) % 0.0339, BRI
500, FEASKAEE 0.8889, RHIERFER 1.0, /1715 fRE 6, 724K B MH 0.045, L1 IE
M1k 2% )y 3.7276x1075, L2 IENL R A 0.1389.

BT HRAT TR AR (1) 52 B S AN B, S5 K BIR FEE 78 76 78 FE ™ DX AR i XU
PR T fe KAk F1 B BE AL 3% 7E 0~0.5 XA Y B 100 ANBERE I o5, DAIGIEAE
F1 ARBUANE A R FGL Tt Horb, BENURAMBR R iR LA 0.41, XF R8RSR F1 {8
N0.7731; RIAAEREAI G I 2 A AL (1 B L RIMEL A 0.41, XT M ESHIEER F1 BN 0.7685; ARdimth
FESRTHE A (R e A F1OBIME N 0.5, KN EGIESE F1 154 0.3851.

4.3.3 BERIVEREXS L

TR FE R = R 2 5y FAT 5 P B A AR B T 45 5 1 AN B SERR 2 DL L O R A% 0
T, ASCER RN AR SIS YRR R = 4RI T AT (0780, B & A
& SUNIEFEA (Positive, P) Tol FEA E A TAEAR (Negative, ND o 550 FRERA TIN5,
XF 4 ANIEREGE TR T E X, HAhEATE (True Positive, TP) & HIIEREA, AR T
BTSN SR REAS, 6 REERAT T o B S A X B AERA IR B (True Negative, TN)D
NTCH B AREA, SRS IERR TN S TC R4S, 0 RAERAT T - LS e DX R e il s i
FH1% (False Positive, FP) ATGH™ (I FAFEA, BAERLER TN &0 FEAS, 0 RRAT Tt o g
W REARBORPAUNET FEA, FeA R IR $EX; BT (False Negative, FN) &1 ) IEF:
A, PR TN TC FEA, 0 MR T AR S Se S X R AN TE X, 1 R (5
BER,
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BE XA FIAT 55 o IE SR AR E AP T RO ARFAE, B —HER R A0 2 2 2 808 (O
WA E WA AR, Bk, AFFFME TG AUC. #E#Z%E (Accuracy). K
# (Precision). HHI#H (Recal) [ F1 70#0 (20U F1. AL FL) M2 4EEvHliiA R, I
H AUC RALBAY AR X 43 IE S RE /75 TR S A 2R B AR TN T A A o R AR
L], SOBBETRS I SRS AR TN BE 7, A5 0N: Accuracy=% , %
FERRTEAS T 70 AT 55 h 5 52 v o U280 CRBF TN TR FEA) £ 5, Joik i s il
XIS EE BFRE CERTIEREAS) ITRINPERE : K00 BRI oy IEAEAS I 45 3, SERR A
FLSCIEREARI LA, B S B T v« BRI S OR SE B X IR, HE
ARHA:  Precision = ———; 4 5] F2 A7) IE R TR (0 IEREAKL 5 T 258 IERE AR B HL

TP+FP’

{5, SRR LS IEREA RO BUIAE S, I ARN: Recall = ——— F1 BN S
A E A5, T O AR R TEREA AR TR R, MR ARN: Fl1=
e B FI W IE ., SR A B L S MUR ISR TA9ME, AN
Macro-F1 = 50, o, F1, NIEREA FLAMMG F1yASUREA FIL 0L b BT
N [ IRAL, AR JEREA KR ) 73T 22 57, 7T B AR BRGHIC 5 bG IEREAS AN & 5 L AR
ARG EE ST: DAL F1 XS IE. SAOFEA BITHE F1 0805, LSRR & E AL
EIRBCFME, HHARN: Weighted-F1 = wp X Flp + oy X Fly 3, wp=——.
wy = HiNﬁJ\%U?'\JIE\ FUREA B 7 Lo ZARARHEIL T B AN A AT R AE, 45 S TR G
B RUAE SEBRREA AT N 45 & L e .

