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Abstract

Zhushahong is one of the copper porphyry deposits in the Dexing orefield which is composed of Tongchang,
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Fujiawu and Zhushahong deposits. These deposits are typical continental porphyry deposits in eastern China.
Based on observation of 21 drill holes along five exploration lines in the mining area, the authors determined the
order of the formation of mineral veins and the different mineral assemblages. According to systematic mi-
crothermometric and LRM analyses of 14 different types of veins, the characteristics of ore-forming fluids of the
alteration-mineralization system in the Zhushahong porphyry copper-gold deposit were completely recognized.
The characteristics and evolutionary process of ore-forming fluids are as follows: (D At the early stage, the four
A-type veins were formed when the porphyry rock had not been completely solidified, so that the veins were ir-
regular and unclearly bordered with wall rock or porphyry rock and obvious K-feldspar alteration; Fluid inclu-
sions are mainly LVH (one or more daughter metal minerals or transparent minerals are contained in the fluid in-
clusions) and VL types, with homogenization temperature being 350 ~550C and w (NaCl,,) being 52.9% ~
69.9% and 2.9% ~16.8% ; @ At the middle stage, the five B-type veins were formed in large quantities.
Most of B-type veins are straight along with the chalcopyrite, molybdenite, bornite mineralization. Fluid inclu-
sions in this stage are mainly composed of VL and LV and a few LVH types, with captured temperature being
248~405C and w(NaCl,,) being 38.6% ~58.0% and 0.9% ~10.6% ; @ At the post-mineralization stage,
five D-type veins with or without altered hydromica halo were formed when the mineralization system was
opened and meteoric water and underground water were infused into the open fissure with large Py-Qz-Ser alter-
ation. Fluid inclusions of this stage are mainly L'V with homogenization temperature being 127 ~326'C and
w(NaCly,) being 0.4% ~5.1% . In conclusion, the characteristics of ore-forming fluid of Zhushahong changed
from high temperatures and high salinities at the early stage to low temperatures and low salinities at the later
stage. According to the result of laser Raman analysis (LRM), there are still CO,-bearing fluid inclusions in
most of A, B and D veins. Some daughter metal minerals and transparent minerals contained in the fluid inclu-
sions are still unidentified.

Key words: geochemistry, hydrothermal veins, fluid inclusions, LRM; Zhushahong porphyry deposit,

Dexing, Jiangxi Province
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Fig. 1 Tectonic location Fig.1 a and b after Wang et al. 2004a Hou et al. 2009 and simplified geological map
Fig.1 ¢ modified after Zhu et al. 1983 of the Zhushahong porphyry copper-gold deposit
1—Quartary 2—Middle-Proterozoic Shuanggiaoshan Group phyllite shale 3—Quartz-diorite porphyrite vein 4—Mesozoic granodiorite
porphyry 5—TFresh granodiorite porphyry 6—Granodiorite porphyry of K-feldspar alteration 7—Quartz-Sericite hydromica alteration
8 ~ 11—Feldspar-destructive alteration 12—Hornfels 13—Boundary of rock body 14—Syncline 15—Anticline 16 and 17—Fault

18—Section line 19—Dirill hole and its serial number
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Fig. 2 A-type veins and their relationship with the veins of other stages in the Zhushahong Cu-Au deposit

a—d. Irregular barren quartz Al veins commonly with I{-feldspar alteration halos on both sides: e+ . K-{eldspar * quartz microveinlets { A2 vein),

cut by straight barren quartz Bl vein: g+ h. Quartz-K-feldspar A3 vein: with continual linear K-feldspar at the center: i. Biotite microveinlets ( A4

