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Table 1 Major element chemical composition of ore
Moy HEw/ % Moy Taw/ %
WO, 0.73 Fe 7.30

Bi 0.17 As 0.16
Ag” 102. 85 ALO, 6.95
Cu 0.34 SiO, 70.07
Zn 0.58 K,O 1.09
Pb 0.11 Na,O 0.21
S 7.83 CaO 0. 40
Mo 0. 0008 MgO 0.09
Sh 0.099 TiO, 0.09
Sn 0.036 MnO 0.15
Qp Ry gt

2.2 B MARK

R IO 2 2 B WL 58 X- 3 R AT AL o3 B %
MLA B4 H 25 MR 58, € 50T 67 1) 4 i K
L EVRY TR 20 MR 2R B ) LR S T
N AL U B R R AT AR O B AT SR )
MR Z R DO AR B B S A R
Yook 3, VA e B A FL AR A s BT ) A AR (T
Wb 2, TR AR MR B0 BT R IT R BT MY
BT M BLETSE B R BRAL D, L K B AR Bl B Bk Y A4
W) (AL BB | B B 415 7 ) 45 5 AR 4 AT AL ) 4
ARG YO A AE A AR T BB A AR T IR

xR2 WAEAUTWAEN
Table 2 Mineralogical composition of ore

7] i w/ % 7] Fritw/ %
AR 0.852 AT 5k 0™ 0.011
B 0. 009 W Tl ot 0.042
A 0.140 EEN 0.031
A 0.231 AR 0.028

el 3 0.128 B 12.940
LRy 0.003 Tl 0.157
LA 0.036 7 ik 0.158

A AR 0.002 (2R 1.263
R R B 0.019 D 0.354
N EFT™ 0.747 Hu bt 6. 460

e 32N 0.571 N 0.213
k2 0.112 B 6.262
Sy 0.083 LA 0. 829
T 0.127 RN 0.443

pago 62.822 HAT 0.317
MEA 1.498 A 0.332
A 1.737 He 1.043
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Table 3 Mineralogical composition of ore

AL/ mm A
R E WAL 4 TN BEA BB
+1.28 18.17 0.00 4.11 0.00
—1.28—40.64 15. 14 1.69 10. 28 0.00
—0.64—+40.32 10. 60 6.75 11.82 7.86
—0.32—40.16 21.96 22.36 37.00 44.55
—0.16—40.08 16.28 20.04 19.14 22.93
—0.08—40.04 10. 41 18. 04 10. 98 15.40
—0.04——+0.02 4.07 14.77 3.63 6.88
—0.02—+0.01 2.79 7.59 2.65 1.39
—0.01 0.57 8.76 0.39 0.98
Hit 100. 00 100. 00 100. 00 100. 00
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Figurel The chemical composition of wolframite

determined by EDS
K2 Rme W EEIRE. NE 20,8 4
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B3 By Tk,
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PARAT T A BENOF 5 B B IR (o) —RBH R i A T4~
O REETE > SRR 1 A 5 () — R i Al T B Bk
Fo

(a)—wolframite is disseminated along the cracks of quartz and
is included in quartz veins; (b)—wolframite is disseminated in
a tabular form in quartz veins and coexists with topaz; (¢)—
wolframite is disseminated in the cracks of the ore and is partly
associated with pyrite; (d)—wolframite is included in pyrite.

B2 BRETFHNEERS
Figure 2 Main morphology of wolframite
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Table 4 The copper phase analysis of raw ore

AH ) Cuditw/% Cudifi®/%
H H1 A 0.021 6.32
e | 0.010 3.07
R AE it Ak 4 0.249 74.10
Je A= i A AR 0.055 16.51
At 0.336 100. 00

2.4.2.1 HHH

W P B A R ORR 25 4 . B T T
1 285 e AR (LB 3(a) ), BUIR e 40 A6 T ik B
Prae R rp R RE KN R IR 52 48 B s i, O HLA R Y
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N T R 5 ik 7 kg W R T AR L O HL R
A HoA (WLE 3(e)F1(d))

(a)— B A1 2448 TR, I BRI B AR 4 2L 4%
WU FEI A () — B0 1R e 40 A T kA7 4 B v s
RN EY 5] 5 (o) — B HR A ROFF A 6 52 AT 0 A1 W 0
(d)— B HR 4 4 W R R 4 S AR T 52 A Rt A W R AR v
(a)—chalcopyrite fills and replaces along the ore cracks, and
sphalerite fills and repla-ces along the cracks and edges of cha-
lcopyrite ; (b)—chalcopyrite is disseminated in the gangue cra-
cks with non-uniform particle sizes ; (¢)—chalcopyrite is replaced
by chalcocite and is included in chalcocite ; (d)—chalcopyrite
is replaced by digenite and is residually included in digenite.

