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Abstract: This paper is the result of mineral exploration engineering.
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[Objective] The Hongnipo copper deposit in Sichuan Province is a large new—discovered copper deposit in recent years in the middle
section of the Kangdian axis on the western edge of the Yangtze platform. Due to the deep burial of the ore body, the surface is
covered by the Quaternary, and it is difficult to break through in deep and peripheral ore exploration. [Methods| This article collected
primary halo samples from 5 boreholes on the P—3 exploration line in the mining area, and analyzed and tested 18 elements out of 349
samples, as well as studied the characteristics of primary halos. [Results] The main ore—forming element Cu is mainly distributed in
the lower section of Tianshengba Formation and the upper section of Luodang Formation. Multivariate statistical analysis shows that
Cu has a good correlation with Ag, Co, Mo, As, Sb and other elements. The axial zoning sequence of the primary halo of the ore body
is obtained by using the Grigoryan zoning index method: F, Nb, La — Au, Ag, Bi, Mo — Cu, Zn, Pb, As — Sn — Co,
Sb. [Conclusions] Through the construction of geochemical exploration indexes, the prospecting prediction model of Hongnipo

copper deposit is established, and it is preliminarily believed that the No. 1 ore body of Hongnipo copper mine still extends to the west.

Key words: prospecting direction; deep prospecting prediction; primary halo, Hongnipo copper deposit; mineral exploration
engineering; Sichuan Province

Highlights: This paper established the geochemical exploration indexes and the prospecting prediction model by studying the
primary halo characteristics of the Hongnipo copper deposit, and proposed the next direction of mineral exploration.
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Fig.1 Simplified geological map (a) and tectonic location (b) of the Lala orefield, Sichuan Province
(modified from Xiang Jie et al., 2019)
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Fig. 2 Simplified geological map of Hongnipo copper deposit area (modified from 403 Geological Team, Sichuan Bureau of
Geology and Mineral Resources, 2013®)
1—Sandstone of the Baiguowan Formation of Triassic; 2—Carbonaceous slate of theTangtang Formation, Kunyang Group; 3—The upper member of
the Tianshengba Formation of the Hekou Group; 4— The lower member of the Tianshengba Formation of the Hekou Group; 5— Pomegranate
hornblende schist of Xingiao Formation, Hekou Group; 6—Quartz sodium feldspar in the upper member of the Luodang Formation, Hekou Group;
7—Quartz sodium feldspar; 8—Magnetite quartz sodium feldspar; 9—Dolomite quartz schist; 10—Muscovite—biotite schist; 11— Slate; 12— Gabbro;
13— Intrusive breccia; 14— Copper ore body and number; 15— Iron ore body; 16— Stratigraphic boundary; 17—Rock boundary; 18— Unconformity
contact boundary; 19—Faults and number; 20—Profile line and number; 21—Drilling and number
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Table 1 Statistical table of element characteristics of each geological unit

)2 & Ag Smn B Au  Bi F KO FeOs

Ni Cu Zn Nb Mo La Pb As Sb

M 008 1.68 17.62 142 0.08 925.0 1.19 10.95
Ptt, X 0.14 193 26.11 235 0.12 9809 1.35 11.09
N=57 S 0.12 1.12 25.83 259 0.11 373.8 1.02 6.10
Cv 091 058 099 1.10 092 038 0.76 0.55

39.40 6445 117.0 52.65 8.81 0.84 3240 3.1 233 0.19
41.19 84.80 319.8 84.07 9.52 120 33.17 7.7 479 0.28
17.74 83.59 540.5 8722 6.68 139 12.67 155 9.10 0.37