vein)y eut by late stage D3 veins j» k. Lumpy barren quartz Al vein along slaty cleavage or cleavages cut by late stage Bl and B2 vein
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Table 1 Vein types and characteristics of the Zhushahong Cu-Au deposit
Al Qz - 2a~d j k
—400~ — 700 m
0.5~5 mm
A2 KistQz Bl 2e f
<1 mm
A3 QzKfs 2g h
5~10 mm
A4 Bt Cpy 0.1 mm 2i
+ Bt Chl
B1 3a
10~30 mm
B2 Qz-Moly-Py 3b ¢ d
+ Anhy + Cpy 15~40 mm
B3 Qz-Py-Cpy - 3e f
10~20 mm 20
~40 mm
0.5~3
mm
B4 QzCpy-Chl = - - 3g
Py 10~25 mm
BS EpitQz - Al 3h
2~5 mm
D1 Moly-Qz-Ser - - 4a
+ Py =+ Cpy 0.2~1 mm + +
D2  Py-Cpy-Chl- - - - 4b
Ser + Qz -
1~5 mm
D3 Cpy-Py- Moly- - - 4c
Ser + Qz 1
~2 mm 2
~10 mm
D4 Py:xQz - + 4d
15~40 mm
D5 Py-Anhy £ Cc 20~50 mm de f
+Cpy = Qz
Anhy— Bt— Ce— Chl— Cpy— Epi— Kfs— Moly— Py—
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Fig. 3 B-type veins and their characteristics in the Zhushahong Cu-Au deposit
a. Straight barren pure quartz Bl vein, commonly with weak K-feldspathization on both sides: by ¢+ d. Relatively straight B2 vein containing pyrite
and micro-fine linear molybdenites rare weak IK-feldspathization on some of the vein walls: e. {. Typical B vein: straight broad quartz B3 vein with
{ine central line of pyrite and small amounts of chacopyrites g, Quartz-chacopyrite-chlorite = pyrite vein (B4 vein)+ with weak phyllic alteration halo
seen on both sides: h. Epidote vein (B3 vein}s cutting through earlier barren quartz Al vein
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Fig. 4 D-tvpe veins and their characteristics in the Zhushahong Cu-Au deposit

a. Molybdenite + pyrite = chacopyrite D1 veinlet with strong quartz-sericite alteration halo: b. Pyrite-chacopyrite D2 vein with chlorite-hydromica

alteration halo: ¢. Chalcopyrite-pyrite-molybdenite £ quartz D3 veinlet with quartz-hydromica alteration halo; d. Pyrite = quartz broader 4 vein

without alteration halo: e . Pyrite-anhydrite-calcite * chacopyrite + quartz broad DS vein without alteration halo: g—i. Hydrothermal vein unre-

lated to mineralization: g» h. Caleite-quartz vein: i. Anhydrite * calcite vein
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Fig. 5 Microphotographs of [luid inclusions in A-type veins from the Zhushahong Cu-Au deposit
Vapor-rich phase is the dominated type of fluid inclusions in A-type veins: such as sugar-like-barren vein (a)+ crumby quartz vein filled in foliation

(b and (&) quartz K feldspar vein (d)+(e) and (£: but in crumby quartz vein: a few LV, -type inclusions (e) are found: minor LVH-type in-

clusions (e and I ) are also found in A-type veins
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Fig. 6 Microphotographs of fluid inclusions in B-type veins from the Zhushahong Cu-Au deposit

& by e. Showing assemblage of primary fluid inclusions in quartz molybdenite-pyrite = anhydrite + chalcopyrite veins (B2 vein), the amount of VL-

type inclusions and LV-type inclusions are almost same (specimen: zk6-3-967): a. VL-type inclusions in B2 vein: b. Showing assemblage of

bailling {luid inclusions in B2 veins: c.” Showing LV-type and LVOO2 type fluid inclusions in B2 veins: d. LV-type inclusions are the dominated type

of fluid inclusions in quartz-pyrite-chalcopyrire veins (B3 vein) (specimen: zk8-4-581): e» f. LV-type inclusions are more than VL-type inclusions

in quartz-chalcopyrite-chlorite £ pytite veins (B4 vein)» a small quantity of daughter mineral bearing fluid inelusions ( LVH) are also be found in B4
veins () (specimen: zk4-2-696.4): L—Liquidi V—Vapor; H—Halite; Hem—Hematites Anhy—Anhydrite; Op—Opaque minerals
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Fig. 7 Microphotographs of fluid inclusions in D-type veins and Anhy + Ce veins [rom the Zhushahong Cu-Au deposit

ar by ¢. Liquid-rich phase are the dominated type of fluid inclusions in D-type veins, such as molybdenite-quartz-sericite = pyrite £ chalcopyrite veins

