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The discovery of cobaltite mineralization in Weiquan Ag-Cu deposit,
eastern Tianshan Mountains, and its significance
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(MNR Key Laboratory of Metallogeny and Mineral Assessment, Institute of Mineral Resources, Chinese Academy of Geological
Sciences, Beijing 100037, China)

Abstract

The eastern Tianshan is one of the important cobalt metallogenic belts of China, and hosts several middle- to
small-sized magmatic Cu-Ni-Co and hydrothermal Fe-(Co) deposits. Their cobalt is generally developed in sul-
fides or sulfo-arsenides, showing a disseminated distribution, and occurrences of independent cobalt minerals
such as carrollite, cobaltite and linnaeite are scarce. However, microscope observations, X-ray surface scanning
and electron microprobe analysis have revealed widespread distribution of independent cobalt mineral of cobaltite
in the hydrothermal Weiquan Ag-Cu deposit in eastern Tianshan, with mineral proportions up to 5%, which is of
economic significance. Therefore, on the basis of assemblages of iron, copper, cobalt and silver from the Weiquan
Ag-Cu deposit, ores have been classified into six types, i.e., Cu ores, Fe-Cu ores, Ag-bearing Cu-Co ores, Ag
ores, Co-bearing Fe-Cu ores and Pb-Ag-Cu ores. Ore mineral assemblages as well as their textural relationships
indicate that all of the ores resulted from superimposition of three stages of mineralization, which were firstly Fe-
Cu stage, then Co stage and lastly Cu-Ag stage. Co mineralization is characterized by a middle- to high-tempera-

ture hydrothermal mineralization. Co-bearing Fe-Cu ores were superposed as a result of Fe-Cu and Co mineraliza-
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tion, and Ag-bearing Cu-Co ores were formed by superposition of Co and Cu-Ag mineralization.

Key words: geochemistry, cobaltite, cobalt deposit, silver deposit, Weiquan deposit, eastern Tianshan
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Fig. 1 Geological map of the Weiquan-Caixiashan ore belt in the Eastern Tianshan area, Xinjiang, showing distribution of
Pb-Zn-Ag-Cu deposits (modified after Chen et al., 2007)
1—Cenozoic sediments ; 2—Upper carboniferous clastic formation ; 3—Proterozoic marble ; 4—Carboniferous granitoid;
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Fig. 2 Geological map of the Weiquan Ag-Cu deposit, Xinjiang (after Xinjiang Geological Survey, 2003)

1—Quaternary sediments ; 2—Conglomeratic sandstone, tuff; 3—Skarnized sandstone, tuff;4—Conglomeratic sandstone, siliceous sandstone;

5—Siliceous sandstone, conglomeratic sandstone ; 6—Granite porphyry ; 7—Dioritic porphyrite ; &—Skarn; 9—Ductile shear zone;

10—Anticline ; 11—Syncline ; 12—Orebody
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Fig. 3 Photomicrographs of the copper ores in the Weiquan Cu-Ag deposit, Xinjiang (reflected crossed nicols)

a. Fine-grained galena in chalcopyrite; b. Fine-grained pyrite and magnetite in chalcopyrite; c. Chalcopyrite stockwork cross-cutting pyrite; d. Inter-

growth of fine-grained magnetite and chalcopyrite on the margin of chalcopyrite stockwork; e. Skeleton-textured arsenopyrite hosted in

chalcopyrite; f. Fractures of chalcopyrite filled with tennantite

APy—Arsenopyrite ; As-Tt—Tennantite ; Ccp—Chalcopyrite ; Gn—Galena ; Mag—Magnetite ; Py—Pyrite
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Fig. 4 Photomicrographs of the Fe-Cu ores from the Weiquan Cu-Ag deposit, Xinjiang (reflected crossed nicols)

a. The foliation texture cross-cutting early-stage banded chalcopyrite;b. Late-stage chalcopyrite cross-cutting the foliation texture;

c. A limonite vein cross-cutting the foliation texture

Ccp—Chalcopyrite; Lm—Limonite ; Mag—Magnetite ; Py—Pyrite
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Fig. 5 Photomicrographs of the Ag-bearing Cu-Co ores from the Weiquan Cu-Ag deposit, Xinjiang

a~b. Cobaltite on the margin of chalcopyrite;c. Coexsisting tennantite and early-stage chalcopyrite;d. Tennantitein on the margin of the early-stage

chalcopyrite;e. Early-stage chalcopyrite replaced by cobaltite; f~i. X-ray scanning images of Fe-Cu-Co-As, showing the replacement of early-stage

chalcopyrite by cobaltite;j. Coexisting cobaltite and covellite; k. As-bearing stromeyerite veins cross-cutting cobaltite;]. As-bearing stromeyerite

veins cross-cutting tennantite;m~n. Late-stage chalcopyrite on the margin of tennantite;o. Late-stage chalcopyrite cross-cutting As-bearing stromey-

erite;a~b,n,0. Reflected crossed nicols;c~e,j~m. BSE images;f~i. X-ray scanning image of Fe-Cu-Co-As (f~i)

As-Sty—As-bearing stromeyerite ; As-Tt—Tennantite ; Ccp—Chalcopyrite ; Cob—Cobaltite ; Cov—Covellite;

