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Fig. 1 Map showing the distribution of Cu—Ni sulfide deposits in North Xinjiang
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Table 1 Basic characteristics of major Cu—Ni—(PGE) deposits in eastern Tianshan—Altaid of Xinjiang. China
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Fig. 2 Map showing the distribution of mafic—ultramafic complex in the Kalatongke Cu—Ni sulfide

ore district (a) and cross section of No. I mafic—ultramafic complex and related the largest

Cu—Ni sulfide orebody (after Yan et al. , 2003, the original map from No. 4 Geological Team,

Xinjiang Bureau of Geology, Mineral Resources and Development, 1985)
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Fig. 3 Sketch map of the Huangshan Cu—Ni sulfide deposit
(after Li Huaqin et al. , 1998; Wang Yuwang et al. , 2006)
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1—Cenozoic sedimentary cover; 2—Jurassic sedimentary basin; 3—Permian sedimentary basin; 4—Lower Carboniferous volcanic rocks of

Wutongwozi Formation; 5—Lower Carboniferous turbidite of Gandun Group; 6—Lower Carboniferous volcanic rocks of Yamansu Formation;

7--Middle Devonian volcanic rocks; 8—Meso—Neoproterozoic crystalline basement; 9—Variscan granite; 10—Variscan granodiorite; 11—

Variscan diorite; 12— Variscan mafic—ultramafic rock; 13—fault and inferred fault; 14—Cu—Ni sulfide deposit and occurrence; 15—Cu—Ni

sulfide and Ti—Fe deposit
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932

)

4k

2006 4

0 500 1000m
| S D—

_#>z

RIS
Hornblende gabbro

BRI

Ultramafic rocks

RBNFAC A K

Ti-Fe mineralized gabbro dike
THEREBHTFAHKLSE
Lower Carboniferous volcanic
rocks of Wutongwozi Formation
RS

Fault

L
[
~

(o]

B 5 FINTKERT - BERRREAE GELEEERE,1995; EEHE%,2008)
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6 = 2% B K YR 2E 0 H B F 2002 ERE IR R E
Bt R — T REBAD T IR (Z&H55,2003) %
TRMEFEL—EBILRTFNRRL ML THRET
R4 200km (4 W %,2005), PR EEHZEHH
BRAE &R B M BE e KA R RIE R
Wr AL 2 H R A R KB A kg (B 6a) .
AV RXEHRRE - TR EERERTEEETXH
WAHE—H NWW—E EW [0 & AR R NK
B R IWLGECNK B M R A B SN AR DL &
BB —BBESRRREER. EREERTE AN
B APEMMBEMARNERES FEBADT ED
AR ME A5 HE 5 AR N O 5 A 2 Al 7 9 £ TR RO 25
H—l, "hE5EAE2WHEXRR, PR EHK -
(B 6b), MR E, EHRK 740m, B 5~12m, £
FUAE BB 5 4 2 38 31m, Ni 3 i 37 0. 24 % ~
0.42%, Cu 1 0.27%, Co 1 0. 024% (=4:4E
%,2003), HArEHIEE 10 TR, BRIAL T
HENER. ST A RGMER AL BEAL.
GEALMBRN A, ERREFILEAK KT
AR T AT W EBEARRET R
T MERY %,
2.2.4 LTRHEK

LISRRT N T L —8 LR W 73, R
BOREBEHUE. M TRETER Y 120km 4.

B 3T SE ML JB AL ER R BA 1991 4 78 HE AT 25 W 4
Hh T R 2 B R B, E AT T R0 2B R, 1996 4E AT
TEETIH., FRALBNBEEENTARER
WA TR, AN K R KRR
JeIRE B K AR DLk R R K BE
PR AP ANk, BEKTAS NI M1 SWHA S
e EEGE ARV B TR | B Ak E K 180m,
% 30m, KREM 1 EH ik E R KTF 400m, T 40
~50m, AREKEE, RILBEM . 5 70°~85°, &
AL T 0T B W 0 5 R B M B0 RO A A
AL T BEKNERRTHEAET IR, 7RSS T &
MR W R k. R M K 200m, R 4 5~
15m, 5 BRCIR 5 2% 76 16 JB A, 1 F R 70°~85°, 4R
ALK 0.4%~0.8%, BB T ik 1. 1%, 48 & fir N
0.15%~0.5%, & A ik 0. 77%®, BRI IEZE ¥ &
2, A EERMK— MR BECRFIEOR, £
B AT YRR R R R
% ShEBET R EARALE T TERET Y
KSR B RIRE RRE S,
2.3 HARTERX
HARARRAYT KA FREETRY
2 170km &b, FI 6 G0 B A T oh Rl I 4 0 5
FRUTHBEM,JEE R TG ERBET S
BRI AR T ERNEEG R REAR



L

F5 0% KL — BT /R %2 7R BB X 0 7 e U B AR TR AR KT RE SRR R R

933

41° S7' 20" 94° 58' 40" 41° S7' 40" 94° 59’ 20" 95° 00’ 00” 95° 00’ 40"
~ \ L Y3
v v v v VW v N
B vvv vv vv vV vV vvv vvv ) Vvv QJQ*% 1 ﬁii
v Vv v V V V V V V V V A\
Y Vvv v Vv vvvvvvvvvvwvvvvv v vvvvvvv\:, I’ioﬂ‘ﬁ “gom WRE
v vV VvV vV V V VvV vV V V V V V V V V V R
v vV V \'2 v V V V V V V
vV Vv v vavvv i @ﬁi_y‘ ?ﬁ‘
V\,%VV v VR \:/\ o o o [ o o La.—)lwm

41° 56' 53"

JOP LS 1¥ 00 ,8S 1Y

0T LS 1P

95° 01 20"

