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Abstract

Although the average grade of silver is high in Shijiangshan mining area, lacking basic geological
works and states of Ag in the ore, it is really difficult to recover Ag in the ore. In order to get rid of
this situation, necessary basic geological researches are of great importance for the next stage ex-
ploration to recover Ag. This paper is based on field investigation, data of eight deep ore samples
analyzed by partial reflective microscope and EPMA, aiming to discuss features of sulfide minerals,
states of Ag and the genetic type of this mineral deposit. The experiment result shows that deep
ore samples are composed of galena, sphalerite, arsenopyrite, chalcopyrite and pyrite as its main
occurring states. More importantly, further study shows that there are two forms of silver in the
samples belonged to invisible silver, which are the silver of microscopic inclusions and in the form
of isomorphism. Specifically, microscopic inclusion is tetrahedritedyscrasite with hypidiomorphic
granular texture in pyrite and the other form silver exists mainly in the form of isomorphism in
the galena with a tendency that silver content reduces from the edge to the interior. The size of the
inclusion is less than 1um, and the content of silver in galena is over 0.08 percent.
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Figure 1. The simple mining geological map of Shijiangshan mining area (according to data from Inner
Mongolia Long Wang Exploration Company)
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Figure 2. Sampling locations of ore samples: No.1 Pb-Zn vein (according to data from Inner
Mongolia Long Wang Exploration Company)
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Figure 3. Ore hand specimen a: Gray-black-Pb-Zn-bearing ore; b: chalcopyrite-bearing ore
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Figure 4. Metal mineral characteristics under polarized and reflected light microscrope a:
Arsenopyrite under microscope with plane-polarized light; b: Galena and sphalerite under
microscope with plane-polarized light; c: Galena crumpled under microscope with plane-po-
larized light; d: The exsolution texture of sphalerite-chalcopyrite solid solution under micro-
scope with plane-polarized light; e: Digenite distributed on the edge of the galena and the
crack under microscope with plane-polarized light; f: Pyrite under microscope with plane-
polarized light
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Table 1. Electron microprobe analysis data of sulfide ore in quartz vein samples

= 1. ARBHERBETIREBRUEYSET (%)

No. As Fe S Co Pb Ni Ag Cu cd Zn Sb (&= Total
14SLO1-1  43.648 35331 21.146 0207 - 0.003 0.027 - - - 0.185  FegoeAsossS  100.547
14SLO1-2  47.129 31.526 17.651 2677 - 0.196 0.016 - 0.007  0.04 - FerwAs S 99.242
14SLO1-3  0.002  30.65 36.026 0.039 - - 0.02 33.844 - 0.062 - CugosFeoosS,  100.643
14SLO1-4  0.004 5315 33751 0.031 - - - 1.033 0401 59.606 - Znos:S 100.141
14SLO1-5  0.003 46299 52702 0.091 - - - 0.225 0.003  0.05  0.007 Fer0S; 99.38
14SLO1-6 44321 35.042 2121 0.088 - - - 0.033  0.002 0.022 0.039  FeposAsoseS  100.757
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Table 2. Electron microprobe analysis data of sulfide ore in primary ore samples

2. BEN AHSBEFIRERUEIEET (%)

No. As Fe S Co Pb Ni Ag Cu Cd Zn Sb =5 Total
14SL.02-1 - 0.045 13.208 - 87.099 0.018 0.039 - 0.056 - - Pb, S 100.465
14SL02-2  0.002 7.072 33.849 0.013 - - - 0.172  0.206 58.157 0.016 Zng 84S 99.487

14SL02-3  43.692 35.279 21.146 0.04 0.05 0.023 0.027 0.023 0.019 0.109 0.11 Feo.96As0.58S 100.518