Lm—Limonite ; Mag—Magnetite ; Py—Pyrite
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Fig. 6 Photomicrographs of the silver ores from the Weiquan Cu-Ag deposit

a~b. Natural silver and argentite veins in ores;c. Coexisting chalcopyrite and As-bearing stromeyerite cross-cutting aggregates of arsenopyrite and
loellingite; d~e. Coexisting arsenopyrite and loellingite; f. Coexisting argentite and As-bearing stromeyerite;g. Coexisting natural silver and
argentite; h~l. Skutterudite cross-cutting or on the margin of loellingite;a~c. Reflected polarized light;d~h,j. BSE images;
i,k,l. X-ray scanning image of Co and Fe
Ag—Natural silver; Apy—Arsenopyrit; Arg—Argentite ; As-Sty—As-bearing stromeyerite;
Ccp—Chalcopyrite ; Lo—Loellingite ; Stu—Skutterudite
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Fig. 7 Photomicrographs of the Co-bearing Fe-Cu ores from the Weiquan Cu-Ag deposit, Xinjiang.
a~b. Metallic minerals including cobaltite, chalcopyrite, galena and magnetite;c. Veins of carbonate minerals cross-cutting chalcopyrite ;
d~f. Cobaltite later than chalcopyrite;a~b. Reflected crossed nicols;c. Plainlight;d. BSE image;e,f. X-ray scanning image of As and Co elements
Ccp—Chalcopyrite ; Cob—Cobaltite ; Gn—Galena ; Mag—Magnetite
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Fig. 8 Photomicrographs of the Pb-Ag-Cu ores from the Weiquan Cu-Ag deposit, Xinjiang(Reflected polarized light)

a. Early formed pyrite enclosed by chalcopyrite, and chalcopyrite coexisting with galena and As-bearing stromeyerite;b. Early-stage
chalcopyrite coexisting with galena and As-bearing stromeyerite, and late-stage chalcopyrite surrounding As-bearing stromeyerite;
c. As-bearing stromeyerite cross-cutting chalcopyrite

As-Sty—As-bearing stromeyerite ; Ccp—Chalcopyrite ; Gn—Galena ; Py—Pyrite
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WA MARF AW RE. mEERT 8 H Ag
(58.08%~64.90%) . Cu(9.66%~16.79%) .S (15.47%~
17.63%),As(4.00%~7.40%) 4L, A% Fe(0~0.96%) |
Sb (0~4.86%) o 71 ¥ X A Agir5105CUs332F€04.00
S11.0-103A82.0.1.1 Sbyo..05 FEH| Fe 5 Cu 2L i [F] 5 4%
5T Sb AT As 1Y 5[] G 88 4 , 1% 03 12X Bt A e
AR E 5> T 20 ((Ag,Cu), S, Asy) 43453 . AT
FE b B A AR R A — o 25 e SR A B
A B HER B w (As) (7.11%~7.40%) | w (S)
(17.41%~17.63%) .w(Cu) (16.52%~16.79%) /& T f1
B+ AR A o a8 8 5 (w(As) 4.00%~
4.87%, w (S) 15.47%~1691%, w (Cu) 9.66%~
12.52%) , M HT A 1 w(Ag) (58.08%~58.80%) .w(Fe)
(0~0.06%) .10 (Sb) ( 0% )ik FJ5 # (w(Ag) 60.94%~
64.90%, w (Fe) 0.49%~0.89%, w (Sb) 2.86%~
4.86% ) , WA G AT AR 8 w (As) (6.81%~
7.08%) .w(S) (16.77%~16.97%) .w (Cu) (12.08%~
12.53%) \w (Ag) (61.20%~62.91%) .w (Fe) (0.41%~
0.93%) .w(Sb) (0.09%~0.57%) 4+ F 445 A1
MAM Ay KAz X RE SR A - 1bE
BGIRE vE AR IR A OC . TERGeiREE T
oy KA IR SR, IRy S A B e ] AR
HA K ShA [ G5 As, Fe B[R 2 Cus

(3) TP E AR A" S0 A R R B 25 R A Sl A A
WAt Ra. 8% T 2 H Cu(40.63%~
45.69%) .S (27.67%~28.30%) . As (19.24%~20.88%)
M, 1N Cug7.108A839.425131.133 Lbrsr120
Cup,As,S, A, Cu B i 5 i, XAl fiE 5 Fe X Cu %
K A S A P w(Fe) o 3.80%~8.01%.
AN TR PR D B A B A — o 25 5 SR AL
A R B w (Cu) (44.95%~45.69%) . w (As)
(20.48%~20.88%) .1 (Co) (0.52%~0.86% ) = T 41 i
T AW R AT 8T (Cu 40.63%~42.54%, As
19.24%~19.86%, Co 0~0.08% ) , 1fij & 45 4 44 5 A1
Tl B 47 5 w (Fe) (3.80%~3.98%) . w (Sb) (0~0.03%) .
w(Ag)(0.16%) 1w (Zn) (0.63%~0.73% )& T 41
i A A B R B (Fe 6.39%~8.01%, Sb 1.15%~
1.77%,Ag 1.02%~2.05%,Zn 0.77%~0.90%) , XF2
SR RESRIE Y R B il S5 1 T B A T
Fe X} Cu.SbXf As R BT [a g4 , AT g 5y
PR R R A KN 73— B Co ™ LB I Es AL .

