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Abstract
of Carlin-type gold deposits in the Qinling collisional orogenic belt. Their fluid inclusions are

The Jinlongshan gold ore belt in southern Shaanxi Province contains a number

of the Na* - Cl” type. From the main metallogenic stage to later stages, the total quantity of
anions and cations, temperature and deoxidation parameter (R) for fluid inclusions all gradu-
ally decreased, suggesting the gradual intensification of fluid oxidation, the reduction of met-
allogenic depth and the input of meteoric water and organic components. The deposits were
formed during crustal uplifting and hence had similar tectonic settings to orogenic gold depos-
its. The CO, contents and CO,/H,0 values of the ore fluid increased from early to late sta-
ges, and the wall-rock alteration is represented by decarbonation, which is inconsistent with
the characteristics of orogenic gold deposits. It is also discovered that Na*, K*, SO2™, Cl~
and the total amounts of anions and cations in the inclusions in quartz are higher than those in
the coexisting calcite. The H, O and C isotope ratios indicate that the ore fluid was sourced
from meteoric water and metamorphic devolatilisation of the sedimentary rocks that host the
ores. The high background & 0 and 8 C values of wall rocks resulted in high § 0 and
8 " C values of ore fluid and also high & *0 and & ”C values of hydrothermal minerals such as
quartz and carbonate. The carbon in ore fluid stemmed largely from the hosting strata. The
5 '®0 and 3 C values of Fe-calcite and the 8D values of fluid inclusions are lower than those
of calcite and quartz. In terms of the theory of coordination chemistry, all these differences
can be ascribed to water-rock interaction in the same fluid system, instead, to the multi-

source of ore fluid.
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The Jinlongshan gold ore belt in Zhen’ an Coun-
ty, southern Shaanxi Province, is located in the west-
ern Qinling gold province (No. 16 in Fig. 1; Chen
Yanjing et al. , 2004). It was discovered in the Devo-
nian strata in the late 1980s). Its geological setting
and metallogenic evolution are similar to those of oro-
genic gold deposits ( Zhang Fuxin et al., 2000,
2001). The development of the gold ore belt and the
spatial localization of orebodies are strictly controlled
by lithologies of the strata and ductile-brittle shear
zones (Zhang Fuxin et al. , 1997 ). This gold ore belt
is an ideal subject of study to shed light on the rules of
fluid involvement in metallogenesis of the Carlin-type
gold deposits. Nevertheless, little work has been done
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on its ore fluids, hampering our understanding of the
metallogenic mechanism and rule of this ore belt.
Therefore, this paper is aimed at providing more infor-
mation in these aspects.

1 Regional and ore geology

According to Chen Yanjing et al. (2004), the
western Qinling area is the second largest Carlin-type
and Carlin-like gold province in the world. Unlike Ne-
vada, USA, which is located in the back-arc Basin-
and -Range region, the western Qinling gold province
(WQGP) is inboard a continental collision orogen.
The WQGP includes four tectonic units: from north to
south, the southern margin of Sino-Korean craton, the
northern Qinling orogenic belt, the southern Qinling o-
rogenic belt and the Songpan foreland fold-and-thrust
belt (Fig. 1). All the Carlin-type and Carlin-like gold
deposits in the WQGP occur in the southern Qinling o-
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rogenic belt and the Songpan foreland fold-and-thrust
belt, and are mainly hosted in Devonian-Triassic strata.
The country rocks are mainly carbonaceous fine clastic-

chemical sediments, including calcareous sandstones,
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silty carbonates, shales and cherts, deposited in lagoon-
shallow sea environments. Most of the gold deposits
were formed in the period from Late Triassic to Early
Cretaceous, with isotope ages clustering at 170 Ma.
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The Jinlongshan gold ore belt includes four gold
deposits from east to west,

Fig. 1. Tecionic framework and gold distribution in the western Qinling gold province ( modified from Chen Yan-
jing et al. , 2004 ). Abbreviations; XQL. Xiaoqinling; AK. Ankang; FP. Foping; DL. Douling; WD. Wu-
dang; BK. Bikou. Numbers of the deposits on the figure; 1. Zhashui, Shaanxi; 2. Ertaizi,
Zhen’ an, Shaanxi; Shaanxi; 5. Baguamiao,
Fengxian, Shaanxi; 6. Pangjiahe, Fengxian, Shaanxi; 7. Xiaogouli, Xihe, Gansu; 8. Anjiacha, Xihe, Gan-
su; 9. Luoba, Lixian, Gansu; 10. Liba, Lixian, Gansu; 11. Maquan, Lixian, Gansu; 12. Jinshan, Lixian,
13. Mingzhushan,
Shaanxi; 16. Jinglongshan, Zhen’ an, Shaanxi;