B3 ERTVHEEERS

Figure 3 The main morphology of chalcopyrite
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Figure 4 The chemical composition of chalcocite-
digenite determined by EDS
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(a)—digenite fills and replaces in the fracture cracks of the ore,
with varying particle sizes ; (b)—chalcocite is disseminated and

distributed in gangue minerals; (¢)—digenite fills and repla-
ces in the quartz cracks; (d)—digenite replaces chalcopyrite,
showing a rim-like or replacement relic structure.
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Figure 5 The main morphology of chalcocite-digenite
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Figure 6 The chemical composition of covellite

determined by EDS
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(a)—covellite is embedded in the quartz cracks in the form of
irregular grains; (b)—copper sulfate solution infiltrates into
chalcocite, forming covellite inclusions; (¢)—copper sulfate

20 um |8

solution replaces pyrite, forming dense filamentous covellite;;
(d)—copper sulfate solution replaces pyrite, forming covellite
with a colloidal zonal structure.

E7 WEANFERS
Figure 7 The main morphology of covellite
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Table 5 The bismuth phase analysis of raw ore

A 5 Bifitw/% Bi 54 %/ %
AN ] 0.077 42.78
AR 0.070 38. 89

Ep/ ) 0.033 18.33

At 0.180 100. 00

W P A R LSRR o R DT R R BT 2
WO JESERR ST B AR, AN BEILAR DREAR A T A e
A RS AR T T A g S AN (L 8 (a)
(b)) o H AT UL BT 6 475 B B 5 R D7 R
A 34 I AT TRk (LI 8(c)) o #EBE B K i
A W A RERRA T a%h (R
K8(d)).

X
A B BT

() —R4 7 WA B AN KL TUDER i A T 47 S 4 B e, 30 T
BE B AL W] WA B A2 5 (b) — R RV EY B B 52 21 1B divhe
PR AT TS b 5RODER A IR s (O — MBS R AE
AR ARRAT T AT TP s (D) — B 2 AL SR A T e b
(a)—cosalite is irregularly embedded in the quartz cracks, and
chalcocite replacement can be seen along the edges and in the
cracks ; (b)—granular galena-bismuthinite is semi-idiomorphic
granular and embedded in quartz, symbiotic with cosalite; (¢)—
tetradymite is embedded in the gangue in the form of columnar
crystals; (d)—bismuthinite is embedded in quartz in the form
of columnar crystals.

8 HTYHEEES
Figure 8 The main morphology of tetradymite
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Table 6 The zinc phase analysis of raw ore

A 51 In& it w/ % Zn A #/ %
T PR 0.001 0.26
PR A ALY 0.129 22.26
b s 0. 400 69. 20
He T 0.048 8.28
it 0.578 100. 00

JEAT v DR R AT AL 2 B3 RS A B A R an 8] 9 B
o MWL AU INERH™ ) b4k ViR L 28 T [ X
Bk, V2 Zn &k 53.83% (Fe & 4 10.42% .
Mn & & 8 0.73%.Cd & & R 0.87% .S & & N
33.06 %, #4r INEED rp PRUVE s s34 17 382 AT 25 AN
) A 0 B A o TR BT BT ) Ak 2 o A 45 R
R, Zn F R 53.25% Cu g N 0.23% (Ag A
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Figure 9 The chemical composition of sphalerite
determined by EDS
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(a)—sphalerite with varying particle sizes is disseminated and
embedded in gangue minerals; (b)—chalcocite is disseminated
and distributed in gangue minerals; (¢)—sphalerite is metaso-
matically intergrown with pyrite and contains galena; (d)—the
sphalerite is metasomatized by copper sulfate aqueous solution,
and a digenite rim is formed on its surface.
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Figure 10 The main morphology of sphalerite
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(a)—stromeyerite fills and replaces along the cracks of galena; (b)—emplectite is located between cerussite and galena;(¢)—
acanthite is closely associated with galena; (d)—native silver is associated with limonite.

