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Fig. 1 Geological sketch of the northeastern Jiaodong area
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Fig. 2 Representative ore photographs of the Xiadian
Gold Deposit
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Fig. 3 Photomicrographs of rutile from the Xiadian Gold Deposit
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Table 1 Trace element analysis results of rutile from the Xiadian Gold Deposit X107

JLHE LoNL] FHfE fvME baifE2z 25 PO, 50 %5 i 75 PO i
Si 10 884.56 2 558.97 257.89 2514.22 1220.88 1551.94 3172.35
V 1977.11 697.57 34.00 543.87 255.70 564.16 1024.84
Cr 375.60 50.58 4.50 69.07 12.96 25.63 67.66
Fe 16 118.35 3485.37 614.38 3 865.97 1224.45 1570.95 5165.49
Cu 7.68 1.90 0.06 1.34 1.11 1.68 2.20
Y 258.48 60.76 0.23 76.68 6.88 21.29 84.26
Zr 286.69 70.77 1.45 61.93 28.78 65.16 80.92
Nb 5246.93 1355.15 4.04 1305.15 192.25 1099.01 1735.04
Mo 3.65 0.44 0.01 0.61 0.06 0.25 0.62
Hf 19.26 7.92 0.09 541 2.73 8.22 11.42
Ta 594.52 113.55 0.11 142.14 13.41 68.80 139.36
W 21539.10 3571.75 7.79 6314.27 128.09 617.19 2928.97
Pb 11.69 4.28 0.15 3.15 1.58 3.40 5.96
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Fig. 4 Evaluation metrics of the random forest model for rutile

in the Xiadian Gold Deposit
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Fig. 5 Confusion matrix and discrimination results of the random forest model for rutile in the Xiadian Gold Deposit
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Fig. 6 Characteristic importance metrics of the random forest

discrimination model for rutile in the Xiadian Gold Deposit
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Genetic discrimination and mineralization analysis of rutile in the Xiadian Gold

Deposit using machine learning

Wang Rongchao', Yang Xiaoqi', Yang Xiaopeng', Gao Teng', Tang Weiyang', Chen Shujie', Chen Yudong?
(1. Zhaojin Mining Industry Co., Ltd.; 2. School of Geosciences and Info-physics, Central South University )

Abstract: Rutile is a common accessory mineral in the Jiaodong gold deposits, yet its genetic significance and
metallogenic implications remain poorly constrained. This study integrates petrography, in-situ geochemical analysis,
and machine learning to investigate rutile from the Xiadian Gold Deposit at the southern end of the Zhaoping fault.
Results reveal that rutile of the Xiadian Gold Deposit primarily occurs in silicified and sericitized alteration rocks
beneath the Zhaoping fault, exhibiting cataclastic-metasomatic textures and coexisting with ore minerals such as pyrite
and chalcopyrite. By compiling a global dataset of rutile from diverse genetic and deposit types, a random forest model
was applied to discriminate the origin of rutile based on its trace element characteristics in the Xiadian Gold Deposit.
The model identifies the rutile of the Xiadian Gold Deposit as typical hydrothermal in origin, closely linked to gold
mineralization. Furthermore, the rutile is classified as "Jiaodong-type" gold deposit genesis with high true-class rates
indicating distinct trace element signatures compared to other deposit types. Among them, Cr, Si, W, Fe, Cu, V, and Ta
are the elements that play important roles in discrimination. Enrichment of these elements suggests elemental mobilization
from high-grade metamorphic basement rocks during mineralization and highlights the critical role of intense water—
rock interactions in the formation of the Xiadian Gold Deposit.

Keywords: rutile; elemental geochemistry; machine learning; genetic discrimination; Xiadian Gold Deposit; Zhao-

ping fault