099 1.69 1.04 070 1.17 038 2.00 190 136

M 0.14 198 28.60 1.95 0.16 1164.5 1.97 11.20
Pty X 1.54 2.02 34.68 4.46 042 1256.0 1.94 11.15
N=80 S 294 0.84 28.76 8.14 0.96 4451 0.90 2.99
Cv 190 042 0.83 1.82 230 035 047 0.27
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N=95 S 0.81 3.02 1428 104 0.27 548.1 0.63 2.40
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Table 2 Correlation coefficient matrix of primary halo in Hongnipo copper deposit
LR Ag Sn B Au Bi F K:O Fe,O, Co Ni Cu Zn Nb Mo La Pb  As Sb
Ag  1.000
Sn  0.060 1.000
B 0.032 0.044 1.000
Au 0.145 0.134 -0.019 1.000
Bi 0211 0.161 0.107 0.169 1.000
F 0.144 0328 0.106 0.065 0.126 1.000
KO -0.088 0.207 0.330 -0.034 0.057 0.523 1.000
Fe,O; 0.101 0.118 -0.268 0.152 0.135 0.153 -0.286 1.000
Co 0.458 -0.095 0.048 0.120 0.627 0.139 -0.094 0.175 1.000
Ni 0.084 -0.196 0.125 -0.026 0.137 -0.041 0.105 -0.058 0.358 1.000
Cu 0.702 -0.011 -0.010 0.067 0.122 0.045 -0.126 0.081 0.367 0.063 1.000
Zn 0200 0.114 0.020 0.047 0.130 0.114 0.105 0.068 0.221 0.285 0.049 1.000
Nb -0.081 0.558 -0.050 0.001 -0.012 0.168 0.161 -0.082 -0.190 -0.206 -0.074 -0.007 1.000
Mo 0.604 0.462 0.287 0.120 0.320 0.199 0.066 0.099 0.256 0.042 0.354 0.215 0.075 1.000
La -0.024 0.746 0.090 0.095 0.080 0.263 0.181 0.045 -0.218 -0.253 -0.090 0.147 0.481 0.360 1.000
Pb  0.123 0.165 0.090 0.039 0.153 0.042 0.022 0.072 0.079 0.009 0.021 0.327 0.025 0.240 0.170 1.000
As 0.627 0.011 0.096 0.011 0.252 0.187 -0.026 0.023 0.648 0.157 0.558 0.218 -0.074 0.446 -0.067 0.231 1.000
Sb 0.536 -0.022 0.068 0.021 0.339 0.004 0.047 0.018 0.427 0.282 0.341 0.398 -0.103 0.386 -0.110 0.194 0.470 1.000
B JRA R S EOR 3491 (R4 0,05,
0 0‘.70 0.77 0.84

0.28 0.35 0.42 0.49 056  0.63
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Fig.4 R—type cluster analysis pedigree of primary halos in Hongnipo copper deposit
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Table 3 Orthogonal rotation factor load matrix of
primary halos in Hongnipo copper deposit

SN Fl F2 F3 F4 F5
Ag 0.873 0.056 0.168 0.057  -0.002
Sn 0.098 0.841 0.043 0.081 0.110
Au 0.052 0.091 0395  -0.007  0.309
Bi 0.185 -0.011 0.232 0.424 0.554

F 0.087 0352 -0.076  -0.146  0.705

K:0 0.0334 04672  -0.704  -0.146  0.2451

Fe,0: -0.038  0.139 0.730 0.102 0.083
Co 0526  -0295 0278 0.307 0.432
Cu 0.813  -0.041 0.116  -0.124  -0.063
Zn 0.159 0.032  -0.078  0.755 0.067
Nb -0.173  0.723 0.002  -0.048  0.070
Mo 0.679 0.465 0.073 0.193 0.024
La -0.011 0.843 0.024 0.034 0.081
Pb 0.108 0264  -0.126 0696  -0.178
As 0.814  -0.059  0.039 0.118 0.183
Sb 0.561 -0.147  0.050 0.466 0.076

RHIEE 4.0247  2.834 1.7308 13342 1.2424
T E% 223594 157442 9.6155  7.4125  6.9021
S %% 223594 381036 47.7191 551316 62.0337

(JE R, 2016) o TEEAER, [ NAME Xl IROT R
JF AR R RIATTE  BR T A R HER T o S i A
ABEFE P S A TR AT LA L b B T Bk
W IR 434 7 91 M e &t 155 J7 ¥, 40 Beus and
Grigorian(1977) & AT HRRITR i da 8502, & B i
Rz B AR SR RO T R