E11 SREMHNEERS

Figure 11

The main morphology of silver
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2.4.6 BEH FeS,

Rk h B F Y & & 4 B A Fe
46.37% .S 53.37% . As 0.04% , [d] B} i & /b & (1
BEORE HRE . BT (EERD) AL o B g R
AL, WO & 58 0.058% . Cu i i 0.036% . Bi &
O 0.041% Ag & M 30.07 g-t ' Zn F A
0.017% . BRI AARD A EE RkZ Ny 9, 1K
Z SRR R RLNRCR SR 4 s D A ] I
S NER R R R e P AR (L
Bl 12(a) F (b)) o X2 T 6 R A v W IR i 22 X,
B 7= A A AR A AR (WL 12(e) AT (d) ) o

(h)f gl ' g

(a)— BB AT SRR 5 3R 2R R i A T80 55 234l
s (b)— BB 22 R MUDKEAR 88 T 40 248% vh i il i ml L
A 5 (o) — BBk A RL4E v i B A A ol A A R s () —
BRI AR b 3 AR P S 48 R

(a)—pyrite appears as anhedral grains, symbiotically associated
with arsenopyrite, and is disseminated in the ore fracture zone;
(b)—it is in the form of irregular grains, filling the ore cracks,
and wolframite can be seen at the edges; (¢)—chalcopyrite in
the cracks of pyrite is altered into covellite ; (d)—pyrite is ero-
ded and replaced, and is altered into limonite.

12 BERTHEERS
Figure 12 The main morphology of pyrite
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Table 7 Equilibrium distribution table of tungsten in the

raw ore
_— W&t WO, & WO, it
w/ % w/ % /%

B 0.852 75. 260 96. 45

B 0.009 50. 950 0.67

B 1.327 — —
B A 13.451 0.058 1.17

Mk 1.263 — —

ik 81.256 0.014 1.71

H Al 1.842 — —

J A 100. 000 0.720 100. 00
2.5.2 HFEEH AR

AR R 59 52 B O 2 25 TR0 45 0 1) 4 5

TE LR AR A T R RS LR (WL 8) .
Hi & 8l UL, § B My Fh 2 8 2, JF HL 3% 4R 0 0 )
Z B —E itk . A7 T A S AL A (5
A ) TR 5 L RO 13, 54% , 7R MEE T A AR IR
A B A TP o R R a3 0 R 473004 F123. 790,
LA A A (FL A ) B A FE B A o5 LR A
5. 7770 s WRAF T HF 8 W) OB B 67 W) v BB, He o e
5352 0. 55% 0. 0200 5 73 BT s Bk -2 D 46 Bk

*8 WERTHHFEHEIER
Table 8 Equilibrium distribution table of copper in the

raw ore

_— IR/ Ra Cufr i i 43 e
w/% w/% /%

HR 0.140 34. 700 13.54
TR 0.231 73. 480 47.30

i g 0.128 66. 700 23.79
LA 0.036 57.490 5.77
TR B A 0. 045 1. 640 0.21
WA - D 13.451 0.036 1.35
(2L RN 1.263 0.180 0.63

N R 0.602 0.230 0.48
TR A 0.009 2. 940 0.07
REIT M S 0.019 0.290 0.02
ik 81.256 0.028 6.34
HoAth 2. 829 — 0.50

A 100. 000 0. 359 100. 00
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Table 8 Equilibrium distribution table of bismuth in the

raw ore
P =
7 ”Li@/ﬁf B;j/% Bisr %/ %
WETG B 0. 042 54. 48 13.41
R R 0.019 41.69 4.64
HERTSED 0.011 56. 27 3.63
WS 0.008 79. 66 3.73
A 9k 0.031 100. 00 18.17
HEL 0.028 76. 47 12.55
Bk B 5 A1 0. 045 49.37 13.02
W - 13.451 0.041 3.23
kA 81.256 0.058 27.62
HoAt 5.109 — —
JE A7 100. 000 0.177 100. 00
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Table 9 Equilibrium distribution table of silver in the raw

ore
- R Ag g/ Ag /i
w/ % (gt™h) /%
HELAR T 1.346 — 89.19
NE= 2N 0. 747 554.03 4.02
JoER R A 0. 009 — —
AR 0.852 2.05 0.02
W -HE D 13.451 30.07 3.93
kA1 81.256 3.59 2. 84
oA 2.339 — —
A 100. 000 102. 85 100. 00