14SL02-4  0.038  9.182 33.423 0.006 0.047 0.007 - - 021 56.185 0.003 Zny S 99.101
14SL02-5 - 9.398  33.648 - - 0.005 - 0.011T 0.264 56.442 0.026 Zng S 99.794
14SL02-6  0.026 30.169 34.802 0.044 - - 0.089 30.955 - 2.949 - Cugg0FeS; 99.034
14SL03-1 - 0.01 13.16 - 84.884 0.012 - 0.051  0.085 - - PbS 98.202
14S1.03-2 - - 11.991 - 87.684 0.058 0.138 - 0.071 - 0.19 Pb, i3S 100.132
14SL03-3 - 0.056 12.662 - 86.912  0.027 - - - - 0.06 Pb1.06S 99.717
14SL03-4  0.07 46.172 53.192 0.018 - - - - 0.079 - - FeS, 99.531
14SL03-5  0.056 46.356 52.741 0.061 - - 0.045 0.041 - 0.142  0.033 FeroiSz 99.475
14SL03-6 - - 13.112 0.067 87.116 0.135 0.108 0.119 0.213 - - Pb; 03S 100.87
14SL03-7 - 29.397 35992 0.124 - - 0.101  34.24 0.038 - 0.094  CugosFeo0sS;  99.986
14SL03-8  0.028 47.44 52.149 0.112 - 0.075 0.06 - - - - Fe1.04S2 99.864
14SL03-9 - 9.18  34.447 0.008 - - - 0.157 0.212 55304 0.011 Zng79S 99.319
14SL04-1 - - 13.211 - 86.095 - 0.42 0.02  0.051 - 0.478 PbioiS 100.275
14S1L.04-2 - 10.869 34.638 0.033 - - - - 0.243 54.702 0.002 Zny77S 100.487
14SL04-3 - 10.926 34.582 0.022 - - - 0.396 0.237 54.262 - Zny 778 100.425
14S1L.04-4 - 31.212 35.709 0.053 - - - 33.764 - 0.06  0.001 CuygosFeS; 100.799
14SL.04-5 - 0.01T  13.525 - 86.995 0.029 0.08 0.027 0.068 - 0.162 PbS 100.897
14SL04-6  0.001 46.335 53.275 0.06 - - - 0.053 - 0.023 - FeS, 99.747
14SL05-1 - 0.086 13.882 - 8532 0.067 0.2 - - 0.029 031 Pbo.osS 99.894
14SL05-2 - 0.016 13.538 0.092 84.795 0.049 0.077 - 0.071 0.128 0.322 Pbo.o7S 99.088
14S105-3 - - 13.69 0.03 86.876 0.04 - - - 0.031 - Pbo.osS 100.667
14S1L05-4 - 439 33568 0.012 0.026 0.001 - 0.548 0.397 60.133 - ZngssS 99.075
14SL05-5 - 46.733  53.933 0.095 0.015 - 0.008 - 0.017 0.067 0.023 Feo.99S2 100.891
14SL05-6  0.022 4776  33.835 - - 0.091 - 0.529 0466 59.992 - Zngg7S 99.711
14SL05-7  0.095 47.068 53.584 0.086 - - - - - - 0.046 Fei.01S2 100.879

As(0.102%) Fe(7.179%)~ S(22.383%). Ag(31.287%)~ Cu(15.174%). Zn(1.466%). Sb(25.748%), 115"
T
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Table 3. Electron microprobe analysis data of sulfide ore in semi-oxidized ore samples

T3 FEUT ARSRETRERUCYSERSE(%)

