Vol.78 No. 3

ACTA GEOLOGICA SINICA e BHI D

®78% MW 2L
20044 6 H o & + &

http://www.geojournals.cn/dzxb/ch/index.aspx

& I SRTRE AR 0% R X [F i 31 M 3R 4L S 4 AE
REHD HEED FEED FAEY IRED B AP

1) o E b R RS2 B e R RS BT, JE30,100037;  2) EFHUELK H.L, JLET,100037
3) FEHERFE R P RIE AT, db5,100037

AERE EXRET 2NN EFBRRALYT K Sm-Nd.Rb-Sr.Re-Os A EERUEE R, T TV KWK
X & NHET R Re-Os 4 # 71043+ 28(20) Ma, To.=0. 1503450 (26); Sm-Nd 28 Bt 4E # 450. 97 0. 31 (20)
Ga, Ina=0.51106+28(20) ;Rb-Sr Z A E#E #9819 Ma,Is,=0. 7118 . W KU R KX B ELEHBERX KX RTES

Rodinia #8 KK M AN ESEE X,
X\

SNFETRAUTFEHAEEENTREN, AT
19584, R—5HBESRAERA XUABRNE. TFS
MERASHREERT K UEREEC AN R
RET R T KRR, BRE#FTIHE T
B BREAS N ILMBEFREHE. 57 KA XM B E
BRARAT THREE UBARY FAS it
HEREARAGTTER—PTHR.CHRBHET
ABEE S T A 1 Sm-Nd ZBHE# 41508+ 31 Ma (3%
H 37 55,1992,1995) 5 IR Rl A R i ER1L 2%, B B A
MNERAEREBHIES KRR 0 K R —
ARk B bR, Bl T 45 18 W K (IE 05 i 4,
1984; 5% 35,1986 %% & B, 1991; H H 3L % ,1995;
M) HR%,1998; R EE,1998) 4, EEXT K
#47 T Sm-Nd.Rb-Sr,Re-Os [7] {i % 4 f{ 2 1 [f L
RHMBRME T, TRBERSWMANRHERR,
BT,

1 &I R™ R H R

ENFARTRETHRESETRE L. KM
a3 £ B R P 9 SO hLE T E i R %, B R S5 4R
1L LA AR R, o B L AN 1T R

PRXHBHRENBELUHTHBARYE 74, R
—ENZRANEHRIERNERELA, EEH
REBRARE BRANE ANEMKEEA
B AREFERALEHRREREFU .

TV BEERARRABRE FAT, TURR
Blia Rz s KA RE ISR S BBERTE

Y H H 8 . 2004-01-12; 3 B B 3 : 2004-03-00; AL 408 - AR E .

R RER FRAERBREE S)IERT K

FEHEMNE. ABE AR OEMRE B
HHBR.Cu. N BRAEYE B SR . BYR SR B
RIBAET MBS i s, B E £ Rk
Ry A . 2P RERE, FENERA K EKE
kR 4R 5 Bk o A R T B T2 U B D A 4y, B R
WHAMARRSHD. 1.1 . N4NMF X (ED,

B A S RS RHE R A A
SR ARCE RS 1 T R RISITHLE
B H#L T 1100~1200 m B4k,

2 LR AR E LR

2.1 WA E

Sm-Nd,Rb-Sr [&] £ K 4 47 7€ o B #th Jo B} 2 B
HWIRB TR MR ER LR ZE TR, LR kK
FEFAVDMMHEILEQVOBHERE. SEH
Al B F B 1 20 #7 JNd., Sr [[l 47 & 41 B MAT-261
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14Nd=0.7219,%Sr/*Sr=_8. 37521 & IF . bR YY) &
P 5E 45 8. J. M. Nd,0,"*Nd/"*Nd = 0. 511125+ 8
(20),GBW04419 "“*Nd/"Nd =0. 512731 +8(20);
NBS987SrCO;¥Sr/*Sr=0. 71025+ 2(20) RS H
Sm, Nd #J0.05 ng; Rb,Sr 0.1~ 1 ng, 4 #& [
Lodwing (2000 ) Isoplot % {4’ Sm/'** Nd i® 2%
0.5%,"3Nd/"* Nd & 2 0. 005 % F1* Rb/* Sr iR £
2%,%Sr/*Sr i# 0. 05 %I B . EEZFEHE A (*'Sm)
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B 1 &)EET KRS X FsE GEERHESE,1984; % %,1995)
Fig.1 Geological sketch of Jinchuan copper-nickel ore district (after Ren Duanjing et al. ,1984;
Tang Zhongli et al. ,1995)
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1—Quaternary; 2—Upper Baijiazuizi Formation of Longshoushan Group of the pre-Changcheng system; 3—Middle Baijiazuzi Formation of

