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TR O IR B R RIVHAR, Bl TR % e 04 b DX (1)
iR S, L R ARV ) RN R
(FR, 2017)o HF /Nl AT S A X 4 142 3
B, EERNRER TR HESS, TG/ ) i)
AR PRI AR | 85 U-Pb 4R | A A bakik
SRR R I A A S T T R T 0D A (1 B
7, 2017). 854 U-Pb 4R 225 R AT X N30
IRAE R IN KBS A AR50 142 Ma; B TAE R IN K
BEA A2 AN K 35 A BR A A R AR 0 A7 245 1 B
B WA IR A WA AR B AR AR 48 7R A
TR EAT R . SRR T S B
R PRAFAE B R FE A0 BT, %) (2017) 1N g /I i)
TR BT RN BES AL . i A B SRS /Nl 8] 7 Xy
A HT A RRAE BEAT T HA, AR X S IR
[Fi] B 7 A B AR R B8 A 4y B R TR T A O R ot
5T o

e 6 JEEL o S T fip ke ™ DR R s 30 )
S S HAA EEA R R B SC(E A, 2014; #/MX
2, 2016; WSLUR%E, 2017; ™G 5, 2018; T1/hEY
4502018; MAVKFESE, 2018), ITAESK, [ Re-Os [A
7 R 43 BT B AR 0 AS W 5 (FE 2238 5, 1994, 2009;
Markey et al., 1998; Stein et al., 1998; Jif R4,
2000; JH SCHR FIAEZETE, 2003; Sun et al., 2010), #
. AT, BT R A AR ik
Re-Os [R5 4F O & Db FH F 807 IR L 8k (d)
WK . W RE-BEE A IR . DU R . 48R
TRACIT IR | BYEERT R AR R BT AR A48 H (Qu
et al., 2001; Du et al., 2004; ZE7/R%E, 2005; #IL4E,
2006; Qi et al., 2010; #¥rHrlh%:, 2010; Chu et al.,
2015), J34b, Re Fl Os Sh 2640 . JREOTER, (HAEHLE
kR R, Os SRR EMAHAITTER, BnTEkE
FEHLIE Y, T Re JEHEANHA TR, REEEEH
o, SEGTE T TS Re/Os [HAFTER K201
PRLL, BERE . S0 VSR FIRE B 2 S k)
1 Re. Os &1t O A BUNH R TBFE B ) BRI
R B IS AR Z—(Mao et al., 1999; Zimmerman et
al., 2014; RWIRF AKX, 2017), FFAM A LB, /)
RGN . AT MDA &R m L
Wtak®H oMz, AFTIHE Re-Os [FfiHR
MAERF5E .

AR SCHNAE B WK S5 07 DR b B 5 A |, 3E
Ao X /N T R AR T R 3 R B B R 4
W Re-Os [RIMZAEHHMAE, PR H o ik, o
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Bk o

1 B M5 5t

KLV 22 4 Ja Bl Ab T I 3 1L i 5 7R
SRR B A o XA A AR Dok S
LY TR A e iR N i Vel e R U DS
AT PR I A5 6 1 7 RN b e 3 R o R (R
fRIC%E, 1999; BRATHESE, 2009; Wu et al., 2011; Chen
et al., 2017). Z WU 15 AL T BOR D428 B A7
PUARTRIEHAC RS — A4 b DE 2 sl R A . K
LA AT A B 1 BT b B R A U R R oy
i . D b PR ARG R R, b e 2 JR]
JRATT . DA LR | BT RN P AR DX S5l By R A
AT o R A X IOR W R K % e AL B
B AT M 1), 25BN RS R
2 RISy, BARGER S NNE [, K29 900 km;
Wi ZOE B TR T S, B ZWE SR aE, Al
ALK, ZWr RS T R AR L AR A
TR AT, TR B T b AR AR SR - BB R K
XKL 4 N 1E @), 2006) o X Py 1l 2 2 22
i FE R AL 4 i BRI T Tt AR RE L BT T
HARERE A R, WARTERL BiL . ERa.
P, ARLM _BLWEE S . MR, YK
AR 2 R O - A RO R TR
R (E D). Hhgooh B2 TR kP 42—
R AP QIR Y TEES ey NP iThe aAN LI RCIR R
Shy B 0 2 G, 2016) 0 X  A KT Bh
SREL, TR T ATz AR AR ), AR
MR AR S E). R
Ok B (HE L L) MR B GG L v B )
g (Feth g 6 AW ()T, 2006; Chen et al.,
2017),

