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Mineral search prediction based on Random Forest algorithm
—A case study on porphyry—epithermal copper polymetallic deposits in the
western Gangdise meatallogenic belt

OUYANG Yuan', LIU Hong'?, LI Guangming', MA Dongfang', ZHANG Linkui',
HUANG Hanxiao', ZHANG Jinghua', ZHANG Tengjiao', LIU Xiao®’, ZHAO Yinbing’, LI Fu'

(1. Chengdu Center, China Geological Survey, Chengdu 610081, Sichuan, China; 2. College of Earth Sciences, Chengdu University
of Technology, Chengdu 610059, Sichuan, China, 3. Wuhan Center, China Geological Survey, Wuhan 430205, Hubei, China)

Abstract: The paper is the result of geological survey engineering.

[Objective] The core problem of prospecting prediction is the nonlinear relationship between mineral distribution and mineral—
controlling geological factors. Big data and machine learning technology have shown great advantages in solving such complex
nonlinear relationship problems. The prediction dataset of small—scale geochemical remote information has the characteristics of
high and extremely unbalanced, which is difficult to adapt by traditional logical assumptions or statistical analysis. Therefore, this
paper attempts to introduce the random forest algorithm into the field of small—scale prospecting to explore the application of big
data and machine learning technology in small— scale mineralization prediction. [Methods] In recent years, several Porphyry—
epithermal copper polymetallic deposits (such as Luerma, Bolazha, Daruo, Hongshan, and Luobuzhen, etc.) have been discovered in
the western Gangdise mineralized belt, which proved that the western Gangdise belt has great prospecting potential for porphyry and
epithermal Cu— Au polymetallic deposits. Combined with the comprehensive information of typical deposits, regional geology,
geophysics, geochemistry, and remote sensing, this paper uses the random forest method to carry out the prospecting prediction of
porphyry and epithermal Cu—Au polymetallic deposits in the western Gangdise belt. [Results] This work has delineated 11 porphyry
copper polymetallic prospect areas (including 2 levels I prospect areas, 3 level II prospect areas, and 6 level III prospect areas), of
which Luobuzhen, Dajiacuo, Daruo, Balaza, Gaerqgiong, and Budongla have great prospecting potential and are expected to find new
ore deposits or points. [Conclusions] The under—sampling random forest prediction model based on big data machine learning is
expected to adapt to the high—dimensional and extremely unbalanced characteristics of prediction data of comprehensive geophysical and
geochemical remote information and provide direction for regional prospecting prediction at the scale of the metallogenic belt. The
prospective area determined in this work is expected to find new deposits (points), which opens a new vision for ore prospecting and

exploration in the Gangdise metallogenic belt.

Key words: Gangdise; big data; machine learning; random forest algorithm; prospecting prediction; geological survey engineering
Highlights: (1) The temporal and spatial distribution characteristics and regional prospecting information of porphyry—epithermal
copper polymetallic mineralization in the western Gangdise are summarized; (2) The application of under—sampling random forest
prediction model based on big data machine learning in ore prospecting prediction is explored; (3) The porphyry epithermal copper
polymetallic ore prospecting prospect in the western Gangdise is delineated.
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Fig.1 Mineral geological map of the Gangdise metallogenic belt
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Fig.4 Mineral geological map of the western Gangdise metallogenic belt (modified from Huang Hanxiao et al., 2019)
1—Neogene granitoids; 2—Paleogene granitoids; 3—Cretaceous granitoids; 4—Jurassic granitoids; 5—Triassic granitoids; 6—Linzizong Group volcanic
rocks; 7—Ophiolites; 8—Copper deposit (point); 9—Copper gold deposit (point); 10—Copper molybdenum deposit (point); 11—Gold deposit (point);
12—Silver gold deposit (point); 13—Iron deposit; 14— Lead zinc deposit (point); 15— Structural boundary; 16— Lake; 17— Scope of study area; The
geotectonic elements code is the same as Fig.1
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Fig.6 The satellite gravity isogram map of the western Gangdise metallogenic belt(after the University of California public data)
(The mineral legend is the same as Fig.4; The geotectonic elements code is the same as Fig.1)

100km \- 100km
N o N o

INB— B AT AN AT

a5 ) / b subs

e f
Structural boundary Structural boundary

AN 100km

/N I B 2 T

L 7 X1 8 ket 75 e T T /N 3 41 1] CH R I M DR T840 o))
(a.b.c.d BEW ULIESC; 7 7= &I il R] 1] 4)
Fig.7 The detail maps of satellite gravity wavelet analysis of the western Gangdise metallogenic (after the University of California
public data)
(The description of Fig.7 a, b, ¢, d is seen in the tex; The mineral legend is the same as Fig.4)
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Fig.8 The acromagnetic AT pole isogram map of the western Gangdise metallogenic belt (after the AGRS public data)
(The mineral legend is the same as Fig.4; The geotectonic elements code is the same as Fig.1)
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Fig.9 The detail maps of acromagnetic AT pole wavelet analysis of the western Gangdise metallogenic belt (after the AGRS public data)
(The description of Fig.9 a, b, ¢, d seen in the text; The mineral legend is the same as Fig.4)
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Table 2 The correlation coefficient matrix of geochemical elements in the western Gangdise metallgenic belt
Ag Au As Co Cr Cu Mo Ni Pb Sb Sn W Zn
Ag  1.00
Au 001 1.00
As 0.11 0.00 1.00
Co -0.09 0.00 0.06 1.00
Cr -0.08 0.00 -0.02 0.82 1.00
Cu 020 0.00 0.15 0.48 0.12  1.00
Mo 024 0.01 0.07 -0.07 -0.09 0.06 1.00
Ni  -0.08 0.00 -0.02 0.87 094 0.17 -0.09 1.00
Pb 066 001 003 -0.02 -0.02 024 0.08 -0.02 1.00
Sb 009 000 027 0.02 -0.01 0.06 0.00 -0.01 001 1.00
Sn  0.14 0.78 0.05 -0.03 -0.03 0.04 0.04 -0.04 0.05 0.01 1.00
w 0.11 001 013 -0.06 -0.06 004 023 -0.07 0.03 0.03 0.09 1.00
Zn  0.60 0.00 0.15 0.19 0.02 048 0.20 0.03 054 0.02 0.13 0.05 1.00
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Table 3 Basic variables for prospecting prediction in the western Gangdise metallogenic belt
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Table 4 Evaluation table of prediction model results in the western Gangdise metallogenic belt
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Fig.21 The prospecting prediction map for the copper polymetallic deposits related to porphyry system in the western Gangdise
metallogenic belt
(The mineral legend is the same as Fig.4; The geotectonic elements code is the same as Fig.1)
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