NN 7

g o Ml [y [ [
B ZK1 ZK2 A N
+

FRATHARBRS
Carboniferous Gandun
2 ] Formation turbidite
BEsk A

v v _d Ultramafic rock
WERLYT &
Cupronickel sulfide ore body

HILERS
Drilling and number
\156 HILRE

Drilling depth

& 6

B 7 R MR AR AR R AL 4 DR M 5 Y i T ) 1 TED P (o) (AR 4B B B 4K 55, 2005 1880

Fig. 6 Plan (a) and cross section (b) of the Tulaergen Cu—Ni sulfide deposit (modified from Xiao Qibin et al. , 2005)

BFEEANTRAT GACBERTEERT L. X =17
PR GO EB R 15 48 3k i B BB e 7~ B B 0T R R E 58
B 3t B R VA 2 o AR P R SR AT R A -
{0 ¥h 2 A IEAE AT Z P X =N PRAR B L
BA LR BT R R 7

A SR R T 5 B 7 B 2 0T R R 56 N H R BA
£ 2002 SEHEATH P & TAER, TR IR A K
WHE— Co—Ni ALY T K. HERBE LT
THARBREZKANE B R RRLA R AER
ERIEN-EEEE REHEEEEEE, A



934 o

2006 4

HEN—ERE FREAERRBE,FEN E
RIEMHHAEEE, sHASIFRAGAERE B
BAERE AREMKREE, WA ZEEME
H4,2005) X NS ELER T 8, A VD SR FIR KT
BHEHIREF—RINREW RN T T KA 20 K
INRERUNER, R BB ERAK, BRHAEERN
0.8km?, HikRHBELSBRNEN,, HFHWHE
BATRENANKSE, BRI AT M MiE
ARG EAR , BEM AR EZ E KR FIRNK S PH R
WEHE D BARESR —BESRAERAHER
F MIEA B FEHRRATR AT RAN B
HENMEHT. F-RBANBRIAAREERBEY
THRE S 405 BEBH 90% . B RK A R
HEERAKAM H=F2EEEHENRL.
Hep, WK S MBUE R ER -, SEE A HE KM
RAEMER BB EFERE. FREGL. A5
L, BEARBBAERNKS FERNK 8 RERKNK
F 5 A MR AR K AN T AR R
R, FEAFANERERMERERE BRI
EMHERHE TS ENARBEIHE T, Ll RRR

RAL A FERIE BRKARKEMNARBERHKSE
FEES AR GERMEE,2006),

B, C&RXIAMBETMAYT & 14 0, Hp 5
MR BT M O NEFT R (R4E%,2005) 5 #H
FEGTED X AN A i 7, £ B8 AR 8 4k
ERBARNKEGENERARRMADT L 5EE
B EMEAEXN R BERREEREE. 551k
ARWEAGEREZFNAL . GRAL. B
BB ST I VRBET . T RS E R
FRIKR, FET AT Y NERT B EET A
R EBRY MRS kAT YR A JER A
KA. 4NA . GRA . BEE%E .7 HUBRBRR
R E, 57 Cu 0.225% ~0.44%, Ni 0. 2%~
0.57%, Co 0.01%~0.03%.,

2.4 HWITEK

Ay ERATFAEARIAILLEEHNS
W, ST EXRNBERR  BEERAATRER
F=ZOHRTHTF 1989 F LM, %AW NEE A#
HERAWREACHM A, B 20 BAEKT—BE

BREAEHARE 8,2
5 ¥ B & 16km, 5% S8km

T FFF T T 3
+ o "t + 1o
o+ Tes0000"
+ .

P
2

,,,,,

N Z

¢
¢ ?

~
~
-~ .

e LA 95%00007 !
LA

L 41°56/30"~ ~ * aeTLT

\19405900” LT TR L

(B PR M, 1992; 25 v 4%,
1994) . TEL R JLE, FiiE
WY EHEFERE
7 b 5 BA 3@ i R A AT,
BT H—F+ A
R T IR, 2004 4
R % E B R
FEF SN R, R IR A
Ui, A T AL &% 3R
THRBRHTRE KK
1 Huh RWARBADT
6 5 YRAF 55 7K i 5T BA 4R 3

[ ZuRnnn BRFRRAREATRRAE N AN A (E 8,
Quaternary sediments Jixianian Systerm KawabulakeFormation quartzschist .
— PR EE#TZ
51 & R RA A KIS . KWRRBRANERARE ,
Jixianian System Kawabulake ~T . Cllmfngch;nglap System Xingxingxia-Formation h, ETERXANEENH
Formation marble schist and gneiss
BETARSOHEH
BEMERL. BNE BRI R A A RS
Z] Hercynian p;'?‘oxenitc,feridotite Hercynian gabbro-diorite and quartz diorite FHEkAkIIBBEES. A
i = K= 3 gﬂ % % % ?E
Py AR HGT BTk W2 0k |
ﬁ;ﬁ;ﬁim glfnite 7///% Cupronicli(el sulfide ore body Fault &2 WK A e S FE S R
B7 R SRR R MR B (B R 4%, 2005 SR 4F, 20065 BB #1458, 20000 B ARG MEF R HEAE
Fig. 7 Geological map of the Baishiquan Cu—Ni sulfide deposit FRAEJE¥RREE. kil
(modified from Wu Hua et al. , 2005; Chai Fengmei et al. , 2006; w B ‘ﬁ" 1 % Zu:JT (1% B 4

Mao Qigui et al. , 2006)

& 2002),



BT

B T il — B4R A R XV 7 e U R B AL B - R R AR T R S AR I R R

935

40°50

[ 40°40°

S 4= R “
gﬂf,’i >
r »\\\‘\“‘mi‘\

A\l

PO

:55-:55-:-' ““Qﬁ‘e (’.“‘ PN \\\\‘
N .

