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Abstract The Anna gold deposit is located at southeastern Yunnan China and is hosted in altered Permian diabase intrusion
with intensive milky quartz veins and vienlets. Alteration caused silicification argillization carbonatization and sulfidation similar to
those in the sediment-hosted Carlintype gold deposits in the Dian-Qian-Gui “Golden Triangle” of Southwest China. Petrography
microthermometry laser Raman spectroscopy analyses of fluid inclusions in quartz and hydrogen and oxygen isotopic compositions of
quartz are used to characterize the ore-forming fluids associated with gold mineralization in the southeastern Yunnan. The results show
that the fluid inclusions in quartz are mainly two— or three-phase aqueous-carbonic inclusions and have higher homogenization
temperatures ( 208 ~312°C) and low salinities of 0 ~2% NaCleqv with high density of CO, and N, vapor. Hydrogen and oxygen
isotopic compositions of ore fluids (8D = =79%0 ~ —47%0c 6" 0 =8.9%o ~12. 7%0) indicate a metamorphic origin possibly related to
Indosinian orogeny along the southern margin of Youjiang basin during Late Permian to Early Triassic time.
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Fig.1 Simplified geological map of the Anna gold deposit
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Fig.2 Simplified geological plan and cross—section of the Anna gold deposit ( modified after Cun et al. 2011)
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Fig.3  Photograph and photomicrographs of ore samples from Anna gold deposit

(a) photograph of altered diabase ore with quartz veins; ( b) photograph ( thin section) of primary ore

showing the relationship among gold—

bearing sulphides and quartz vein; (¢ d) micro-photograph of gold-bearing arsenian pyrite ( As-py) and arsenopyrite ( Asp) : surrounding of

rutile ( Rt) and illite (11t) in primary ores ( transmitted light and reflected light)

(
3) . . Linkam
N N N N N N N THMSG 600
o ( <50°C) ( >100°C)
+0.1°C +2%C.
2 Renishaw InVia Reflex
v, 514nm
( 2. 3a). ( 20mw 1pum 30 ~60s
3b) . . 150 ~4000cm ™',
. . . MAT=253 0
BrF; ( Clayton and
. ( 3d) Mayeda 1963) BrF; (180 )
i co,
As(0.56% ~4.22%)  Au(300 x 10°° ~ 1010 x + 0. 2%o-
107°) Au( 300 x 10 ™° ~1290 x 10~°) . (40 ~60 ) 150C 4h
C 400°C

( 200 m)

H,



3325

FH Y G U A TG C0D B T Gr AL T Lo 6l 00 AT T 60 8 T0D BT T 60 S0 BRI & S0Pwy R

86°0~ 88 0 98 0~ 640 #0 T~ 000 TIE~ 80T 761~ 601 TOI~0'6  LLS- ~L'65- §T~§I €9~ L1 81 £ EE0TNY
L6°0~ 9670 980~ 1L°0 $0 1~ 000 15T~ ¥IT L'ST~8°01 €01~S'6  TUS- ~S'65- sz~ ¢l 8t~ 9l €l TECOTNY
86°0~ 88 0 $8°0~L9°0 81~ 000 §6T~ 80T 78T~ €Tl €0I~1'6  bLS— ~6'85- 0€~ Sl 65~ 11 5T - €0T-NV
$6°0~ $6°0 780 €270~ 0070 08T ~ 82T 6°S1~9¢l T0I~6'6  6LS- ~§'85- 0£~ 0T 67~ 2l 9 I-T-€0T-NV
860~ 5670 ¥8 0~ LL0 901~ 100 BST~ 95T 90z~ I '€l 001~§'6  695- ~08S- 0z~ §1 68~ Pl 91 - 1-€0TNY
86 0~ 960 $8°0~78°0 $9°0~ 00 LST~ S1T 8°SL~ LTl 0°0I~L'6  €'L§- ~9°85~ 07~ §1 8T~ 11 [ £ 1-E0TNY
860~ 56 °0 ¥8°0~TL0 S8 1~ 00 96T ~ ££T €767~ 0°¢l 001~1°6  8°95- ~6°LS- sz~ 61 W~ 6 (A T I-E0TNY
86 0~ 960 §8°0~78°0 90°'1~S2°0 192 - 6£T 961~ L 2l 6'6~56 9°'L6- ~§ 86~ §T~ ¢l 0S~ Sl 8 I-1-€0T-NV
(sw24)"a (qwa/3)500q  (abageN g ) Y ()" r (D) Oy (0. "oy (2,)uy (% )M, Ea (4 )

:_WDQU—. m._—cw ﬁﬁﬁ{ :.uc.a Nﬁﬁ...—u ut wﬁcmm_.;nv_.: _um:: d0j n.—ﬁ—\_ DUPWUOULIS o101 ._: %._m::.:_._.m | -u_._._ur_._