No. As Fe S Co Pb Ni Ag Cu Cd Zn Sb T Total
14SLO6-1 - 0.13 13376 - 86303 0.013 - 025 0.101 -  0.062 PbS 100.241
14SL06-2 - 0.066 13.386 - 87 - 0017 0.181 0061 - 0044 Pb,oiS 100.755
14SL06-3 - 0411 13275 - 85862 0.006 0.012 0.691 0.082 0.004 - Pbo.srS 100.343
14SL06-4 - - 13.611 0.001 87.086 - 0.009 0013 0053 -  0.056 Pby.0oS 100.829
14SL06-5 - 46.886 52.097 0.079 - - 0014 0028 - 0049 - Fe103S: 99.153
14SL06-6 - - 13558 - 85641 - 0482 005 0102 - 0584 Pby.osS 100.417
14SLO7-1 17.04 0.183 - - 73639 - - - 0.098 0354 0.067 91.381
14SL07-2 17.403 0.094 - - 74899 005 - - 0171 0315 - 92.932
14SLO7-3 - 0.005 13.148 - 86.022 - 0011 0012 0055 - 0018 Pb.oiS 99.271
14SL0O7-4 - 0017 1335 - 85019 - 0091 0037 0.104 - 0211 Pby.06S 98.829
14SLO7-5 - - 13654 - 85696 - 0116 0.117 0071 -  0.186 Pbo.srS 99.84
14SLO7-6 - 46.972 53.498 0.089 - - 0003 - - 0065 001 Fe1nS: 100.637
14SLO7-7 8395 21.921 5449 0.041 24.119 - - 2089 0016 1.841 0.093 63.964
14SLO8-1 - 9.946 34.255 0.033 - - - 0028 0257 55.728 - ZnossS 100.247
14SL08-2 - 10.127 33.508 0.011 - - - 0029 0239 56022 - ZnossS 99.936
14SL08-3 - 0.058 0.097 - 62.68 - - 0169 0.115 0.006 - 63.125
14SL08-4 44.626 35.626 19.446 0.03 - - - 0.067 0.027 0075 0.167 100.064
14SL08-5 45.469 35.558 18.979 0.062 - - - 006 - - 0224 100.352
14SL08-6 -  46.719 53.786 0.097 - - 0029 0023 0018 0101 - FermS: 100.773
14SL08-7 0.007 47.575 55.256 0.068 - y - 0088 002 0063 - Fe1;S: 103.077
14SL08-8 0.102 7.179 22.383 0.016 - . 31287 15174 0.128 1466 25748 (ClashgsuFersZnon)ns g3 40

(Sbs.94A80.03)439513
14SL08-9 -  11.858 24256 0.03 66.078 0.006 0.028 0.147 0.128 0.164 0.091 102.786
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Figure 5. The line chart of average content of Ag in primary
ore samples
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Figure 6. Tetrahedritedyscrasite with hypidiomorphic granular
texture in pyrite
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Figure 7. The line chart of average content of Ag in semi-oxidized
ore samples
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—HRMIRAZ T A MR Y RAFE SR TR FERSRX PR 7]. FHd, BIRAR
FERIGy, A NARE AR (<1 pm) AR AR 1 um) o AS AT DUERARE A7 T 20 SAT 43 TR B (AR D
o AR 1~10 pm FH A RMEAMARER, >50 um 3 NHSTARS Y)(8]-[12].

MRIED M5 FEE, 454 EPMA, A5 I XA R G 2 AR o] AR R AEAE, ASnT L
YR ZHAFAE T 780 o TE R FEREN T X7 85 BT /00, AR LSRR 7, (HRZ %L
T RS 0.08%, & EAT AU ) AR g i AR R o DR AR R P A7 T 2 W 4 s
BrAfE AR LA A R B AR AP T8 ks b, RN ERIE 9], BEAk, TEIRA BT P30
KILT E Cu-Ag-Sb-As ™4, ERERIREIEN", %A A:

(Cu4'45Ag sa0F€y 592N, 4 )1237 (Sb3.94AS0.03 )4‘39 S

BRERIREV A 22 B I A B T3 NEE, iR/ T 1 pum, J& T AN 0] IUER AR A B A B AR AR

P A AR R AT T O o R AR AR S B I IR R R SR A AE AR AR, ST AR
FERP RN AN S, I EH 0.02%A 4, [KTRMR; S8y HS5HEE 0.02% A4, KT
I BR
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PR RS T H AW B, 3T 0 RS (0 AR I BEE K2 A R LTE R A b 76 B B
BRI SR, AR 7. AR LTER 55 T A0 2L B K A T W e s, 505
R BE A 5 0 S 24 R . eI ZE L B B — RaBE SR, TR AL 2L R
B D E R LS TE R (W Pby Zny As. Ag BB LEARRR S AR LR, S0 A%
PSR IRIE W RLER, IS EA RS B RS, E R I RS R B T
Ve TR TS K
6. &g

