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SR-XREF studies of fluid inclusions from the Jiama and Nanmu deposits
in the Gangdise coppei-polymetallic metallogenic belt of Tibet

LIAN Yu', XU Wen-yi', YANG Dan', CHEN Wei-shi', QU Xiao-ming' and CHEN Dong-liang®
(1. Key Laboratory of Metallogeny and Mineral Resource Assessment, MLR, Institute of Mineral Resources, CAGS,
Beijing 100037, China; 2. Laboratory of SR-XRF, Institute of High Energy Physics, CAS, Beijing 100039, China)

Abstract: SR-XRF microprobe was used to measure elements in fluid inclusions hosted by quartz associated inti-
mately with Cu mineralization of the Jiama and Nanmu deposits in the Gangdise copper-polymetallic metallogenic
belt of Tibet. Analyses show that fluid inclusions from Jiama are rich in Cr and Pb but poor in Fe and Ni. In ad-
dition, fluid inclusions from Jiama show Pt and Ir anomalies, with the Pt and Ir concentrations higher than
those of the continental crust. Fluid inclusions from Nanmu are rich in Cr, Cu and Pb but poor in Fe, Zn and
Ni. In the Nanmu deposit, copper concentrations in highly saline fluid inclusions are by far higher than those in
low salinity fluid inclusions and vapor inclusions, suggesting that copper selectively entered saline fluids. SR-
XRF microanalysis also reveals that gold was concentrated in late-stage ore-forming fluids. Primitive mantle nor-
malized patterns of the first transitional metal elements in fluid inclusions from Jiama and Nanmu are generally
similar to those of mineralizing intrusives in the corresponding areas. These features imply that ore-forming
fluids and mineralizing porphyries have similar material resources in Jiama and Nanmu districts. Both mantle-
derived and crust-derived materials contributed to mineralization. However, the ore-forming fluids did not origi-
nate from porphyries but evolved parallel to porphyries. SR-XRF microanalysis results of fluid inclusions fail to
support submarine exhalation origin of the Jiama deposit.
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Fig. 1 Sketch geological map of the Gangdise copper-polymetallic metallogenic belt after Qu Xiaoming ez al. 2007
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THS—Tethys Himalayan passive continental margin sedimentary sequence GCT—great reverse thrust [YS—Indian River-Yalung Zangbo suture

1—Middle-Late Yanshanian granite 2—Early Himalayan granite 3—Miocene granite 4—ore-forming porphyry 5—fault 6—copper deposit
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Fig. 2 Sketch geological map of the Jiama copper-polymetallic deposit Tibet after Qu Xiaoming et al. 2001
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1—sandy slate of Upper Jurassic-Lower Cretaceous Linbuzong Formation 2—carbonate rock of Upper Jurassic Duodigou Formation J3d
3—granite-porphyry vein 4—adamellite porphyry 5—Cu-polymetallic ore body 6—anticline axis 7—syncline axis 8—thrust 9—strike

fault 10—inferred fault 11—geological boundary
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Fig. 4 Photographs of fluid inclusions in quartz veins from the Jiama copper-polymetallic deposit transmitted light
a—L Jz20 b—S G Jz-15 —S Jz-15 d— Cp S Jz-10

a—L-type fluid inclusion in sample Jz-20 b—S- and G-type fluid inclusions coexistent in sample Jz-15 c¢—S-type fluid inclusion in sample Jz-15

d—Cp-bearing S-type fluid inclusion in sample Jz-10
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Fig. 5 Photographs of fluid inclusions in quartz veins from the Nanmu copper-molybdenum deposit transmitted light
a—L DB-02 3 b—S G DB-02 3 — Cp He S DB-05
d—S G DB-05

a—1L-type fluid inclusion in sample DB-02 3  b—S- and G-type fluid inclusions coexistent in sample DB-02 3

¢—Cp- and He-bearing
S-type fluid inclusions in sample DB-05

d—S- and G-type fluid inclusions coexistent in sample DB-05
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5b d 2.5 GeV 50~170 mA
M X 15.8 keV 20
pm X 50 pm 134 eV 5.9
SR-XRF keV
NIST SRM 612 SiO, 72% CaO
12% Na,O 14% ALO; 2%

