5559 % 4 4 1] B 4k M SR Vol. 59 No. 4
2026 4F (& 248 1) NORTHWESTERN GEOLOGY 2026(Sum?248)

B 3CEEC: BN, 3k, AREE, & ML 7R G0 R B R 2B 50 v () B - 5 T BT et S R M R AL 24
TEIIR R BFSE )], PEALHLRR, 2026, 59(4): 30—47. DOI: 10.12401/j.nwg.2025187

Citation: FAN Songhao, WANG Da, ZHU Guotao, et al. Application of Machine Learning in the Genetic Classification of
Gold Deposits: An Exploratory Study Based on Pyrite Trace Element Geochemistry[J]. Northwestern Geology, 2026, 59(4):
30—47. DOI: 10.12401/j.nwg.2025187

et el KR EZREIRZ PN AH: BETREKRT
METREMmKUFHFENRRM R
5%@%1’2’3,355’*,%%%2 '”,%%' CLOBRERY,

2 X 7T< ‘%7 7k 7 f’ﬁm

(L. v ) 5 o Sy O RIS 46 R R IR 2 B IR A b, NSl PERDTS 4% 0100105 2. H [ b i R 2% (dE3) Bk Bl % 5
PR BE, Jb Rt 100083; 3. H [E M T 2A AR AL e RE AL G 0 B A H R B A, S AN SR 010010)

B E BRI ALTRATRTLGEEZRNLY, AR ETLELAREBH L LREIRT ARRRS
BA RIAZ B, B H R B kA ) ﬁl“P ﬁa@‘z‘%—éaf%x M AZ B R 6y i ik KR, SR A
FHROCHENERTELNE, 3R, BEWHENLFZHEAREZE AT RER G Z Z R4
THG RN, R, i)ﬂ]‘ﬁfmmﬁﬁﬁ$%ﬁ%§7ﬂﬂ& FREBDBEEZRREBRAANFERSFFA .
Aot EiR R, £ RS R4 B AL —4RA—4 (IOCG) & | Kol & B 3k AL 4 (VMS) & 52 22 A& 4K
B R ORAKGR HOR AL | B LR ORAR R AR A AR A R A T AR K AL A 5 R 69 3 4 5 LA-ICP-MS
WMELEREFMERKELE, ELRBEMIES '—’—3q"ﬁiﬁ‘%ibb(CLR)E;’;#ﬁ%é‘J%MJ:,%I)\i
FEZH(SVM) 5 B ALAM (RF) A FRF R EAF A, Fd S X XBIEL % 48 473 2T 42 R
PR HEAT A b, AR BT, A T R4 CLR H /25 1 4 SVM?F%*‘]E >R SR @k
IR RFAER ERFRZ A AL AGGRE B, 446 SHAP 547887 T R B & K & & 3] 5] BT 4R 8
MARMEALTASHIE, FFREAV, MBEFT F RSB A AR ELA R E LRI 512
M,%m ié%éy\ééﬁ%& 5 TMERSAMEES, ATRILERTHREZPE2FT RKRERRINS KRB

KERMEFI EHRT M UERE; 27 B ER
B 535 P618; P628 XHEEFRERRD: A X EHE: 1009-6248(2026)04-0030-18

Application of Machine Learning in the Genetic Classification of Gold Deposits:
An Exploratory Study Based on Pyrite Trace Element Geochemistry

FAN Songhao"*’, WANG Da” ", ZHU Guotao’, YANG Biao"’, SU Panyun"’, HOU Xiuhong'”,

W75 HH3: 2026-02-24; & [E H #A: 2026-04-07; =L 4G Wil
ESTE: MEREH RN 55 77 % I5 8 2 B KR KL I (2025ZD1006500), P15 i [ 1A X [ 48 BR 2 3 4 (2024QN04015),
FF [ i S5 3R 25 JR) 351 H (DD20230384, DD202602109403, DD20251185) Bk % Bl o
YEE B A BN (1994-), 55, TR, A ALal b BT 0 A R 58 507 7 S B & T4F . E-mail: 625040570@qq.com,
WIREE: Fik(1990-), 59, BIBEZ, Wb A 00, 652 5 ) g G5 & )i L i 2 5 8 25 PP 4 o E-mail: 13311532737@163.com,
© Editorial Office of Northwestern Geology. OA under CC BY-NC-ND


https://doi.org/10.12401/j.nwg.2025187
https://doi.org/10.12401/j.nwg.2025187
mailto:625040570@qq.com
mailto:13311532737@163.com

55 44

BERAE A LR 2 T 7E &0 R B 2R BL U v g B P« 5 T R et DT 3R M BRAL 2 R IR YR R TS

31

LYU Hangin"’, HAN Yandong'’, CHEN Lei'"”

of Earth Sciences and Resources, China University of Geosciences, Beijing 100083, China; 3. Innovation Base for Gold Exploration

Technology in the Northern Margin of North China Craton, Geological Society of China, Hohhot 010010, Inner Mongolia, China)

Abstract: Pyrite is the most common metallic sulfide in gold deposits, and its trace element composition effec-
tively records the physicochemical properties of ore-forming fluids and mineralization environments, thus serv-
ing as an important indicator for discriminating genetic types of gold deposits. With the rapid development of in-
formation technology, geoscience research has entered a data-intensive era, and the accumulation of multi-
source, multi-scale geochemical data provides new opportunities for quantitative classification of deposit types.
However, existing studies are still limited by small sample sizes, insufficient coverage of deposit types, and rela-
tively low classification accuracy. To address these issues, this study systematically compiles LA-ICP-MS trace
element data of pyrite from seven types of gold deposits, including iron oxide—copper—gold (IOCG), vol-
canogenic massive sulfide (VMS), porphyry, low-sulfidation and high-sulfidation epithermal, Carlin-type, and
orogenic deposits, and constructs a large geochemical dataset. After missing value control and centered log-ratio
(CLR) transformation, Support Vector Machine (SVM) and Random Forest (RF) models are applied to classify
deposit types, and their performance is systematically evaluated using cross-validation and multiple metrics. The
results show that the SVM model based on the original CLR feature space achieves the best performance in
terms of classification accuracy and stability, whereas the RF model, while maintaining strong predictive capa-
bility, reveals the key trace element combinations controlling classification through SHAP analysis. Overall, this
study demonstrates that machine learning methods can effectively extract geologically meaningful mineraliza-
tion signatures, and that the integration of high-performance classification models with interpretability analysis
provides an effective approach for the identification and genetic study of gold deposit types in complex mineral-
ization systems.
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Fig. 1 Distribution map of pyrite data sampling points
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Fig.2 Comparison of element enrichment characteristics of different genetic types
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Tab. 1

Summary of element enrichment characteristics of different deposit types
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Fig.3 Spearman correlation analysis of trace elements in pyrite data
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Fig. 5 Principal component analysis results of geochemical data of samples from different deposit types
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Fig. 9 Confusion matrix of random forest model for pyrite trace element data
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