Longsoushan Group of the pre-Changcheng system; 4—Lower Baijiazuzi Formation of the Longsoushan Group of the pre-Changcheng system;

5—first stage two-pyroxene-bearing peridotites; 6—first stage lherzolites; 7——first stage olivine websuerites; 8-—second stage two-pyroxene-

bearing peridotites; 9—second stage lherzolites; 10—second stage olivine websterites; 11—intrusive lithofacies boundaries; 12—intrusive stage

boundaries; 13—measured and hypothetical geological boundaries; 14—measured and hypothetical faults; 15-—ore area number

BRBFERFMBEANEE R TZR P L5
B o 434 R WL Sk (b %238 48,1994 Shirey et al. ,
1995, 1998; Smoliar et al. , 1996; Du Andao et al. ,
2000)  FRARMLERBENN. A E LEA
TJA PQ ExCell ICPMS | i£. i & 418 B **Os/
180s=3. 082711 IE . HR ) Bk GBW 04353 & 45 R «
Re 284 pg/g, *¥O0s 657 ng/g. % H Re #4410 pg,
Os 441 pg. £ # Fl Lodwing (2000) Isoplot #k {4,
178Re/1880s 1R 2£3%,%0s/10s R Z 2% 1T H . Re
A EH. 666X107"al,
2.2 Sm-Nd SR EMURSTER

1SR A XHRISITHMB T 1ISH K
MG & MBS S B Y S S
T 7 Sm-NA4E R B AL R 4347, AR TR B
F K ZEMM AR M43, A AR HBI02/HSm  Nd
FEMBS HALMMGHEGHSD NS BRI,
SmE B HO0.1710~0. 8670ug/g,NdE&80. 7278~
4.270ug/g . *Sm /" Nd{H0. 08864 ~0.1816,*Nd
/" Nd {8 0.511493 ~ 0.512255, 7ZE° Nd/'** Nd-
WSm/"™Nd Bk, S ERES T BE HAHR
T HEETR (E2) . &% E0H4ERH0. 97L20. 31(20)

Ga,Ing=0.51106+28(20) ,MSWD=34,
2.3 Rb-Sr EHEMERSINER

A Sm-Nd 48 # &, 5Tk BT KR -7 K#%18
T TISTERNEL S EEHE, SRAY
Gl E 161k AT T Rb-Sr ERFEMNE ST 4
WréERe| FHR2. 55 Rb §BK,Sr &, Rb/
8Sr{H /N F 0.5967, MY Sr/®*Sr KR &, KT
0. 710100, 7% Sr/*Sr-¥ Rb/*Sr & I, K& # & J02,
J15.J42.J4350 , R 124 HE @ K BLHT =819 Ma, Is:
~0. 71185 it &k 4 i (B 3) .
2.4 Re-Os FWEMNESTER