<5

O

do

i =
N Q\\\\\\\}i\{\(\\\\\\\t\\\\\\‘ A
''''''''' P %mm;;;mmz— HRAE-PITERAKE,

ZREARENWE
Tertiary mudstone
and sandstone

W

8 b X e FRms B BRI ALY o A B RE 1 ¢ 20 70 b BRI L BE R 4 D
Fig. 8 Sketch map of geology and distribution of Cu—Ni sulfide deposits in the Pobei area, Beishan

BB MRS
Paleo- to Mesoproterozoic
gneiss, schist and granulite

BB EKE
Olivine gabbro

Cu-Ni U KE )
Cu-Ni sulfide deposit
(occurrence)

Carboniferous sandstone, m

E limestone intercalated
d

) By e
uaternary sediments

8 B
Diabase dykes

BR
< < <] Gabbro

with volcanic rocks

N &

Diorite

rgs

[X 3% i #Regional fault
Unconformity

i Z4F ault

Variscan rift (compiled from the geological map at scale of 1 : 200,000 and the other related data)

W — A e B RS T A ERKE RS,
FUR N BEEREERFAET - MR AWERSE
Kz AR TFERPR . BUTARKRTSR
MR AR BEARERBAKE D, ST EHIES
EXRAHMBHE, A KL 32km, B R A
1. 08km, B E R 3. 6km?, BHKE. ALY 40°,
FRACEREBE AR AR 70°, A A ERAL T —E KT
), KA K4 2km, AL FE 1. 6km, 2y 3. 2 km?, F[H
H— R (B 92) . B~ s F 40 B BT B
ARL, DA O I AN A R A B A A TS B
R EMEKTKS (B %), PRESERMN T E
X B0 75 5, £ b 3 R A T 3 A ) T A — A Ok IR B

(| 10),370m & ,210m F&, KE 4+ HE AR A MK A
B R A, BRI E , B E RS g
AEMM B BAZ AL, B2 NS [6] F1 NW 6] #E 4% 5
%, T SMME B MR, BRI EERAEZ P,
REY AT LR EHE, 23RO EE
TIAT R HEET R PRERE Y, 2 RE
R RAE TENE A L B, 3 — B AT M Tk 4
ERF R, EETELERT —NEF TN ER
By K. ERTBEESANKIEEAS AR E
TR A X BB B K IR S O T R0 » 18] 0 A O A
KK R A K R T 2E R it
RETET 4+ M ERAEHEEI S MRRT K. Fib



936 -

2006 £

= < <€ < < € <\ { i ! 1] t 1R A
A < < < < < < 2 b
< < < [ i
CRERE
\: 7N /s A
<Y< <« <l € € <€ < < < <
A A A A / < < < < < < < < < <
A T P
: A : : : 0 100 200m < <« N <
R M A— .
< <\« < < <
A A A A . < < < < < < < <
K < < < < < -
: : A : : < < < < \< <<< f <
< H .
P W NCRRIL UL PRay <
< < < < < <
: A A A\ A : (‘ <<<<
AR R
: : A : < < < <
PENEINA N i1 < S < <"
3
ey PR A
FO-Y . £ < < >
0-27 g 7 T 1
/ 7 + S0 1 )
7 :l%z: LT
4 t
Z/N157, A I A
g N ? t 1
, 7 AERERE b
cr
< = ooy s
< < ” .\ (,lzl_{lz <
RPN \._" AT T
<, <
< < \ L
A2 2D “ Cr
< < T (] H SRR
AA Lo o Yl b F N B
N D T R S S T [ B |
L=« ::: I T S S N S S S :)zlz_zzz
[ T A A T A 2 ?
: < : : : AN 3" oo [ R T S |
2NN I S T T T B I T
SR/ S I ST T TR SR T v b
NI (RN N S T B T B T B I I
PO~ BT TN BT S IR S T N R ! [ N T
A oA A S S S B S SRR RN SR B B I I
< < <ULy o e e ! I T B
[T N T S S T T S A S 2 A T Yot
e ud R R R T T T ! ) t (a)
L. l 2 ] 1 1 i ) i H 1 P2 H H 2 l N 14 14
T q’iﬁﬁsm%ﬁ)ﬁ% 7 < < < ﬁw%
i i / Hs A A A
Pt 1| Mesoproterozoic Balhu % Peridotite 4 2 4] Pyroxene peridotite
Group metamorphic rock 4
3 STl BB Cu-NiffiL g5 4%
Gabbro mineralizing alteration zone | Cu-Ni sulfide ore body
e
L] M KR 5 RRK
+_+ Granite Diabase dykes Quartz vein
A RA R HILEMG
Prospecting line Trenching Drilling and number
o
ZKo-3  ZK0-2  ZKQ-l — 153° g
b .
A :IVXX:’,;;; ;;nzr'l\ I\I\/\AI\I\I\I\V
\A A :
viv M
g ~ AL A
viv Pyroxeneperidotite
T WHE
Y1 Peridotite
\'A A
\'A Al

(b)

IAWAN

BKE
Gabbro
RV R BEmS

Poor ore body and number

S AL T 1 R %S
m Low-metal content

ore body and number

HIERRY
Drilling and number

KU EELERE 92)
M R e A S
K& Z [H # R E A
H—M . 7R & A F=1RE
BR, TR Ak
O Bifa 22~80° %, B
EEE=F S
BME P TR, 2
BERTH. THhESS
ERIREE AR,
£ 908 30k L& R 75
(8 9b) , B AR A — K
0.3%~ 0.6%, & & &
B Bk 0.96%, 3
U8R 8 B My i K& Bk
REANBRT k. AP
B8 S BRI, — ik
AR, AR
REBRENEETE>S
0. 6%, & . & &% fr W ]
BHABMU L, EHA
R, THRERATRER
14.7 JFmli, 3 — B B2
EEHTZF. AT Y
FEE:BERET.HEH
W EST HS%
KA, HREROEE
Wy B AR . B

Mo B+-HERLY
TXERE-BELRR
AP R TEHE @M
T B (b)

CRAE SR IR = B &
F RS # 5 E B
&4 ,2005)

Fig. 9 Plan (a) and
cross section (b) of the
Poshi mafic—ultramafic
orebodies
after No. 6

complex and
( modified

Geological Team,

Xinjiang Bureau of
Geology, Mineral
Resources and

Development, 2005)



