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Abstract

The Jiama polymetallic copper deposit is located in eastern Gangdise volcano-magmatic arc, which is an im-
portant component part of the Gangdise metallogenic belt. The Jiama deposit is a typical superlarge porphyry-
skarn-epithermal polymetallic copper deposit related to post-collision. The combination of scanning electron mi-
croscope-cathodoluminescence (CL) and LA-ICP-MS microanalysis of Al, Ti, K and Fe in veined quartz has
yielded results permitting a greater understanding of the complex mineralization of the Jiama porphyry-style de-
posit. The data obtained demonstrate the relationship between quartz precipitation, dissolution and ore deposi-
tion with the variation of ore-forming fluid through time. Five major quartz generations were identified. Ti-in-
quartz geothermometer and fluid inclusion analysis show that the crystallization temperature from JMi to JM V
varies between 602°C and 130°C. The CL and trace element signatures from JMi to JM V stages of the por-
phyries show features similar to those observed in porphyry-style deposits of other areas. This suggests that a com-

mon sequence of quartz crystallization occurred during the formation of early veins in many porphyry copper systems.
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Fig. 1  Geological and geotectonic map of the Jiama ore district modified after Tang et al. 2010

1—Quaternary 2—Sand-slate and hornfels of Lower Cretaceous Libuzong Formation 3—Limestone and marble of Upper Jurassic Duodigou For-
mation 4—Skarnization marble ” 5—Granodiorite porphyry dike 6—Quartz-albitite porphyry dike 7—Granite porphyry dike 8—Granite aplite
dike 9—Skarn 10—Skarn-type orebody 11—Boundary of 2™ tectonic unit 12—Boundary of 3™ tectonic unit 13—Boundary of 4" tectonic unit

14—Study area
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Table 1 Mineral paragenesis and related quartz crystallization sequence of the Jiama deposit
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2
Table 2 Major type and characteristics of veins in the Jiama deposit
A
Ksp-Qtz M| Ksp 10~30 mm
Qtz Ksp + Bt
2 mm~1 cm
Qtz-Py * Cpy JM i Ksp + Bt 1~
+ Moly 4 mm Py Cpy Qu
Qz M 0.01~0.1 mm
A
B
Qtz-Moly + JMiv 4
Py + Cpy ~10 mm Moly Py Cpy
A
Py-Cpy = 5
Moly ~10 mm Py Cpy A
D
Py-Cpy + MV Ser-Chl 2~3 mm A B
Anhy
Py +Qtz=+ MV Ser = Chl 2~4
Anhy mm Py MV
Gyp+ Ce Ser £ Cly 5~ 10 mm
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Ser—
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Fig. 2 Photographs of veins in the Jiama deposit
a. Quartz (Qtz)-potassium feldspar (Ksp) vein in granodiorite porphyry (JM816-237.1);: b. Barren quartz vein in quartz diorite porphyrite
(JM812-139): ¢. Barren quartz veinlets and biotite (Bt)in quartz diorite porphyrite (JM2008-432.9): d. Quartz-pyrite (Py) vein with potassium
feldspar alteration zone in granodiorite porphyry, crosscutting barren quartz vein (JM1609-178.8); e. Pyrite vein with biotite alteration zone in
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monzogranite-porphyry (JM1212-95.1): {. Pyrite-chalcopyrite {Cpy)-molybdenite { Moly) vein with retrograde alteration zone in biotite granodiorite
porphyry (JM2004-126): g. Molybdenite vein in monzogranite-porphyry (JM1616-261.3): h. Pyrite-chalcopyrite vein in granodiorite porphyry
(M2401-231.4); i. Pyrite-chalcopyrite vein with sericite { Ser)-chlorite (ChD) alteration zone crosscut by later fractures (JM4804-285.6): j. Pyrite
vein with chlorite alteration zone in quartz diorite porphyrite (JM4803-494.3); k. Pyrite-chalcopyrite vein with chlorite-sericite alteration zone in mon-
zogranite-porphyry. crosscut by gypsum veins (JM2312-245); 1. Vein filled with pyrite and quartz in monzogranite-porphyry (JM2807-115.4);

