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Abstract: Babu ultramafic-mafic rocks, located in the southeastern Yunnan Province, provide researchers a good
opportunity to investigate the tectonic evolution of the branch of Paleotethys Ocean. The Yangwan copper deposit,
which is hosted by basalts and breccia in Babu area, is considered as a good metallogenic prospective zone. Howev-
er, the petrogenesis of the Babu ultramafic-mafic rocks and the age of Yangwan copper deposit are still controver-
sial. In order to get the age of ore deposit, the authors applied Re-Os isotope dating to sulfides from the Yangwan
deposit. Chalcopyrite and pyrite were picked out for Re-Os isotope analysis. Re-Os isotope dating yielded an isoch-
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ron age of 269 +3 Ma, with an initial ¥’ Os/"**Os ratio of 0.31 +0. 17. The well-defined Re-Os isochron, exclu-
ding the possible mixed isochron, represents the depositional age of sulfides, which means they were formed at the
same time as ultramafic-mafic rocks ( ~270 Ma). The high initial ¥ Os/'® Os ratio was interpreted as entrainment
of seawater into pristine hydrothermal fluid. The characteristics of ore and the age of sulfides indicate that the Yang-
wan copper deposit is a VMS deposit. Though a comparative research on geochemistry between wall rock basalts
and other rocks, it is held that all the data support the argument that the Babu ultramafic-mafic rocks are normal
middle ocean ridge basalt (N-MORB) -type ophiolites at present. They probably represent the relics of the branch of
Paleotethys Ocean.
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Fig. 1

Simplified geological map of the Babu area in southeastern Yunnan Province (a after Sone and Metcalfe, 2008; Cai and

Zhang, 2009; Faure et al. , 2014; b after Chengdu Geological Survey Center, CGS, 2011®)
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Fig. 2 Geological section along No. 23 exploration line of

Laochangpo ore block of the Yangwan copper deposit
(Cafter Yang Wei et al. , 2018)
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Fig. 3 Photographs and photomicrographs of sulfide ores and basalts from the Yangwan copper deposit
a— XA P BUZAR A Cop + Py) s b—4NZEA HBCR ST (Py) s LRI 1, 5 & B0 ( Cop) FTELERT(Py) 5
d—3EB CPy) A ( Cop) ML RO : e—BERZ VA, BESARHCA (PO (W W% S5 155 51 ATk, 2009)

a—stratiform ore in basalt, coexistent with chalcopyrite ( Cep) and pyrite( Py) ; b—pyrite vein in spilite; c—massive ore coexistent with chalcopyrite

(Cep) and pyrite ( Py); d—pyriles scattered in chalopyrite (reflected light); e—basalts with plagioclas ( P1) phenocryst ( mineral abbreviations after
Shen Qihan, 2009)
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Table 1 Re-Os isotopic data for sulfides in the Yangwan copper deposit

w(Re)/107°  w( % 0s)/10 712 w('¥70s)/10 712 '¥Re/'%0s 1870s/188 0g R A e/ Ma
s —— — - — — /%05 ———————
WEM 20 WEM 20 WEHE 20 WEHE 20 WEMH 20 W 20
13TC-16 49.10 0.14 53.83 0.17 140.96 0.44 4406 45 20.1  0.03 46.3 273.5 1.2
G 13TC-19  58.51  0.17  29.90 0.10 173.51 0.54 9395 95 44.1  0.08 82.5 282.6 1.3

13TC-21 46.66 0.14 27.35 0.10 132.92 0.45 8222 83 37.1 0.08 90.6 271.4 1.3
13TC-17  7.50 0.06 12.13 0.09 21.62 0.16 2982 30 13.7 0.02 205.0 274.7 2.8
13TC-18  8.03 0.02 18.29 0.06 23.49 0.07 2108 21 9.8 0.02 134.9 278.9 1.2
AR 13TC20 41.95 0.12 17.03 0.07 132.28 0.48 11584 120 56.6 0.21 138.8 300.4 1.5

13TC-22  49.72  0.15 10.58 0.04 151.99 0.49 2258 229 109.0 0.30 232.7  291.2 1.3
TE: ¥ Os AARARBUR M ) Os.
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Fig. 4 Re-Os isochron diagram of sulfides for the Yangwan
copper deposit
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Table 2 Major elements (w,/% ), trace elements and rare
earth elements (w,/10 %) values for basalts in the
Yangwan copper deposit

KE i 2 5 D0404 D045-1 D045-4
Si0, 51.14 49.76 49.83
TiO, 1.48 1.06 1.29
AlL,0, 19.18 19.50 17.52

TFe, 0, 7.90 8.20 9.21
MnO 0.12 0.15 0.15
MgO 6.08 7.34 8.30
Ca0 8.94 9.54 9.60
Na, 0 4.69 4.07 3.82
K,0 0.32 0.29 0.15
P,0, 0.16 0.10 0.13
LOI 2.69 3.11 2.71
Mg 61 64 64
Sc 21.60 22.00 23.3

% 208 156 188
Cr 170 234 257
Ni 75 90 123
Rb 2.11 2.89 1.75
Sr 302 223 176
Zr 108 66 91