%7 H

£ L — B R B A e XV T B R A SRR TR B R TTRE SRR R

937

B 71 2% CHE TR 308 8 X 4%

RHF) TR AR LR

BRAL Y™ PR LA & L IR 8 e

R ERE, REERNE

RHMRELREEEHAHR
A EER R R B
MBEARY K., T HRLULE
I RAEEBHEHATARE
MRS, R BT R 5
| AMBCAT HBEAMB N E
W B S T I HR R
7. FER I —FT/RZEARER 4
BT KRAEE £/ 5
FUEAGER L HILR

My + AR, BENRNE

TRAEBA R RTVERR

WHIEF L. L% 1995,

% 51 (1996, 2002) 18 3 X

FAHAAMRRRRARAE

S F R KRB, K

: . < < |MEWE A A = i
&fgg‘aﬁﬁ’:ﬁfgg’;m < < |Pyroxene peridotite |* A A A %ﬁﬁim e aEkmBAE
. 1. 34km?, 545 J1

) mrs E | s vV mkE ', WA T

/ Pyrocenite % 4 | Olivine gabbro v v | Gabbro M8 (G 1. 06 % ) F1 350 5
T R | mmn / aﬁiﬁfzﬁﬁﬁyﬁaﬁﬁ w4, l{zutt%%thszzs{ztﬁjz
+ 4+ | Gneissic granite Diabase dyke =" facies boundary Ky, PEAERERA
AER FME RS . . BB BZ AT, R

~48 | Schistosity [p Prospecting trench site © gﬁiﬁﬁl‘%igﬁ%d be S »
occurrence LDTC-1{ and number 7K0-1 | Design drilling site and number 5 % A= T 45 25 4E A FI 3B 40 45
AT RAER, HEAKSE
B 10 ZEBWMAYY REGE —MERRREMY A BETER . BEVER. T K

CGREBH B R 7= B2 I R 55575 3t B BA IR B 48 44 5 2005)
Fig. 10 Plan of the Luodong mafic—ultramafic complex and orebodies

(modified after No. 6 Geological Team, Xinjiang Bureau of Geology

A& EHK, REXRE
EEMERET —RHEK

FREREA. B 1995,

Mineral Resources and Development, 2005)

AYEER MNA EEEG KRR EEA
WA £z8fKa. FaREEE—F¥ABRR
g, BRI RSN T amEUEBRIR -
FRERN E, R ARER ORGSR E .

3 FHEM4ie

331 RU—FREFRBEEMULVHERER
Zhou & (200D H ., X FHEMAY LA KE

ERAREBELTERT GEMR GCRIBREPO MY A1

A BRI BER,, ENZRADRAEMRA

200) B XMEEEET K

R IR G
FLHMAN AN EERE I HE B RE/DEERT
Bk & . Chai #1 Naldrett (1992) #R#8 5K H4k
2 AR LIRS — M ER B4R R R IR B
BMAHE MESEREREXNERITR . BT H
MM ERARFHRE, REFMWRKERERZTR
AT EE B 2 ¥ # 1k, Naldrett (1999) i — B &
K1 Voisey's Bay FiZE E #) Kambalda £ 1lt F 4% X
WEHAELRLE S, BT EERS K. R, mi1xF
1 % 87 i Noril'sk # K BB PR BB 58, BT 48 B9 iR
B R I A ) TF 1% H 3L (1996, 2002) 42 Y Ay 2



938 SR

Ei’d 2006 4%

&, R Noril'sk #8 K BIB FR A X 7614 ) W % %
ZERCEBR R KL AR RO MY . SRR
—FIRBARBHFEE DT R, 528 L0EE
FR—B B BUE AR LB/, B 5 4 B EIER
R B R W RE T E I I AR A T
AW HBEERGE/NT 5 km?, T B 457 £ W
AT 1 T R 8/ (B 2b, B 4b) . BB ET A K,
BRAAEEMER S FAE AR, EMER—
B S JL R TR R W7 B 40, TG EL AR 1B) 7= 1 2 R 5
BB RUF R 8 K B I S AR
A

ERU—FT/RFERTB, ARG T KPR
AU R LR A, ARG FEW — % R —iE
BHgmAa T BBEERAEEIMEREZRHRE E
BTk sh AL (B RAR D W BB AL 54, JLF FF A B
PR TETERIN A B . Li Chusi 28 (2003) 58 3=
W EXMARWEERHR AR EREDH. R
% Re/Os [FfL % (B 5 CEF,2002; sk AEM 55, 2005
ZHE4,2006; 5 HF %, 2006) F Sm/Nd [ {7 &
(Zhou et al. , 200D RFH  HRRXMET A KAE
RO B MY M el R BA KBRS
AW T 5 2 R TR IR RS B A R
MEAEME S . MRS B Noril'sk HARBY KA
KB IR B BEA FFH R (Naldrett et al. , 1992),
3.2 BT HHERSEMAYER

BB Cu—Ni—PGE Bk Wa K> 2K K&
2 RXESRTREHERT —BESRTE AR
fEA % (S KM, 2005) , Naldrett (1989,1997) AR 3%

B PR BT Ak B4 15 3RS R 5 0 45 0 R A R 43 1 g A 2%
BB a0 B KR G A B | S8R B RTE 3
AL, & X#HE - N 5RELNEASSE X
HOR PR R BT RLTI0 R 2 R SR . T Y TR
Wrhn Bl 4 A A8 R B A S IK LA W &, [ et
AEERARERINE AN R OCHEREE, Fh
SEMZESC (199 MR B B M E R B R AR
HE KT R R HHSBRATE XN KT h
HLG S RIEEHAE RN RARY K. B AW
HREREUER L REH KD R KT HGEEH
SR GREFXNT RS EHITH AR BREA
AT KB FR . Pirajno(2000) 38 1 #b 18+ 55 474851
R BT R R . P HH Noril'sk tH F % K5
HEERE LA E AR RA T HE (g
B HUEE, ) 5w 8 fE KB G AkRE Sk ™
(BEBTE) R —RARIF A 36, R IL—PT /R R 4R
By KL lwd . BHFARRELEY
WMAREH KNG Y, MREMENSER &
LA X A8 52 B AR M L = NMRE R Y
A/ Re-Os G ZME (£ 2),3K18 298~282Ma
BHE (B R IC5%,2002; 5k VEAF 45,2005, 2 A H 4,
2006), T B XMW A K (BEERLE . EWLRK.
H.BA R A —) 8 SHRIMP 454 U-Pb
42 B 98, 18 B A BT 285~270 Ma(BH 18
%, 2004;Zhou et al. , 2004; R4Z%, 2005, 245
&, 2006; FH X%,2006) . X EAEBEIEANER
BAESBY WETXR, EEEMRE R H X8
BT Ry RX BABE R /KRR HEER.E