m. Pyrite vein in tension fracture in granite aplite (JM2301-29. 9>
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Fig. 3 OM-CL characteristics of veins in the Jiama deposit
a. JM | quartz and JMii quartz showing different OM-CL characteristics: JM | quartz overprinted and overgrown by JM il quartz, JMIil quartz
crosscutting JM | quartz and JM il quartz; b. Details of Fig. 3a, JM ii quartz vein which has irregular margin and blue potassium feldspar alter-
ation zone; ¢. JM | quartz overprinted and overgrown by JM ii quartz, and JM ii quartz vein showing blue potassium feldspar alteration zone; d.
Quartz-pyrite vein of JMV showing green alteration zone- related to plagioclase resolution: e. Calcite-gypsum vein of JMV showing salmon pink
CL; {. Quartz-calcite-gypsum veins filled with fluorites Ksp—K-feldspar; Qtz—Quartz: Cc—Calcites Gyp—Gypsum: Flu—Fluorite



472 2012

- IMb

209}1:}1

path of minetalising o > . <
. Porphyey-iype fluids :f g
\ \

X
path of mineralising . MY
Porphyty-typs flids oo \

5 o o N

-

R

-
.

-

\ N\

4 SEM-CL
a. IM1609-178.8 JM i SEM-CL IM i IM i
SEM-CL b c. BSE SEM-CL JM2010-493.8 JM |
IMii IM | d. IM2807-115.4 B IMiv -
A e I IM2010-493.8 D JMV
IMii SEM-CL g 4de IMvV SEM-CL
h i. 4f BSE SEM-CL MV - 4i
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overgrew and replaced J]M | quartz b. SEM-CL image showing a JM | quartz crystal with growth zoning which is overgrown by JM i quartz
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teristics from A-type vein e {. JMV quartz showing weak luminescence black  which is related to the sulfide mineralization and crosscuts
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ESR