(4) B : o B B ok B 5 AR A B 7 A A A

AMARMFAY RS EHET EEZH Cu(33.59%~
34.83%) Fe(29.79%~30.37%) .S(34.19%~34.95% )41
B, 50 F2 Cuy oFe S, SR -2 CuFeS,—#,

(5) 4 W& = o B Bl ok B & SR 5 8 47, Cu
66.69%, w (S) 32.51%, 53 4% w (Fe) 0.24%, w (Ag)
0.24%, 73 52X Cu, 458, 00, T IR #ESF T2 CuS —HL,
WA Ag B, R S5 b — &P BT M 4
TRIRBT B -

(6) I8 : T Bl R A A AW R, &
Pb (84.66%~86.02%) .S (12.97%~13.06%) , 43 F 2\
N Pby oS, .12, FFRIES T8 PoS He A —F, ZHY
H S B B G E Ge (0.22%~0.46%) , Cd (0.10%~
0.32%) , A JE HAF &1

(DT 8k A AR A1 K5, & Fe
(34.81%~35.03%). S (20.59%~20.79%) . As (43.87%~
44.69%), oy 7N Feq6S:0.1.1A800.105 515
FeSAs 3EA—

(8) BG4 : ik H AW F Aty R,
& Cu(59.02%) , Zn (37.51%~37.81%) , 7 4 & Pb
(0.62%~1.46%) , Fe(1.32%~1.36%) , Sn (0.39%~
0.48%) ,Ni (0.22%~0.38%) . 7£ 1 o A — A KL
WORL, 7 L2 — Do ey R A i ik 2ok
RAY .

4 ¥ ow
41 MU 1ER

WG R0 A 2B R ™ Wy 4 A FRAE 7T LIk
A PR A 1 T A1 B 3 43 Sk kA B A
BRI AR A R AR (3R 2)

401 A VR

MACHEEI X ZE&Rm0 b 5% A CR
), R AR R (5585 ,2014) o R ™
YERDE B0 A R A, s A& A
B B R - D B+ 300 @ W+
B+ J7 550 5 B B B AR T+ B A (D ARk
(RAEMEH) o 2 1E AR 5 A i AH
B Rk A Ak, DA A S Ak, B AR
B AR, LA R R AR R )

R LA F AT B 5 A R A 2 U0 R R B
T RS KB, RO EE AT A R
(WQK-2) A 1A ry I v, ol Wagle A A0t
TRFRER RN R B 0 R S &R
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Table 2 Stages of mineralization and associated ore types and mineral assemblages of the
Weiquan Ag-Cu deposit, Xinjiang
WA R A B VEH AR ER A 1R FEMEH
B
— -
Wi %f;? R miﬂw ek
o UL "
B
B A BT %%\r B TR
B
N T 2 5 B -
SRR A P Wi B AT B
B AR T
B
FHT R
W ”Zﬁ% d 14t
e AR
VKA
37308
L W
& A7 R )
BT 4 - R e
Ji
Ji
YR A A [ GRAPERART B

Yrii(E9) , U S EMEETW KA. N
gy DL B R AR (A IR AT L A v 4 2
By IF S A DK 4G N B, RIS 5 N B[R]
HA(EFS B

TR A TR INA Ar-Ar AR R (275.7+
2.8)Ma(E 5t 304, 2002 ; W BUEESE,2005) o FIRAE
25(2005) N I KA TIE 0] BE-S 0 X g 3 3 km
1 R ILAE B A R 6, A iR i) R AR
P45 T SHRIMP £ 47 U-Pb AR II5E , JRASHZE 1R
(29743 )Ma, 3R T4 ne AF 8 1) 1 FR
412 Ea e

i LAV FH AT R A ST 1) — HH SRR
KA A A &Y, A AR . &
B VR & INFE AR B A =z L8 i 3 il Bk 1
A, FLrboVER RS A B T R R I PR
T LA AR AR T A R R AEE R
Yo VR AR B VR T8 B AR A
A, P R AR R B VR RS B, A R D R Ak
W N TR

W AT P REREE T Co B/ 1) Fe FINI 2
[ S8R, Lo & A 2> & 1) Fe(2.14%~2.92% ) Al
Ni(1.19%~2.18%) , 7F FeAsS-CoAsS-NiAsS & fi# I

(F10) 8 55 4R Th 75 78 300°C 25 1 2 B 3T, 10 il 28
2454 290~350°C .,

IR R L Hb DX B A A R AR PO T A e 2
K—I =B Wi Fe-(Co)W™ R LW B 48 Ky 295~
262 Ma(Huang et al., 2013; B4k 25,2013 ; o DE G
85,2014 KBAEEVE S5, 2014 BRIE S5, 2015) 5 I hr /R AR
Cu-Ni-Co #" R A B AR 301 Ma( =4 #E55,2010;
FEHNISE,2013) 5 14 R Cu-Ni-Co B R # iH T A
285~281 Ma( R4 2005 F 5 5145 ,2006) ; B 1L Al
#1175 Cu-Ni-Co 5" R AL Bl 285~274 Ma( B35t
SCZE,2002; Zhou et al., 2004 ; 5 52 47 25 , 2004 ; i 14
WA 2007 ;8K /NEZE 2012) .