R A ZF RIS RKGAMERLYY 4
BB BEIT T Re-Os ERFE MRS G R T
3 BRAE S I3140, KR TR TR B— KR 47 S5 0t
2R, & I £ =1043128(20) Ma,lo,=0.1503 %
50(26), MSWD 1. 3(E4) . #3151 1 71043 Ma A
BES ) Yo f . BT A, BRI B S5 B 2R A9 BE & J3189
Yo fH }216. 251 , ELARBE S ) Yol N16. 1~35. 2, F
¥{E24. 545.7().
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Table 1 Sm-Nd isotopic analytical result of ultramafic rocks from Jinchuan copper-nickel deposit
P =30 REMM R, SRR R Sm(pg/g) Nd(pg/g) 147Qm /14 Nd 143Nd /144Nd 4 20
Jo1 FES, T X E1847 0.5273 1. 991 0. 1602 0.511968+9
Joz2 EAE, T K187 1. 5090 6. 319 0.1444 0.51192746
Jos ZEEME, 8 K R184T ©0.3543 1.180 0.1816 © 0.512255424
Jo4 TS, 9 X FR181T 0. 4992 2. 365 0.1277 0.51187948
Jos THERME, T K R181T 0.4934 2. 044 0.1460 0.511958414
Jo7 T, 9 X% 184T 0.7424 3.317 0.1354 .0.5119644+8
Jo9 TERN S, K R187T 0.7278 3.244 0.1357 0.5118374+12
1o TS, T X E181T 0.7521 3. 415 0.1332 0. 512000412
ni ZERME, KR8 0. 7995 3. 629 0.1333 0.511963+8
N2 THERME, T X E181T 0. 7490 3.372 0.1344 0.511936+8
115 s BREBRERT A, T X155 & 0.1710 0.728 0. 1421 0.511927+15
130 CHEBME BRBRSRT A, XIS & 0. 8670 4. 270 0.1228 0.511917+9
136 FREBEE . BRRT A, 0 RISF & 0. 6025 2. 667 0.1366 0.511986+14
J42 BKE, RISy & 0. 3921 2. 6760 0. 0886 0.511493+15
143 FHE MR, — 9" K185 & 2. 3550 13. 886 0.1206 0.511803+7
0.5125 0.745
0.5123 &) BB RS E)BERAE
i 0735 | .
- 05121 } ()
pd . L
3 wn
- L ©
S 05119 € o725 | s
g @ °
- 05117 } _ o
t=0. 9720. 31Ga i Jo2
I=0. 51106228 (20 ) o715 | ® ®
05115 | @ MSWD = 34 <19 e ®
819Ma, (*'Sr/*sr)=0.7118
0.5113 e -
0.08 0.10 012 0.14 0.16 0.18 0.20 0.705 . 1 s ! — L
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B 2 &R KBHEET AR Sm-Nd St
Fig. 2 Sm-Nd isochron diagram of ultramafic rocks from

Jinchuan copper-nickel deposit
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—BOAR &N FRT KR T Hod R, £
1508431 Ma Ze 45 (3% 37 %,1992;1995) . R AT &7
K18 B Re-Os,Sm-Nd,Rb-Sr 4 #§ % 4 iF 52 b R4
RER.FRBUT AHERN Re-Os HHTE RN
1043 4 28 (26) May (¥ Os/®#8 Os); = 0. 1503 + 50
(20), MSWD 1. 3(H ) Rl — 0 K &0 BESKT A
BEf Sm-Nd %I #8138 ) F0. 9740. 31(20) Ga
(FE2),Rb-Sr 4 & ¥ 21 819Ma (B 3) . X /T M, 4 J1|
RETRWEBERFTHuERAK1043+28 Ma £
o

B3 NIRRT KRBT S Rb-Sr S at £
Fig. 3 Rb-Sr isochron diagram of ultramafic rocks from
Jinchuan copper-nickel deposit
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Rodinia #8 B #9 7% B F0 248 3 B2 3 (Li et al. ,
1995,1999; iK1 %,2002),