ER-200D-SRC 0 Ay
39Ar



31 3 473
3
Table 3 Trace element content of quartz veins from the Jiama deposit
wB 107°
Al K Ti Fe
JMB812-139
IM i 832.45 115.37 82.69 <5
IM i 1108.58 231.75 64.12 <5
JM2010-493.8
IM i 731.24 256.45 112.35 667.56
IM i 155.85 12.45 177.55 12.48
IM i 573.46 20.58 58.82 8.31
IM i 366.36 15.87 180. 66 7.40
JM1609-178. 8
IMii 2887.46 1829.28 48.81 72.34
IMi 4510. 64 2519.62 37.99 85.40
IM i 987.36 825.73 42.53 47.38
IMii 2288.5 1460.61 10.21 61.32
IMii 2264.64 1424.30 57.09 56.98
IM i 1832.58 1192.15 6.37 59.32
IMii 985.24 710.26 15.98 57.61
JM2807-346
IMiv 1856.67 21.66 14.34 134.65
IMiv 1733.44 2256.44 47.59 657.34
IMiv 1765.68 1247.74 53.77 326.73
IMiv 1573.55 977.36 15.26 423.47
IMiv 845.67 11.32 60. 86 17.48
JM2312-245
IMV 3607.13 1436.92 10.45 94.02
MV 4588. 31 1439.91 6.78 94.02
JMvV 4483. 86 1430.98 12.30 91.91
JMV 3584.93 1458.91 2.33 93.24
LA-ICP-MS
GV-5400
OAr YAr
OAr FAr 4 3 Ma
10 16~15 Ma
17.99 + _
0.36 Ma
17.23 +1.55 Ma WAr ¥ Ar =
297.3+£3.7 MSWD=0.24 Ar
6 OAr 4
17.99 £ 4.1
0.36 Ma 5 4.1.1 Ti
ESR 5 CL Ti
16.4+1.6 Ma - CL Ti Ti
+ 11.5+1.1 Ma CL Ti
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Table 4 Ar isotope age of biotite from the Jiama deposit
BAr, mV  YArg, mV BArg mV YAk mV AL t *loc Ma AT 9% FArg %
09G2299D 0.001074 0.000267 0.000004 0.001596 0.002173 14.07 + 17.30 0.68 0.74
09G2299E 0.001050 0.000324 0.000007 0.004888 0.009318 19.67 + 5.49 2.92 2.27
09G2299G 0.001110 0.000346 0.000011 0.007300 0.014482 20.47 + 3.82 4.23 3.38
09G2299H 0.001270 0.000428 0.000015 0.013002 0.028788 22.83 + 2.48 7.13 6.03
09G22991 0.000974 0.000392 0.000013 0.011173 0.025246 23.29 + 2.20 8.06 5.18
09G2299] 0.001036 0.000432 0.000015 0.014922 0.03169%4 21.90 + 1.84 9.38 6.92
09G2299L 0.000806 0.000365 0.000018 0.016212 0.029639 18.87 + 1.32 11.07 7.51
09G2299M  0.001028 0.000481 0.000021 0.021033 0.038273 18.78 +1.22 11.19 9.75
09G2299N 0.000747 0.000277 0.000020 0.016579 0.029550 18.40 + 1.15 11.80 7.68
09G22990  0.000895 0.000396 0.000022 0.021245 0.035973 17.48 + 1.06 11.96 9.85
09G2299P 0.001124 0.001054 0.000020 0.024483 0.045969 19.38 + 1.16 12.16 11.35
09G2299R 0.000918 0.000259 0.000019 0.019225 0.031941 17.16 + 1.27 10.53 8.91
09G2299S 0.000732 0.000223 0.000018 0.019704 0.030823 16.16 + 1.02 12.47 9.13
09G2299T 0.000509 0.000169 0.000012 0.012203 0.020389 17.25 +1.10 11.92 5.66
09G2299U 0.000276 0.000039 0.000010 0.010281 0.018357 18.43 +10.74 18.39 4.77
09G2299W  0.000134 0.000000 0.000002 0.001911 0.003484 18.82 + 2.24 8.06 0.89
1=0.0057507 £ 0.0000288 *°Ar*
60 0.0045
504 0.0042-
0.0038
40 4 0.00354
£=(17.99:£0.36) Ma sf sooma)
304 MSWD=0.80 g 0.0025
ol I:' ] Qe t=(17.23%1.55) Ma
J 000224  (*Ar/*Ar),=297.343.7
10+ 0.0018- MSWD =0.87
0.0015 T T T T T T T T T T T
0 . . . , . . . ) ! 0.00 001 002 003 004 005 006 007 008 009 010 011 0.12
[ 10 20 30 40 50 60 70 80 90 100
AR AL/ % *Ar/*Ar
6 39 40AL
Fig. 6" Plateau age and isochron diagram of biotite **Ar *°Ar isotopes in the Jiama deposit
5
Table 5 Ages of rocks and quartz veins from the Jiama deposit
Ma
La ICP-MS U-Pb 15.31-16.27 2010
K-Ar 14.9 1998
La-ICP-MS U-Pb 14.81+0.16 2010
Cu-Mo Re-Os 15.18+0.98 1998
Cu-Mo Re-Os 15.34£0.1 2009
A IMi VAP Ar 17.99+0.36
A M ESR 16.4+1.6
A JMii - ESR 16.0+1.6
A JMii - ESR 15.4+1.5
B JMiv - ESR 13.5+1.4
D JMv - - ESR 11.5+1.1
“OAr-PAr ESR
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Fig. 7 p-t-x evolution of ore-forming fluid in the Jiama deposit modified after Miiller et al.
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