Cspecimen: zk5-5-1572: d» e. Fluid inclusions next to pyrite are vapor-rich phase and darker than others that far away from pyritein: pyrite-chal-

copyrite-chlorite-hydromica = quartz veins (specimen: zk0-2-299): {. Fluid inclusions in anhydrite + Calcite veins are dominated by liquid-rich LV

phase (specimen: zk4-2-236.1): L—Liquid: V—Vapor: Py—Pyrite
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Table 2 Microthermometer of primary fluid inclusions in quartz from A-type veins in the Zhushahong Cu-Au deposit
pm % tm T thiy C tmice C w NaCl, %
Al 7k8-4-859
VL 10x7 65 330 —4.8 7.6
VL 12 X8 60 373 -2.0 3.4
VL 10 X7 50 361 -7.6 11.2
VL 16 X 10 60 421 -7.9 11.6
VL 14X9 50 401 —-4.6 7.3
VL 3x7 50 384 -3.2 5.3
VL 11X10 50 379 -3.2 5.3
VL 9Xx6 65 518 -12.0 16.0
LV 15X9 25 435 -6.0 9.2
LV 13X6 20 453 -11.6 15.6
LV TX5 25 425 -6.8 10.2
LV 14 X115 20 397 =8.6 12.4
LV 8§X5 10 393 -5.8 9.0
LV 11 X7 40 327 -7.7 11.3
LV 12.5%X8 15 407 -2.3 3.9
LVH 12 X7 5 521 412 62.7
LVH 10x7 20 469 317 55.7
LVH 11 X8 15 572 346 69.9
LVH 10 X5 447 305 52.9
LuipleCO, C Lo, C i T Linclath C

VLeo, 11X6.5 55 -58.7 20.5 317 4.7 4
VLm2 21X10 60 —58.8 15.0 473 5.3 .5
LVeo, 11x7 30 A 8 20.0 381 6.2 1

A3 Qz-Kfs 7k6-3-696
VL 8§ x5 50 391 -1.7 2.9
VL 13X7.5 50 397 -2.8
VL 13 X8 40 410 —4.1 6.6
VL 12 X8 60 417 -6.7 10.1
VL 13 X8 40 411— -9.7 13.6
VL 17X8 60 475 -8.2 11.9
VL 15x9 60 371 —-11.2 15.2
VL 10x6 80 393 -7.4 11.0
LV 14x7 15 356 -6.3 9.6
LV 12x7 20 283 -3.5 5.7
LV 11x7 15 298 -8.7 12.5
LV 1612 10 327 -12.9 16.8
LV 13x9 30 373— -12.3 16.2
LVH 17X 13 15 556 480 67.6
LVH 14 X 10 10 543 421 65.8
LVH 12X8 5 504 343 60.3
LVH 14 <10 2 521 448 62.5
L ple O, T Zheo, Tty © Lonclath €

VLmz 10 X8 60 -56.5 19.5 330 4.8 9.3

VLmz 12 X8 70 —-57.7 25.3 349>V -
VL LV LVH VL LV
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3 - - + 305 ~ 487C 273 ~
+ Qz-Moly-Py + Anhy + Cp B2 352C w NaCl,, 38.6% —58.0%
46.0% 2 0,
307 ~ 474C 19.8TC 22.3C
385C w NaCly, 2.7% ~ 10.6% 354C  434C o,
5.9% 2 w NaCl,  5.5% LV
3 B
Table 3 Microthermometer of primary fluid inclusions in quartz from B-type veins in the Zhushahong Cu-Au deposit
pm % tm T thiy C tmice C w NaCl, %
B2 + + Qz-Moly-Py + Anhy + Cp 7k6-3-967
VL 13X9 45 396 -2.6 4.3
VL 8§ X6 50 405 %241 3.6
VL 11X6 40 397 —-1.6 2.7
LV 13x12 10 307 -6.1 9.3
LV 15%11 35 332>V -7.1 10.6
LV 10 X6 10 474 -3.0 5.0
LVH 15X11 305 273 38.6
LVH 13X7 2 341 286 41.6
LVH 10X7 487 352 58.0
Liriple-CO, T hooy C i © L imclath C
LVeo, 11x6.5 30 -59.2 19.8 354 - -
LVeo, 9x7 25 ~59.4 22.3 434 7.1 5.5
B3 Qz-Py-Cp 7k8-4-581
VL 9X5.5 45 366 -5.1 8.0
LV 13%X5.5 10 204 -2.2 3.7
LV 18 <11 40 359 -3.3 5.4
LV 12 X8 20 363 —-4.1 6.6
LV 10 <11 35 360 —4.7 8.8
LV 9Xx15 15 306 -0.5 0.9
LV 13X7.5 5 332 -2.3 3.9
LV 17x9 10 343 -7.1 10.6
LV 19X15 20 313 -3.8 6.2
LV 13 X8 5 382 -3.5 5.7
B4 + Qz-Cp-Chl £ Py 7k4-2-696. 4
VL 17.6 %9 56 377 —-4.6 7.3
VL 12X6 20 362 -1.2 2.1
LV 8§ X6 2 255 -3.9 6.3
LV 13X10 20 311 -2.8 4.7
LV 12X6 5 283 -6.5 9.9
LV 8§ X6 30 342 -2.3 3.9
LV 16 X10 15 315 -11.6 15.6
LV 12X7 30 327 -2.1 3.6
LV 12X8 20 319 -3.7 6.0
LV 15X10 15 313 —14.6 18.3
LVH 14 %9 10 341 248 41.6
LVH 13 X8 5 308 337 38.8
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- B3 341TC 308
LV 248C  337C w  NaClg, 41.6%
204 ~ 382C 332C w NaCl, 3.7% —  38.8% 2 VL
10.6% 0.9% 5.4% 362C
- - + Q-Cp-Chl = Py 377C w NaCl, 7.3% 2.1%
B4 LV 255~ D
342 308°C 3.6% — 4 -
18.3% 8.5% 2 - - + + Moly-Ser-
LVH Qzt Py +Cp D1
210 ~ 312C 262C
w NaCl,, 0.4% —~5.1% 2.5%
4 D

