1000-0569 /2013 /029( 01) 010720 Acta Petrologica Sinica

1 2 1 3 4

WANG Pin'  YANG YongFei® MEI Mei' LI Zhonglie® and WANG LiJuan’

1. 510640
2 100871

3. 450052

4 100012

1. Key Laboratory of Mineralogy and Metallogeny Guangzhou Institute of Geochemistry CAS Guangzhou 510640 China
2. Key Laboratory of Orogen and Crust Evolution Peking University Beijing 100871 China

3. Henan Bureau of Geological Exploration for Nonferrous Metals Zhengzhou 450052  China

4. Beijing Institute of Geology for Mineral Resources Beijing 100012  China

20120341 20124130

Wang P Yang YF Mei M Li ZL and Wang LJ. 2013. Fluid evolution of the Yaochong porphyry Mo deposit Xinxian
County Henan Province China. Acta Petrologica Sinica 29(1) :107 —120

Abstract The Yaochong porphyry Mo deposit in Xinxian County Henan Province China is located in the Dabie orogenic belt.
Mo mineralization formed in continental collision settings. The hydrothermal oreforming process can be divided into the early middle
and late stages characterized by mineral assemblages of quartz + potassic feldspar + pyrite + magnetite quartz + potassic feldspar +
molybdenum + other sulfides and quartz + calcite + fluorite respectively. There are four fluid compositional types determined in
hydrothermal quartz and fluorite from early to late: pure CO, CO,-H,0 aqueous and solid-bearing fluid inclusions ( FIs) . The early—
stage quartz contains three of the four types Fls other than the aqueous type. The middle-stage quartz has CO,-H,0 aqueous and solid—
bearing FIs without pure CO, Fls. In the late stage a small amount of CO,-H,O FIs can be observed in quartz of barren quartz veins
while in quartz-carbonate{ fluorite) veins only the aqueous Fls are present. Fluid inclusions in the early-stage quartz are homogenized
at temperatures of 277 ~380°C  clustering at 300 ~ 360°C  with salinities mainly ranging from 3.0% to 10.3% NaCleqv. Fluid
inclusions in the middle stage quartz yield homogenization temperatures of 185°C to 351°C  with most between 260°C and 320°C  and
salinities of 2.4% to 9.3% NaCleqv. Fluid inclusions in the late stage are totally homogenized at temperatures of 139 ~ 245°C
yielding salinities of 0. 7% ~6.3% NaCleqv. The estimated pressures decrease from a span of 47 ~ 131MPa in the early stage to a
range of 26 ~ 118MPa in the middle stage corresponding to a change in depths from 4. 7km to 2. 6 ~4.2km. We conclude that the
initial fluids forming the Yaochong deposit is high temperature high salinity and CO,—ich and predict that the deeper exploration is
potential for ore prospecting.

Key words Fluid inclusions; CO,-rich fluid; Porphyry Mo deposit; Continental collision; Dabie orogenic belt
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Fig. 1 Sketch map showing the geology of Dabie Shan and the locality of the Yaochong Mo deposit ( modified after Yang 2007a)
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Fig.2  Geological map of the Yaochong Mo deposit
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Fig.3 Photographs showing mineral association and fabrics of the ores at Yaochong deposit

( a) -the early-stage quartz-potassic feldspar vein cut by late-stage barren quartz vein; ( b) <the early-stage quartz-potassic feldspar-pyrite vein with
fractures filled by later molybdenite veinlet and wall-ocks with potassic alteration; ( ¢) the middle-stage quartz-potassic feldspar-molybdenite vein;

( d) -the middle-stage quartz-potassic feldspar-molybdenite vein cut by late-stage quartz-earbonate vein; ( e) -the middle-stage quartz-molybdenite vein;