Xialiangzi,

3. Ma’ angiao, Zhouzhi, Shaanxi; 4. Shuangwang, Taibai,

Gansu; Minxian, Gansu; 14. Zhaishang, Minxian, Gansu; 15. Xiajiadian, Shanyang,

17. Leishigou, Xunyang, Shaanxi; 18. Qingdonggou, Xun-

yang, Shaanxi; 19. Huijiagou, Xunyang, Shaanxi; 20. Luerba, Minxian, Gansu; 21. Xujiapo, Yunxian, Hu-
bei; 22. Yindonggou, Yunxian, Hubei; 23. Linxiang, Xunyang, Shaanxi; 24. Huanglong, Hanying, Shaanxi;
25. Yangpingwan, Shiquan, Shaanxi; 26. Shangjiagou, Kangxian, Gansu; 27. Pingding, Zhouqu, Gansu;
28. Jiuyuan, Zhouqu, Gansuj; 29. Lazikou, Diebu, Gansu; 30. Caibu, Diebu, Gansu; 31. Qiongmo, Zoigé,
Sichuan; 32. Laerma, Luqu, Gansu; 33. Zhongqu, Luqu, Gansu; 34. Dashui, Maqu, Gansu; 35. Gongbei,
Maqu, Gansu; 36. Yangshan, Wenxian, Gansu; 37. Shijiba, Wenxian, Gansu; 38. Jianchaling, Lueyang,
Shaanxi; 39. Lijiagou, Mianxian, Shaanxi; 40. Donggouba, Lueyang, Shaanxi, 41. Huachanggou, Lueyang,
Shaanxi; 42. Dingjianlin, Nianggiang, Shaanxi; 43. Taiyangping, Guangyvnan, Sichuan; 44. Jindonggou,
Pingwu, Sichuan; 45. Tuanjie, Nanping, Sichuan; 46. Manaoke, Nanping, Sichuan; 47. Baxi, Zoigé, Si-
chuan; 48. Qiaogiaoshang, Songpan, Sichuan; 49. Dongbeizhai, Songpan, Sichuan; 50. Zheboshan, Song-

pan, Sichuan; 51. Jinmuda, Aba, Sichuan.

tum of gold deposits.

i. e., Jinlongshan, Yao-

The ore-bearing lithology com-
monly contains organic matter ( Zhang Fuxin et al. ,

jian, Qiuling and Guloushan (Fig. 2), with total re-
serve > 30 t Au. According to Zhang Fuxin and Ma
Jiangin (1996), Zhang Fuxin et al. (1997, 2000),
the Jinlongshan gold ore belt occurs in the Zhen’ an-
Xunyang Late Paleozoic basin south of the Feng-Zhen
fault (Fig. 1). Host rocks are the strata of the Upper
Devonian Nanyangshan Formation and the Lower Car-
boniferous Yuanjiagou Formation (Fig. 2), of which
the Nanyangshan Formation is the main ore-hosted stra-

2000). Within the mining district ( Fig. 2) nearly E-
W extending faults are relatively developed, most of
which possess thrusting characteristics, and they are
controlled by the Zhen’ an-Banyanzhen fault on the
northern side. The southern and northern boundaries of
the mining district are controlled by the second-ordered
faults, i. e., the Miliang-Anjiamen and Qiuling-Po-
tongya faults. The ore-controlling structures of the ore

belt are ductile, ductile-brittle or brittle-shear zones



No. 1 Ore fluid geochemistry of the Jinlongshan Carlin-type gold ore belt 25

L

2 Qiuling 2X¢

_;'" 4 ."I'," '}.’}.‘ .-.J' rd
7 4 ‘.-'" f/’f_,-"'-’.-"r
ey
.-‘,.--’.f S -"',-" -"

Qiuling-Potongya F <lu|I

Py
.-' " ./,.-;

\ lmlnnculmn \

SN0, \t.‘\\ o \\

'\nmmm Fault

Miliang-/

'\lllmnu- \n]mmm I ault

E Permian

Carboniferous

|:| Upper Devonian

Middle Devonian

El Fault
Thrust

Au deposit

Fig. 2. Geological map of the Jinlongshan gold ore belt ( modified from Hu Jianmin and Zhang Haishan,

1994 ).