2 BPRHFRHE

/NPT BRI TR SR PRASE T K% e e 22 4 T SR
JLBES s PR M, SE AL R ML) 25 km Ab(1&]
Do B XN H#Z R E o R asemba . Bos
Fia . THOASE, WP a-HELmCs . mSUm b
WA Bt . BB OB KA A (18] 2) o 7 XA
Wi SRk 1 O T, JFG AN B0 T W SRR 5 7 T A 2R
P T DN R s AT R R S R A . B A
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Fig.1 Geological map of the Great Xing’an Range polymetallic belt
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Fig.2 Geological map of the Xiaokelehe Cu-Mo deposit
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BE BRI, 2BV X N AL E T 71 44
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O 02" A AHT A, 4341 T AABIRZE 1~171 m
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Mo -2 57 4350 0.064%F1 0.06%. 03* 4 i 14,
I3 AT AAIHRLE-25~51 m B9TE B N (8 3a), %0
RGP AR TAE R IN K BES o, Em i EW
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02, 03"FI 04"% 4 A~ FZH 1R oA TPk i AE 37
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BPAN A I, HAMEAR G B DA g
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kK EESE- E, BKk5E 280N T 1 mm, /D EA[A 5 mm,
o % B B A AR 2 (B 4a), FEZS ) AL T AR
N BEA AR TRES . kAR b 43 R Bk 32 2
By ey, megky FEELEAE-EEAR, 5
B A R (K] 4b. o). A ST L E T
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FESR IO . ZEIAY S Os. AEBUAM B Re FISTIEN
FESE 4R, TR AE L Qi et al. (2010). %%
i 53 Bk H Isoplot K14 Bk Re-Os A3 E 43#Hr
ZERLLFE 1, WEEATT Re-Os [RI7 Z 41K 7E b E A2
Bt )™ ] b BR P2 F 5 i (] 437 28 M R 2 ) 5 o 5
I 5EAL, RN #S A Thermo Scientific X-Series 2
ICP-MS, SE¥ead F = ZALFRFE R 0 . 221
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Fig.3

Geological profiles for prospecting line AA’ of the Xiaokelehe Cu-Mo deposit (a) and alteration features for

prospecting line AA’ of the Xiaokelehe Cu-Mo deposit (b)



E3H BREE: KHRIRIEE/NMITEAE BT ALY Re-Os Fit R EMFREX 469
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Fig.4 Characteristics of the ores in the Xiaokelehe Cu-Mo deposit

107°, ""0s i & 14 0.0038x107°~0.0774x107°, "*'Re/
4 A 45 H '%50s #1705/ 0s HAH 431l 1483~19677 Fil 4.27~
50.77. it Isoplot #Xff (Ludwig, 1998)Xf & #k 4"
IR A AR R BT 19 Re-Os R Z M Re-Os BUIEUEATHEE, #5458 T Re-Os ZERFLRAEIE N
GEH(F DR, EYT P Re (AR 2.10x10°~  153x11 Ma(n=4, MSWD=1.4) fl #] & '®"0s/'**0s=