f2 RU—FREFMARRUDTENEXELGHNERFTERBIE

Table 2 Geochronological data of Cu—Ni sulfide ores and related mafic—ultramafic rocks

in Tianshan—Altaid of Xinjiang, China

TR S AR PR A WRFEMER/TAH £ (Ma) BERL R
. . Re-Os %8148, WY : 1 59 & 282.544.8 N
WL LR W R 2R 1 L gk 290, 216, 9 AR, 2005
BAER 1 B EE BTJRF 2 LI SHRIMP & & U-Pb, H k5 28745 HEBE, 2004
HIRT K B E AL Re-Os %014k, BWHT A 282420 ERIE, 2002
FULT K WHEmE LW | Re-Os FrILR, Bk a 298+7.1 ZEHE%, 2006
FA Kk BT B L SHRIMP &7 U-Pb 285+1.2 Qin et al. , 2003
WP LA A AR B R 2 3 WL SHRIMP #F U-Pb, #Hi% 28745 HEBE, 2004
HILFR 75 WHEREILW | SHRIMP &5 U-Pb, BEEBHM K& 27443 HHEMEE, 2004
BHILA & BT L SHRIMP & A U-Pb, A& # 26942 ° Zhou et al. , 2004
SHRIMP % & U-Pb. A3 [N & & 285410
HAREEE R LR BRAKE 284+9 R4, 2005
ERE 28418
Bk AR SHRIMP ¢ 7% U-Pb, &% 27842 BEFFE, 2006
WA FeE E[4ITE2 4 H U-Pb, A N K % 27444 EH L%, 2006




% 7H

ERXE R —F/RBRBPUMXE TGS AERRRAYT R EERARTESHRBERNXR 939

PR3 AN NG NIE: b= AR P E O
BAF—HERS S F=F RN EARER
H— B LB — WY A OUE AR R AL
MH R BE SR ERENE RN E 5
BT, YIRS T MR RIKRAE ST (FET
& 1998;Mao et al. , 2005) , AMUE T EHE, £
A B4 R T R 1L — PRl R 3R R AR R — YRR R IX 33 i
TE4, . BRI AR ST W B R XA
[8] BX & i (Yakuchubk, 2001; Mao et al. , 2004),
o T 37 58 11 6 B o O A A A A %
HERXMEAFMEARARMAR DR L%,
1990; ¥ % %, 1991; a7 B ¥ %, 1994; Li Jinyi et
al. , 2003;Xiao et al. , 2004;Z=5 8 %5 ,2006) ,{H K
FEaMTENRHEEGREPEHE S0 BH%
B . TE I 22 40 8k 25 (2006) BT d5 H , BB 4L 38 R 4R X 1)
AT IE R SE A Bt ], ZE AR R X RN R Y R
YT QOO MBI R RM, EEH TR ILA T E 150
T km® ff§ 345~325Ma B KR EFR K LIEH RS
RERNANAEN =Y, SHEBEEHXRET &R
UL JLAE LA Sk , 78 %7 82 46 38 B 41 IX Al 188 /5 5 2 R
ZHEM. TEWZEQ006) MR B HEILERE
1 H A B R4k R BE B By BE M R I 1, &
BT RARM R AR EET R S
R B EEA R ER . HAPET—
BUESEHESBMEAERAFRIAR.F—
A e & AT B 5 I 18 58 1) T Bt 55 T 208 IR A R Y
KRIEAE X RER LRAFANRERRFEY¥H
Xt F i R =B 40 35 [B] 1) 08 YR 5 3K T B AR DL B9 H 1
R NEE LRESEAXCE/RTZR &
008 A AR AR B B 28 A A R AR ARAE R X
BoBHALE, BRS

2000;2004) , TR KA S 1E Ak 2 K FLE
FHEEELE,EAMMBERLEN. BEMHS L, [
ARG R A R — K LES R X — KKK
HEARNE A E, B THgRE LR, B
72, AT BB R A A o T M X M08 A VA B 8 — R 4 R
HR R R ARt B A E S ks, XEREEK
B KW S5 FERAA T IRA 528 7R 7 [ W42 0
PR A B Bk I — R Bk T (R T BB KT AR U 4R
AR RIS EE, A TFZHSRTEXHANE
JoK 10 JE A 48 [ T R, BT AR AR RA SR R — TR %8
BRAEEEF, FRTRREHRSAHE &
BB AT 2R R, (B AR, 1 Zm &
AR B KL EMRBIIAREE. TiEL
BEESRWE BTN LZ R EEREET 1k
FEERY R, T ETHERKE 472 LHRE
E ARG BN &R AR B A K
A o AR — R AR AL B 6 1 2 2 R AR A
ALB s B RGBT IL B A VR R B — i R R B 4R R
FIRERER B MR (& 1D,
33N TFH—FRTBENEE

BEED T RIEMARET, R T — DR E
EHFE ., SRILEFBESFNRRADT KT I
WA B AR, KRRFENMARERIESL, LH
RRE—BREY K.