1996).

these shear zones axially overprint anticlines, constitu-

(Zhang Fuxin and Ma Jianqgin, In general,
ting a kind of ore-hosting architecture usually called
“broken anticline”. There-
which can pump ore
fluids, and anticline hinges, which can trap fluids, re-

“anticline plus a cut” or
fore, combination of cleavages,

sulted in intense hydrothermal alteration and gold min-
eralization in the Jinlongshan gold ore belt.

By combining our laboratory study and field obser-
vations, hydrothermal mineralization in the Jinlongshan
gold ore belt can be divided into three main stages: 1)
gold mineralization stage; the mineralization of aurifer-
ous pyrite was accompanied with sericitization, fine-
grained silicification, decarbonation and arsenopyritiza-
tion; the contents of Fe, As and Au were greatly in-
creased; 2} Sh mineralization stage: this stage is char-
acterized by the formation of stibnite-cinnabar assem-
blage, accompanied with the formation of quartz-calcite
veins; and 3) carbonation stage; fine carbonate vein-
lets filled in fractures or tensional structures; miarolitic
and comb structures are commonly observed; in the
veinlets the contents of Au, As and Sb are relatively
low, implying that this stage contributed little to gold
mineralization. This work puts the focus on the fluid
inclusion characteristics, chemical compositions and i-
sotopic characteristics of quartz, calcite and other min-
erals formed during these three stages.

2 Fluid inclusion geochemistry

2.1 Petrography and microthermometry

In light of microscopic observations ( Table 1),
fluid inclusions in the Jinlongshan gold ore belt are rel-
mostly
less than 5 pm and generally between 1 —3 pm. From

atively developed, but they are small in size,

the gold mineralization stage through the Sb mineraliza-
tion stage to the carbonation stage the fluid inclusions
tend to increase progressively in size and are dominated
by liquid- and vapor/liquid-phase ones, with the V/L
The fluid inclu-
sions are mostly spheroid, elliptical, elongated and ir-
regular in shape. Under microscope (40 x 10) one can
observe many vapor-phase inclusions like tiny black

ratios varying between 5% and 25%.

dots jumping in liquid-phase inclusions. The homoge-
nization temperatures of fluid inclusions trapped in the
gold-mineralization stage range from 158 to -268 °C,
mostly within the range of 180 —220 “C. The salinities
[ W (NaCleq) ] vary between 5.7% and 7.9% ( Zhang
Fuxin et al. , 1997 ). Homogenization temperatures for
the Sb-mineralization stage range from 120 to 277 °C,
clustering in the span of 140 —220 “C. The salinities
range from 8.3% to 8.6% (Zhang Fuxin et al.,
1997). The homogenization temperatures for late-stage
mineralization are within the range of 81 — 184 C,
mostly within the range of 130 — 180 °C. This indicates
that from the Au-mineralization stage to the late car-
bonation stage, the temperatures decreased progres-
sively, and the medium-low temperatures and medium-
low salinities of the ore fluids are just in accord with
the characteristics of the Carlin-type gold deposits.
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Table 1. Microthermometric data of fluid inclusions from the Jinlongshan gold ore belt