2.4.5 BEEW TR IRAEIRES

WG RT 0Y E E S RS T W s R,
AT P P Ay e R (LR 11) . 3R 11
ALAL: LU BED R38R0 - 22 500 0 W8 AR A 1Y)
BEL,H AR RS A S R 68.81% M
22.26% ;BT R0 -F D ARk A 8T
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M4.22% . IWIE T3 8 NEE 328 FER 9 (Zn
i) FIE A7 R 53. 25 % (EEE RICR 24 68 % .
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Table 10 Equilibrium distribution table of zinc in the raw

ore

— [IRL7/Rrs Zn i BE4T T
w/ % w/% /%

DAEZ208 0. 747 53.25 68. 81
BRI 0.571 22.54 22.26
TR A 0. 009 16.4 0.26
W - 13.451 0.017 0.40
(R 1.263 1.86 4.06
kA 81. 256 0.03 4.22

HoAt 2.703 — —
JE 100. 000 0.58 100. 00
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Study on the Mineralogical Characteristics and Occurrence States of a
Tungsten-Bismuth-Silver Polymetallic Ore in Inner Mongolia

QIAO Yanbo',REN Haixia', WANG Jiaye', WANG Hongling®, LI Meirong”, LIU Chao’, XIE Honghui’
(1. Inner Mongolia Ninth Geology Mineral Exploration and Development Co. , Ltd. , Xilinhaote 026021, China; 2.
Guangdong Institute of Resource Comprehensive Utilization, Guangdong Academy of Sciences/State Key Laboratory
of Rare Metals Separation and Comprehensive Utilization Guangzhou/Guangdong Province key Laboratory of Mineral

Resource and Comprehensive Utilization, Guangzhou 510650, China)

Abstract: In this study, comprehensive techniques, including the Mineral Liberation Analyzer (MLA), X-ray Diffractometer
(XRD) , optical microscopy, and single mineral separation, to systematically analyze the mineral composition, element
occurrence states, and mineral dissemination characteristics of the ore. The goal is to provide a scientific foundation for the
efficient development and utilization of this ore. The results show that the main valuable elements in the ore include tungsten,
silver, bismuth, copper, and zinc. However, the mineral composition is complex, with a diverse range of metallic minerals
and intricate symbiotic relationships, which pose significant challenges for beneficiation and separation. Tungsten is primarily
present as wolframite, with relatively coarse dissemination and is mainly hosted in quartz veins, showing a notable symbiosis
with pyrite. Copper minerals are predominantly secondary copper sulfides, with covellite formed by the replacement of copper
sulfate solutions. Covellite is closely associated with pyrite and sphalerite, and its fine dissemination significantly hinders the
flotation separation of copper from other sulfide minerals. Bismuth minerals, mainly bismuth sulfides and oxides, have fine
dissemination and are prone to oxidation, leading to significant floatability differences and affecting recovery efficiency. Silver
exhibits a complex occurrence state, with most silver distributed within copper, lead, and bismuth minerals, along with a
small number of independent silver minerals symbiotically associated with lead. Zinc primarily present as sphalerite and
smithsonite/ ferro-smithsonite. Secondary alteration has resulted in some sphalerite having a chalcocite rim, which complicates
copper-zinc separation. This study highlights how ore properties impact the beneficiation process. The complex intergrowth
structure of multiple metals and the similar floatability of minerals are key factors limiting separation efficiency. Secondary
alteration has increased the diversity of copper and bismuth minerals, requiring adjustments to flotation reagent systems. The
fine and dispersed dissemination of covellite and the complex occurrence state of silver present higher challenges for recovery
rates. Based on the occurrence state analysis, wolframite can efficiently recovered by gravity or magnetic separation, while
copper, bismuth, and silver require preferential flotation or combined processes. Zinc recovery necessitates optimizing flotation
conditions to minimize copper interference. This study not only clarifies the process mineralogical characteristics of the
polymetallic ore but also provides essential data to guide the development of efficient beneficiation processes and improve
resource utilization.

Keywords: tungsten-bismuth-silver polymetallic ore; mineralogical characteristics; occurrence state; comprehensive utilization;

process mineralogy;complex intergrowth structure ; polymetallic symbiosis;beneficiation recovery
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