AR S92 = B I M RE AR PR AR 8 TR, BENIARMIE B MERE R IR E , %1
RUEHZE N IAR (AUC) =ik 0.9978, IEFFEARMIX /MR IR, K. BEZES F1 504
5399179 0.8097. 0.7590 5 0.7318, STAR R/ ATIMET, (£ @ RORM BN FEARI RIS, A %50d4%
) T TCHREAS (1R 2 o BEALARAMR I G525 2 5 B0AIEH53 2k 1 28 3 BB 7 A RS 3 1) = A 25
], RS 2 SR RS (K 8a), (EFERIIZ4E SIIFER AT KD HIIKE
0.0123. 0.0128, #i2kZF{Y-0.0005, AW EGRE RiF H W& RIAEGHE; Kifh
AP W SRR R e T Rase, IUE T RIBIEUI & RIF (B 8b), LA RIS BEHLARA
BB FEACKE 2 Mo P2 SR THASL Y PR RE U] 52 I 2 28 W AR M A AREAE, B@E e 7, R %
B AUC 5 H FIRRBIZEH, BE08SeBU B REA LT 78 4R 51, EIHE TR
0.2382, M F1 730K 0.685, AR T AP B, Toi FEARFIIL G5, 3 LIRS HERT
ERRH B bR, BRI F1 85 MR n) s E, AR H G ke e R ERE S T
ToF 7 LR WSRO0 AT BE AR IR AZ ORI BE 7T, M DA A ™ 7= T 11 S B R TE A 75 5K

8 HIR/FIE L MR
Table 8 Machine learning algorithms performance
A AUC HEFRFE O KEERE HRE FLa EMFL O RLRL
RF 0.9978 0.9962 0.8097 0.759  0.7318  0.8908  0.9962
BPNN 0.9975 0.9978 0.7837 0.7607  0.772 0.885 0.9959
XGBoost  0.9975 0.9703 0.2382 0.9989  0.3846 0.685 0.9799
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El8 (a) RFIIZIRKSIHIEIIKEILZ; (b) BPNN LK 5IIER KLk
Fig. 8 (a)RF training loss and validation loss curves; (b)BPNN training loss and validation loss
curves
4.3.4 EAYHRCANS b

HENZRo8 B =R S N TN BE AR, JT A4 [R) T3 55 T AL, o Tl 42 SR gk
ATRTELIRAE . 25N, BEHUARMAR Y 5 IS i) e o £ D00 45 A6 TR PR ™ TN 22 ) 3 AT AR AL v
JE—3 (& 9a. 9b), HIE 9c AN, 1ECHBEED AL, DB E R A0 T XK
RUS pp 7 T2 F22 I A, 1 22 BN (A o T R R AR AL, AR 1Y BE R
{1 P s 32 5 [X 3t B e A R R FR T B X o 5 TR Rl B0 B R, Ao P i THSE AL F) ™
AT 25 SRS 2 1 Xt B e , A2 R e P AORE — AR X P A T A X B — 5
o PECHINE AT 5 120 A S I v R (A B AR AR, R BE R LS AR T S 4 A 2
2 M5 B P R AR A A B (1 9dD.

LZa o NT Rl R, AEAHIE TR PR X BT 55, BEHLARAR S S 1 A b peh 42 X 2 S Y 2
BL R, AR IE SRR X I RE ST DHEEREASR BT 5 B St s o a ek,
TR 25 R PT A RO 2 R (RS S FR X, BB E H A% DX SRR ) R L X
HA& B e Br R i

E9 (a) RFFMZESR; (b) BPNN FUMZER; (c) RF. BPNN UL R S5Xig K BHEE T

| RS v

F22 3fEE® (& BPNN Full4EREIEiER RF BE, NER"EEEXAIBPNN EREIEFE
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E[XHIRF &8 ); (d) XGBoost FMIZER
Fig.9 (a)RF prediction results; (b)BPNN prediction results; (c) Comparison Chart of RF and
BPNN Prediction Results vs. the Regional Large-Scale Nappe Fault F22(Since the BPNN
prediction result layer obscures the RF layer, only the BPNN results in the overlapping area and

the RF results in the non-overlapping area are displayed); (d)XGBoost prediction results
4.3.5 RILFENIR S /i

