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Abstract The Wangjiazhuang copper-molybdenum deposit is located in the Zouping volcanic basin in western Shandong. The
wallrock of the deposit the Wangjiazhuang composite intrusion consists mainly of diorite monzonite and quartz monzonite. From the
periphery of the intrusion towards inner zone occur potassic potassic-silicic and intensive potassic-silicic alteration zone in tern. The
deposit contains mainly two types of ores: stockwork—/disseminated Cu-Mo sulfides in the altered quartz monzonite and coarse and well—
crystallized sulphide—quartz veins in the brecciated quartz monzonite. The ore minerals include mainly pyrite chalcopyrite tennantite
and molybdenite. Fluid inclusion study has shown that the deposit contains not only liquid—rich vapor—ich aqueous and halite-bearing
inclusions which were recognized in the quartz vein ores by previous researches but also mica-bearing fluid inclusions in mineralized
wallrocks with potassic-silicic alterations. These inclusions either occur randomly in quartz or are densely distributed in the cores or
growth zones of quartz crystals. Petrography Raman spectroscopic and microprobe analyses indicate that the mica-bearing fluid
inclusions contain mainly aqueous liquid vapor and muscovite ( or biotite) ; the phase ratios in the mica-bearing fluid inclusions vary
considerably in quartz crystals. However in some individual quartz crystal the phase ratios of these inclusions are relatively stable.
Microthermometry has shown that both the ice-melting temperatures ( 7m;) and homogenization temperatures ( Th,,) of aqueous phases
in the mica-bearing fluid inclusions vary considerably but with a mode in the range of —5 ~10°C and 310 ~360°C  respectively.
Preliminary heating experiments of mica-bearing fluid inclusions in hydrothermal diamond anvil cell ( HDAC) indicate that the total
homogenization temperatures are as high as 773 ~790°C  and the pressure thus estimated could be 275 ~380MPa that would be too
high to the reasonable range from geological consideration. The origin and formation mechanism of mica-bearing fluid inclusions are
discussed. It is suggested that the mica-bearing fluid inclusions belong to primary fluid inclusions rather than melt inclusions. They
were heterogeneously trapped from an aqueous fluid rich in K-Al-Si components volatiles salts and metals that was separated from a
crystalline intermediate-acidic magma. With the opening of fractures and quick drop of pressure and temperature of the rock system
muscovite ( biotite and some other silicate minerals) would crystallize from aqueous fluid rich in K-Al silicates and deposit in the core
or growth surface of crystallizing quartz grains and then were trapped with surrounding fluid media as mica-bearing fluid inclusions.
Mica-bearing fluid inclusions belong to the products of authi-metasomatism in the late magmatic processes. The coexistence of mica—
bearing and halite-bearing fluid inclusions implies that both minerals were saturated in the magmatic-hydrothermal solutions and
deposited that has important significance in terms of fluid flow and mineralization.

Key words Wangjiazhuang copper-molybdenum deposit; Mica-bearing fluid inclusion; Quartz monzonite; Potassic-silicic alteration
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1 ( 2013 )
Fig. 1  Simplified regional geological map of Zouping area Shandong Province ( after Liu et al. 2013)
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Fig.2  Simplified geological map of the Wangjiazhuang mineralization field ( a) and cross-section of 15 exploration line ( b)

( modified after Yuan and Li 1988; Tang 1990)
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; Kf- ; Ms— ; Pl- ; Qz— i Ri—
Fig. 3 Photos and microphotographs of representative wallrock samples
Photo (a) and microphotograph ( b) of fresh quartz monzonite; photo ( ¢) and microphotograph ( d) of quartz monzonite with weak potassic-silicic
( K-Si) alteration; photo ( e) and microphotograph ( f) of quartz monzonite with strong K-Si alteration; miarolitic texture and quartz drusy ( g) and
micro-miarolitic cavity with rutile-quartz drusy ( h) in quartz monzonite with strong K-Si alteration. Ap-apatite; Hb-hornblende; Kf-K-feldspar; Ms—

muscovite; Pl-plagioclase; Qz-quartz; Rt-rutile
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Fig. 4 Microphotographs showing occurrence and distribution of mica-bearing fluid inclusions