SR-XRF 61 Pearce 1997
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Table 1 Characteristics of SR-XRF analytical samples from the Jiama and Nanmu deposits
T
Jz-01 ZK8008-101m - 256~464 375
Jz-10 ZK9612-152m - - 182~387 307
Jz-15 7ZK8020-200m - - 181~434 324
Jz-16 7ZK8020-383m - - - 193~550 335
Jz-17 7ZK9608-261m - - - 238~383 324
Jz-20 ZK9608-267m - - - 195~388 312
Jz21  ZK8016-213m - - - - 260395 358
Jz-19 ZK8016-251m - 260~407 339
DB-01 238.8~366 308
DB-02 - A - 256~437 353
DB-03 200~438 314
DB-04 - - i 255.8~393 343
DB-05 - 208.7~435 330
DB-06 1 - - - 194.6~406 317
DB-06 2 - 186.4~371 306
Linkam THMSG600 -196~ +600C +0.1T
1 Cr 5 Pt Ir Jz-16
Jz15-1 Jz15-2 Jz15-3 Jz15-4 Pt 4 5
J720-5 Ir 7 SR-XRF Pt Ir
Pt
6 Ir Pt Ir
SR-XRF 10°°
2 Cr Ni ‘< W” Pt Pt 0.4x10°
Wedepohl 1995 2.5 Ir
Ni Cr 6d e Ir 0.05x 10 ° Wede-
g h Cr pohl 1995 20
Fe 6b d f 4.2.2
g Fe SR-XRF
3 Pb 3 8
Pb 1 3 8
1
4 Cu Zn
1 Cu Zn
1 8h DB05-5
Cu Zn M
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Table 2 SR-XRF analyses of fluid inclusions in vein quartz from the Jiama deposit
Ti A\ Cr Mn Fe Ni Cu Zn Pb
Jz-01 1 L 43.48 346.46 145.05 1402.77 1.28 2.42 2.84 2.59 La
1 ¥ 95.40 19.26 136.82 0.74 5.53 3.006
Jz-10 2 S 788.34 86.57 7529.79 40.98 2.72 La
3 G CO, 166.30 98.65 1.12  1.66 1.26 Ba Eu
1- S 35.85 1270.35 13490.05 4.95 0.58 116.71 111.31 Br La
1- S 55.11 1817.12 14314.80 5.23 4.54 190.14 162.08 Br Cl La
2 S 43.72 515.28 11013.75 3.98 0.45 12.89 8.62 La
3 S 1039.31 86.01 31953.91 13.32 8.48 7.43 Br Se La
4 S 96.48 360.74 15349.74 5.35 41.23  20.66 Br Se
5 G 104.37 84.00 1678.47 1.73 10.80 9.94
Jz-15 6 S 837.17 252.60 3718.96 4.79 8.44 U La
7 S 202.66 143.09 1259.61 12.95  13.21 Br La
8 S 186.37 135.60 1754.02 10.28 7.70 Br La
9 S 552.90 140.53 1957.02 2.24 14.26  10.81 Br La
10 L 49.15 48.34 425.76 2.70  7.57 11.04 Br Se
11 S 126.32 149.04 679.31 2.31 24.45 32.66 Br Er
12 S 864.95 200.78 40.99 4 788.30 6.49 10.12 Br Sr La
1 S 953.30 95.81 114.83 12.76 751
2 S 103.67 7.36 239.94 22.12 47.84 0.53 1.24 17.70 1.13 Co0.79
3 L 284.80 249.43 25.69 84.20 1.46 17.20 2.09
Jz16 4 S 92.40 663.71 99.87 351.70 17.37  10.85 Br Ir
5 S 86.63 249.21 93.11 194.63 0.83 3.11 21.43 12.87 Br Se Ir
6 L 84.42 10.45 1511.42 202.76 273.25 2.51 21.49 7.59 Br
1 L 18.62 173.91 24.75 433.61 7.42  2.40 2.41 Br Se
1217 2 L 396.82 23.63 135.28 20.65 4.02 8.87 Br Se
3 G 173.81 56.85 4500.31 1.61 3.95 4.25 7.90 Sc Br La
4 S 113.18 20.33 6110.12 4.06 2.15 4.58 10.21 Br La
1 L 56.22 243.62 26.10 52.63 2.70 3.0l Br
Jz-19 2 G 18.08 7.74 172.25 7.08 169.70 2.32 La
3 L 271.59 14.03 108. 11 2.19 Br
1 G 51.50 572.02 9.96 77.62 0.89 5.14 4.53 Br Se
Jz-20 2 G 59.79 299.89 6.50 39.67 1.33 0.84
5 S 52.95 250.59 594.79 288.61 1.55 31.70 25.24
Jz-21 1 L 24.09 182.98 36.52 1113.17 1.23 2.90 2.98 La
n=7 2172.14 55.79 18.67 398.29 13828.11 19.19 125.67 302.24 206.03 Co 14.76
1205 82 2625 1045 62 600 1960 30 55 0.15
4010 98 126 716 43200 56 25 65 14.8
L— G— S— 2001 2003
Wedepohl 1995
2 Zn Cu
YW Cu 1 868 X
Ni 10 ~°¢ Cu
Cr Fe Pb 7.5
~220 DB-01 Au
DB-04 Mn 8g 1.26x10 ~° Au
3 Cu Pb 1
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Fig. 6 Primitive mantle normalization In of elements in fluid inclusions and quartz from the Jiama deposit
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Fig. 7 SR-XRF spectra of quartz and fluid inclusions in sample Jz16 from the Jiama deposit
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Table 3 SR-XRF analyses of fluid inclusions in vein quartz from the Nanmu deposit