46.74x107°, ¥ Os W& K 0.0067<10°~0.0130x  0.46x0.83( 5).
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Table 1 Re-Os isotopic results for pyrite from the Xiaokelehe Cu-Mo deposit
. Re(x107) H0s(x107%) $705(x107%) 187Re/"0s 18705/ 05 B AR 1% (Ma)
GRS lo T lo i lo i lo i lo 52 lo
XK-1 30.85 095 0.0074 0.0004 0.0498 0.0003 19677 1334 5077  3.79 154.7 1.0
XK-2 2208 047 0.0088 0.0002 0.0348 0.0003 11754 376 29.64 1.17 1512 1.4
XK-3 46.74 1.04 0.0130 0.0002 0.0774 0.0004 16924 449 4475 1.57 158.5 0.8
XK-4 2.10 0.07 0.0067 0.0003 0.0038 0.0001 1483 85 427 0.29 1727 2.8
F2 /DAEEAEEY R P IEET Re-Os R R K
Table 2 Re-Os isotopic results for molybdenite from the Xiaokelehe Cu-Mo deposit
" — Re(x107%) $7Re(x107%) %70s(x107%) ‘ AR 1 (Ma)
i 26 i 26 o 26 W 5E {E 26
XL-2 0.0102 320.8 2.67 200.8 1.7 494.9 4.0 147.1 2.4
XL-3 0.0098 367.0 2.54 229.7 1.6 570.7 4.5 148.3 2.4
XL-4 0.0104 147.4 1.19 92.3 0.7 2289 23 148.1 2.1
XL-5 0.0124 174.0 1.19 108.9 0.7 270.1 3.6 148.0 2.2
60} 5 W
51 B HKRSWERIR
2 ol AU S B BT FOVE SR A i 4 ik B 5 B
2 b TR B BB VA OB VI FD V2 A3k th T4E
& e 1 I — BT Y B [ — 2 BB, ELW S A
— HRRA () B AR BE AR T 500 °C(Suzuki et al., 1996;
207 P .. Nozaki et al., 2010), J: Re-Os [Alfif Z 1k & R %557
Initial "Os/"*0s=0.46+0.83 AN | AR B S A0k 5T S S e R 2 O 3 A
W (Raith and Stein, 2000; Stein et al., 2001). i, 4%
002000 000 '12|}éooll£kef>oo'20600'24600' FE /N AR]85 IAT 4 DX P T R B R T R T AR AR
Os/70s Re-Os AEAF ML A, B DU Is0RE 06 2 LA A
B s MEREMMETRTRRT Re-Os FILRSRE ok, AR 09 R0 4 1R AL R AL @I

FiR
Fig.5 Re-Os isochron age of pyrite from the Xiaokelehe
Cu-Mo deposit

AN Rl T AR A BT R MR TR Re N
147.4x10°°~367.0x10°°, i T # K Re & i,
"0s 1yl 228.9x107°~570.7x107°, % Os &
Wefik, AT M0s AT LIZBE AT 2, #
A AR R AR (B TS L R 147.1~148.3 Ma., R H
Isoplot ZF:(Ludwig, 1998)%H %41 Re-Os Bl 1 7
B (L 6), KAF M Re-Os 5 B 4k 4F % Ky
148.5+1.5 Ma(n=4, MSWD=0.42), HNACEEI4EW K
147.9+1.1 Ma(n=4, MSWD=0.2), £5% @7, WE4HE
BECAR IS | S IR 28 A7 I RN AT 359 4 18 77 12 25 Y5 [
N—%.

B it 2 20 R BT B RE S B B TR 67 224K R b 23
P43 B A (B /N 305, 2016)

bRT LR 3 D&M, BT AR Y
H1 Re. Os S HAFTEZE 5, HA AR Re-Os [F7 R FE
TR (R B 2 380 1) 46 B e 4% 81 L B AR 8 1 3 vk
i AR [A] . Stein et al. (2000)HR #5871k ¥ H B9 Os
S B o o Os 7 B R 1Y A S Ak P Fn
X Os & B AIGT S 1 1¥70s 5 B = (LLHR) B i 1k
¥, H LLHR Bk '70s/'*0s>50, #4HH
JLEAEE Os, JET LLHR Bifb¥ itk s B,
A LA BB E A Y Re A 'PTOs i TR SRR AR I
ARG 4 MEREERT Re-Os [F) 17 2 S5 M LR AR 1R
148.5+1.5 Ma, fINBCE-HI4E#RE A 147.9+1.1 Ma, /|
BT AT IR 3 A BB A (XK -2 . XK-3 Fll XK-4)
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Fig.6 Re-Os isochron age (a) and weighted average age (b) of molybdenite from the Xiaokelehe Cu-Mo deposit