3.2 XFTHERMER
3.2.1 Nd B{EESE

1043 Ma & ISR KL B, L 1HHE, (¢
Nd/** Nd); {H J# 0.510872 ~ 0. 511088, # B en
(1043 Ma) i 2 — 8. 22~ 3. 98, ¥ { — 5. 76 +
1.39 (o), ZE"* Nd/* Nd (1043 Ma)-1/Nd & F,
Nd/"Nd (1043 Ma){E F & 1/Nd 18 1 K T & %
(B35, '
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Table 2 Rb-Sr isotopic.analytical result of ultramafic rocks from Jinchuan copper-nickel deposxt
& PEMER, SRR Rb(ug/g) Sr(ug/g) 87Rb/86Sr 87Sr/#8r 4 20
Jo1 EOE, ST R FE18T 2. 5850 30.75 0.2434 0.714281+12
Joz BAE, Z§ KR8 0.1641 79. 65 0. 5967 0.716622413
Jo3 RS, 9 K B R 181 0. 3446 5.22 0.1910 0.715177411
Jo4 ZREMME .V K R184T 1. 2950 21.12 0.1775 0.714621+13
Jos TS, T K ER187T. 0.7175 13.01 0.1598 0.714021+11
Jo7 T | ZEMAEE, H KR 181T 2. 8120 168. 70 0.0483 0.712807+9
Jos TR, R #1847 4. 0060 . 113. 50 0.1022 0.712977-10
Jog ZREBMA, 9 K %1817 2. 6250 88. 23 0. 0862 0.712365+11
J10 TREENCE, 7 XHE 1817 2. 9050 121. 80 0. 0692 0.712872411
N1 | SRS, KR4 5. 2550 +299. 60 0. 0508 0.712168413
J12 TR, T K R181T 2. 7750 159. 70 0. 0503 0.712444+11
J1s HMCE , BAEBRERY A, 2 K155 & 0. 6624 12. 96 0.1480 0.723201+14
J30 CERME BERERY A, RIS 5.1760 105. 00 0.1427 0.712857+14
136 SR E BRERY A, 27 X155 &k 4. 0400 61. 41 0.1904 0.713196+13
J42 BKE,ZFRISP &K 0. 6397 69. 98 0. 0267 0.731653%13
J43 ;ﬂk_ﬁmma,_w‘zl%w‘ﬁ: . 0. 6341 '32. 38 0. 0560 0.715513412
i
i’é 3 RNEET RAMETL T TR S Re-Os £ 18 F AR &
Table 3 Re-Os isotopic analytical result of dunite silfide ore samples from Jinchuan copper-nickel deposit
R AR, A R ‘ Re(pg/g) Os(pg/e) 187Re/1880s | 1870s/1880s+ 20 [Y0.(1043 Ma)
J16 | S EEERERT A, P RI1E7 & 35. 68 12. 06 14. 220 0.4114431 35.2
J17 | A EARSERYT B, 9 RK157 & 60. 60 48. 57 5. 999 0. 2556428 25. 4
J18 | @A BRRKRT A, T K15 & 102. 90 100.-20 4.941 0. 2355+55 24.1
J22 | BRET A, RIST & 567. 40 130. 90 20.840 | 0.5074-36 18.5
J23 | RREFTA.ZPRIET K 209. 00 30. 20 33.270 0.7359+33 27.3
126 | AiEBABRGRT A, ZFX15F & 61.53 40.13 7.371 0.2793+25 25.1
I31 | ZHERMME, RRMERRKRT A, 275 K155 & 11.06 1.54 34. 490 0. 9839464 216. 2
I35 | S AEAERERT A, X158 & 10. 03 1. 00 48. 220 0. 98451166 16.1
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Fig. 4 Re-Os isochron diagram of dunite sulfide ore
samples from Jinchuan copper-nickel deposit
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3.2.2 Sr FEfIRIFE

1043 Ma & )| R 5 KE B, B &R2H K,
¥7Sr /%Sr (1043 Ma) & %7 0. 707719~0. 731258, F-1y
{8 0. 7132454 (o) Ma, ZE¥" Sr/®%Sr (1043 Ma)-1/Sr
Bk ,%Sr/%Sr(1043 Ma){EFEZ&E 1/Sr 3 K, Bk &
J02,J15,J42,J43%0 , AR K (E6) .
3.2.3 OsAEHE

B ER7E1043+28(20) Ma JE BAT, (*70s/%0s);
=0.1503+50(20), 7£¥" Os /¥ 0s (1043 Ma)-1/Os
® o, 18705/1880s(1043Ma)f§|3ﬁ1/05 {385 i 7 3 K
(B,

B T Sr.Nd.Os I‘Ju?ﬁiﬁﬁﬁt_fu%tﬂ,
&) FRT KBERE AR TTERA TEEBIBIR
R, MBEERAIBEFZR THEYRIBR. 5 KR
F b 18 T 45 08 R XA IR X BB BESE

K 8RR KBELRT S ena(1043)-65(1043)

CXR.ALLE E, B R B Nd/Nd B BT

0.51114 44 ,¥Sr/¥*SriE L F0. 71194 % (MK
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Fig. 6 *Sr/*Sr(1043 Ma)-1/Sr diagram of ultramafic .