Nb 0.88 0.55 0.74
Ba 21.60 14.70 20.30
Hf 2.91 2.04 2.61
Ta 0.08 0.06 0.07
Pb 2.09 0.92 1.21
Th 0.07 0.06 0.06
U 0.05 0.12 0.10
La 3.35 2.38 3.26
Ce 12. 80 8.58 11.20
Pr 2.33 1.60 2.16
Nd 13.20 9.24 12.10
Sm 3.55 2.54 3.28
Eu 1.30 1.07 1.18
Gd 4.47 3.29 4.20
Th 0.76 0.57 0.73
Dy 5.09 3.97 4.94
Ho 1.13 0.81 0.98
Er 3.13 2.20 2.73
Tm 0.49 0.33 0.43
Yb 2.92 2.02 2.55
Lu 0.43 0.31 0.39
Y 27.20 18.50 21.70

SREE 54.95 38.91 50.13

(La/Yb)y 0.70 0.71 0.77
5Eu 1.00 1.10 0.97

51.14% , TiO, & 1.06% ~1.48% , Al,0, & &N
17.52% ~ 19. 50% , MgO % & 6. 08% ~ 8. 30%,
Na,O F 54 3.82% ~4.69% ,Na/K {14 ~25, )%
TP H DE R A X ula (B 5) .
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Fig. 5 TAS (a, after Le Maitre, 2002) and K, O versus SiO, (b, after Ringwood, 1989) ratios diagram for basalts in the
Yangwan copper deposit
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Sun & McDonough, 1989)

Fig. 6 Chondrite-normalized REE patterns (a) and primitive mantle-normalized spider diagram (b) for basalts in the Yangwan
copper deposit ( chondrite and primitive mantle data after Sun & McDonough, 1989)
N-MORB—IF % # K7 h ¥ Z il 2 s E-MORB— & S8 Kb X iE: OIB—F & X ils

N-MORB—rnormal mid-ocean ridge basalts; E-MORB—enriched mid-ocean ridge basalts; OIB—ocean island basalts
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Ma, 3 1 TA A )\ A e 4 5 T8 T b v — 8t C kot
¥4%, 2013; Liu et al., 2018). M4k, ¥ i1 i 2%
(2017) Stk — a7 5l rh = B G 5 I AR 5 1
U-Pb &4 53 BT, 3RAF 55 A8 4% — 4 0 A1 8 Ui A
285 Ma, $2 XM A DU I AN o 5 8 1,
=B, TR (2019 ) £E X FE 1 )5 4 ROt
WK 3 K =, W T A A U-Pb AR Bk
T 226 1 Ma %547 U-Ph 535, I ZEREE AT
FRISHAC AT RE A e = a3 1k, 45 E prak, H At )\ At

DR S 4 1 J2 DO B IR A R B 4 o — B ik T 2 4
W AT AT AE G 130, T A B L b 23 B A PR S 1 )™ 4F
W Ay = B, (E A R M

ARG TR PRI A R 43 3 H R R
i, X ILTFJE Re-Os [FI 25 58 41, BRI 2 T LR
ARG, R 4 BB Re-0s 5 I £ 4E 04T I 7] fiE
S VR B S I R T AN HL b TR S (HAR S ™ 0s/1% 0s 5
1/ 0s S AFAEAH N, WTHERRIX BT (L et al.
2015; BXUKFEAE, 2018), MM PRI IE A 1 AE 845 2
4 AL D) Re-Os 55 I 26 4 8 4 269 + 3 Ma, H
¥0s/™0s 5 1/ 0s NFAEMFPECH 7a), KL
At S I, AR T B AR 4, Stein
2502000 3 H L X FAREIE " Os #5 BURPE ™ Os
R CLLHRD , v BUR Y Re 45" 0s & BT
BEEIFRAG T N A (2 i R RS . AR 1 AT L, |
4 ALYt A 248 LLHR [ Re-Os [AA7 241
G K Re 51 0s 7 5P B SR 1 S5 I R AE W N
272 £5 Ma(MSWD =2.0) ([ 7b), 5" 0s/™ 0s —
"TRe/ "™ Os 55 I 206 A1 I 1 158 22 30 [l Y 2 — B0
1M A SC3RAS 1 42 JB AL Re-Os S5 IN 6 4F 18 (269
+3 Ma) Q3K T FLIE [ B AR, 2 AR 7 B IR T
T & ~270 Ma), M =St

40
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Fig. 7 " 0s/"™0s versus 1/”°0s(a) and 'V Re versus "' Os plot (b) for sulfides of the Yangwan copper deposit

4.2 KA HYIRXKIE

W PR M A TAER B, 7 J7 S0 4 R 2 5
IR R = TR A A 3R R K A AR A
CE 2O (4Ess, 2018) , K52 [A) JA R it 1) 2 1, th 22
DLJGRCER < D8 FEICPR ™ 4 7= H 5 DR T B A K Ll e Ak 4