WE ALY XU A RRAeY EER B . NEEY . F0. Y. S8y S4m, My
TE RS I W R 2 D - B R - B ™ - Bk RV T B ™ [ VAR 8 R S 0 - B (IS AT ) - 5 0
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Annexed table: Electron microprobe analysis data of sulfide ore of Shijiangshan

B AT BRI A H T IR AT B (%)

s
14SLO1-1
14SL01-2
14SLO01-6
14SL02-3
14SL08-4
14SL08-5
14SL02-1
14SL03-1
14SL03-2
14SL03-3
14SL03-6
14SL04-1
14SL04-5
14SL05-1
14SL05-2
14SL05-3
14SL06-1
14SL06-2
14SL06-3
14SL06-4
14SL06-6
14SL07-3
14SL07-4
14SLO07-5
14SLO1-5
14SL03-4
14SL03-5
14SL03-8
14SL04-6
14SL05-5
14SL05-7
14SL06-5

14SL07-6
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S

OB & H@ & B
T e e e 8
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=5 S
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E X
EX
E X
E X
EX
E X
E X
EX
E X

As
43.648
47.129
44.321
43.692
44.626

45.469

0.003
0.07
0.056
0.028

0.001

0.095

Fe S Co Pb Ni
35.331 21.146 0.207 -  0.003
31.526 17.651 2.677 -  0.196
35.042 21.21 0.088 - -
35.279 21.146 0.04 0.05 0.023
35.626 19.446 0.03 - -

35.558 18.979 0.062 - -

0.045 13.208 - 87.099 0.018
0.01 13.16 - 84.884 0.012
- 11991 - 87.684 0.058
0.056 12.662 - 86.912 0.027
- 13.112 0.067 87.116 0.135
- 13211 - 86.095 -
0.011 13.525 - 86.995 0.029
0.086 13.882 -  85.32 0.067

0.016 13.538 0.092 84.795 0.049

- 13.69 0.03 86.876 0.04

0.13 13376 - 86.303 0.013
0.066 13.386 - 87 -
0411 13.275 - 85.862 0.006

- 13.611 0.001 87.086 -

- 13558 - 85.641 -
0.005 13.148 - 86.022 -
0.017 1335 - 85019 -

- 13.654 - 85.696 -

46.299 52.702 0.091 - -
46.172 53.192 0.018 - -
46.356 52.741 0.061 - -
47.44 52.149 0.112 - 0.075
46.335 53.275 0.06 - -
46.733 53.933 0.095 0.015 -
47.068 53.584 0.086 - -
46.886 52.097 0.079 - -

46.972 53.498 0.089 - -

Ag
0.027

0.016

0.027

0.039

0.138

0.108
0.42
0.08

0.2

0.077

0.017
0.012
0.009
0.482
0.011
0.091

0.116

0.045

0.06

0.008

0.014

0.003

Cu

0.033
0.023
0.067

0.06

0.051

0.119
0.02

0.027

0.256
0.181
0.691
0.013
0.05
0.012
0.037
0.117

0.225

0.041

0.053

0.028

Cd
0.007
0.002
0.019

0.027

0.056
0.085

0.071

0.213
0.051

0.068

0.071

0.101
0.061
0.082
0.053
0.102
0.055
0.104
0.071
0.003

0.079

Zn
0.04
0.022
0.109

0.075

0.029
0.128

0.031

0.05

0.142

0.023

0.067

0.049

0.065

Sb
0.185
0.039
0.11
0.167

0.224

0.19

0.06

0.478
0.162
0.31

0.322

0.062

0.044

0.056
0.584
0.018
0.211
0.186

0.007

0.033

0.023

0.046

0.01

S
100.547
99.242
100.757
100.518
100.064
100.352
100.465
98.202
100.132
99.717
100.87
100.275
100.897
99.894
99.088
100.667
100.241
100.755
100.343
100.829
100.417
99.271
98.829