Sy TR IR A A R ) b 3R AS U
FEERT 150 AR R AT 2 1 CBAR L R
o3 o AR 55, 20165 BRIE 5T, 2020) , 12

i bSO A TR AUE AR 2, TR T S5 4
WEE DI 14 TR AT P90 . T e
A AT A7 AE 5, 6 53 b B il AT JR A R,
2012) , PR S A= 2 1) il 1] 23 55 7K 2303 I —
o, i ESCa g, S RGBGE AL 07 8 PG 1) AR, B
Wz R 7 1) 1 43 B Ry Sl ) o3 o il i) 23 )
M EARTH R o (D B R A TR 2L S8
i (R 4) R BCRE T ITR V1 & il 2575 5
{8, ARG R LIZ B M SE BT R e m i, th T
W RIT IR, B Rk AT Sk 2R Al FL Y B 5 AN
BEAL S AL A A B ES 5 (2) $5 45 n R B 2 AT AR
WAL, BT R AL, — R AL R (45T R Y
2 Jm B B Al — A s (3) MRk 1 2 J Bt b e
BT R R 5 (GR 5) , B REE AL R TR A
A B REEFLE . RS ITR M TR B
KAEPIAERIBR 5 RIAIZICR AR 200 e 9 h 8
FT I R R ESf E Ail 18] 2341 2 81 B3R ) F AN
La—Au.Ag.Bi.Mo—Cu.Zn.Pb ,As—Sn—Co.Sb,
T I A R BT RIS Al LA B,
5 v ) R AR A S [k T e A AR EE (BRER
1997) , #8453 TC R WA L T ARk, T 2T R
As I BLFE ], T Sb A H BLAE 4345 e 5 i de
Ui, Mo Bi%E R ICHR I BLEE L /34l P91 R
PLE, P T B o3l A1 B0, 48 75 i Bl A7
S ELG , ORI A A GE A, 308 0 A
SR AP AT BE . AT RIBFFEI R CLUR B
A )R B, 2 TR KL TR i
R0 HR B AR HIRIGE S S PR s ks A
G S0 ) e T A (A AR i 8278 5 (Tl 2855, 2020)

6 Fw T
DT 24 Ry SRl MR 5 T 2k

R4 EHETENEEREE

Table 4 The metal content of halo—forming element

fifl  HB/m Ag Sn  Au Bi F Co

Cu Zn Nb Mo La Pb As Sb

ZK-306 240 647 675

—_

143 475611 12222
ZK-305 210 2189 916 263 698025 37905

ZK-308 425 1728 702 141 617805 48893

F S VS IV}

ZK-301 350 820 750 147 518691 26285

ZK-303 410 888 584

—_

1 541678 44027

1054659 15963 5012 2434 9552 3554 2719 132
4313959 40679 3858 17184 13803 14340 37506 290
6163452 94338 2000 5493 10314 14956 58957 437
910770 64222 4136 1912 10644 6469 16405 450
1143135 24115 1031 2501 10605 10258 28030 532

W BAN R 107 m,
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Table 5 The zonal index of halo—forming element in different middle sections
Bifl  HB/m  Ag Sn Au Bi F Co Cu Zn Nb Mo La Pb As Sb
ZK-306 240 0.017 0.173 0.027 0.037 0.122 0.031 0.027 0.041 0.129 0.006 0.024 0.009 0.007 0.034
ZK-305 210 0.031 0.131 0.072 0.038 0.1 0.054 0.062 0.058 0.055 0.025 0.02 0.02 0.053 0.041
ZK-308 425 0.025 0.103 0.037 0.021 0.091 0.072 0.091 0.139 0.029 0.008 0.015 0.022 0.087 0.064
ZK-301 350 0.015 0.139 0.068 0.027 0.096 0.049 0.017 0.119 0.077 0.004 0.02 0.012 0.03 0.083
ZK-303 410 0.019 0.124 0.029 0 0.115 0.094 0.024 0.051 0.022 0.005 0.023 0.022 0.06 0.113

TLRAATE TR HIRBRRME S IE #ICER
BT RHA G T ITE I BRI, R
SSCRA) G A R TN AR AR (B K M5, 2010 5 B AK T
85,2011 ; 28Rl RAE,2016) o