Orv? deposit minerali- Sample No. Host Inclusion shape Size V/(V+L) Homogenization
zation mineral (um) (%) temperature (XC)
Jinlongshan
Au mineralization J1532 Q Spheroid, irregular 1-5 6 -30 158, 199, 207
Sb mineralization J-PD7-Ca Ce Irregular, elliptic 1-3 10 -20 151, 218, 246
Carbonation g:’il.,s J138, J-mg-1, Q, Ce ;I;rii(;ijlg:llll::n,bicinegular, spheri- 1-8 515 ?é% ,13660,’ 113798, 142,
Qiuling
Au mineralization (()l-l)’DO-IV, Q-PD7-1 Q gryesgt:lllz:;; elliptic, negatively 12 5925 égg: ;gg , 215,217,
Sb mineralization Q-Tc0-Ca, Q3047 Q, Cc  Trregular, elliptic, tube-shaped 3 —6 5-25 ;_3; 184, 187, 205,
Carbonation Q304-5, Q3046 Co  pheaid, irfelgfl‘i:' congated, 5y gp-40 145,153,161, 184,
Yaojian
Sb mineralization Y30-1 Fine tube-shaped, elongated 0.5-3 2-25 120, 167
Carbonation Y40.9 Qe imegular, rounded, o 5_4  4_40 120,192
Guloushan
Sb mineralization D35 Q Elongated, irregular, fibrous 1-3 5-30 142, 144
Note: Compiled from Zhang Fuxin (1997), Zhao Liging (1997) and the authors’ study. Q. Quartz; Cc. calciie.
2.2 Liquid-phase composition m
ok Qiuling -] O Calcite
As can be seen from Table 2, the ore-forming flu- B i g Quartz
ids are generally characterized by C1” >F~ and Na™ >
K*, belonging to the C1™-Na™ type. Generally speak- or
ing, the contents of F~, C17, SO;", Na* and K* in
fluid inclusions formed at the Au and Sb mineralization Eﬂ 12F _
stages are obviously lower than those at later stages, ©
indicating that the ore-forming fluids during the main 8
stage of mineralization are highly capable of dissolving
ore-forming materials. During the main stage of miner- 4f
alization , large amounts of metal minerals were precipi- ’7
tated while they trapped large numbers of fluid inclu- 0 =1 i_L e
Na K SOr  CF  EIMT EIM  Mg' F

sions.

In the samples of the same generation, the con-
tents of Na*, K*, SO and Cl™ and the total a-
mounts of anions and cations in quartz inclusions are
all higher than those in calcite inclusions, while the
case is opposite for Mg’* and F~ ( Fig. 3). And
SO:"/Cl" ratios in quartz are one order of magnitude
lower than those in calcite. The possible explanation
is; the existence of quartz implies that the contents of
Si-O complex cations are high; in case the concentra-
tions of Si-O complex cations are high, Mg’* can com-
bine with Si-O complex anions to form MgSiO, and also
can be precipitated in the form of Mg-|bearing silicate
minerals. As a result, the concentrations of Mg’* in
hydrothermal solutions could only be kept at low level.
On the conirary, Na™ and K" can dissolve in fluids as
stable external cations. Meanwhile, F~ can destroy the
Si-O bond to form SiF, and escapes via evaporation.

Fig. 3. Comparison of ion concentrations between the inclu-
sions in coexisting calcite and those in quartz ( taking Sb
mineralization of the Qiuling ore deposit for example).

Therefore , the activity of F~ must be lower than that of
Cl™ in the acidic solutions, which have high contents
of Si-O complex anions. That is to say, the contents of
Cl™ are relatively high. In regard to calcite, its precip-
itation requires high activities of CO3™, Ca’", Mg""
and other cations and relatively low activities of Si-O
complex anions. Lower Si-O complex anionic activities
would make F~ exist stably in fluids, leading to the in-
crease of F~ concentrations in the blocked fluids. As
the solubility product of CaCO; was lower than that of
MgCO,, the former would be preferentially precipita-
ted, making Mg’* retained in the fluids, thus leading
to the increase of Mg’* content in fluid inclusions.
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And, owing to the common-ion effects, in case the
contents of Mg”~ are high, the contents of Na* and K*

would be relatively low in the fluids.

Table 2. Liquid compesition of fluid inclusions from the Jindongshan gold ore belt (10°%)

Deposit  Sample No. Stage Mineral F~ €1~ S0~ HCO; Na* K* Mg* €% IM™® 3IM*® C-/F~ Na*/K* Remark