HERY EEFR . ARRALYT KRAEMME

- &, B A B 3 Bushveld £ K Sudbury A EK

REERAEEEXNT R ORE G —DBIANE B
AT RED M5 DNBIZRE KR KR EERT R
BIBARELFUNY KYREE B, EHE
ToZE P X, W XS R W R — 5 T R R

FRALRA A R SRR
g ERETRERRRR |
Bkl Bl RS |
e T
5 = 2 ik J 111 % 35 1000

¥

~Weatlier denudafion Surfacénow

B a1 R 40 R i

&

ik
7L J -

Nicon b Conduiting C

y s A ; onduiting Cu

ZHKE OGRRERE,2006), # liquation Cu-Ni  -Ni sulfide ore Bocie ayhen swarm

7 Hi 2 B A R R AR R %%ﬁﬁ&xmglﬁdeore WAL

R AR . a0 B BT R, R Magma conduit and deep fault Pre- Permian sirata

— & R e R S () BUBE K R WA
. m gliﬁiﬁ?ds gafbﬁf m Olivine-gabbride m Peridotite

BERKHERTIER. 2F K
T R b 52 2 (A Y A 7R A 9 AR
&, H Nd H7E +6.7
+9.3 Z [8 (Jahn et al.,

B 11 RU—F/REBEHXEHBRERLOT KERSREHRXE
Fig. 11 Model map showing the ore-forming and change of the post-collisional

Cu—Ni sulfide deposits in Tianshan—Altaid region



940 SR

i 2006 4E

PR B SR U AR 1 S R R RS i 5 TR ARAR D B R
JR—B B gk B A A R RO A SR I MR A 1R

HTFHBEABIHXETREX, 5B
YIH R RNBER R BRI B E R ERRD
Z AV AT, BN s 8Ca A IR A ik SR A
MENASE . FEXHE R R IX T8 BB AR R
WRF KT AT WO, B € 28 R S —
MAEMKMER. SEILFCERE T HBEFHZEM
MR BGERE,2003), #— S REHE, AR5
BT R & A SO POl U S S

ROERAMBERATNHRNZATEHEE
W EERRE—BEERERKERUNE G ZH
HWEFRRA, BIE BARM—B KRB R EEE
fifi.

B A ARE TESBEFR BRI EL R >
B2 T 52 )7 S 7 JB 26 7 b J5 BA R4 U 3t B BA. L I K
ZORDPRER R HFFH R I STRF A B
FEHERK B R AEFRAFLITIERHR, 3
1 BE¥  FE I — FF BB

x B

O Wiy HE MR A, 2003, HHEAWAERHS 2 BHE
b R4

O FEMT RE AN A, 1987, HHBWRHH XK BEN S HET
G,

O FHEHT BYEAB. 1996. HRBFLINHT EEYWIREE
T BB R

O FEBY REANBMBAL. 2003 HEWMETEAERABRT AW
HEfE.

& £ X W

HZERK. 2000, F#mEZL—RILABRERT REN B HAEE
B HAMEE®R, 9: 1~7.

SR, KBS, BRI BHEHR, KIEH. 2005, FHEE Cu—Ni—
PGE B0 IRBF 5 09 JLA M B 563, 87 BR# &, 24 325~
335.

SeRUE, RS, BRI BER, Mak, kEF, R4, BHE.
2006. FRILAAREH—BECREREAXE5T Y% &
B YFEEE, 25(1D . 1~12.

R, 1992, FEHILES—BEMHET | SEEMRFTRE
TU W, BB, 17 391~401.

HEYW, 53X, REHE, BXR, R, RHE. 2006 FHE%R
NEGRARMATD K Re-Os I ERTREMFEENL. &
24, 22: 163~170.

HEE, TEE, RY, B E, FRME. 2004, FEERHETAR
WL AR BBk — i Bk 2k 45 iy SHRIMP 457 U-Pb 45 % B H # i
B, BEER, 22: 2324~2328.

RS, BRR, WA, MHE. 2006 FE=FEH A _FBLK
IS AR ERHBERESNT. BE¥R, 22: 189~
198.

RS, 200, XEA, MR, Mkt 1994, HEFEEG LR
HAEAKRT. BEAF. FRARBEE, T FHX
L WAL 1~437.

KRk, £285%, TIER. 1990. BHERBRIF&HEMRREK
FREFEG. FEHBE, 1:3~6.

FE, B, bk, FEHE, K, REM. 2006. FEL
i XLk A AR 5E A RE. AA%R, 22,
115~126.

R, WaAF, ZEME. 199 FEBRFHZLURTHFRETRE
5 . B REE AR R, 1~204.

R, WAE, HBE, B4, KRFE, AM. 1998. FEEE
BRSRYT KR IEREASE. LR RS R, 202~221.

AT, BREX, BEMR, R4, BURK, R L, REM. 2006.
FEFEACEE—HENEEY | SEARNRERAHBRAE
. BERHLE, 25(4) GRARH).

ZWAE. 1994, FEBAtES - BEEESFERENERTERRY &
Btk PERXEBE, (3):227~233.

Tk, WEF, ®F, TE5F, EdE, BRE, B2, 2006
FRABEPR B EBRREE RGOV 58I, FEER,
80: 148~168.

ZAE, BEF, BX®R, BRE, EBR, HRHE. 2006, HRF
IR R AL B IR Re-Os Y Z W@, & HFHMH, 22. 245~
251.

SR, MR, UM, XFEFL. 1990, FRIK L 3E L3 H A 2 F
WAk, FHEMBERE, (2): 21~36.

ERI BRR, BXR, £RE, TER, HHEH. 2002, HEH
WA BRFAY T IR Re-Os 8] 47 M E R H 3R 3y E 8 L.
WM, 21: 323~330.

EBREE, XX, BFEW, . 28, E%, 85, B, K
B. 2006. H|AXRLEARFRT RENY—HENERER
U-Pb [6] i & 4 8% . 3t 2R 10 2 45 1 B2 FUXS o W0 9 ¥ 0 & i R 9
Wy, BAEEWR, 22. 153~162.

AR 1992, FIBRERLRER—BHEEREEEBEET. &
JLHfR, 12. 9~16.

Bz, THR. 1992, FIREHIER | SEREBHBAHETK
BRI, PRHE, 11. 113~124.

H WM, BERT, IROGRE, BROEW, kAR, T, BRE, BEH,
BIE, =448, B, B4 2005 BEHES MT BE4HA
ERRERY RE TN S AR H. 7 K5, 24 676~683.