4.1.3 R VEH

T HHEEE (2006) A A AE B AT R & A 7%
T R T IR BE Ay PR B IR TE B o 20 4 B i 7
ZiBUR e e A S SRl L S Ay e 1 N (BN 2
25 (2006 ) TA N G KR A B PRI i T WA ¢ th— B
T TS AR A i A B, W E LR
IR A A A AL R (R B AR R
YUV B AR BREY R 25 J0 28 ) B JE M A B AR
PRI AH L 2 T A 20 I S RLE A 35 A R e B
PR T PR R A T (5K 5252, 2014) o ZEH WA
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Eo i RGRERT RGP Aty A P A a B o w4k
a~b. L AYINEER 5 B AV SRR A BRFRER W s o~d AN AR BRI AR e, B HHEIR A b~d. SFHEIR A
Cal—kFRER ) ; Cep—HTH N ; Chl—2% U A7 3 Go—J7 0™ ; Grt— A i T4 s Py— BRI ; Qtz—A7 9 ; Sph— N B4

Fig. 9 Photomicrographs of the interstitial mineral assemblages among garnets of the garnet skarn of the

Weiquan Cu-Ag deposit, Xinjiang

a~b. Coexisting sphalerite, galena, pyrite, quartz, chlorite and carbonate minerals;c~d. Coexisting sphalerite, chalcopyrite and pyrite;

a. Plainlight;b~d. Reflected crossed nicols

Cal—Carbonate minerals; Ccp—Chalcopyrite ; Chl—Chlorite; Gn—Galena; Grt—Garnet; Py—Pyrite ; Qtz—Quartz; Sph—Sphalerite

ARV O S s AR B R BT A
EJE YA A B O R RT R R | B
BB ARG A+ F IR R AR, S B A
AIREERAT T4 N (8 WD D7 B8 ) o %
WA 2R A AR IR ER b AR VR I AN

SR TR R I (SVAEE=3) /1FE X7 ER I el I R I
BV, B R BT I T 0T T B R A L
TEA T A1 R 5 (WQK-10) i 18 3 14 1] Bl Fl
AP 50PN RRER LA A B Y PR BB T
BT 7R R A (1R 11a) 8, i A HE AR A
(B 11b) o HHER A 1 & MRS 2 Lt B
R Rl A R R I TR T A -
ME.

DX ek B S R RIS AR 2 B Jm TR

FEVGHRE IR, 4EAH PR B AR AT A6 5 X A0 IR A
FML AL HB L EEWRAE T B R o Bl o ZURR IR £ AL
M E2ESF R UL, 4R R AR A1
A AR R TR 0 YA IR R A B
WRYHRIE
4.2 R IR EA & UG

AR L A 1 P B4 23 A 0 < s ) 2 18] ) A
HIF W] DL LA PR B S 10K 3 RS 44
WO I AR A (2 3) o ™ 32 24 A T PR
. DUBUUIE KL T b S 3 b Ry B R
0, RA M LA 8

IR 0] IR S B AT 70 R A A B B il
ST BRI SRS B BE

CL) BRSO B B« DB 310 16 AT 240 73 8y 35 8k 4
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CoAsS NiAsS

B0 s 4R AR B R AR F80 50 1) FeAsS-CoAsS-
NiAsS &l fif (FFZ A5 H Klemm, 1965)
Fig. 10 Compositions of cobaltites of the Weiquan Cu-Ag de-
posit, Xinjiang (isotherms data after Klemm, 1965)

[ B BRI I 5 B A AL [ B, AT N 3 < i A )
HE N R +TE W RERRE+ 7 50+ N BT+ 3
A B B R AT R B AR
i 7 i B 380 5 . 5 B TR B, 1 A — AR B A
B () o

(2) Bl LA B B LIJE OB A o 10

(3) 4 B A 7 B = 1T 23 S 4RI [ B 4 S [

BLORTE DIE SR BT EAR D | [ SRR A REAE
Ja # DIE RS AR E R R ,) MRHIE . B
B PR B BOs P AR TR B T o
43 #HOEERES

[ BB R Y 2 A @ T IR TR AT B R A
FY il 22 B0 DA IS I () 42 43 HIOCPE Bk A8 AR ) sl Ak
BB LI ST A P E 207 h (BER 42 45, 2000; 1F
84N %, 2008 ; X & 4255 ,2010; Wang et al., 2015) .
LRI PRAT A7 vl 33 A 7 20 N7 Al 1 ) e
B SRR A R AL T 2 H R RR
SR LA IR A R AR T AR B AT 2 R RER
FE SRS R RS B 22 Sl R A T R
W3, o5 R 5 T8 s A R SRR P .
TRE AT g R R S50 T 2 B A ST
R B s 5 (Coog P e 3S ) 6ASg ) I Bk ) i A s 40
(C00A7FeoAzcqu1SL1A50A9)o Co ot R HAMERY A h
S TR kST A T AT S A HE AR T R AR
PR B AR BAAR , S AL, AT RE S8 [
TR HeAh  AERARAR IR b i Bl 34 L2 i [R) 208
Ko B AR AL, X ) w0 (Co) AT 0~
0.86% 2 [i] , (H 48 K 2 K0<0.1% (1) o 7 Rb A1 5
W w(Co) R H# s , 43 4 T 0.06%~0.08% FiI
0.03%~0.17% Z 8] . F5 HR 4k 0 A7 v 1) 2 A4 i B4 4
R0 w (Co) &1, 43 31 M 0.52% F1110.86% , {H A1 48+
AR A AT w(Co) Bl AR
w(Co)FAK, AT 0~0.05% Z il . J7HH A% Co.