linlongshan  J-PD52-1  Au Q 2.23 3.38 12.99 10.37 1.23 18.44 - - 18.60 19.67 1.52 0.07 *
1153-1 Au Q 0.44 49.40 1.85 - 30.88 4.71 0.95 0.00 51.69 36.54 112.27 6.56 * ¥
J-PD7-Ca Sb Cc 0.89 4.78 53.60 - 2.54 0.38 - - 59.27 2.92 5.37 6.68 *
J-mg-3 Cab Ce  0.35 1.41 1.4 - 0.63 0.33 2.08 - 3.20 3.04 4.03 1.91
J-mg-4 Cab Ce  0.05 0.24 0.29 - 028 0.29 1.26 - 0.58 1.83 4.90 0.97
J-mg-5 Cab Cc  0.64 1.35 1.20 - 0.66 0.38 2.42 - 3.19 3.46 2.11 1.74
Qidling  Q-PDO-V2  Au Q 004 129 200 1831 106 1.36 - - 3.33 2.42 32.25 0.78 *
Q-PD7-Ca Sb Cc  1.40 7.45 Mass - 3.14 0.499 - - Mass 3.63 5.32 6.41 *
Q304-7 Sh Cc  0.31 3.56 0.96 - 1.26 0.40 1.57 - 4.83 3.23 11.48 3.15
Q304-7 Sb Q 0.05 21.00 1.20 - 9.67 1.34 0.07 0.62 22.25 11.08 428.57 7.22
Q304-6(2) Carb Ce 0.15 130 120 ~ 0.39 0.30 0.72 - 2.65 1.41 8.67 1.30
Q304-6(5) Carb C 03 135 072 - 074 029 1.5 - 231 2.5 4.50 2.55
Yaojian Y30-1 Au Q 0.52 25.9 0.62 - 11.47 10.88 0.02 0.00 27.04 22.37 49.81 1.05 * %
Y36-3-1 Sh Cc 1.55 4.9 0.4 - 2,19 0.42 1.87 0.00 6.89 4.48 3.16 5.21 * ¥
Guloushan D34 Au Q  0.71 4.9 1.8 - 1544 3.41 0.04 0.00 27.46 18.89 35.07 4.53 * %

Note: Au. Au mineralization; Sb. Sb mineralization; Carb. carbonation; Q. quartz; Ce. calcite. (D) The sum of anion and cation concentrations, but HCO; was

not taken into account; () Ca®* was not taken into account. * From Zhang Fuxin et al. (1997); * * from Zhao Liging (1997) ; the others were determined by
liquid ion gas chromatography ( Zhu Heping) at the Mineral Resources Exploration and Research Center under the Institute of Geology and Geophysics, Chinese A-
cademy of Sciences. The analytical instrument is a Japan-made LC-10A Type gas liquid ion gas chromatograph. The relative analytical errors are less than 5%.

“

- indicates the values are lower than the detection limit.

From the above it is seen that inclusions in quartz
are richin Na*, K*, Cl7, etc. , while those in cal-
cite are rich in Mg’" and F~. Tt is worthy of note that
the aforementioned differences are still noticed between
quartz and ferrodolomite from the Shuangwang gold de-
posit hosted in the Devonian strata at Qinling ( No. 4
in Fig. 1). The contents of SO}~ in various ore depos-
its at the main mineralization stage are higher than
those at later stages (Table 2), reflecting that the ac-
tivities of HS ™ and S*” in fluids during the mineraliza-
tion stage are higher than those during later stages.
That is because various forms of sulfur were oxidized
into SO>~ in the process of measurement. Precipitation
of metallic sulfides in large amounts and large-scale

consumption of HS™ and S°~ as well as metallic ions in
fluids during the main stage of mineralization led to the
drastic decrease of those ions in the late-stage fluids,
indicating a small contribution to the mineralization
during later stages.

The authors conducted laser Raman spectrometric
analysis at the Laboratory of Environmental Resources
and Lithosphere Dynamic, Petroleum University
(Dongying) and found that there commonly existed
CO2" in fluid inclusions (Fig. 4), demonstrating that
the ore-forming fluids would have been derived pre-
dominantly from the strata composed mainly of carbon-
ates and clastic rocks.

Sample: J-mg-1
1066. g Sample: Q65
170} gees7 Ton: CO? 155} 1019.09 Ion:leCg,_

165+ a 150l
é, g 150

=]

160 -
3 © st

155}

140}
lsc L 1 . 1 rl I L I
1060 1065 1070 1075 1010 1015 1020 1025 1030
Raman shift (cm™) Raman shift (cm™)

Fig. 4. The laser Raman spectra of CO;~ and HCO, in fluid inclusions.