CVMS) I IR [ 3 AU 1E ( Mosier et al. s 2009) « A
AT JT BT IR &2 BB AL Y Re-Os 25 ) 2k 4E 8%
(269 + 3 Ma) FF )\ A5 g 48 45 19 K 38 gl A7 1 R
( ~230 Ma; Wu et al. , 1999), th BL-FAF XL — &R
ARE AR AL 1) 38 b HE A 3 B IR (237 ~ 230
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Ma; Lepvrier et al. , 2011; FR¥EEESE, 2013), PRI
TR IR B T WG TE i i R A 2445 B . & Jm R
HIUE™ 0s/™ 0s 14 0. 31 0. 17, 55 H 4% Bessi-
type BALYIT R IHTLE"™ 0s/"* Os {1(0. 35 0. 20 ~
0.38 +0.33; Nozaki et al. , 2010, 2014) FHiT. AWK
AFIBAL D) Re-0s S5 LR AERY (269 +3 Ma) , 15
HEASRAG 1))\ A g 2 rh A WA RAR 2 1 A e
(272 ~265 Ma) {7 2 o [ N — 20, R 740 IR
() A I A 2 05 3l DR B[R] W, I 7 2 3% 3 2
TR P ORI . 4RI 0s/' Os
B & T )\ A e 4% 5 B4R 0s/'™ 0s fH (0.125 ~
0.134; Liu et al., 2018), {1 5 T Hb 08 41 1k
( ~0.125; Shirey and Walker, 1998 ) 1 J5i 4 i ¥ #4
VAR 1) ¥ 0s/™0s {5 € ~ 0. 15; Sharma et al. ,
2000 , 3 W 40 1)  R RRG R A BE B At dn Lt
1" 0s/"* Os . Ravizza %5 (1996 ) ¥ TAG it
X AR 0s/ " 0s fE (0. 16 ~ 1. 05) HLA 14 K38
A DX T A8 TR Ay D A B0 A 5 T K AR B AR JH 1) 25
o A T IRPILE™ 0s/™ Os H AT HH AL
REAE, WTRE AR T AR A4 5 ¥ A AR T A T I &5
Ro DRI, B )7 0™ PR B ) o ] 8 1 R T
JE KL G S K AR AR R, J& T VMS B R, 1
DX P [ R 2R R S 7 ) 10 A B 1 i HLA A
AR JE KRRy A 2 IH 5 K LG 3 22 BT ORI AL 1 )

Hf/3

A—N-MORB
B—E-MORB+WPT
C—WPA

D—VAB

w(Th)/w(Yb)

AT A ) A, AT 2 B ey 3 M
DL S
4.3 HREX

J\ A MR b DX B B o — B Bk o % o R TR A [
B LA, B E O sl R A A
AR Z s BhR3RAE(1998) Al Wu %5 (1999)
T R 25 R R AL R AE, WA L8 T
£ N-MORB Rl gy, AQK T A R 38 0 4 S 2
ek e SR M, Lepvrier 5% (2011 ) Al Faure 45
(2014) FF Tran 25 (2008 ) % 4% Xl Ik 55 7 ( Cao
Bang ) B BK 5T~ 2k 2% 1 B ST RO, Ak )\ A
BRER TR ER U A HEA I ME S, (H IR 45 AR Y.
(1) Y F1F0 5 YO R B, DR e I Tt ke = UE . 3
TR RN A2 R E R R = Ui — 20
UESE, )\ A B Rk T A 7t — & N-MORB %Y
I 4%+ ( Cai and Zhang, 2009; 7KWk #E45,2013; Liu
et al. , 2018) . BtAh. Liu Z5(2018) #H, fi N-MORB
R ag A, )\ A Hb X B A7 AE SSZ Rt

ASCATE Liu 25 (2018) H (1) B i 247 1 % b 43
AT 5 A6 M 1 70 F BORL RS A A AL I 23 B AN B i e 3R
JU 4ty b D o VR A ik 19X P C T 6 b, LR 20 1R R AR
MR T 43 it 26 5 A S0 A A AL, 2 2 IR
N-MORB [{JHFE. #E Hf — Th — Ta K& 8a) FITh/ Yb
—Ta/Yb EICEI8b) b, Fra # G — 19 Shh AV A

10F
1 E
01 ® ki E
F O sk, 2013 .
= < Liveral,2018 .
0-0' L 1 Ll iIrI 'l L 1 11 r|| L 1 L Ll 1l il
0.01 0.1 1 10
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Fig. 8 Hf—Th—Ta (a, after Wood, 1980) and Th/Yb versus Ta/Yb (b, after Pearce and Peate, 1995) diagram
for basalts in the Yangwan copper deposit
N-MORB—IEH K P LA s E-MORB— & SRM AP Xiie s WPT—IR B X0 s WPA—MR A Bk 20
VAB— KLl X HA
N-MORB—normal mid-ocean ridge basalts; E-MORB—enriched mid-ocean ridge basalts; WPT—within-plate tholeiitic basalts;
WPA—within-plate alkaline basalts; VAB—volcanic arc basalts
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AT =2 RZEEA T ZE SR RMEMA
BN, I Song Hein 7L AHE, & & KM
H AR R EACE S (Tran et al. , 2008, 2016) .
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2014; Thanh et al. , 2014; Halpin et al. , 2016), &
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