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Abstract

Big data technology has been widely used in the geoscience and big data thinking has opened up a new way
of thinking for geological research. Based on data, it is possible to obtain some results better than traditional geo-
logical analysis methods when analyzing geological problems with data-driven model. Based on the advantages
of in-situ, nondestructive, fast and multi-element analysis of portable X-ray fluorescence analyzer (pXRF), this
paper collects high-density in-situ geochemical data from the drill cores of the Qiaomaishan Cu polymetallic de-

posit in the Xuancheng ore district, Anhui Province, China, and makes quantitative analysis by using principal
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component analysis (PCA) and multiple stepwise linear regression. Both methods can show that there is a posi-
tive correlation between elements Mg, Ca, Mn, Co, As, Se, Ag, Hg, U and ore-forming elements Cu, Fe, S, W in
the Qiaomaishan Cu deposit. The characteristics of mineralization and alteration, copper sulfur ore, tungsten ore
and quartz sandstone all show different element combinations, especially the comprehensive score of principal
component (PCA) and the first principal component (PC1) elements have a good indication or vectoring to the
ore zones. Stepwise multiple linear regression analysis further quantifies the law of element enrichment, and the
fitting of metallogenic elements can better correspond to the borehole information. Therefore, the high-density in-
situ measurement of pXRF can quickly obtain comprehensive and accurate element data, and the analysis results
can directly reflect the depth and spatial distribution and quantitative correlation of various elements in the Qiao-
maishan Cu deposit, which can provide help for the restoration of deep geochemical characteristics and ore pros-
pecting.

Key words: geology, portable XRF(pXRF), data-driven, principal component analysis(PCA), stepwise re-

gression, Qiaomaishan Cu polymetallic deposit, spatial distribution of elements
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Fig. 1 Distribution map of ore concentration areas in the metallogenic belt in the middle and lower reaches of the Yangtze River
(modified after Zhou et al., 2017)
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Fig.2 Geological map of the Qiaomaishan deposit (modified after Liu et al., 2014)

1—Quaternary; 2—Longtan Formation of Upper Permian; 3—Qixia Formation of Lower Permian; 4—Huanglong Formation and Chuanshan

Formation of Middle and Upper Carboniferous; 5S—Wutong Formation of Upper Devonian; 6—Granodiorite porphyry; 7—Skarn; 8—Sandstone;

9—Granite porphyry; 10—Gossan; 11—Exploration line and number; 12—Drill hole and number
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Fig. 3| Simplified cross section of exploration line 16+
through the Qiaomaishan Cu deposit (after Liu et al., 2014)
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3—~Granodiorite porphyry; 4—Quartz sandstone; 5—Marble;
6— Granodiorite porphyry; 7—Drill hole and number;

8—Copper-sulfur ore; 9—Copper ore; 10—Tungsten ore

i 2e— S0 AR R N A5 K5 B TR 4n , i
SRR R/ T AR A A DG OT E 2 R G R EE N
W1 T (8B 45, 2007; /M5, 2012), A SCFTH
SPSS G A XT 57242 1L 2 4 J8 0 IR 16+2k Fril (1)
30 VA SO R AT AR AL RS T, e 2K 304
LR EAER 3 8 E WG R, Bty Z sk Rk
#70.576%, PA 8 T AL TR e FEE R H



648 o JZN

Hh 5 2022 4F

B — JE Ao R 22 TUERR A B 27.079%, BT 13
O AL TSR A IR 2 B B AT R AT TR Cu,
Fe S W EN K 14 ME#A TR (CLULER T30
W& EAFIE) . ERAai R L,

e A _E A 4500 22 e s 21 1 45

B ASAE, BLA A5 53 25 5 0 T LA B R A% 150
S W5 A T A B AR B 5 L U il o3 22 TR A
MR (E4),

FeA WA £ 4 /T IR 1648 T e 1
WFRAE (R 1, K 4):

I HHE ZK16+02 . ZK 16403 . ZK 16+04 TR HR 23 8] 1Y

Table 1 Principal component variance and component load of boreholes on exploration line 16+ through

*1

(D) Za EW 07
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the Qiaomaishan Cu polymetallic deposit

53 (PCA) 1 &% T & K ¥

XJ L H PCI1 PC2 PC3 PC4 PC5 PC6 PC7 PC8
FRIEAE 8.124 4.803 1.696 1.638 1.395 1.288 1.168 1.061
77 2 TR /% 27.079 16.010 5.655 5.460 4.649 4.294 3.893 3.536
BT 2 TR % 27.079 43.089 48.744 54.204 58.853 63.147 67.040 70.576
Mg 0.576 -0.048 0.515 -0.142 0.086 -0.181 0.158 -0.167
Al -0.538 0.586 -0.009 -0.035 -0.346 -0.005 0.105 -0.071
Si -0.644 -0.503 -0.188 0.009 0.097 -0.193 -0.110 -0.051
P -0.190 0.409 -0.121 0.407 ~0.049 -0.167 0.564 -0.147
S 0.642 0.231 0.252 0.418 -0.071 -0.193 -0.274 -0.014