H 1870s/'%80s %1/ TF 50, AJ& T LLHR Fifb#)(Stein
etal.,, 2001), i1l ""'Re/'**0s 1 '*’0s/'*0Os {HIT 53k
A5/ INAA] 5 T A SR AT R B AR T AR T ZR AR Y S 153+
11 Ma, 88 FFEAHT Re-Os [FI7 ZAE R MK 25
R, TEARIRSEH MR IR B2 Re-Os [R]7
FARMS G HEEHDT Re-Os [0 38 4F I 78 152 223 il 4 —
o M T HERE Re-Os A B IR 2250 K, ML, A&
SCKEREARRT Re-Os ST 2R AF 1Y 148.5+1.5 Ma fE A /)
Al T A AR T PR R A AR RS . 25 b, BT/
BT A SR R Y R I AR I, G2 AR
58 U-Pb @RS I8 X N E B TN BEE Y 4R
W —50(150.0£1.6 Ma, IRE4IE K EZE), FH5S
X3 1 7 1 BE A RAH R AR AR — B (146.9~
148.0 Ma; Z: U445, 2011; Liu et al., 2014),

UTAFESR, HEAHH Re-Os [AI Zm i B 4 LA AR
W4 AR PR A I ) — A H 2T B (Stein et al., 2001;
TSR 2014; I SR, 2018; VISR 2018), BF
FERIN, Hilh Re A9 s T Hbae, PRI sk
WEEHW L 72 U5 8 K hn & 48 Re(Mao et al., 1999;
Stein et al., 2001), Mg p A . 5208 R J5 A R A 7
BLHE REEAHT H Re S EAHI8N nx107%, nx107°,
nx10"°(Mao et al., 1999). AKWFFTIR 4 HREEHH"
FEfh T Re il 1.474%10%~3.670x107, 7EU2)
5 b AR R R AR — B, R R /N R R AR R
HOVEEH AT e ELIE IR AT
52 BMUHAhEE=S

KPLZEWs Z2 45 o LA™ 4 Ak T o W LA AR B
ST YHTE | St -5 K v VR R AT T 1 A o)
B B N 4 M A (P SC R AF, 2013), M FHY i &2 2%,