99.84

99.38
99.531
99.475
99.864
99.747
100.891
100.879
99.153

100.637
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Feo.o6As0.55S
Fer.02As1.14S
Feo.osAs0.80S
Feo.o6As0.58S
Feo.06As0.88S
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PbS
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Pby.06S
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PbS
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14SL08-6 HEEH™ - 46.719 53.786 0.097 - - 0.029 0.023 0.018 0.101 - 100.773 Fe10:S
14SL08-7 TELG™ 0.007 47.575 55.256 0.068 - - - 0088 002 0063 - 103.077 FeioS:
14SL01-3 FEHIH 0.002 30.65 36.026 0.039 - - 002 33844 - 0062 - 100.643 CuposFeoosSs
14SL02-6  #EHAH  0.026 30.169 34.802 0.044 - - 0.089 30955 - 2949 - 99.034 CugoFeS,
14SL03-7 #HIH™ - 29.397 35.992 0.124 - - 0.101 3424 0.038 -  0.094 99.986 CugosFeo0sSs
14SL04-4 HEHIH- - 31.212 35.709 0.053 - - - 33764 - 0.06 0.001 100.799 CugosFeS,
14SLO1-4 [A&FH~  0.004 5315 33.751 0.031 - - - 1.033 0401 59.606 - 100.141 Zng S
14SL02-2  [N&FH  0.002 7.072 33.849 0.013 - - - 0.172 0.206 58.157 0.016 99.487 Zno4S
14SL02-4 [AEFH-  0.038 9.182 33.423 0.006 0.047 0.007 - - 021 56.185 0.003 99.101 Zno5S
14SL02-5 [AEF - 9.398 33.648 - - 0005 - 0011 0.264 56.442 0.026 99.794 ZnoS
14SL03-9 [A&RH~ - 9.18 34.4470.008 - - - 0.157 0.212 55304 0.011 99.319 Zng 68
14SL04-2 [AERH™ - 10.869 34.638 --33 - - - - 0.243 54.702 0.002 100.487 Zng 7S
14SL04-3  [A&RH™ - 10.926 34.582 0.022 - - - 0396 0237 54262 - 100.425 Zng 7S
14SL05-4 [A&EH - 439 33.568 0.012 0.026 0.001 - 0548 0397 60.133 - 99.075 ZnossS
14SL05-6 [NEFH™  0.022 4.776 33.835 - - 0091 - 0529 046659992 - 99.711 Zno S
14SLO8-1 [AEF™ - 9.946 34.2550.033 - - - 0.028 0.257 55728 - 100.247 Zno:S
14SL08-2 [A&FH~ - 10.127 33.508 0.011 - - - 0.029 0.23956.022 - 99.936 ZnggsS
14SL08-8 HBH4RE™ 0.102 7.179 22.383 0.016 - - 31.287 15.174 0.128 1.466 25.748 103.483 (C““E‘g‘;g;ﬁ]::g)i?g;f)‘“7
14SL07-7 Ffik#l 8395 21.921 5.449 0.041 24.119 - - 2.089 0.016 1.841 0.093 63.964
14SL08-3 4 - 0.058 0.097 - 6268 - - 0.169 0.115 0.006 -  63.125
14SLO7-1 %y, fff 17.04 0.183 - - 73.639 - - - 0.098 0354 0.067 91.381
14SL07-2 4%, fil 17.403 0.094 - - 74.899 0.05 - - 0171 0315 - 92932
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