ARRMFFTEILT As/Cu., (AsxSbx1000)/(Cux
Ag) . (AsxSb)/(SnxMo)VE Ay A Y VR 1A T3
YN OE iy TR e =2 AN S R NP S Y =R U E R
)75 B TR R (B S) . AT &R 4l
HH&E TR SRR ERESET ZCRAE T
FKICR A EURRAEZ L, T LA WL 4 1) 34 sk
T2, (AsxSb)/(SnxMo) 48 5 M B {4 3k 3 (ZK—
306)0.22—F 4 1 B (ZK—305) 0.69— 8 14 35
(ZK-308)6.68 > 1A H T # (ZK~301)5.14—>1 &
FEEB(ZK-303)10.20(3 6) , %I bnbl & 0 AR TR 1Y)
NI 2R B 3 e AR A S B RR R A L B
PRI R — 2 LB

As/Cu BRI 3L (ZK—306)0.26 8 {4 1
1 (ZK—=305)0.87 8 & 1 (ZK—308) 0.97 4"
AR (ZK-301) 1.80— 4 1A R 34 (ZK—303)2.45
(F6), ZFG AR bt 0 AR E (14 35 i 38 i . (Asx
Sbx1000)/(Cu x Ag) & 1 M 4™ 14 3k &8 (ZK—306)

F6 LiRFET 1 SH EREBHNIEHR

Table 6 Prediction index of no. 1 ore body in Hongnipo

0.52— W & 3 (ZK—305) 1.15— 8" & 15 (ZK—
308) 2.42— " & Hf R (ZK—301) 9.88— 1" 14 J& &
(ZK—303)14.69(5K 6) , i T bnbE & 0 1A TR BE A3 fin
T 2 JE 5, 26 BH 36 6 1 R Ak 2 S50 b 2 T 1R
TR A SR . BTE IR K, BRI HGR (i
7 e R X PO R ) AR ERAE 8%, 415 LA o i i
AR A XA PEEB (L 6) o Ak, FE R i
WX S AP FEFJ T R R TAE (RS, 20165 X1
ek 55, 2016; ERAXIE ,2018) , Horp, e 2T e B
R DX AR R b R R R (MIT ) 35 T A 1R 1 T
TR A A H KA B AR S, S TR 3 40
km, LT LA 55 78 AR BEL 5 A 328 2, 9 s o 0 122 A
R B8R0 ) 58 B B A, At U A ) RN
WA BRI DG A5 2% ) ol ) M2 RS, B —
FEMFREE K A UTE , TR T A, A 2T
PR X B PGB R — AN AR A 5 1)

7 Zt i

(1) ZLYRI A B = A AR R A U T B
PREH b B, % AR A S AT G o b AH S
FrA -3 BT W], il IT & Cu, EMA TTH Cu 'y
Ag.Co.Mo . As . Sb A TCFRAH RS -

(2) LA™ 48 735 T 3% 1Y 73 A1 4 78 U PR ) iz
5 v ARE %, i fen e R BA B Y

copper deposit A3, ok A BL X R A0 F8 B0 T B A R B A 1
BB ASCu “*j(fbj(“j’) E;‘S*f;))/ B VR 3 1 44 90 (R 1 F ) F Nb, La—
e v Au.Ag .Bi.Mo—Cu.Zn.Pb As—>Sn—Co.Sb.
7K-306 026 0.52 0.22 o ‘ R i
JK305 087 s 0.69 (3) 3 i 7 M ERfb 2 SRR by W T AR
ZK-308  0.96 2.42 6.68 WHI B9 PO AR A DA Ve AT 15T
ZK-301  1.80 9.88 5.14 PRI PE RS 5 )i AT SEfH
ZK-303 245 14.69 10.20 Big. e SRR ESEPER T LR R
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Fig.6 Geological and geochemical prospecting prediction model for Hongnipo copper deposit
1—Quaternary; 2—Upper member of Tianshengba Formation; 3—Lower member of Tianshengba Formation; 4—Xingiao Formation; 5—Upper

member of Luodang Formation; 6—Lower member of Luodang Formation; 7—Copper ore body; 8—Predict ore body
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