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Abstract

In this paper, the authors obtained Rb-Sr isochron ages of the Rongyicuo and Ruoluolong biotite monzonite
batholiths and *° Ar/** Ar ages of K-feldspar and biotite in the granite of the ore district, dated quartz from the
main silver mineralization and determined sulfur and lead isotope compositions of the ore minerals so as to under
stand timing and origin of ore materials in the Xiasai silver poly metallic deposit of western Sichuan. The crystal-
lization timing of the Rongyicuo and Ruoluorong granite batholiths are approximately 93 Ma. The timing of sil-
ver mineralization is about 75 Ma . Sulfur of the ore is likely from granite , but the possibility from the lower
metamorphic sediments cannot be excluded. Ores, granite and lower metamorphic sediments are similar to each
other in lead isotope composition, suggesting that lead was mostly derived from the upper crust and subordinate-
ly from the lower crust. It is considered that the silver poly metallic ores were deposited in the N W-trending
faults in the outer contact zone of the granite batholith through the mixture of hydrothermal fluids fractioned by
crystallizing granite magma and hydrothermal fluids circulating in the country rocks as a result of elevated
geothermal grade during the intrusion of the granite . The silver- poly metallic mineralization has close genetic re-
lationship with the granitic mag matism .
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Fig . 1
sions and silver and tin poly metallic deposits ( ore spots)
( Modified after Hou et al ., 1994)

1 —Tectonic units of Yidun collision orogenic belt: 1. Garze- Litang
ophiolitic mélange belt, IT. Yidun main arc belt, ITI. Back-arc (in-
terarc) thrusting fault belt, I'V. Jinshajiang ophiolitic mélange belt ;
2 —Fault belts ; 3 —Strike-slip fault belts ; 4 —Thrust fault belts ; 5 —
Mesozoic and Cenozoic granite intrusions; 6 —Silver-tin poly metallic
deposits (ore spots) ; 7 —Geological boundary ; 8 —Relative location of

dated samples in the two granite intrusions
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Geological sketch map of the Xiasai silver
2002)

I —Ist member of Upper Triassic Tumugou Formation;

Fig. 2

poly metallic deposit( after Zou et al .,
2 —2nd
Me mber of Triassic Tumugou Formation; 3 —3rd Member of Upper
Triassic Tumugou Formation; 4 —4th Me mber of Upper Triassic Tu-
mugou Formation; 5 —Rongyicuo biotite monzonitic granite; 6 —
Skarn ; 7 —Silver poly metallic ore body and its serial number; 8 —Re-
verse thrust; 9 —Inferred fault ; 10 —Strike-slip fault ; 11 —Geological

boundary ; 12 —Serial number of ore zone
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Table 1  Whole rock Rb and Sr isotope composition of Rongyicuo and Ruoluolong biotite adamellite
HOk FE5 Rb/10° ¢ Sr/10°° 87 Rby/ %Sy 3751/ %08r 20
KA B o B KA
Y01 303 .9 84 .82 10.383 0.723342 0.000018
Y02 325 .7 64 .81 14.572 0.728782 0.000025
Y03 317.0 102 .04 9.000 0.721710 0.000016
Y03a 318.9 42 .74 21 .653 0.738361 0.00002
Y04 257 .9 184 .98 4.036 0.714358 0.000019
Y05 258 .7 166 .79 4.457 0.716161 0.00002
Y06 292 .1 131 .43 6 .437 0.717832 0.000015
Y08 386 .5 180 .31 6.574 0.718533 0.00002
Fv B S KA R
RO1 348 .6 106 .54 9 .473 0.721666 0.000015
RO3 323 .8 69 .22 13 .561 0.726801 0.000019
ROS 279 .8 171 .07 4.723 0.715557 0.000015
RO7 384 .8 80 .82 13.803 0.727710 0.000025
RO8 347 .6 93.19 10 .81 0.723689 0.000025
R10 301 .7 70 .95 12.326 0.725932 0.000016
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Rb-Sr isochron ages of Rongyicuo and Ruoluolong biotite monzonite intrusions ( Serial number of samples as for Table 1)
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Table 2 *° A Ar dating data of K-feldspar and biotite from granite intrusions and quartz from ores

BB o ¢ (“AarPan, CAarPAn, (TArPAn, (PAYPAD, PAY107md (YA /PAr) o PArd % t*10/ Ma

Y08 HIHCAT( m=0.0668¢ I 240 =0.008326)