28 ZHANG Jing et al. Vol. 25
Table 3. Gas composition of fluid inclusions from the Jinlongshan gold ore belt ( mol% )
Deposit ~ Sample No.  Stage  Mineral  CH, H,0 CO N, CHg €O, 0, HyS$ }C]L()(z) % % % R Remark
JPDS2-1 Au Q 0.221 96.8%4 0.092 0.209 - 2.583 - - - 37.52 11.67 240 27.99 0.12 ®
1153-1 Au Q 0.340 98.630 0.09 0.127 - 0.894 - - - 110.35 2.63 38.18 [00.37 0.39 %=
Jinlongshan  J-PD7-Ca Sb Cc 0.060 95.468 0.063 0.421 - 3.988 - - - 23.94 66.95 094 63.25 0.03 *
J-mg-3 Carb Cec  0.361 92.97 - 0.22 0.617 5575 0.074 0.071 0.112 1668 1544 ® o 0.06
J-mg4 Carb Cc 0294 9493 0.38 0221 0.727 3.2060 0.079 0.14 0.058 29.61 109 0.7 8.4 0.2!
J-mg-5 Carb Cc 0233 9478 009 0.5 0761 3.227 0.128 0.121 0.093 29.37 13.85 243 33.61 0.10
QPD-N-2  Auw Q 0.217 95.807 0.081 0.441 - 3.457 - - - 2,72 1591 2,67 42.49 0.09 *
Q-PD7-Ca  Sb Cc  0.274 94.084 0.113 0.188 - 5.341 - - - 17.62  19.47 2,44 4747 0.07 *
0304-7 Sh Q 0.403 93.484 0.549 1.238 0.473 3.482 0.078 0.118 0.175 268 864 073 634 027
Qiuling 0304-7 Sb Ce  0.459 92.577 - §.063 0.95 5.411 0.052 0.066 0417 17.11 1.7 ® o (.08
Q-CS7 Sb Ce 0.384 86.213 - - 1,99 10.249 0 0.205 0.952 8.41 26.69 © o  0.04
34-6(2) Carb Ce  0.689 74.563 - 0.557 4.492 17.695 0.165 0.212 1.628 4.21 25.6% ] o 0.04
0304-6(5) Carb Ce 0.523 84.831 - - - 14.478 - 0.093 0.075 5.8 27.68 © © 0.04
Yaojian Y30-1 Au Q 0.213  95.497 0.007 0.688 - 3.595 ~ - - 26.56 16.89 31.25 527.73 0.06 =
Y36-3-1 Sb Cc  0.023 96.063 0.092 0.05 - 3.1 - - - 25.47 164.46 0.25 4112 0.03 * =
Guloushan D34 Au Q 0.077 9.712 0.016 0.150 - 1. 046 - - - 94.39 13.64 485 66.08 0.09 =

Note: An. Au mineralization; Sb. Sb mineralization; Carb. carbonation; Q. quariz; Cc. calcite. Reduction parameter R = (H, +CO + CH,)/C0,. * From Zhang Fuxin et al. (1997);
% % from Zhao Liging (1997) ; the others were analyzed using the quadruple mass spectrometric method by Zhu Heping. The instrument is a Japan-made RG202 type one manufactured by the
Japanese Vacuum Technology Kabuskiki Kaisha and the working condition: SEM voltage; - 1.76 kV; mode of fonization: El; ionic energy: 50 eV; measuring speed; S0 ms/mau; vacuity: 5

%10 ~% Pa; relative analytical error; <5% ; “ - indicates the values are lower than the detection limit.

2.3 Gas-phase composition

The gas-phase composition of fluid inclusions and
relevant parameters are listed in Table 3. From the
Au, Sb mineralization stage to the carbonation stage
the contents of N, and CO, in fluid inclusions tend to
increase. At the carbonation stage there was detected a
certain amount of O, (Table 3), indicating that with
the evolution of mineralization process, the ore-forming
fluid system would become more open, and more and
more meteoric waters were incorporated into the ore-
forming fluids. This implies that the ore-forming depth
became shallower and shallower and that in the process
of mineralization there occurred crustal uplift.