Ti A% Cr Mn Fe Ni Cu Zn Pb
1 S 21638.50 79.41  1782.64 1106.32 2366.22 38.51  6.71 Au 1.26
2 G 181.93 8.63 1446.09 367.73 438.64 3.9 779
DB-01 3 S 742.56 27.45 773.33 94.21 813.72 20.59  5.20 Eu
5 L 200.40 139.46 18.19 138.73 0.77 6.9 2.33 2.9 Br
7 S 356.13 640.71 53.87 402.06 49.23  5.39 5.28 Br
3 L 90.26 268.40 14.47 134.51 26.59  2.96 2.31
4 S 323.45 27.14 226.11 55.65 6.64 4.86 Br
5 S 953.38 3210.60 282.67 2.2  3.17 Br
DB-02 1 6 S 305.97 423.15 9.08 738.87 492.49 6.20 8.67
7 L 310.24 1225.29 51.35 237.58 16.83 4.69 3.67 Br
9 S 574.64 2 857.65 70.06 517.04 30.05 9.45 9.86 Br
10 S 291.31 925.16 15.03 165.69 103.17 1.84 1.58 Co2.30 Br
1 L 94.01 638.77 26.13 122.34 11.21 4.14 1.88 Br
2- L 234.25 141.75 135.81 10.18 2.05 Br
2- L 132.00 181.06 150.33 11.67 2.45 Br
3 773.49 23.61 585.65 286.45 4.32 2.24 Br
5 G 208.05 216.14 75.03 2.59 Se
7 L 267.73 141.77 534.93 39.01 16.68 Se Br Hg
8 S 49.61 885.63 47.88 2353.79 9.77 6.68 Se La
DB-02 2 10 S 101.9 73.67 283.53 3.3  4.68 Se
11 S 395.42 95.36 357.47 4.61 11.18 6.32 Br
13 S 140.41 206.65 52.71 262.96 49.63 4.91 6.14 Br
14- L 138.35 119.85 11.09 318.77 16.11 2.05 3.69 Br
14- L 126.34 126.34 16.57 400.47 11.84 1.87 3.03
15 S 75.50 170.00 82.77 283.27 29.92  6.48 5.91
16 S 1217.33 229.90 18.73 990. 34 16.28 4.59 5.21
2 S 177.48 282.70 208.27 354.11 35.61 30.59 18.40 Br
3- S 438.32 170.99 16.79 8.00 Br
3- S 1 059.20 135.58 230.73 37.79 5.89 5.78 Br
4 L 151.52 16.52 87.59 39.09 7.78 6.03 Br
DB-02 3 1 S 155.99 212.45 87.76 1035.40 1667.34 7.95 Br
5 S 306.56 329.75 10.39 189.55 8.15 2.16 1.45
5 S 331.20 206.04 3.46 128.15 5.50 1.25 3.39 Br
6 S 79.17 436.60 224.86 922.53 107.95 26.06 33.04 Br Cl
7 G 87.65 457.87 54.81 230.20 26.25 7.06 5.56 Br
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3
Continued Table 3
Ti Vv Cr Mn Fe Ni Cu Zn Pb