BENLARAMREERHE E AT R (B 100 BB, B R REKXHA, —& R 1%
H. —BRMEA. R S BB R ARHE DR 1o BURI B 55 Bk AL 27 T 3R RS
TA EE TR X — SRR B S5 5 RIS EY R & IR R -GS R AL
mEVIE (FEE RS, 2023) o R REmEHA (hg) 58 RFIEGH (PdD) ZEIAWE
JEEE, FLBR-REKE, BB RS EE, MRy BtEfaEy asm, SHigd
B REBRE NS AT SR AR BRI, = X AR TUE B RR K mT BT O %, #E— B 5T
WE RN (FIRESE, 2023) « B RWEH (P B 580 IKIR s B R 5t 1
AR AR (B3 BT, o BB R EAY BlE (FKIESE, 20205 £ 8855, 2014) .
JE A EEABRE AT (QB) WWE A B B IAE, & HWIE B AT BLUTIE R Ol i 5 23 1],
TR N O AR SR At T v RS R diE , A /R A T BB 3 1 BLREESR , TEAE R R AR
¥ B 5 DXOR R AT R F22 SRR AR “hgi + e s & O AR, 20200,
FEMERIG R, B (S) SRR TR R4 7, Hoom B EHefan 1 ki b, INEFI 1L
FHALERI R A TE R CGRESE, 2021) » BZET KE TRz eBiiK, €2 5%
BT BRI, SOVEERMEEA Sy, HE NS SR RTTE S R VIR (R
B, 20185 ECH, 2021) .

0.30

0.10

0.00

S Jig Padl Prg QB Au C2+3 Bf Zn Pid Pb Ag

8

10 BEHLARMEHEEEM
Fig.10 RF features importance

5 b E S SR X P

LR REATLARIR S S 7 1 FEAh 28 X 28 MR 1 T 45 R HL o B ATL AR AR I [ A il o 22 X 2%
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TRUA R 22 6] AT B — 2, BIBRWZ R AT TIN5, 28 B85E 2 A E 2
JRAT R AR IX (I 11a) . SEXTRILE TRy, B MBiNa A+ 2R BRI VII-
3 5H K 108 BIIREL LR, ARm£0-200 K, 52 [EBRE A A M 7 [ R A, TRAF T — B R 2 0f
M AT . AT BREE VI3 S A 106 BIHRZ N 5 £41-400 KAk, FFRAT
TEARLMAMBARN o LI T REEEL-3 S, FRmg-500 K, FEIRGT &
F AR T MR R N, ST X AR R BT R AL — 2. EIR R X T
SR, BRI RY A BT TS R PR A AR BT S S R, EAEE
TR R S

(a) (b)

300

X T ‘ 300

X 1% 17 )2

RXII

I seviin o i Regim D MR [ DXt
11 (a) REETUNT KE (F BPNN FUNLREIRIER RF BE, RET—EFE
BXH) BPNN LR EIFEBXHIRF £R); (b) BREKEM /)ﬂIJﬁJzﬁr$EE1ﬁml
Fig.11 (a)Predicted Ore Body Map of Kangjiawan(Since the BPNN prediction result layer
obscures the RF layer, only the BPNN results in the overlapping area and the RF results in the
non-overlapping area are displayed); (b) Plan View of Predicted Mineralization Target Areas in
the Kangjiawan Deposit
BEAk, B T ) v 8 0 A XS oR TR0 PR I = P22 SR BN e R S TR AR O, 2
A TR L N (8 1), 2 EAOR SRR ISR EIE, WO BT
TEARAL 1AL 6] o X2 s AR X AR R AL 1R (A G - P P e f A, (e J A
RASREA AR T L XSO AL phHERR T 25 F22 SO VR Al 1) = 4 AR G X R s R
AMLE LG T 45 AN BLEIIE, S8 =ZERLA IR 1 XSO R B T )= F22 Xk
BRI s HIE A

6 ZEip

AT FUE I 45 A = YRR U B S e L8 5 21 753, X SIS VB PR AT IR 4R T
W, EEIRFLLUT 4L
(1) BEFRaNEBE R T EE R =4 R, 78 BRI EReR . BRI
THUmZ R RIS, =22 AL TEM RS 1 DR Erh HEE TR F22 SR EEL AR
HON B USSP E T, DR T R 3R A 1 ) 52 1) = 4R 808l
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(2) FEALARAR GRS 22 (28R 7y M s, XA R T T HE 7 T J2 P22 524
FIAGEM I OHIE, Y RmxHA. —& R EH. =& R SR A s
PE-B0 iR, B B eonER A A A RORER R .