1 420 15.0280 0.0237 0.18123 0.0500 6.356 8.120 £0.018 1.29 124 .97 £2 .68
2 540 8.5623 0.0101 0.14494 0.0363 9.116 5.579 £0.006 1.86 86.79 £1 .15
3 640 5.3790 0.0029 0.07725 0.0193 23.240 4.263 £0.002 4.74 62.92 £0.76
4 720 4.6527 0.0020 0.06490 0.0153 33.400 4.042 £0.001 6 .82 59.72 £0.71
5 800 4.3750 0.0012 0.04560 0.0135 55.670 4.008 £0.001 11.30 59.22%0.71
6 880 4.3888 0.0008 0.04250 0.0123 83.510 4.114 %0 .001 17.00 61 .20 £0.73
7 960 4.2419 0.0004 0.04000 0.0185 143 .800 4.100 £0 .001 29 .30 60 .57 £0.72
8 1040 4.2903 0.0009 0.04330 0.0125 71 910 4.006 £0.001 14.60 59.20 £0.70
9 1120 4.7027 0.0020 0.08380 0.0179 34 .330 4.110 £0 .001 7.01 60.72 £0.73
10 1200 5.7706 0.0053 0.16490 0.0310 12.940 4.201 £0.003 2.64 62 .03 £0.76
11 1300 7.9669 0.0094 0.19335 0.0361 9.812 5.200 £0.005 2.00 76 .47 £1 .00
12 1400 12 .8110 0.0236 0.27581 0.0613 5.404 5.891 £0.014 1.10 86 .39 X1 .57

RO6 HKAT( m=0.0726¢ U ZHL ] =0.008243)

1 420 13.9900 0.0192 0.15237 0.0487 7.237 8.346 £0.016 1.32 120.04 £2 .34
2 540 10.7010 0.0158 0.14219 0.0446 8 .931 6.052 £0.009 1.63 87 .83 1 .33
3 660 7.7910 0.0097 0.09890 0.0291 15.540 4.943 £0.005 2 .83 72 .06 £0.92
4 760 5.3333 0.0041 0.06483 0.0194 27 .830 4.110 £0.002 5.08 60.12 £0.72
5 840 5.2027 0.0033 0.07000 0.0180 34 .330 4.212£0.002 6.26 61 .58 £0.74
6 900 4.5970 0.0014 0.04080 0.0115 77 .110 4.158 £0.001 14.10 60 .80 £0 .72
7 960 4.3589 0.0008 0.06770 0.0152 135.700 4.110 £0.001 24.70 60.11 £0.72
8 1020 4 .4545 0.0011 0.04354 0.0144 102.000 4.121 %0 .001 18 .60 60 .27 £0 .72
9 1100 4.5964 0.0017 0.05660 0.0200 66 .110 4.082 £0.001 12.00 59.72 £0.71

10 1200 5.0000 0.0027 0.06160 0.0238 41 .570 4.186 £0.002 7.62 61 .20 £0 .74
11 1300 5.6666 0.0055 0.09760 0.0325 20.870 4.039 £0.003 3.81 59.09 £0.73
12 1400 7.5000 0.0119 0.14406 0.0557 9.743 4.010 £0.006 1.77 58 .68 £0.79

Y08-2 B BE( m=0.0696g MU Z L T=0.008326)

1 420 13.4960 0.0206 0.18369 0.0473 6.170 7.429 £0.015 1.22 108 .28 £2.02
2 540 9.3297 0.0134 0.15085 0.0386 8.652 5.398 £0.007 1.71 79.32 %1 .10
3 640 7.5520 0.0096 0.11371 0.0283 14.490 4.735 £0.004 2.87 69 .77 £0 .89
4 720 5.6559 0.0043 0.08916 0.0211 21 .570 4.395£0.002 4 .28 64 .85 £0.78
5 800 5.0297 0.0023 0.05990 0.0164 38.970 4.331 £0.002 7.73 63 .92 £0.77
6 960 4.9069 0.0018 0.05990 0.0174 49 .870 4.362£0.002 9 .89 64 .36 £0.77
7 1040 4.5801 0.0006 0.07030 0.0152 141 .500 4.318 £0.001 28 .00 63 .73 £0 .76
8 1120 4.6428 0.0009 0.08100 0.0181 97 .430 4.367 £0.001 19 .30 64 .43 £0.77
9 1200 4.6551 0.0013 0.09800 0.0181 67 .270 4.225 %0 .001 13.30 62 .81 £0.75
10 1300 5.1351 0.0027 0.10305 0.0170 34 .330 4.345 £0.002 6 .81 64.13 £0.77
11 1400 6.1094 0.0063 0.17392 0.0258 14 .610 4.335£0.003 2 .89 63.97 £0.79

12 1450 7.2307 0.0102 0.24678 0.0366 9.046 4.232 %0 .005 1.79 62 .49 £0 .80
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Table2 (cont.)