1 G 1397.7138.56  489.98 17.81 949.00 4.77  4.60 2.82
DB-03 1 3 S 293.19 9.60  432.58 14.12 289.46 14.98 1.89
4 S 181.85 44.32 12805.44 2.92 6.36  0.99 Se La
1 L 563.01 12.22  390.01 19.99 3704.81 7.92 1.72 1.99
DB.03 2 2 S 404.64 297.69 26.59 306.64 9.05 2.76 4.34 Br
] 3 L 1305.33 359.82 30.00 666.18 5.12 2.09 2.79
4 S 747.34 187.06 22.59 736.73 33.41 3.40 2.82 Br
1 L 556.36 2648.47 1403.12 199.38 7.02  20.32 Sr
2 S 579.41 2675.32 1917.15 1538.9829.08  6.25 Sr
DB.04 3 S 2447.02  3268.66  2580.56 692.40 12.21 Sr
] 4 S 609.37 3189.63 2674.75 4.72 825.43 7.32  11.10 Sr
4 S 558.72 2859.94  2198.62 568.35 10.00 16.47 Sr Ce La
5 L 319.20 1999.93 1002.37 213.03 10.72 Sr
1 S 747.96 251.10 66.48 795.60 44.14 14.16  27.72 Br
DB.05 2 L 257.52 467.66 17.21 153.26 11.59 2.05 3.25 Br
i 5 M 1011.47 342.10 42.84 497.59 44.14 11.55  4.99 Br
6 S 230.92 278.48 42.25 2297.36 40.78  3.52 1.13 La
1 S 1032.07 117.65 2317.78  2.17 1868.44 6.61 1.98 Se
DB-06 1 2 S 163.36 73.28 349.23 1722.65 199.28 47.66 22.25 Br La
3 S 282.58 100.48 251.34 964.78 4.28 7.52 26.01 19.36 Br
DB-06 2 2 S 182.57 168.18  41.22  2647.80 1341.88 9.56 2.06 Se Br La
5 2231.40 60.24 12.38 185.87 15508.90 15.48 393.04 39.02  44.06 Co7.32
1205 82 2625 1045 62 600 1960 30 55 0.15
4010 98 126 716 43200 56 25 65 14.8
L— G— S— M— 2001
2003 Wedepohl 1995
11 . 2%0 - 11 . 5%0 - 78%0 - = 75%0
18
0" Ov.smow
SDv-sviow 9.7% —10.8%  — 94%o
~ —76%0 Cr Pb Ni
- Pt Ir
2004
Ni
8%4 SV—CDT = 2.7%0 ~1.2%o0 Cr
2001 Ni Cr
2005 SR-XRF Ni
Cr
Sr Al Y HREE
2004 Hou 2004 exa & —6.18~+

5.52  %7Sr #%Sr 4, 0.7049~0.707 9
15.502~15.626
KO 2.6%~8.6%

207Pb 204Pb
208pp, 204p}, 38,389 ~38.960
Mg® 0.32~0.74
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Fig. 8 Primitive mantle normalization In of elements in fluid inclusions and quartz from the Nanmu deposit
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