(3) ZREBATEE R, BIE 1 2 AR X, KRR & SRy e,
O DX B T B SR A 1RSI I = 4E S 1A) € A7 o R AR LIS, 2T 108 Hh#RZ M) He 4E
877 1) ) H AR XS e R ROV 0, DA X Is SR AR BERE WA 1 BT )
References
Breiman, L.,2001. Random forests. Machine Learning, 45(1), 5-32. doi:10.1023/A:1010933404324.

Cao, X., Liu, Z., Hu, C., et al.,2024. Three-Dimensional Geological Modelling in Earth Science Research: An In-
Depth Review and Perspective Analysis. Minerals, 14(7), 686. doi:10.3390/min14070686.

Caumon, G., Collon-Drouaillet, P. L. C. D., et al.,2009.Surface-based 3D modeling of geological
structures. Mathematical Geosciences, 41, 927-945. doi:10.1007/s11004-009-9242-4.

Chen, T., Guestrin, C. (2016). Xgboost: A scalable tree boosting system. In The 22nd ACM sigkdd international
conference. ACM.

Chen, Y.X., Fu, J.P.,, Ma, H.R., et al.,2025. Implicit 3D Geological Modeling Method with Faults and Its Application
Research. Journal of Jilin University (Earth Science Edition), 1-12 (in Chinese with English abstract).

Deng, H., Huang, J.X., Liu, Z.K., et al., 2024. Hidden Markov Model for Spatial Analysis of Three-Dimensional
Mineralization Distribution: insights into Magma Flow and Mineral Exploration Targets in the Jinchuan Ni-
Cu-(PGE) Sulfide Deposit, China. Applied Geochemistry, 162:105911. doi:10.1016/j.apgeochem.2024.10591
1.

Fu, G.M., 2021. Research on Three-Dimensional Mineral Prospectivity Based on Machine Learning (Dissertation).
East China University of Technology, Nanchang (in Chinese with English abstract).

Guo, Y., 2025. Research on Construction Method of Complex 3D Geological Model Based on Machine Learning
(Thesis). Anhui University of Science and Technology, Huainan (in Chinese with English abstract).

Houlding S.W.,1993.3D Geo-Science Modeling: Computer Techniques for Geological Characterization. London:
Springer-Verlag: 1-2.

Huang, J.C., Peng, J.T., Yang, J.H., et al.,2015. Geochemical Characteristics and Genesis of Granodiorite in
Shuitoushan, Hunan Province. Geochimica, 44(02):131-144 (in Chinese with English abstract).

Huang, X.H., Li, Z.H., Deng, T., et al.,2023. Uranium Potential Evaluation of Zhuguangshan Granite in South China
Based on Machine Learning. Journal of Earth Science, 48(12):4427-4440 (in Chinese with English abstract).

Li, X.H., 2015. Three-Dimensional Quantitative Prediction and System Development for Concealed Ore Bodies
(Dissertation). Hefei University of Technology, Hefei (in Chinese with English abstract).

Li, Y.S., Zhen, S.M., Yu, X.F., et al.,2020. Zircon U-Pb Age, Hf Isotope and Geological Significance of Granodiorite
from the Shuitoushan Pb-Zn Polymetallic Ore Field in Hunan Province. Earth Science Frontiers, 27(02):332-
352 (in Chinese with English abstract).

Liang, Y., Zhong, J.S., JOUKOU Suguru, et al.,2021. Characteristics of Ore-forming Fluids in the Kangjiawan

19 / 22



Deposit, Hunan Province: Constraints from Mineralogy, Fluid Inclusions and Thermodynamic
Calculations. Mineral Deposits, 40(03):475-490 (in Chinese with English abstract).

Mao, J.W., Chen, M.H., Yuan, S.D., et al.,2011. Geological Characteristics and Spatiotemporal Distribution of
Deposits in the Qin-Hang Metallogenic Belt, South China. Acta Geologica Sinica, 85(05):636-658 (in Chinese
with English abstract).

Mao, X.C., Duan, X.M., Deng, H., et al., 2025. Theories, methods and challenges of 3D intelligent prediction for
deep-seated mineral resources. Journal of Earth Science, 1-34 (in Chinese with English abstract).

Parsa, M., Carranza, E. J. M., 2021. Modulating the impacts of stochastic uncertainties linked to deposit locations
in data-driven predictive mapping of mineral prospectivity. Natural Resources Research, 30(5), 3081-3097.
doi:10.1007/s11053-021-09890-w.