(f) the middle-stage quartz-polymetallic sulfide vein; ( g) -the early-stage pyrite coexisting with magnetite ( reflected light) ; ( h) -molybdenite
occurred in fractures of pyrite ( reflected light) ; (i) the middle-stage flaky molybdenite ( reflected light) ; ( j) -the middle-stage pyrite chalcopyrite
and sphalerite ( reflected light) ; ( k) -epidotization ( perpendicular polarized light) ; (1) the quartz-carbonate vein with comb structure ( perpendicular
polarized light) . Abbreviation: BQz-barren quartz vein; Cb-carbonate; Cpy-chalcopyrite; Ep-epidote; Kfs-potassic feldspar; Mo-molybdenite; Mt—
magnetite; PM—polymetallic sulfide; Py-pyrite; Qz-quartz; Sph-sphalerite
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Fig.4 Microphotographs of fluid inclusions at Yaochong deposit
(a) pure CO, inclusion; (b) <CO,-,0 inclusion rich in liquid CO,; ( ¢) <CO,-H,0 inclusion rich in CO,; ( d) -CO,-H,0 inclusion rich in H,O;

( e) -eluster of CO,-H, 0 inclusions; ( f) <daughter chalcopyrite-bearing CO,-H, O inclusion; ( g) -daughter chalcopyrite—and unidentified transparent

=

mineral-bearing aqueous inclusion; ( h) -CO,-H, 0 fluid inclusion containing an unidentified transparent crystal; ( i) +wo-phase aqueous inclusion.

Abbreviation: Vo, -CO, vapor; Leg, €O, liquid; Vyy,q-H, 0 vapor; Ly,oH,0 liquid; Cp-chalcopyrite; Tr-unidentified transparent daughter mineral
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(‘a) €O, spectrum of the pure CO, inclusion; ( b) H,0-and CO,-spectra of the CO,-H,0 inclusion; ( ¢) 4, O0-spectrum of aqueous inclusion;

( d) -daughter chalcopyrite in the S-type inclusion; ( e) -aughter calcite in the S-type inclusion

. CO,H,0
Flincor ~ ( Brown 1989) .
3.2
NN 4
( 4 2004; 2007)
o, (PC )
5%
5~15um
(Veo,) (1 4a) (Veo, +Leo,) o
€0,41,0 (C ):
80% - N N

Cl1

(

H,0

5 ~25pm CO,
5% ~90% o cl
Veo, + Lo, + Lo
“ 7 ( 4c d);C2
4b) Veo, + Lo Co,
(W 4i) :
5 ~15pum
5% ~55%,

10% .
H,0
Co,

© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



114
30
a5 THTE
~ 20 : ~
< - <
15 -
- IU L h
5
0
80 ik
[Jsm
~ Al D‘v‘v’ﬂ ~
< B o <
& 40 et
20
0
[l B 5
g iy
. [ w .
& 6 Hcx &
® =
imil -
0
100 140 180 220 260 300 340 380 420
B—HEECC
6
Fig. 6

Mo deposit

3.3

10%

. 10 ~ 15um

10% ~40%
Co,

(sW ) (

( 4f h) (

70% .
(sc¢ )(

PC
1387cm ™) (
Co, (1283cm ™!

(
5¢) o

(1282¢m ™!
co,

H,0 (

Co,

5a) o C

1387cm ™)
5b) . W

30

20

Acta Petrologica Sinica

B

2 Tl
= 4

civ)

- =iy

' B B

nw

0 2 4 6 8 10 12
P (%NaCleqy)

S H,0
H,0 €O, .
5d) ;
1087cm ™' ( 5e) ;

Co,
CO,H,0NaCl .

3.4

)

PC .S w

2013 29( 1)