FRAG L PR, HNERA TR S
MG, Z 5 3EASE 508 % 50 i AR KO PR
AR R B SC R AE, 2013; FEARSE, 2018). A
Uk, /A ST B B R e R 2 A i B 35 1 2 B
55 5 SR IR ST B KO E AR 1 PR A K
A 2 F X AR X R L R A I R R
RSB AEDEAT T30, S5 RFW, & BAREH
X R L - ok B (190~173 Ma) s 5 1 J L 5 40
%,ﬂﬁ%%mﬂﬁmﬁﬁm%ﬂm&ﬁ%am%,
2013; FEMTHEEE, 2009), [RIHS/INSZZE U =K ) A4 0 1l
DX [ s A 43 A A R0 Xk A 4B (FEZR AR, 2011,
WEFLE, 2013), RIS [ RIS A0 A 14
fiE o T T R %28 22 4 Ja iy A6 B i8R 4
Mo bR K LA — B KL A A
B B SR T B 5 R R IE (VF SC R 55, 20135
FEANAE, 2018). Xk A 25 (8] 43 A ik B AR b
b DX A PR 2 1T U A2 )ty RSP PR AR i/ 1
s, FLN T R DX B N LW -5 ) AW R T
A 1p A A5 v Bl % 1 i Y KLU B AR A . (R %
LA Jb BEUR i 40 e L i 2R SR 85 1) SO 2 i ok
BCA 5 KA op e, B R T 5 58
ERLIE RN R . 546, RO RFR AR R
AN TR %AW 22 45 Ja W b BE AR 1y 40 1
By Hr s R 2 = S LA AT TSR R
Rt AR ) JRAT, AL T AN L A AR Y
TR Xk e = R . Rk, A
Ry R OF PR AR B A AR b DX R P -
THEARF P /R R B 2 (F SC R 55, 2013; JHARAE, 2018).
BT Bk, BRARE N SH AT R
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%5 5 -SRI G R R AR A G Mt AR
F-rh AR, 520 -5 K n T VG ) AR 52 87 ) =LA
G, AR EB A A 0 B R AT R 2 ) e Ok B -
1 (Kravchinsky et al., 2002; Sorokin et al., 2010). Tfij
XFFRUR b, PHA TR & AR T RS A -1
PR % i (Meng, 2003; ZRHEL5E, 2004), FEIE
P A QO] HE 75 A8 15 R a0 1) AL 79 306 o 17 S22,
fifi Je 2 20 W HE A B rh AR B B AR RS A 2 b, TF
1R T B R VTR i A e DR R A, M A 4
L (BB AR, 2004); Q7244 M S FA -5k )
A8 b B 2 ] (Y BT PN M X R B T B S AR
b 2 M BR A2 JE M 1 = BRI R R
168+2 Ma, A 688 1l T Bili Bifi filf 48 iy 72 n &8 04 3 ¢
(VF3CRAF, 2013); QFE TN HL 407K i 94 1 X E 1%
T — & R AR R - S U M Y e
G, DIEAR LI L %A - A R, it
KL T T in JEE Bt 76 25 1 o B R XoF iz F) fift e B 5%
(FSCRAE, 2013), DKtk B4R /N ] 7] 4 £H A
PRI 12 55 5 iy =50 28 IR v v P 6 22 05 56 ol — v il
55 VG AP STV b B lf 45 5 111V FH 25 DA OG o 22 6 11 BkE
FRVAT R IR KDL £ 4 8 iy A6 Bl AF R B
BRI R, 25 () 1 BE B /N AR 5 50 TR 24
100 km, [A]7 2 AFAC 246 8 Hlwm b8 146~
148 Ma(GERESE, 2011; ZHESE, 2012), 1JhES
SN BT R BT ) — 25 3 RO S AT
XTZ0 B IR 5 T G R 8 VDY 2R ek b 2
FRAESEAT TREGE, $87 300 A A B R T8 1 5 80 45 i
YA, FIZA VR BEIE BT th B {5 46
BT 5, RIS REREIRST . BLAN, ATATE K% ZIEZ 4
& B b B L B VT 4 N B 2 2 BT I e
IhAR | e VAT R 3l S R = g R
PEAL I A A o HERAL 22 AR AE R, X AR
TR AR R 5, R T REIE AL 5 - v R
B 5 PG A1 1) S b e il i B85 ) S A 9 B (R
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Re-Os Isotopic Dating of Sulfides from the Xiaokelehe Cu-Mo Deposit
in the Northern Part of the Great Xing’an Range, NE China, and its
Geological Implications

FENG Yuzhou"?, DENG Changzhou’, CHEN Huayong'*, LI Guanghui’,
XIAO Bing"?, LI Rucao”? and SHI Huilin®

(1. CAS Key Laboratory of Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy
of Sciences, Guangzhou 510640, Guangdong, China; 2. University of Chinese Academy of Sciences, Beijing
100049, China; 3. Heilongjiang Institute of Geological Survey, Harbin 150036, Heilongjiang, China)

Abstract: The newly-discovered large-scale Xiaokelehe Cu-Mo deposit is located in the northern part of the Great Xing’an
Range polymetallic belt. The ores are mainly hosted in the granodiorite porphyry and minor in the surrounding
Neoproterozoic and Jurassic-Cretaceous sedimentary rocks. The mineralization styles are principally veinlet-disseminated and
disseminated, accompanied by pervasive sodic-calcic, potassic, chlorite and phyllic alteration. The potassic alteration is the
most important Cu-Mo mineralization stage. However, the following chlorite alteration is also associated with Cu
mineralization. This study focused on Re-Os dating of pyrite and molybdenite from quartz-pyrite-chalcopyrite and
quartz-molybdenite+pyritetchalcopyrite veins, respectively, which are both associated with potassic alteration. The results
show that the Re-Os isochron ages of four pyrite samples are 153+11 Ma, which are in good agreement with the isochron age
(148.5+1.5 Ma) and weighted mean age (147.9+1.1 Ma) of four molybdenite samples within analytical errors. Our results
show that a hydrothermal alteration-mineralization event occurred around 148 Ma. The Xiaokelehe Cu-Mo deposit was
formed in a compression to extension tectonic transition setting associated with collisional orogeny between the
Mongol-Sinokorea and Siberia continents.

Keywords: Re-Os dating of sulfides; geodynamics; Xiaokelehe Cu-Mo ore deposit; Great Xing’an polymetallic belt