=&H, HR, FEI, Bk, BRE, RME. 2003, FHBEARRWL
FRABRRVLETLELRET K. 7 FRMAHK, 22, 270.

HRE. 2003, ARUFLFERET XHESRARY. FELE,
21: 195~198.

I, FOR, HME. 1996 HFEFLASEMLYT KREy &
WIE. BYAEA, 16(1): 51~57.

VHsL, 230, 1995, &)IRE AT KRR R R4S ERT L.
Jexe: bR ARAL, 14~209.

. 1996 PEERRAYT KO ETBERTHLH. HEER,
70(3):237~243.

L. 2002, FEB/MERERD K. PEIEBE, 4:06): 9~
12.

Besr, EEM, AN, TN, 2006, FEERRAYTETS
BENEERTER. TRMBE, 25: 1~9.

EBT, BREN, HER, AICE. 2000. %8BI # Cu—Ni—
(PGEYFALW " REY RAIBIT. B KM, 19 147~155.

FRE, SR, XE, EHE, HER, BEE, REK BE.
1992. HWHEHNERFRLSTHRT A EARTER. LK.
HhBE B AR AL, 1~298.



®TH

BRCH R I — BT /R B A W0 (X0 VY W0 5 RS SR SRR AL R TR R TR S B R R 941

EREW, I 2006, FBAWERBMAETL SR BEER,
80: 23~31.

EHER, FHEE. 1087 FERERLRARRAEDT RS RS
R K. AR R M, 14: 1~9.

IHERE, BEE, T3 1991 FEBIER -SHARBELYY
R JEFR . MBS AL, 1~310.

IEE, ERM, EHE, EHEE, BTR, Z25. 2006 SKH
By SURRST WL ERR —FERBEFTLUEY R, 5k
23R, 80: 61~73.

THE, TR, FAE, FRL. 1986. RILRFERRAHY K
TYRADWR. §¥EH, 6(3): 88~102.

Rfp, R, L%, BREX, BEX, BEMH, M. 2005, #
MU EAARPRY KBS S NI R R I
B HFFHR, 79: 498~502.

Ehkyr, HME, ¥, FHR, D8F, Exit. 2004 RiiA
RERKBEER SHME. BEEHR, 23. 903~910.

HFH®, BRIK. 191 P TEESERLESHEEAEEL. 1t
B dEERHE AN R, 1~29.

BE L, ShFT, XBAI. 2002, dEils X AL 15010 SR B
B R B B ARG Iy . FrEm R, 20 214~218.

BER, ¥ER, Kk, TER, EyFE, EEH, s$EHEH. 2003
ETM™ (TM) {28 38 J8& 53 % B R 7 B 76 R K 10 36 BE i XA if
F. BRHT, 22(3): 278~286.

RH. 2003, FEMRENE LT KLY § IRIFAE K ST
FREGSE, (3): 15~17.

IS, BT, BRMAK, S B, KR, AR 2003 T4
WA RE RN ERERENTRRENAR. &A
T ERE, 22. 217~224.

WAEAG, SR, HEE, KBS, BAF, BER, BXR, £&
B. 2005. H4WEROE STHRRBMAL YT IR Re-Os A4 B T F K
RO Y FERERE. AATW¥ERE, 24. 285~293.

SEE, BHWIE, BRIUK. 1995, REFLRB ST SEEBERE
AEBEAET MR BERT BN, 103); 1~13.

Chai G, Naldrett A J. 1992. Characteristics of Ni—Cu—PGE
mineralization and genesis of the Jinchuan deposit, Northwest
China. Economic Geology, 87: 1475~1495.

Coleman R. 1989. Continental growth of Northwest China.
Tectonics, 8: 621~635.

Jahn B M, Wu Fuyuan, Chen Bin. 2000. Massive granitoid generation
in Central Asia; Nd isotope evidence and implication for
continental growth in the Phanerozoic. Episodes, 22: 82~92.

Jahn B M, Windley B, Natal'in B, Dobretsov N. 2004. Phanerozoic
continental growth in Central Asia. Journal of Asian Earth
Sciences, Preface, 23: 599~603.

Li C, Ripley E M, Mathez E A. 2003. The effect of S on the
partitioning of Ni between olive and silicate melt in MORB.
Chemical Geology, 201:295~306.

Li J, Xiac W, Wang K, Sun G, Gao L. 2003. Neoproterozoic—
Paleozoic tectonostratigraphy, magmatic activities and tectonic
evolution of eastern Xinjiang, NW China. In; Mao ] W, et al.
eds. Tectonic Evolution and Metallogeny of the Chinese Altay and
Tianshan, London: IAGOD Guidebook Series 10, 31~74.

Mao ] W, Konopelko D, Seltmann R, Lehmann B, Chen W, Wang Y
T, Eklund O, Usubaliev T. 2004. Postcollisional age of the
Kumtor gold deposit and timing of Hercynian events in the Tien
Shan, Kyrgyzstan. Economic Geology, 99(8): 1771~1781.

Mao ] W, Goldfarb G J, Wang Y T, Hart C J, Wang Z L., Yang ]
M. 2005. Late Paleozoic base and precious metal deposits, East
Tianshan, Xinjiang, China: Charateristics and geodynamic
setting. Episodes, 28(1): 23~36.

Naldrett A J. 1989. Magmatic sulphide deposits. New York: Oxford
Univ. Press, 1~186.

Naldrett A J, Lightfoot P C, Fedorenko V, Doherty W, Gorbachev N
S. 1992. Geology and geochemistry of intrusions and flood basalts
of the Noril'sk region, USSR, with implications for the origin of
the Ni—Cu ores. Economic Geology, 87: 975~1004.

Naldrett A J. 1997. Key factors in the genesis of Noril'sk, Sudbury,
Jinchuan, Voisey's Bay and other world class Cu—Ni—PGE
deposits: Implication for exploration. Australian Journal of Earth
Sciences, 44:281~351.