Qin, J.H.,, Wang, D.H., Wang, C.H., et al.,2023. Diagenetic and Metallogenic Epochs, Geochemical and
Mineralogical Characteristics of the Shuitoushan Ore Field in Hunan Province and Their Implications for Pb-
Zn Polymetallic Mineralization. Geological Bulletin of China, 42(07):1179-1202 (in Chinese with English
abstract).

Rumelhart, D. E., Hinton, G. E., & Williams, R. J., 1986. Learning Internal Representations by Error Propagation.
MIT Press, Cambridge, 45.

Shu, L.S.,2012. Basic Characteristics of Tectonic Evolution in South China. Geological Bulletin of China,
31(07):1035-1053 (in Chinese with English abstract).

Shahri, A.A, Chunling, S., Larsson, S.,2024. A hybrid ensemble-based automated deep learning approach to generate
3D geo-models and uncertainty analysis. Engineering with Computers, 40(3): 1501-1516. doi:10.1007/s00366-
023-01846-3.

Tang, Z.X., Chen, R., Wei, H.G.,2020. Analysis of Ore-control Effect of Silicified Fracture Zone in Kangjiawan Pb-
Zn Deposit, Hunan Province. West-China Exploration Engineering, 32(10):150-154 (in Chinese with English
abstract).

Ullah, J., Li, H., Ashraf, U., et al., 2023. Knowledge-based machine learning for mineral classification in a complex
tectonic regime of Yingxiu-Beichuan fault zone, Sichuan basin. Geoenergy Science and Engineering, 229,
212077.

Wan, K.Y.,2021. Geological Characteristics and Metallogenic Regularity of Shuitoushan Pb-Zn Polymetallic Ore
Field in Hunan Province. Mineral Exploration, 12(03):619-629 (in Chinese with English abstract).

Wang, T.R., Ji, X.B., Wang, J.B., et al.,2025. Implicit 3D Geological Modeling Based on Machine Learning: A Case
Study of Lazigou Gold Deposit in Muru Metallogenic Belt. Journal of Earth Science, 50(08):3167-3181 (in
Chinese with English abstract).

Wu, Y.H.,2019. Metallogenic Geological Characteristics and Prospecting Potential Analysis of Kangjiawan Pb-Zn-
Au-Ag Deposit, Hunan Province. World Nonferrous Metals, (13):50-51 (in Chinese with English abstract).

Xiang, J., Xiao, K., Carranza, E. J. M., et al.,2020. 3D mineral prospectivity mapping with random forests: A case

study of Tongling, Anhui, China. Natural Resources Research, 29,395-414. doi:10.1007/s11053-019-09554-w.

20 / 22



Yang, L., Achtziger-Zupanci¢, P., Caers, J.,2021. 3D modeling of large-scale geological structures by linear
combinations of implicit functions: Application to a large banded iron formation. Natural Resources
Research, 30(5), 3139-3163. doi:10.1007/s11053-021-09872-y.

Ye, S.W., Hou, W.S., Yang, J., et al.,2025. Research Progress on Intelligent 3D Geological Modeling. Earth Science
Frontiers, 32(04):182-198 (in Chinese with English abstract).

Zhang, Q., Chen, J., Xu, H., et al., 2022. Three-Dimensional Mineral Prospectivity Mapping by XGBoost Modeling:
A Case Study of the Lannigou Gold Deposit, China. Natural Resources Research, 31, 1135 - 1156.
doi:10.1007/s11053-022-10054-7.

Zhang, B. M., Wang, X. Q., Zhou, J., et al.,2025. Metallogenic regularity of copper resources and machine learning-
based prospect prediction in Laos, Earth Science Frontiers, 32(01), 61-77 (in Chinese with English abstract).

Zhang, Z.H., 2018. Geological Characteristics and Genesis of the Kangjiawan Pb-Zn Deposit in Hunan Province
(Thesis). Guilin University of Technology, Guilin (in Chinese with English abstract).

Zhong, D.Y., Wang, L.G.,2025. Implicit Automatic Modeling Method for Complex Coal Seam Geological Body
Integrating Fault Potential Field. Journal of China Coal Society, 50(03):1705-1716 (in Chinese with English
abstract).