rocks from Jinchuan copper-nickel deposit
87Sr/86Sr(1043 Ma).,1/Sr {E#E FK2HEIHE
87Sr /86Sr(1043 Ma) and 1/Sr values are calculated from Table 2
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mafic rocks from Jinchuan copper-nickel deposit £ 0 F " T
| 1INQ/14NA (1043 M), 1/Nd {i i F BB B g omf”® 3540
143Nd/144Nd (1043Ma) and 1/Nd values are calculated ) o13fb
from Table 1 E
0.12 L 1 " 1 " ! L L "
0.00 0.02 0.04 0.06 - 008 0.10
0.74 1/0s
B 7 4R RAM AW B RER¥0s/™0s
® (1043 Ma)-1/0s A
= L 3 Fig.7 ¥Os/'*0s(1043 Ma)-1/Os diagram of dunite
% | sulfide ore samples from Jinchuan copper-nickel deposit
g T 187(Q)s /18805 (1043 Ma),1/0s {E 3G FIBIEITE
T 072 p ® Ji5 1870)s/1880s(1043Ma) and 1/Os values are calculated from Table 3
B bt/ b |
R L
= ® J43 =1 (.
Rz ! . /M Nd {8 {6 (I 5) . St 17 iz 2 4R, B 4% & 102,
or (W% o . J15,]42,J434h , 25088 i 957 Sr /%°Sr (1043 Ma) {H B
Joz 5
' BE & Sr S B AU /N (1/Sr HI KO BRA K ES) .
Y Sr.Nd [l iz % 4 B Fl— B St [ B 4E 55

Nd Ff & KB BE EARFE XRS5 IKIERE
HRZBAMFEA ST ANEREBERMNESE—
L7 3£ . Rb-Sr B % F LR E #2819 Ma FIRER T K
W RGBSR AE A Sr R R R E R[],
1043 Ma B, 5" R EEAUE AL T A 0s/"FOsE R
0.1503 450, #8 Yo fH #16. 1~35. 2, L BRF IR
Yk BB 4 H 18 J8 X (Shirey et al. , 1998) &
PR¥0s /%8 Os fH 1 Yo.{H F T # & # Noril” sk 45 §7
% A 5 3k Bushveld 248 & 41 Merensky Reef
[&] (Hart et al. ,1989; Walker et al. ,1994), 5/5&F
#B UG # % Z“:?E + 43 #8 & (McCandless et al. ,
1991) %Rk A B ¥ 0s /™ 0s F-H{H K 0. 153,
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Fig. 8 ena(1043)-es,(1043)diagram of ultramafic
rocks from the Jinchuan copper-nickel deposit
ena(1043) Fl es: (1043) H FE R 1T R 2B 5, B ® (“7Sm/‘“
Nd)crur=0. 1967, (l“Nd/““Nd)cﬂun—O 512638, (87Rb/8GSr)UR

—0. 0867, (*'St/*Sr)ur=0. 7047# # .LC— T #25% , UC—

£ fﬁl 56 .
end (1043) and es; (1043) values! are calcu!ated from Table 1-and

Table 2 assuming that (1¢”Sm/4¢Nd)cnug = 0. 1967, (14 Nd'fj/144
Nd)cuur=0. 512638, (Rb/*Sr)ur=0.0867, ('Sr/*Spurs=
0.7047; LC—lower crust; UC—-upper crust
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MSWD 1. 3,Sm-Nd %t 4£ #0. 97+ 0. 31(20) Ga,
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Age of the Jinchuan Coppér-Nickel Deposit and Isotopic Geochemical

Feature of Its Source
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Abstract

The Jinchun copper-nickel sulfide ore deposit is located in the ]ihchang city, Gansu Province, China. It
contains multiuseful components and is largest nickel deposit in China. - Its forming age has not been still
established although more dating works were done. Generally considered that the ore deposit was formed in the
middle Proterozoic about 1508Ma and its materials was from upper mantle source, i. e. deplete mantle source.
However, the ideas are not proved by our new obtained Sm-Nd, Rb-Sr, Re-Os isotopic geochronological and
geochemical data. This paper reports the data and discusses the age and origin of this ore deposit. The Re-Os
isotopic analytical data of dunite sulfide ore samples from the ]inchuah ore deposit define an excellent isochron of
t=1043+£28(20)Ma, corresponding to (*’Os/***0s);=0.1503+50(20) , MSWD=1. 3. The Sm-Nd isotopic
data of ultramafic rocks of the ore deposit , that are dispersed relatively, give a referencé isochron age of =
0.97+£0. 31(26) Ga, (l“uNd/““Nd)i=O. 511064 28(20). The Rb-Sr isochron age approximates to 819 Ma
with (¥Sr/*Sr);= 0. 7118. Obviously, the ore deposit were formed in the late middle Proterozoic and ore-
bearing intrusion were from the enriched-mantle source. The ore-forming geological function is relative to

rifting and converging processes of Rodinia.

Key words: isotopic age; isotopic geochemistry; Jinchuan copper-nickel ore deposit
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