BB o ¢ (YArPAn, CCArPAn, (TAYPAD, (FAVPAD, PAY107Zmd (YA /PAn) tlo YA % t *10/ Ma

R06-2 A RE m=0.0662¢ MU S 4L 1=0.008343)

1 420 13.3440 0.0206 0.17599 0.0475 6.727 7.273 £0.014 1.49 106 .28 £1 .96
2 540 9.4226 0.0138 0.14560 0.0381 10.040 5.357 £0.007 2.22 78 .89 £1.10
3 660 7.5520 0.0042 0.09500 0.0238 21 .620 4.322£0.002 4.79 63 .92 £0.77
4 760 5.6559 0.0026 0.06810 0.0186 35.260 4.202 £0.002 7 .81 62.17 £0.75
5 840 5.0297 0.0016 0.05530 0.0160 54.720 4.333 £0.001 12.10 64 .08 £0.77
6 920 4.9069 0.0009 0.06130 0.0147 93.720 4.265 £0.001 20.70 63 .09 £0.75
7 1000 4.5801 0.0007 0.06589 0.0185 121 .500 4.320 £0.001 26 .90 63 .89 £0.76
8 1100 4.6428 0.0015 0.06480 0.0179 61 .240 4.329 £0.001 13.50 64 .02 £0.77
9 1200 4.6551 0.0033 0.12009 0.0285 27 .830 4.344 £0.002 6.16 64.23 £0.78
10 1300 5.1351 0.0083 0.22517 0.0572 11.130 4.234£0.006 2 .46 62 .64 £0 .83
11 1400 6.1094 0.0125 0.24863 0.0640 7 .442 4.345 £0.007 1.64 64 .24 £0 .90

X20 AH( m=0.2081g MRS ZHL 1=0.008352)

1 400 20 .3680 0.0347 0.97130 0.1625 3.338 10 .24 £0.022 15.70 148 .16 £3 .67
2 480 10.4100 0.0186 0.80984 0.1175 6.214 4.995 £0.011 29 .30 73 .74 £1 .22
3 560 13.0980 0.0281 1.30190 0.1993 3.291 4.933 £0.020 15.30 72 .84 £1 .71
4 660 16.4770 0.0397 1.73550 0.2898 2.039 4.942 £0.030 9.63 72.98 £2 .36
5 800 29 .3570 0.0833 3.25360 0.5071 0.972 5.153 £0.061 4.59 76 .02 £4 .68
6 950 35.6120 0.1020 3.08410 0.5571 1.134 5.897 £0.075 5.36 86 .74 £6 .51
7 1100 48 .3330 0.1359 4.24590 0.7359 0.902 8.779 £0.120 4.26 127.67 £14 .84
8 1250 37 .4180 0.0909 3.41990 0.5327 1.273 11.01 £0.077 6 .01 158 .78 £11 .96
9 1400 49 .1570 0.1316 4.44220 0.7237 0.879 10.89£0.122 4.15 157 .14 £18 .39
10 1550 43 .3330 0.0958 3.18180 0.6563 1.111 15.48 £0.100 5.25 219 .41 £20.90

X05 A1 m=0.2043¢g AT SHL [ =0.008352)

1 400 26 .0000 0.0581 1.25080 0.2291 1.993 9.019 £0.0352 8.29 131 .03 £4.70
2 480 8.6309 0.0119 1.38730 0.1122 7.784 5.248 £0.011 32.40 77 .41 £1 .23
3 560 9.9572 0.0170 0.99603 0.1175 5.425 5.017 £0.011 22.50 74 .06 £1 .22
4 660 14 .8330 0.0333 1.73850 0.1875 2.780 5.183 £0.020 11.50 76 .46 £1 .76
5 800 23.3750 0.0625 2.64850 0.2859 1.482 5.228 £0.035 6.16 77 .11 £2 86
6 950 40 .4870 0.1171 3.14050 0.5049 0.949 6.350 £0.083 3.94 93 .24 £7 .63
7 1100 35.2830 0.0943 2.64470 0.5038 1.227 7.795 £0.017 5.10 113.80£7.97
8 1250 55.0000 0.1563 4.12560 0.7719 0.740 9.454 %0 .144 3.08 137.11 £19 .13
9 1400 46 .5870 0.1184 3.13100 0.6737 0.880 12.07 £0.111 3.66 173 .33 £18 .38
10 1550 55.6060 0.1424 2.76580 0.5364 0.764 13.99 £0.135 3.17 199 .47 £25 .62

WEFIE AL AW (BB AR 245 1995) . SR ) BT B RGN . R MR AL AR B R R
I CEPAE 68 TR AH N 0 AR B B B B HEAT 4 A/ 30 A ZEAE 75 Ma /oA .