Zuo, C.H., Miao, B.H., Zhao, Z.X., et al.,2014. Isotope Geochemistry Study of Kangjiawan Pb-Zn Deposit in
Changning, Hunan Province. Acta Mineralogica Sinica, 34(03):351-359 (in Chinese with English abstract).

Zuo, C.H., Zhao, Z.X., Xia, Z., et al.,2023. Metallogenic Mechanism of the Kangjiawan Pb-Zn Deposit in Southern
Hunan: Evidence from Fluid Inclusions. Journal of Guilin University of Technology, 43(01):40-51 (in Chinese
with English abstract).

HH LS5 SR

RS, B wilg, SR, A, 202585 WiE = g e s CE I v K H R I FE. T MROR S 2. BERB}E
J5O, 1-12.

7680, 2021, B THLES % o) I =48R TOUAR T (L2008 30 | A REF TR

B8, 2025, FETHLE ST 0 2% =R BRI 7 T 78 (A0S0 . MER: O TR

W), S, A, S, 201535 F K 1 AL R INCA IR 2R AE b R M BR AL 27, 44 (02) :131-
144.

IR, 2R, XM, 45, 2023 LT LA IR LLAE KA R ET V8 10T HER L 272, 48 (12):4427-
4440.

FIENE, 2015, RARTAZ4ER € BB R KRG R (L2030 - 8 SRR

ZOKME, BHR, TR, 55, 202008 FE K DL B JE AT H RS AL R N KA A U-Pb fERE . HF
(R 2R Rt i S AT 2%, 27 (02) :332-352.

RFE, Bk, JOUKOU Suguru, 25, 202171 BEZTET PR H A FUARHIL: 2 707025 IR IR G0 2 i St
1 SRR R BT, 2021,40 (03) :475-490.

FROL, BRI A, ZEUE, 45, 201141 1b DX AR RH™ 37 L BTRFAE I PRIV 25 5 A JUAE . 35 274K, 85(05):636-
658.

21 / 22



B, B, AW, S, 2025 SR AETINEE . ik S HEREL A, 1-34.

ZRHRE, TR, TR, %, 2023.351FFK CLET B SCE B IR MR 2RI ) 2R HE R FE A £
BJEA R E B FR R PR, 42 (07) :1179-1202.

EFRF, 201240 IETEAL B ACRHE. L BT AR, 31 (07) :1035-1053.

JEHAE, BRER, ZRVERI, 55, 20207815 B S IV EED RIE AL B Wy 42 1 R 20 A P8 S R A2, 32.(10):150-
154.

SR H, 202131 F K LAY EE 2 & R H M FURRAE S R B P B A, 12 (03) :619-629.

T4, D, FILE, %, 20255 FHL35 I MR S4u gl DLRFLRE T IS TV &0 A5t
BRI, 50 (08) :3167-3181

R, 201938178 FE IS HYEE S I B M BURFIE S 4R RS pr A (e R, (13D :50-51.

WRETIE, BERE, MEY, 4R, 2025 =4EHLTUR R AR SO AR TR, 32 (04) :182-198.

SRMEEL EAOR, I, 25, 20258 VR BT U Sk TR S ) B SR AT, 32 (01) :61-
77.

SRAEE, 2018, WIRE A BEGOIS BYEED R TR AE SRR R (R 200850 . Bk HEAREE TR

iz, A, 2025.mhE R I 00 R AR TR R B S EBUTVE BR SR, 50 (03) :1705-1716.

B, B, BT, %, 2014818 % 7RSS HYET R RO FHURAG B SR, 34 (03) :351-
359.

JEE R, RIEE, HEG 45, 202300 R HTEED IR HLH] R B A S FE A I IE SR AR TR AR,
2023,43 (01) :40-51.

EETERE VLR : 153 1. FST U iets 3, H RIFB S0 SO N A, HIRTT AT
BB EE N S AR R EIEE 2% IR SRR T, IRk
HITAE, MBI SR LIRIESEZ TS, AR EO T 58S TE, 1F#
3RS 4: RUWHFDHFANCEE, 4Ll oI @i, hahe®Eiese, fk
BRI TOAE AR VE SR X, MR 5. PhBNEERER . B0, BNERE A AR, R AR
BRSO BIERER R, TSk S MTEE.

22 / 22