K SHERAERCR A R AT T A8 R T BT )
a. AT AREP SR Y, UEH T s b A AR SRES S MRS T RO IR
Arg— R As-Tt—H VR ; Cop— 8™ ; Gn— )7 54" ; Mag— G2k
Fig. 11 Photomicrographs of Ag-bearing minerals of the garnet skarn of the Weiquan Cu-Ag deposit, Xinjiang.

a. Metallic mineral in the fracture of garnets, reflected crossed nicols;b. Coexsiting magnetite and argentite, BSE image

Arg—Argentite ; As-Sty—Tennantite ; Ccp—Chalcopyrite ; Gn—Galena ; Mag—Magnetite
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Table 3 Paragenetic sequence of the Weiquan Ag—Cu deposit, Xinjiang

FAIRU AT 1)

TURUY BRA 1 B B

H R B B A

E L/ ANIE SRR TR A

S B

il AT B B

BV B B S B

BTk N
R N
B J
D v
A
T
IR
HEA AT
it Bh A
AR
FrERT
AR AT
B A A AR
AR
WA A
(2R

<2< <

R N N

Y AR B PR H B R R A 4 430 & B A A ik
A A AR A A T, w(Co) KT 0.1% 19 24
T B R R 2 S BRI B A R B
BRAR AR, FRIAES IR SR T R AR AR R L VE
BB o
44 KFHETEX

(1) FTEVEAGT G P E 2B AR . ek
FE55(2014) B W A1 H w(Co) AT 1Kk 811x106~972x
106, FARREE K A w(Co) Ry 18950x 107, ZH A5 FE 3 At
Bk B AR A A Tl Bk, G, B A ik #)
ZEG R A8 AR T BEAY, 75 BLUE— 2B WF 58 FIDEA .

(2) T As HhBR L2 50 0 SR A R R 19
FERE S AR IR R AR 2R As
B A T R R B ST B T R G A, AR
WA A REERE, UL RS E As IR
A e, AsTo R BA Z M A kM ek, b
BRAb2EVE G U, B R T RS 15 shAE 7, RERS1E
WA J& BB L 12 B Hb 3R AL 2% 5 (Boyleet al.,
1973) . UL, AKX A ART k57 Z E M As
IR Ab A S

(3) TR 2w 1 & e ss . 4
FRE A PRI R G AR 3 B E . X
Ui B Z I 2 B0 1 R S, W R &
[ R I

5.4

(1) ARG PR 37 K BEAh 7 B4 oy e o i
o, HA LRSI

(2) JERE 746 A1 ERAA™ A & B A T A
R A7 BB VR 6 Rh T A 2R,
WA Bl AR 1 ™ B B in 4
PR A SR TR R A T B

(3) ZWIR . Z P 1 0 89 & A A T2 il
Bl AL, AR R LI ML DX B 4R B8l A 0 R As Bl

BRALA SN

& EPANTARE TR R B A T
K JRy o — M JRR BA R B B, % P9 R 1 R B A 1 F)
BRIk T B R T 305 M A EIE B R 4 1 44
AL ZA SR I TS o e —If
PN

References
Boyle R W and Jonasson I R. 1973. The geochemistry of arsenic and

its use as an indicator element in geochemical prospecting[J].

Journal of Geochemical Exploration, 20 (3): 223-302.



794 o JZN

b Jt 2018 4F

Chen B, Qin K Z, Tang D M, Mao Y J, Feng H'Y, Xue S C and Yao Z
S. 2015. Lithological, chronological and geochemical characteris-
tics of Cihai iron deposit, eastern Xinjiang: Constraints on genesis
of mafic-ultramafic and syenite intrusions and mineralization[J].
Acta Geologica Sinica, 31(8): 2156-2174(in Chinese with English
abstract).

Chen J P, Liao Q A, Luo T, Zhang X H, Guo D B, Zhu H L and Liu X
M. Zircon U-Pb geochronology and genesis study on the mafic
complex from diabase-type iron deposit in Cihai, Beishan area[J].
Geological Science and Technology Information, 32(4): 76-83(in
Chinese with English abstract).

Chen Y C, Liu D Q and Tang Y L. 2007. Scrategic research on large
scale ore concentration areas of solid minerals in Xinjiang,
China[M]. Beijing: Geological Publishing House. 1-491.

Dill H G. 2010. The “chessboard” classification scheme of mineral
deposits: Mineralogy and geology from aluminum to zirconium[J].
Earth Science Reviews, 100: 1-420.

Ding J H, Xing S W, Xiao K'Y, Ma Y B, Lin J C and Deng G. 2016.
Geological characteristics and resource potential analysis of the
Dongtianshan-Beishan Cu-Ni-Au-Pb-Zn metallogenic belts[J].
Acta Geologica Sinica, 16(3): 113-119(in Chinese with English
abstract).

Ding K S, Qin K Z, Xu Y X, Sun H, Xu X W, Tang D M, Mao Q and
Ma Y G. 2007. Typomorphic characteristics and ore-forming sig-
nificance of pyrrhotite in the major Cu-Ni deposits, East Tian-
shan, Xinjiang[J]. Mineral Deposits, 26(1): 109-119 (in Chinese
with English abstract).

Feng C Y, Zhang D Q and Dang X Y. 2004. Cobalt resources of China
and their exploration and utilization[J]. Mineral Deposits, 23(1):
93-98.