EFEMMEWES YU S TEIY LT HE | ¥

o~
..m =]
=  z4
S =3
e AMWb =}
(=] UO o
= jan
S =
2 @ s S °©
S 3 = =
o & Jun_.u.A
= =28 ° —
2 2 N S
— o ﬂ.m o O s}
T 2 .8 © \WZ —
< b= s == —
— = ST g <t o
- < = <3 =)
5] T — ]
@R ? o0
o n = .8 —
==
=N 2 &
o T 2 ¢
R 4 g
< g
3 s < £ =) £
=32 = (=} < g
) Ogmc N = 3
= S = o= o
= £ ES S =
=
o
g 2L g S &
£ Tgw ¥ T
1) % 3 .5 N
= = & E + ~ —
g E| =)
S v 2 &)
= IS
) = Q =
< NS
=, Fsz
I n = z =
<) S 2 2% g
O S 2 &E
<+ |7 BT o —
< .= £ 5 &)
= % g g E= vy
o <] =1 — o
— = B — o= N
N o —

http://www.cnki.net

hts reserved.

o

t=

=

?1994-2017 China Academic Journal Electronic Publishing House. All ri



3326

B —®ECC)
20
el (c)
15¢ F
= 10F | =
T | H
.
0 -‘ [ [e] |_| [l
10 15 20 25 30
CO, M ¥ —iRE(C)
5
Fig.5 Histograms of homogenization temperatures salinities

60

2016 32(11)

Acta Petrologica Sinica

50

40

30

20

(b)

. —

50,

1.5
h % (% NaCl eqv)

0.0 0.5 1.0 2.0

40

30-

20~

(d)

[ / j

-60 -59 -58 -57
CO, [ A7 % 1L I8 FE (C)

CO, part homogenization temperatures and solid CO, melt

temperatures of fluid inclusions in quartz from Anna gold deposit

( 4a) Co, C0,H,0
(Liyo + Lo, + Veo,) o
3.2
120
1 5o
Co, CO,. co,
Co, (The,) 10.8 ~28.2C 15.3C
( 4g.  3¢) co, 0.67 ~0.86 g/cm’
0.82 g/em’; Co, ( Toco,) -59.7 ~
-56.8C -58.1C ( 4c. 5d) Co,
( -56.6%C) CH,.N, ( Burruss
1981; Shepherd et al.  1985) . Raman
co, N,
CH,( 6),
co, . CO,
(Tm,,) 9.0~10.3C 9.9C

0 ~2.0% NaCleqv( Diamond 1992) 0.3% NaCleqv(

2

Table 2 Hydrogen and oxygen isotopic compositions of inclusion

water and quartz from the Anna gold deposit

8Dy (%0)  8"0,,(%) 8" Oyyol %)
AN-402 -74 22.3 12.6
AN-4034 -75 22. 4 12.7
AN-405 -65 21.8 12.1
AN-408 -7 22. 4 12.7
AN-414 -74 22.2 12.5
AN-415 -78 22.0 12.3
AN-416 -47 22.1 12.4
AN-417 -61 22.0 12.3
AN-418 -55 21.3 11.6
AN-425 -64 20.9 11.2
AN-426 -57 19.2 9.5
AN-2034 -47 21.9 12.2
AN=206B -78 20.8 1.1
AN=2032 -64 22.0 12.3
AN-4032 -79 18.6 8.9

180, - 8" 04,0 =3.38 x 10°/T> 2.9 ( Friedman and O Neil

1977)
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Fig.6 Laser Raman spectra of individual fluid inclusions in quartz from Anna gold deposit
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Fig.7 A diagram of measured D values versus calculated
5" 0 values of inclusion water in quartz veins from the Anna
gold deposit

The field of magmatic water is taken from Taylor (1974) . The
metamorphic water field combines the values of Taylor (1974) and
Sheppard ( 1981) . The meteoric water line is from Epstein et al.
(1965 1970) . H and O isotopic composition of local meteoric water

and the dashed arrows showing meteoric water/rock exchange are

from Hofstra et al. (2005)
4d.  5b) o

208 ~312C 233 ~273°C

254C( 1. Sa)
(210°C) (Su et al. 2009a) .

3.3
15

H,0 &D

190 ~260°C

—T79%0 ~ —47%0
( =75%0 ~ — 40%0)

( =75. 0%) ( 2014) .
8"0 18. 6%0 ~ 22.4%o Friedman and
0’ Neil( 1977) - (8" 0, -
80,0 =3.38 x10°/7° - 2.9) H,0 5"%0
8.9%0 ~12. 7%o
( 7). 8&Ds"0 1
7
(0~2%
NaCleqv) . (233 ~273%C) . co,
( Ridley and Diamond 2000)
(2107C) . ( ~6% NaCleqv) . CO,
(Su et al. 2009a)
OAr Ar (232 +
S5Ma) ( )
( Zaw et al.

2014; Tran et al. 2016) .

3.4
( <250°C) . H,S
Au Au( HS),  Au(HS)’
( Seward 1973 1993) As H, AsO;

( Heinrich and Eadington 1986; Pokrovski et al. 2002) ; Au

~

( Seward 1973; Naden and Shepherd

1989; Groves and Foster 1991; Nesbitt 1991) .
(0.3%
NaCleqv) .

(254C) . CO,H,0
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( <250°C) co,
(pH =5.07 ~5.21) ( Hofstra and Cline 2000) ,
Au Ti¥e
Fe’* Au
Fe Fe Au
( 3d)
N Au

4FeTiO; +6H;AsO,,, +4H,S ) +4Au( HS) {,, +7H,,
=2FeAsSAu,S” +2Fe( S As) ,Au,S’ +4Ti0, +22H,0.

(1) (0 ~2%
NaCleqv) . (233 ~273C) . o,

TiFe Fe Au
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