Cl 0.084 0.024 -0.457 0.049 0.541 0.150 -0.008 0.372
Ca 0.724 0.137 —0.174 -0.278 -0.025 0.344 0.081 0.155
Ti -0.471 0.713 0.278 -0.052 0.050 0.123 -0.092 0.138
\% -0.139 0.187 0.498 0.137 0.119 0.399 0.024 0.436
Cr -0.356 0.727 0.105 -0.083 0.126 -0.072 0.025 -0.059
Mn 0.800 0.119 0.079 -0.363 0.062 0.099 0.180 -0.033
Fe 0.826 0.240 -0.076 0.075 -0.160 —0.184 —0.156 0.038
Co 0.792 0.275 -0.022 0.154 -0.152 —0.204 -0.145 0.014
Ni -0.109 0.515 -0.179 0.350 0.176 ~0.044 0.402 -0.155
Cu 0.735 0.254 -0.105 0.234 0.045 -0.076 -0.098 0.032
Zn 0217 0.022 0.442 0.079 0.149 -0.089 0.145 -0.010
As 0.444 0.402 -0.243 0.217 0.197 0.281 0.052 0.128
Se 0.637 0.399 -0.105 0.095 -0.022 0.053 -0.172 0.006
Rb -0.029 -0.257 0.615 0.264 0.226 -0.008 0.017 0.140
Sr -0.168 -0.002 0.032 0.077 -0.725 0.202 0.272 0.323
Y -0.429 0.714 0.020 ~0.165 0.146 -0.109 -0.074 -0.029
Zr -0.540 0.572 -0.011 -0.130 0.233 —0.143 -0.188 -0.089
Nb -0.510 0.728 0.068 -0.181 -0.112 -0.047 -0.145 -0.001
Mo -0.009 0.065 0.098 0.062 -0.018 0.516 -0.324 —0.480
Ag 0.836 0.258 -0.106 0.086 -0.191 ~0.164 -0.185 0.084
A 0.495 0.086 0.008 -0.511 0.037 0.123 0.236 -0.196
Hg 0.761 0.075 0.121 -0.377 0.028 —0.004 0.147 -0.091
Pb -0.016 0.117 -0.015 0.363 -0.090 0.515 -0.057 -0.362
Th -0.312 0.553 —0.034 -0.261 -0.187 -0.047 -0.164 0.189
u 0.452 0.507 -0.021 0.040 0.177 0.007 0.156 -0.014
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Table 2 Correlation analysis of ore-forming elements in boreholes on exploration line 16+ through

the Qiaomaishan Cu polymetallic deposit

Moy Mg Al Si P Cl Ca Ti \% Cr
Cu 0.374%* —0.257** —0.501%** -0.008 0.144%* 0.457%* —0.191%* -0.083 —0.118*
S 0.446%* —0.259%** —0.58%* —0.004 -0.70 0.241%% —0.099* 0.006 -0.059
Fe 0.354%* —0.270%* —0.593** -0.023 0.048 0.519%* —0.226%* —0.102* —0.124%*
% 0.356%* —0.191** —0.36%* —0.114% 0.032 0.438%* —0.134%* -0.08 -0.075
24y Mn Co Ni Zn As Se Rb Sr Y
Cu 0.483%* 0.663%* 0.092 0.16%* 0.492%* 0.612%* —0.112% —0.128** —0.165%*
S 0.316%* 0.647%* 0.024 0.146** 0.352%* 0.471%* 0.164%* —0.110% —0.135%*
Fe 0.618%** 0.797** -0.026 0.097* 0.368** 0.564%* —0.157%* —0.105% —0.179%*
% 0.542%* 0.288** -0.051 0.05 0.130%* 0.294%* —0.139%* -0.099* —0.116*
Moy Zr Nb Mo Ag Hg Pb Th U
Cu —0.236** —0.207** -0.013 0.661%* 0.439%* 0.049 —0.117* 0.463**
S —0.193%* —0.157** 0.022 0.662%* 0.326** 0.107* —0.119% 0.341%*
Fe —0.294%* —0.235%* -0.019 0.936** 0.601%** -0.038 —0.132%* 0.422%*
w —0.174%% —0.138** 0.013 0.314%* 0.557** -0.04 -0.068 0.235%*

TE 43R BFE<0.05; #+ R L 1E<0.01,
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Table 3 Multiple stepwise linear regression analysis coefficient table

JRW TR R i B Prififb Z AL T (1) B VIF
W —0.045 ~5.400 <0.01
Co 35.736 0.156 2.370 0.012 4.463
As 23.277 0.216 5.996 <0.01 1.346
Cu Se 61.993 0.209 4.686 <0.01 2.062
R*=0.589 Mg 0.012 0.203 5.075 <0.01 1.651
Ag 681.665 0.269 4.097 <0.01 4.450
u 22317 0.085 2.263 0.024 1.470
Hg -7.788 —0.094 -2.054 0.041 2.164
WA -0.376 -2.361 0.019
Ag 93248.244 0.939 39.499 <0.01 2.154
R2=1:888 Se —640.663 -0.055 -2.537 0.012 1.802
Mn 6.828 0.150 5.991 <0.01 2.381
Ca -0.139 -0.101 -4.061 <0.01 2.355
i 0.611 2371 0.018
Ag 59731.155 0.720 15.903 <0.01 2.320
Mg 0.919 0.468 11.683 <0.01 1.818
S Mn -9.945 -0.261 —4.344 <0.01 4.098
R*=0.624 As 609.918 0.173 4.945 <0.01 1.391
Hg -524.170 -0.193 -3.703 <0.01 3.086
Se 1003.167 0.104 2.567 0.011 1.840
Ca -0.119 -0.104 -2.036 0.042 2.930
WA 0.002 1.483 0.139
RZ:\Z.M Hg 5.044 0.344 5.525 <0.01 2.528
Mn 0.056 0.274 4.406 <0.01 2.528
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Fig. 5 Fitting comparison of metallogenic elements in boreholes on exploration line 16+ through the Qiaomaishan

Cu polymetallic deposit
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