Naldrett A J. 1999. World-class Ni—Cu-- PGE deposits: Key factors
in their genesis. Mineralium Deposita, 34: 227~240.

Pirajno F. 2000. Ore Deposits and Mantle Plumes. Dordrecht.
Kluwer Academic Publishers.

Qin Kezhang, Zhang Lianchang, Xiao Wenjiao, Xu Xingwang, Yan
Zhen, Mao Jingwen. 2003. Overview of major Au, Cu, Ni and
Fe deposits and metallogenic evolution of the eastern Tianshan
Mountains, Northwest China. In: Mao Jingwen, et al., eds.
Tectonic Evolution and Metallogeny of the Chinese Altay and
Tianshan. London: IAGOD Guidebook, Series 10, 227 ~248.

Sengér A M C, Natal'in B A, Burtman V S. 1993. Evolution of the
Altaid tectonic collage and Paleozoic crustal growth in Eurasia.
Nature, 364: 209~304.

Xiao W J, Zhang L. C, Qin K Z, Sun S, Li ] L. 2004. Paleozoic
accretionary and collisional tectonics of the eastern Tianshan
(China) ; Implications for the continental growth of Central Asia.
American Journal of Sciences, 304:370~395.

Yakubchuk A, Seltmann R, Shatov V V, Cole A. 2001. The
Altaids: tectonic evolution and metallogeny. SEG Letter, 46, 7
~14.

Yan S, Zhang Z, Wang D, Chen B, He L, Zhou G. 2003.
Kalatongke magmatic copper—nickel sulfide deposit. In: Mao
Jingwen, et al. , eds. Tectonic Evolution and Metallogeny of the
Chinese Altay and Tianshan. London: IAGOD Guidebook, Series
10, 131~152.

Zhang Z C, Mao ] W, Zhang Z H, Yan S H, Chen B L, Pirajno F,
Yang W P, He L X. 2006. Geology, geochemistry and isotope
systematic of mafic intrusion and Cu—Ni ores of the Kalatongke
region, Hercynian orogenic belt, Xinjiang North China.
Mineralium Deposita, (submitted).

Zhou M F, Yang Z X, Song X Y, Keays R R, Lesher C M. 2002.
Magmatic Ni—Cu—(PGE) Sulphide Deposits in China. In: Cabri
L J, ed. The Geology, Geochemistry, Mineralogy, Mineral
Benefication of the Platinum-Group Elements. Canadian Institute
of Mining, Metallurgy and Petroleum. Special Volume, 54619~
636.

Zhou M F, Lesher C M, Yang Z X, Li J] W, Sun M. 2004.
Geochemistry and petrogenesis of 270 Ma Ni—Cu—(PGE)
sulfide-bearing mafic intrusions in the Huangshan district, Eastern
Xinjiang, Northwestern China: Implication for the tectonic
evolution of the Central Asian orogenic belt. Chemical Geology,
209:233~257.



942 Hi 2006 4E

=
e
=

Late Variscan Post-collisional Cu—Ni Sulfide Deposits in East Tianshan
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Abstract

In the past twenty years 18 Cu—Ni sulfide deposits and occurrences were discovered in the Chinese
Tianshan and Altay orogenic belts in northern Xinjiang, China. There are several belts and ore districts along
several parallel deep faults. The Kelatongke and several other Cu—Ni mineralized intrusions are located along
the Etrix fault, which separates the Altay orogenic belt and Junggar Basin. The Huangshan, Huangshandong,
Xiangshan, Tudun, Erhongwa, Tula’ ergen and Hongling deposits distribute along the Kanggurtag suture,
which separates the Qol Tag orogenic belt and Turpan—Hami Basin. The Baishiquan, Tianyu, and Tianxiang
deposits are located along the Agikkuduk fault, which separates the Qol Tag orogenic belt and Middle Tianshan
Precambrian terrane. The Poyi, Poshi and Luodong deposits are located along the Hongliuhe fault, which
separates the Middle Tianshan Precambrian terrane and the Baishan Variscan rift. Re-Os dating for Cu—Ni
sulfide ores reveals that the various ore belts formed in a small age range of 298~ 282 Ma. This age range is
almost identical to the ages of related intrusions and dikes dated by the SHRIMP U-Pb zircon method. Tectonic
and geochronological studies explain that the amalgamation of continental blocks mainly occurred during the
Late Carboniferous in the Central Asian Orogenic Belt. Large-scale metallogenesis in this region was developed
during post-collisional tectonism in the latest Carboniferous to Early Permian. The Cu—Ni sulfide deposits are
one component of this large-scale metallogenesis. The Cu—Ni sulfide deposits in northern Xinjiang can be
divided into; (1) magma conduit type and (2) differentiated sill type. Some mafic—ultramafic systems exhibit
lithological zoning caused by strong differentiation. Stratiform ore bodies are hosted by ultramafic rocks at the
base of the magma chamber. Good examples are provided by the Kelatongke, Huangshandong and Poshi
deposits. Others, such as the Xiangshan, Baishiquan, Tianyu, and Tula’ergen deposits, are hosted by magma
conduits consisting of peridotite, troctolite, and pyroxenite. These ultramafic rocks either occur within faults or
are surrounded by slightly younger diorite intrusions. These two types of orthomagmatic Cu—Ni sulfide
deposits are also distributed along the same ore belts. For instance, the differentiated sill-related
Huangshandong coexists with the magma conduit type of the Tula'ergen deposit in the Qol Tag orogenic belt.
Orthomagmatic Cu—Ni sulfide deposits in northern Xinjiang were formed during post-collisional extensional
tectonism and possibly related to a Late Carboniferous—Early Permian mantle plume event. The mafic—
ultramafic systems and associated Cu—Ni deposits are commonly accompanied by dike swarms and are
characterized by elongated outcrops developed along several parallel regional faults. These mafic—ultramafic
systems and accompanying dikes are generally fractiénated, hinting that they were feeders of now eroded flood

basalts.

Key words: Cu—Ni sulfide deposit; post-collision; mantle plume; Tianshan; Altay; Xinjiang
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