(a) Isolated Bt-bearing fluid inclusion ( sample W33C) ; (b) isolated or randomly-distributed Ms-bearing fluid inclusions ( W13); (¢) type IV
and to a lesser extent type Il inclusions occur in the core intracrystalline fractures ( site 1) and growth zone ( sites 2 and 3) of quartz crystal
(W33G) ; (d) enlargement of area around site 3 in Fig. 4¢; () many type IV and some type Il inclusions occur in the core and intracrystalline
fractures of quartz crystal ( W332A); (f) enlargement of the core of quartz crystal; (g h) type IV inclusions occur in the core and 4 rhythmic
growth zones of quartz crystal whereas in the clear Qz between the zones some type Il and type I inclusions occur randomly ( W33-3A) . Bt-biotite;

FI{luid inclusions; H-halite; Op-opaque mineral ( see text for detail explanation)

v (a) (b) (W3324); v (¢)
(d) (W332D)
Fig. 5 Comparison of cathodoluminescence images with microphotographs for the host mineral quartz of Ms-bearing fluid inclusions

Microphotograph showing the core of quartz containing Ms-bearing FIs ( a) and the cathodoluminescence image of host quartz ( b) ( W33 -
2A) ; Ms-bearing FIs occur along rhythmic growth zones of a quartz crystal ( ¢) and the cathodoluminescense image of host quartz ( d)

(W332D)

2.3.3 \Y
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Fig. 6 Histograms of the last-melting temperatures of solid ( a) and of the homogenization temperatures ( b) for the aqueous fluid in

Ms-bearing Fls

In the plots the blocks with the same patterns indicate the data of Ms-bearing FIs come from the same quartz grains whereas those with different patterns
indicate the data from different quartz grains. Two blocks with brown color represent the data from Bt-bearing Fls. See text for interpretation of

the results
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Fig. 7 Laser Raman spectra showing characteristic Raman shifts of hiotite ( a) and muscovite ( b) in type IV inclusions and those

of calcite (¢) and hematite ( d) in type Il inclusions
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8 () (b)
Fig. 8 Microphotograph showing Ms-bearing FIs on the surface of doubly—polished thin section which have been broken and the fluid
in the inclusions leaked (a) and SEM image of a Ms-bearing FI ( b)

1

Table 1 ~ Microprobe analysis of muscovite-bearing fluid inclusions

W333D W334D

(wt%) (wt%) (wt%) (wt%)
Si0, 46. 674 45.2 3.0674 43.595 45.2 3.0793
TiO, 0. 675 0. 0223 0. 675 0. 0359
Al, 04 35.899 38.5 2.7808 32.865 38.5 2.7362
FeO 2. 449 0. 1447 2. 449 0. 1447
MnO 0. 024 0.0013 0.018 0.0011
MgO 0.259 0. 0254 0. 286 0. 0301
Ca0 0. 007 0. 0005 0.115 0. 0087
Na, O 0.344 0. 0438 0.36 0. 0493
K,0 10. 051 11.8 0. 8427 10. 12 11.8 0.9119
F 0 0 0.072 0.0161
Cl 0.01 0. 0011 0.024 0. 0029
96.975 6. 9643 90. 579 7.0163

H,0 4.5 4.5

: KAL, AlSi;0,, (OH F Cl), K,0+3AL0, *6Si0,(OH F Cl),

2 / LAICP-MS ( x107%)
Table 2 LA-HCP-MS analyses of mica/halite-bearing fluid inclusions in the altered wall rocks from the Wangjiazhuang porphyry copper
deposit ( x107°)

Na 23 Mg 24 Al 27 Si 28 P31 K39 Ca40(44) Tid48 Fe 55.85 Cu 63.5 Zn 65.37
W334 6471 584. 02 122256 36128 <4777 63959 <9455 3178 11089 <94.14 <138.64
W33G1 1930 292. 86 46303 <4233 <563.57 22731 <1121 688. 19 4938 13.33 34.73
W33C 41723 7350 40441 < 13296 <1738 10767 <3251 790.75 11976 756.02  494.90
W334M 12543 <5.37 <14.5 6161 822.57 3174 <1537 58.11 7422 400.69  528.07
W334D1 98301 622 63 27394 67919 <8988 27394 <17020 <197.01 46064 811. 14 2166
W334GA 1338 276. 67 47208 3148 <419.09 23604 <766.22 193.14 5232 <7.70 <2.69
W33-4Cl 3009 206. 27 <45252 13478 949. 46 22417 <1465  715.19 5795 103. 49 42.01
W334C2 4766 267. 41 <42723 5295 365. 18 22170 699. 61 607. 25 6395 216.76  150.52
W334C3 4449 224. 36 58081 7215 496. 99 32128 883.65  453.85 8785 81.25 85.25

W3344B 364.23 94 15655 <139.32  23.6 8278 247.58 197. 12 1256 <0.22 10. 07
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