Feng J, Gao Y B, Wang L, Li WY, Zhang Z W and Tan W J. 2008.
Geological characteristics and prospecting orientation of Weiquan
silver-polymetallic deposit, Xinjiang[J]. Mineral Deposits, 27(5):
559-569 (in Chinese with English abstract).

Gu L X, Zhang Z Z, Wu C Z, Tang J H, San J Z, Wang C S and Zhang
G H. 2007. Permian geological, metallurgical and geothermal
events of the Huangshan-Jing’ erquan area, eastern Tianshan:
Indications for mantle magma intraplating and its effect on the
crust[J]. Acta Petrologica Sinica, 23(11): 2869-2880(in Chinese
with English abstract).

Han B F, Ji J Q, Song, B, Chen L H and Li Z H. 2004. Zircon U-Pb
SHRIMP ages of the mafic-ultramafic complexes from the

Kalatongke and Huangshandong Cu-Ni sulfide deposits, Xinjiang

Province, and their tectonic significance[J]. Chinese Science
Bulletin, 49: 2324-2328 (in Chinese).

Han C M, Xiao W J, Cui B, Mao Q G, Zhang J E and Ao S J. 2006.
Major types and characteristics of late Paleozoic copper deposits
in North Xinjiang, northwest China[J]. Acta Geologica Sinica, 80
(1): 74-89 (in Chinese with English abstract).

Huang X W, Zhou M F, Qi L, Gao J F and Wang YW. 2013. Re-Os
isotopic ages of pyrite and chemical composition of magnetite
from the Cihai magmatic-hydrothermal Fe deposit, NW China[J].
Mineralium Deposita, 48: 925-946.

Jiao J G, Zheng P P, Liu R P, Duan J and Jiang C. 2013. SHRIMP zir-
con U-Pb age of the No. 3 intrusion in the Tulargen Cu-Ni mining
area, East Tianshan Mountains, Xinjiang and its geological signifi-
cance[J]. Geology and Exploration, 49(3): 393-404(in Chinese
with English abstract).

Klemm D. 1965. Synthesen und Analysen in den Dreiecksdiagrammen
FeAsS-CoAsS-NiAsS und FeS,-CoS,-NiS,. Neues Jahrbuch fiir
Mineralogie Abhandlungen, 103: 205-255.

Liu B, Wang Y H, Wang C, Wang J P, Zhang F F and Zhao Z N. 2014.
Situation and suggestions of China’ s cobalt resources industry.
Resources and Industries, 16(3): 113-119(in Chinese with English
abstract).

LiuJJ,ZhaiD G,LiZM, HeM Q, Liu Y P and Li C Y. 2010. Occur-
rence of Ag, Co, Bi and NI elements and its genetic significance
in the Baiyangping silver-copper polymetallic metallogenic con-
centration area, Lanping basin, southwestern China[J]. Acta Petro-
loigca Sinica, 26(6): 1646-1660(in Chinese with English abstract).

Liu Y, Ge W S, Wu C, Zhang L L, Nie F F, Wang J P and Song W J.
2017. Discovery of native bismuth and fluid evolution characteris-
tics of the Weiquan silver deposit, eastern Tianshan[J]. Bulletin of
Mineralogy, Petrology and Geochemistry, 36(1): 121-133(in Chi-
nese with English abstract).

LiuYJ,Cao LM, Li Z L, Wang HN, Chu T Q and Zhang J R. 1984.
Element geochemistry[M]. Beijing: Science Press. 101-111(in
Chinese).

Mao J W, Yang J M, Qu W J, Du A D, Wang Z L and Han C M. 2002.
Re-Os dating of Cu-Ni sulfide ores from Huangshandong deposit
in Xinjiang and its geodynamic significance[J]. Mineral Deposits,
21(4): 323-330(in Chinese with English abstract).

Mao Q G, Xiao W J, Han C M, Sun M, Yuan C, Yan Z, LiJ L, Yong Y
and Zhang J E. 2006. Zircon U-Pb age and geochemistry of the
Baishiquan ma fi c-ultrama fic complex in the eastern Tianshan,

Xinjiang: Constraints on the closure of the Paleo-Asian ocean[J].



378 HAW ZENL A IR R INGEAUERAR T R Al e e BB AR S 795

Acta Petrologica Sinica 22, 153-162 (in Chinese with English ab-
stract)

Meng Q P, Chai F M, Li Q, Zheng J H, Shao F Z, Geng X X and Han
W Q. 2014. Zircon U-Pb geochronology, Hf isotopes and the pet-
rogenesis of mafic intrusions in the Cihai Fe (-Co) deposit, Xinji-
ang[J]. Acta Geologica Sinica, 30(1): 109-124(in Chinese with
English abstract).

Pan C Z, Xiao W J, Cui B and Han C M. 2005. Geological characteris-
tics of copper deposits in the middle section of the East Tianshan
Mountains[J]. Xinjiang Geology, 23(2): 127-130(in Chinese with
English abstract).

Qin K Z, Fang T H, Wang S L, Zhu B Q, Feng Y M, Yu H F and Xiu Q
Y. 2002. Plate tectonics division, evolution and metallogenic
settings in eastern Tianshan Mountains, NW China. Xinjiang
Geology, 20(4): 302-308(in Chinese with English abstract).

Qin K Z, Ding K S, Xu Y X, Sun H, Xu X W, Tang D M and Mao Q.
2007. Ore potential of protoliths and modes of Co-Ni occurrence
in Tulargen and Baishiquan Cu-Ni-Co deposits, East Tianshan,
Xinjiang[J]. Mineral Deposits, 26(1): 1-14(in Chinese with Eng-
lish abstract).