Table 4 Microthermometer of primary fluid inclusions in quartz from D-type veins in the Zhushahong Cu-Au deposit

pm % tm T thiy C twie C w NaCl, %
D1 - - + + Moly-Ser-Qz- + Py + Cpy 7k5-5-157
LV 14 X8 15 210 -0.4 0.7
LV 11X7 10 288 -1.2 2.1
LV 10x10 25 225 -3.1 5.1
LV 10X6 10 312 -2.3 3.9
LV 13%x5 5 255 -1.7 2.9
LV 9x7 10 279 -0.2 0.4
LV 10 <10 5 263 -1.6 2.7
2 ; ] - +  Py-Cp-Chl-Sert Qs k02299
LV 14 X8 5 307 -1.7 2.9
LV 12X6 10 239 -2.5 4.2
LV 8§X5 10 210 -1.9 3.2
LV 13X9 5 185 -5.7 8.8
LV 11x7 20 314 -3.1 5.1
LV 15X12 10 228 -2.8 4.7
LV 9X6 5 203 -0.9 1.6
LV 10X7 2 169 -1.1 1.9
LV 13X6 10 272 -2.3 3.9
LV 15%7 20 326 -2.6 4.3
LV 14%9 15 127 -2.7 4.5
LV 12X10 5 278 -4.6 7.3
LV 13X7 10 165 -3.7 6.0
D4 + Pyt Qz 7k8-4-606
LV 12 X7 5 246 -1.2 2.1
LV 10X 6 5 193 -1.2 2.1
LV 12X10 2 141 -2.1 3.6
LV 9x7 5 199 -1.3 2.2
L urple O, T Zheo, T tirm C omclath C

LV(UZ 16 <12 40 —58.70 20.6 195—V 5.6 8.0
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- + Py-Cp-Chl-Ser £ Q D2
127~ 326C 233C w NaCly, 1.6% ~
8.8% 4.5%
+ Py £ Qz D4
141 ~ 246C
195C w NaCl, 2.1% ~3.6% 2.5%
O,
20.6TC 195C w NaCl,
8.0%
3.3 LRM
LRM
Renishaw System-2000
514.53 nm
20 mW 1 pm 1
~2 cm ! 8 s 100~
4200 cm ! 1
pm 1 pm
0.14 em ! 25T 50%
A B VL LVH
LVco, B LV
8
Al LVH
zk6-3-696 H,O
8a b A3 VL zk8-4-859
H,O CO,
1387 cm ! 8¢ B2 LV
CO, 1387 cm ' 8e
B2 LVco,
VL 6b B
CO, CO,
D LV,
- - - + D2
CO, 1388 cm !
8g CO, H,O

8h

4
A
350 ~ 550C 9
w NaCly, 52.9% ~69.9%
2.9% ~16.8% 2
10a Al A3
VL LVH LV LVH
447 ~572C 502°C
305~412C 345C
2009 2009
Roedder
1984 Bodnar 1994 1995 A
5
Cline 1994 A
LVH 50 ~ 145
MPa 11
3 572°C
170 MPa A
LVH 50 ~
170 MPa 27 MPa km A
1.8~6.3 km Al A3
VL LVH LV LV,
A3 w NaCly, VL
2.9% 2
w  NaCl,, 10% Hedengist et al. 1994

Richards 2005
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