39 Ar/ 3¢ Ar FEI 2R A RS THI ( York ,1969) , 45 H 43 il

(73 .16 £0.28) Ma (76 .87 £0.63) Ma MIKFRE 4 W AW HIEA7 2= 4Ek

BITE 0.999 LA I ;% Ar/ 2 Ar MIURAH M (295 .1 £2.1)

(291 .9 £7 .3)  5JE/RMH(295 .5 £5)( Nier, 1950) SIERZ SRR SR 9 (I 1R 4
—H(E 5y UG ) IR B SO PP AR RS A 2 WA AR AR SO el b R A B i sk )
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4 TERE BT RIE 2 BRI Ar > Ar FFAE IS 35 ( ZE81)) R4 Ar/ 3¢ Ax® Ar/ 3¢ Ar S5 IN 2o (A 41) (Bdl W& 2)

Fig. 4

*0 A% Ar age spectra and ** Ar/* Ar*° Ar/3% Ar isochron lines of K feldspar and

biotite from Rongyicuo and Ruoluolong granite intrusions
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300
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S (At Ar),=295.1£2.1
& W00F N “Ar' 7 Ar=4.96+0.05
¥ o< 466 MSWD=1.08
=150 = r=0.99982
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2 00 L 1,=(73.47+0.33)Ma v
Z 363 |
: 50 F 1,=(73.16£0.28) Ma
0 1 1 1 1 1 1 1 1 1 260 1 1 1 1 L 1 1 1 1 L i
0 10 20 30 40 50 60 70 80 90 100 0 5 10 15 20 25 30 35 40 45 50 55 60
250
810
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Fig. 5 0 AR Ar age spectra and 40 Ar/ 3¢ Ar-32 Ar/3¢ Ar isochron line of quartz from the ore
x3 WARGUHTYMREAMIREAK
Table 3 Sulfur isotope compositions of ores and sulfide minerals
75 FE5 FE 4 FR 534S/ %o o/ %o BERLR IR
1 X08-1 FHURL T -7.22 0.002 A3
2 X09-1 R -5.94 0.004 AL
3 X10 T 3R -7.10 0.007 AL
4 X13-1 VL - 7.80 0.002 AL
5 X15-1 SR - 6.88 0.006 AL
6 X16 Vgt - 7.39 0.002 AL
7 X19 VL - 7.60 0.008 AL
8 X19-1 N -6.12 0.006 A3
9 X21 YRR F -5.50 0.007 AL
10 BRliyRe - 6.54 XIFIEEE | 2000
11 A R - 6.56 XIFIGEE | 2000
12 T - 6.50 XIFHAE 2000
13 R -5.20 HH S 1996
14 kN - 4.90 HTH LS 1996

RO ST ) A7 28 S8 == e . 0 KA ) 6% s
N - 4.9 %~ - 7.80 %( 3K 3) , F3¥I(15 MESR) N
-6 .52 %o 75 70 Y5 LI YA B B R A6 35 A
[l P ( Sasaki et al . ,1979) , WAEDIRU A IR IR 2= 41
BN . MR AL R AT B B AL AT ) 87 s

(RN I EEAT > NEER > RESE A > T8

(KB ,2003) , 2 XY BOSOH 1 ok B vp i [ 7

RO MIEATE B4 e A= RIS R . W

PZ W B A G R 8% Sp I T 1™
54

TR FRIBR R 32 4L BT 84S p 2 6% S g LR FA
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WA 63 SyufH N - 6.88 %0 ~ - 7.10 % Ohomot  NHBSTEINA .
et al., 1979) . WIERBREVIUG A KA F LL HyS H
EMBGER 84s A THWT Hs 0 s oo+ 5 T RIZEE

3 %) ;29U PR R 400 CHE BV H,S B 84S i
A LABFAKE] - 10 % ~ 0 %o( Ohmoto et al.,1979) .
IR A A - B AT B B A A BRI 6% S BV
THEIKTARN) &4s VTN 5 i T ok 5 281 X R
GEPTRRA Bt [ A 2R AL k) DRt AN BEHE R >
H YT A R m] Be .