Qin Y Q. 2001. First found medium class independence deposit of
silver in Xinjiang[J]. Xinjiang Geology, 19(4): 304 (in Chinese).

SanJ Z, Qin K Z, Tang Z L, Tang D M, Su BX, Sun H, Xiao Q H and
Liu P P. 2010. Precise zircon U-Pb age dating of two mafic - ultra-
mafic complexes at Tulargen large Cu-Ni district and. its geologi-
cal implications[J]. Acta Petrologica Sinica, 26: 3027-3035(in Chi-
nese with English abstract).

Tang P Z, Wang Y W, Wang J B, Long L L and Liao Z. 2012. Geochem-
ical characteristics of cobalt from the Cihai ore district, Xinjiang,
and their significance[J]. Acta Mineralogica Sinica, 32(3): 379-
385(in Chinese with English abstract).

U. S. Geological Survey. 2018. Mineral Commodity Summaries-Co-
balt. https://minerals.usgs.gov/minerals/pubs/commodity/cobalt/

Wang J B, Wang Y W and He Z J. 2006. Ore deposits as a guide to the
tectonic evolution in the East Tianshan Mountains, NW China[J].
Geology in China, 33(3): 461-469(in Chinese with English ab-
stract).

Wang L S, Li H Q, Liu D Q and Chen Y C. 2005. Geological
characteristics and mineralization epoch of Weiquan silver
(copper) deposit, Hami, Xinjiang, China[J]. Mineral Deposits, 24
(3): 280-284 (in Chinese with English abstract).

Wang ZL, XuD R, Zhang Z C, Zou F H, Wang L, Yu L L and HuM Y.

2015. Mineralogy and trace element geochemistry of the Co- and

Cu-bearing sulfides from the Shilu Fe-Co-Cu ore district in
Hainan Province of South China[J]. Journal of Asian Earth
Sciences, 113: 980-987.

Wu H, Li H Q, Mo X H, Chen F W, Lu Y F, Mei Y P and Deng G.
2005. Age of the Baishiqun mafic-ultramafic complex, Hami, Xin-
jiang and its geological significance [J]. Acta Geologica Sinica, 79
(4): 498-502 (in Chinese with English abstract).

Xinjiang Geological Survey. 2003. Report of comprehensive study and
regional resource prospecting of the eastern Tianshan[R].

Xu D R, Wang L, Xiao Y, Liu Z L, Fu Q J, Cai Z R and Huang J R.
2008. A preliminary discussion on metallogenic model for Shilu-
type iron oxide-copper-gold-cobalt ore deposit[J]. Mineral
Deposits, 27(6): 681-694.

Xue C J, Ji J S and Yang Q J. 2000. Subvolcanic hydrothermal
metallogeny of the Cihai iron (cobalt) deposit, Xinjiang[J].
Mineral Deposits, 19(2): 156-164.

Zhang L L. 2014. Geochemistry and metallogenesis of the Weiquan sil-
ver-copper polymetallic deposit, Shanshan, Xinjiang[D]. Supervi-
sor: Lin S Y. Beijing: China University of Geosciences. 01-67.

Zhang X L,'Wu C Z, Huang J H, Gu L X, Zhang Z Z and Lei R X.
2012. Geochronology and its geological significance of the
Huangshan intrusion in eastern Tianshan, Xinjiang[J]. Geological
Science and Technology Information, 31(1): 22-26(in Chinese
with English abstract).

Zheng J H, Meng Q P, Liu H L, Wu B, Liu F, Li Q and Han W Q.
2014. Geochronology of intrusive rocks and their constraint on
formation age of Cihai iron deposit, eastern Tianshan Mountains,
Xinjiang[J]. Mineral Deposits, 33(2): 271-285(in Chinese with
English abstract).

Zhou M F, Lesher C M, Yang Z X, LiJ W and Sun M. 2004. Geochem-
istry and petrogenesis of 270 Ma Ni-Cu-(PGE) sulfide-bearing
mafic intrusions in the Huangshan district, eastern Xinjiang, north-
west China: Implications for the tectonic evolution of the Central

Asian orogenic belt [J]. Chemical Geology, 209: 233-257.

Bt R 32 5 2% Sk

Rt 5 some, REACHE, B0, 1, BERERE, Whai AR . 2015, s
BGRB8 A1 U-Ph AFEAR % 5 At ERkfb
SRR XA R R 2 D). A A2, 31(8): 2156-
2174.

WRAKT-, BERELE, B0, TRiete, SRZ3 %, AFIAR, M/hT . 2013, JLih
1 T R 2 2 A A A DX R i R B A U-Pb AR AR 2 A A



796 o JZS

b Jt 2018 4F

1], TR iR, 32(4): 76-83.

WG, RUFEAL, FEAE RS . 2007, r [ 57 80 s 4 (51 (A 7 KO 4
XAFFEIM]. Lot HsT b k. 1-491.

T, TR S, M e, TR I, AR, XL 2016. AR IL-dE 1
Cu-Ni-Au-Pb-Zn 8" 17 5B ALH™ Hb ST R AE B s 1 W3], i
2441, 90(7): 1392-1412.

T, RO, VIS, TR, BR40E, FEAM, T, D10k, 2007.
AR = BRI P R 8 R 1 R B R B T
I B R ML, 26(1): 109-119.