Histograms of homogenization temperatures and salinities of fluid inclusions in different stage minerals at Yaochong
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Table 1 ~ Microthermometric data of fluid inclusions in hydrothermal quartz from the Yaochong Mo deposit
N Ty co,(C) T, iee(C) T, aa(C) T,(C) W( wt% NaCleqv)  p( g/cm®)
C 68 -58.4~ -56.6 4.2~7.8 277 ~380 4.9 ~10.3 0.59 ~0.99
SC 6 -57.5~ -57.3 4.2~4.9 303 ~354" 3.0~10.3
C 218 -59.4 ~ -56.6 4.9~8.8 228 ~351 2.4~9.2 0.56 ~0.96
W 73 -7.9~-2.7 186 ~ 314 4.5-~9.3 0.86 ~0.96
sc 20 -59.5~-57.0 4.9~8.3 198 ~309" 3.4-~9.2
SW 4 -5.4~-3.0 185 ~251" 5.0~8.4
C 11 -56.7~ -56.6 6.7~8.1 185 ~245 3.8~6.3 0.83 ~1.02
\ 11 -3.8~-0.4 139 ~241 0.7~6.2 0.86 ~0.93
W 4 140 ~ 190
T co, Co, i T o DT e D T, . S
W (S )ip
o, 20% ~90% - 260 ~320C ;
Co, -58.4 ~ —56.6C 0.56 ~0.96g/cm’. W
o, ( -56.6%C) o, 5% ~55% -7.9~ -2.7C
4.5% ~9.3% NaCleqv;
( 2004) ; 186 ~314%C; w 5%
4.2 ~7.8%C ; 0. 86 ~ 0.96g/
4.3% ~10.3% NaCleqv; CO, em’s S s SW
20.5 ~31.1C : CO, ;SC
50% 240 ~379°C o, 25% ~50% CO,
C 277 ~380C -59.5~ -57.0C 4.9 ~8.3C
; 0.59 ~ 3.4% ~9.2% NaCleqv CO,
0.99g/cm’ . S sc 26.7 ~31. 1%C N ; SW
Co, 30% ~60% . -5.4~ -3.0C
Co, -57.5 ~ =57.3C 5.0% ~8.4% NaCleqy; S
4.2 ~4.9C . 185 ~309C .
30.3 ~31.1C . - \ -
303 ~ 354C 3.0% ~10.3% - o W
NaCleqv( ) o W C °
5 ~10pm 10% o, ~56.7 ~ —56.6C 6.7
168 ~221C ~8.1C 3.8% ~6.3% NaCleqv; CO,
. PC . 28.8 ~30.8°C
4 ) - 185 ~245C ;
. a . 0.83 ~1.02g/cm’ & W
C W S C 5~15um 5% ~25% .
. . 5. -3.8~ -0.4C 0.7% ~6.2%
30pm €O, 5% ~80% NaCleqv; 0.86 ~0.93g/cm’
co, ~59.4~ -56.6C  CO, 139 ~241C W
140 ~ 190C .
4.9 ~8.8%C 2.4% ~9.2% NaCleqv; CO,
22.1~31.1C 3.5
: C 251 ~324°C €0,H,0 . .
C 228 ~351°C o,
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500

The C-type FlIs with homogenization temperature of > 300°C are selected for pressure estimation. The isochores are calculated using average

homogenization temperatures ( vertical line) with 1o standard deviation ( vertical dashed and dot-dashed lines) following the Flincor program ( Brown

1989) and the formula of Bowers and Helgeson ( 1983)

2
Table 2 The minimum trapping pressure of flu

mineralization depth

id inclusions and

( MPa) 47 ~131 26 ~118
( km) 4.7~13.1 2.6 ~11.8
( km) 1.7~4.7 0.9~4.2
Flincor ( Brown 1989) Bowers and
Helgeson( 1983) 300°C C
324 £10%C 310 £5C N
47 ~131MPa 26 ~118MPa( 2. 7)o
2.8g/cm’
1.7 ~
4. 7km 0.9 ~4.2km.,
4.7 ~13. 1km
2.6 ~11. 8km.,
4. 7km 2.6 ~4.2km
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2011) .

co,
H,0-CO,NaCl o
380°C C
10. 3% NaCleqv S

. . . €O,
(
PC .C S
. CO,( CO,/H,0 )
2002) ; (/fo,)
S

1999;
2009; Fan et al.
C0,H,0 R
4.9% ~
2009) .
(

Co,



117

o C (2009)
S W PC 60
co, CO,/H,0 . CO,
2H* +C0,>” -»H,0 + CO, 1 H* -
OH" ( ) / + NaCl
/ . “« co, F. ( CO,) ; -
Eh ( ( )
2007a; Chen et al. 2004 2009; Lietal. 2012a b) + NaCl.F.oo K,
q2- . CO,/H,0.F/Cl.
Si0,2" Sio, K/Na CO, H,0-CO,NaCl o
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o Co,
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Co,
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C w 2.4% ~9.3% ~5km Far Southest ( Hedenquist et al.
NaCleqv. 1998) Grasberg ( 2000)
Batu Hijau ( Tmai and Ohno 2005) Rosario
( Masterman et al. 2005) ;
W C co,
w €O, 8km ( 2009) .
139 ~245C o . N N
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