WA AR s R4 2 4 s WLk 4 AL
(R A8 EH R 272 e 5 5 b BSR4 BEATE 5 B ) 7 2%
SIS T . AR A 5978 BTUTRAE 1R170° ph/ 204 Py
=18.751 ~19.200,*"Pb/**™Pb =15 .670 ~ 15 .806 ,
208pp/ 204 Ph = 39,0032 ~ 39.062. 1t X 7 [112° Pb/
29ph =18.692 ~19.284,%7 Pb/?* Pbh =15 .669 ~
15.718 2 Pb/ 2™ Pb =39 .0032 ~ 39 .492 . H A fiift
Y2 Pb/ 2" Ph =18 .687 ~ 18 .920,%°7 Pb/ 2% P =
15.675 ~15.956 ,°*Pb/***Pb =38 .792 ~39 851 . —
AN U TRUE FE o — AL A T b b Se A
TR B M= A 5l w2 (L = IR (VA Rl oz ik £
A4 2% 1 S50y A ot 2 B Al 2D B50RF it O v e Ly
[F o 2~ At 2 & 6) Ui FRAT 4 B 2 A2 s iR
AR A AR By F e RT fE

=
b

HIERZ &JEY K2 N HR B -8 %
RN S BB KA A A R AR
WX R A B T AAE B AT IR R A 3R AR R B
PR T AR NAE HTRIVER 22 <6 Js ™ IR B 1™ 4 FH
A AR AR R SO = Bt B 9 o R B
P ERBT B AR B B AT b il R 4k 28 1) AR 47l
Sty DA AERL b KT B B N & SR re B AR ] K
EAER E R NAE JERA 8” AL 5 o LI AE
RE TSGR B BB 2 SRR, 2 &
JEAT R L IR 3 5 B KA A L
AR b = B 5 VR ) 21 95 A8 ST A A et e
AN U8 SO KL T R RD S AL NINW A [ 7 2R
LB LA R 2 A A o I BB TR
BRHL R A7 s A A B A b e A0 55 42 i
AR AL R AL B0, 0 s A DR e
PR . AR A D T Gl AT R Y ) B8 0 AT
PARGIHERINE (R ATIE Ar Ar SR IR 3
JFT DL AHE W R A I AR — B0 RS (T AE
1994) IR Z &R A RIE O ALY)- WE B 1 1

Fa TAEARBECHTYNARAMREAK
Table 4 Lead isotope compositions of ores and sulfides

e S FE A TR KRN E 06py/ 204ph 20/ % 207ph/ 2Py 20/ % 28ph/2py, 20/ % A S
1 X01 AR TR RN R LA 18 .8030 0.014 15 .8061 0.009 39.3904  0.024 e
2 X03  ARMUCREFERCE YRR 18 .7508 0.021 15.6948 0.033 39.1350  0.033 AL
3 Y01 RBHAEAE K A FRH A2 2k m 19.2001 0.014 15.7181 0.015 39.4485  0.016 AL
4 Y03a  ARUMAIE A FEA™ A2 2k m 19 .2842 0.010 15.7135 0.011 39.4917  0.010 e
5 Y04 RMATE PRI A2 2k m 19.0796 0.009 15.6685 0.009 39.3576  0.010 e
6 Y08  ARMMARTE BRI A4 2k m 18 .9685 0.011 15.7017  0.011 39.2118  0.012 AL
7 X08 R 7 45 18 .6916 0.015 15.6905 0.026 39.0026  0.017 AL
8 X09 DAE=2 7 18 .8182 0.019 15.8349 0.024  39.4786  0.027 e
9 X13 T 18 .7385 0.023 15.7297 0.026 39.1081  0.027 AL
10 X144 KRMARBR TS BYEE R 18.7928 0.024 15.6703 0.026 39.0616  0.027 AL
1 Xi15-1 Tl A 18.7217 0.020 15.7097 0.021 39.0708  0.021 AL
12 X16 VLN 18 .8133 0.042 15.8136 0.050 39.4065  0.058 e
13 X19 T 18 .7255 0.017 15.7162 0.019 39.0748  0.020 AL
14 X19-1 N 18.9200 0.043 15.9560 0.050 39.8509  0.052 AL
15 X21 YRR H 18 .8594 0.068 15.9033 0.081 39 .6681 0.107 AL
16 YM4abd HORW A5 80T 18 .8740 15.9060 39 .7370 HIHAELE 1996
17 YM4bs HURE 7T 18 .6870 15.6750 38.7920 B AESE 1996
18 YM4be HURWH 7 18 .8600 15.9020 39.7250 BAHEAEAE 1996
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Fig. 6 Lead isotope composition of ores and sulfide minerals( background chart from Doe et al ., 1979)

Pb isotopic evolution average trend: A — Mantle , B—Orogenic belt, C—Upper crust, D—Lower crust
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