FRUA, TRAEA, 526 . 2004, v L HEIR K HTF R R FAEBLI].
PRI, 23(1): 93-98.

T, KT, EE, A5 SC, Tk R, RSO L 2008 iS4 AR 2 4
JE A RO BURFAE B AR 7 T [I]. 47 IR LT, 27(5): 559-569.
JBE %, i, R ER, R LE, A, TEAEHE, JKoBE . 2007. &
R 1~ L A3 X 7 4 T - B A L P

FICHFERT]. 2540274k, 23(11): 2869-2880.

HhA, EEE, RIY, B, ZE 5500 . 2004, 7 SR8 R ve FE L
TR BB BE A 1A ) SHRIMP 55 /1 U-Pb 48 K
Hi T B SC[I). BReam A, 22: 2324-2328.

BEAR I, 1 S0E, A, BRI, TRARIE, BRI . 2006. HiseAt G
AACHR B PR S BRI BURFIE[T]. MBI, 80(1): 74-89.

AN, MY, X 3T, BefR, 2. 2013, ZR K LR RLRAR 5
PRESAT AR B M7 S (0], MU S5 R, 49(3): 393-404.

XM, B4R, EE, EAPF, TKI707, PR . 2014, P G BER )
JEH S X R HAL ] B S0, 16(3): 113-119.

XA, AR, 25, (T U 8, 00 657, ZEWIBH . 2010, 22 PEAHG 1
PRI B4 22 4 B 0 A2 DX TR AR A L B BRI AR S S
BT A AR, 26(6): 1646-1660.

W, B SO, A, TR se, AR, LTI, R3O . 2017, R R
AR IR SRS 1) 2 B R AR AR AR [T]. 45 A b Bk Al
2FIEAR, 36(1): 121-133.

XUYERR, WL, AR, FRGAE, SRR, TK3aR . 1984, ST IERIL
=M. dbat: Bt 101-111.

EROC, M R, JE S0, HA, TR R, #EERYT . 2002, H8R LR
HERBALI IR Re-Os [0 28 T 7 K2 HC b kA2 3 L [I]. 97 IR
)3, 21(4): 323-330.

T B, M 30sg, #AE I, A, R, TEIER, ZRAkST, TN, Tkak A
2006. 788 A< KL A SRR R R B -l B PR R 4 A U-PD
[F] 32 2% A7 i | 3t 3R 2% R A % o oy I W 9 1] 45 i B A

A [J]. A AR, 22(1): 153-162.

o RIS, S XM, 20, s e, BB & Ak, BRI i, 5 303 . 2014, i
REHREk (B IXBE R T B 47 U-PO AR IS HF R 25 E B £
BRIRT]. F A 2E4, 30(1): 109-124.

WAL, SCEE, M, #2005, 23K 1L BT R TR I
HBFURHE (D). B amHL R, 23(2): 127-130.

ZLEE, R, EROR, REE, 135 R, Tig, BRI . 2002 4
KR AL B 1 41X T A5 1 i R S S (0], e MR, 20
(4): 302-308.

ZEOL R, T AT, VPSEHE, PMEF, ROGIE, FEAE, B2 . 2007. KRR
P REIRAR | A S A B PR R IR S B 0
FE]. W RHLGT, 26(1): 1-14.

ZRERHE . 2001, s o Y& I AR [T]. BT, 19(4): 304.

SAAE, B E, WL, R, IRA, IR, H REE, XIS
2010. A< K L IR AR AR S B DX 19 B k- B B R AR 1Y
B AT U-Pb s A7 R 0 TR L [T]. #4041, 26(10): 3027-3035.

FEMER, EEAE, Eati, R A, BIAE . 2012 B e % mkis g R
A S ER AL RO T RS SU[T). B 24R, 32(3): 379-385.

i, BORAE, MIRZE. 2006. 73 K LUK MR 15 V8 10 19 B 7 B2 D],
HEHLR, 33(3): 461-469.

FJus, AT, XA BRI . 2005, 578805 35 4EALAR (5D B A 3
JRHE R B AR, 0 R, 24(3):280-284.

Rk, AAETE, BUHTAR, BRI S, R, MR, XBE . 2005, HriEes
AT S AR DR B B Y TR A R TR
SC[I). M2, 79(4): 498-502.

TS A5 B . 2003 X K L IX 25 A WS 5 X 0 IR S
P A [R].

VBN, £ 05, W 5, XVEIEE, £ )8 4k, BRE %, HR B . 2008, “ ATk
2R -5 (8 -5 R LT B4R 0], B IR M T, 27
(6): 681-694.

B 20, WA, Pmin itk . 2000. 7 ER R Bk (G ) 7 U LD BRI
W 2E ] 7RI, 19(2): 156-164.

K ST SE . 2014, 5 58 5 3 2k AUHR -4 1 3t R AL 2 R AE K R A A
WEFE [D]. TV AR . S5 b 3 K2 . 0-67.

TR/NEE, S B, SR, BG4 G, SRR, i ANAE . 2012, AR R 1L
PRI AR B H BT SCT]. HUBTRHE 4, 31(1): 22-26.

HRAETS, da DEMG, it de, ok, XEE, R0, #5300 . 2014, BT AR K
LTV RRE X AR AR I T8 BRI U G 2901 87 BR
LT, 33(2): 271-285.