From early to late, the contents of H,O in the ore-
forming fluids tend to decrease, CO, to increase, and
H,0/CO, ratios to decrease obviously ( Table 3), im-
plicating that the concentrations of CO, increased pro-
gressively. According to the principle of chemical equi-
librium, the ions CO?” and HCO, in solutions would
also increase. Unfortunately, due to the limitation of
analytical technology, the definite concentrations of
CO2~ and HCO; in the solutions have not yet been ac-
quired. However, laser Raman specirometric analysis
has confirmed that there did exist large amounts of the
ions CO>™ and HCO; in fluid inclusions from late sam-

ples ( Fig. 4). The progressive increase of CO;” and

HCO; , as described above, reflects the importance of
decarbonation in wall-rock alterations, indicating that
at the time of fluid/rock interaction, SiO;  replaced
CO%", hence making more and more CO, and CO;~
find their way into fluids and carbonate minerals in ore-
hosting zones progressively. This accords with the
tendency of variation of H,0/C0, ratios in the ore-
forming fluids producing the Shuangwang and Baguami-
ao (No. 5in Fig. 1) gold deposits in the WQGP (Fan
Shuocheng and Jin Qinhai, 1994; Wei Longming et
al. , 1994) and also in consistency with the character-
istics of the Carlin-type gold deposits ( Kerrich et al. ;
2000; Berger and Bagby, 1991 ) and in consistency
with the mineral assemblage sequence in the Jinlongs-
han gold ore belt. Meanwhile, these characteristics al-
so reflect that in the process of mineralization there oc-
curred almost no precise fluid boiling ( otherwise, CO,
would be lost in large amounts owing to fluid boiling) .
As the source of fluids is relatively shallow and the ore-
forming depth is relatively shallow, the ore-forming
temperature and pressure are relatively low. In addi-
tion, these characteristics are in conflict with the rules
of evolution of ore-forming fluids for the orogenic-type
gold deposits occurring in greenstone belts and voleanic
rocks. Taking the Abitibi gold ore province of Canada
(Kerrich and Feng, 1992), the Kalgoorlie gold ore
province of Australia (Ho et al. , 1990), the Xiaoqin-
ling gold orefield of Henan Province ( Xu Jiuhua et
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al. , 2001 ), the Shanggong gold deposit of the Xiong’
ershan gold orefield ( Fan Hongrui et al. , 1998 ), the
Kangshan gold deposit ( Wang Haihua et al. , 2001 )
and the Tieluping silver deposit ( Sui et al. , 2000) for
example, H,0/CO, ratios in their ore-forming fluids
tend to increase from early to late, reflecting that the e-
volution of ore-forming fluids and ore mineral-assem-
blage are greatly affecied by the characteristics of the
wall rocks ( Chen Yanjing et al. , 1992; Kerrich,
1993 ; Groves and Foster, 1991).

The contents of C,H in fluid inclusions are signif-
icantly higher than those of CH,. As viewed from the
Jinlongshan and Qiuling gold deposits, the contents of
CH, and C,H, in late stage inclusions are both higher
than those during the Sb mineralization stage. This may
be attributed to the higher contents of organic malter in
the ore-hosting strata because organic matter can be de-
composed through oxidation to generate CH,, C,H; and
CO, under the action of ore-forming hydrothermal solu-
tions, thereafter leading to the higher contents of light
hydrocarbons in late stages than in the main stage of
mineralization. Another reason is that the ore-forming
temperature was low during the late stage, favoring the
stable existence of C,H;.

3 The H-O-C isotopic systematics in ore-
forming fluids and its genetic significance

As can be seen from Table 4, the § O values of
range of -16.5%0 -
+25.5%0, indicative of O enrichment, close to the
range of 8 O values for sedimentary rocks ( +5%o —
+25%¢) (Wei Juying and Wang Guanyu, 1988). The
teason may be that the ore-forming fluids came from the

minerals are within the

country rocks with high 8 *0, or they underwent in-
tense isotope exchange with the country rocks. It is
known that the Hercynian-Indosinian tectonic strata in
the WQGP and ore-hosting rocks are carbonaceous-sili-
ceous mudstone formations; the stratiform siliceous
rocks have & 'O values around 20%o ( Zhang Ligang,
1989) , the 8 O values of cherts in the limestones are
within the range of 20. 5% —21.4%0, and those of bio-
genic limestones in the Jinlongshan mining district are
23.4%o. All the data showed that the rocks are capable
of providing & "*O-high fluids.

The 8 "* O values of the Jinlongshan ore deposit
decreased from the Au mineralization stage (24.3%0 —
25.9%0) to stage ( 16.5%0 -
17.9%¢) . The mineralization temperature tends to de-
crease as well. Therefore, a decrease in 0 of ore-

the carbonation

forming fluids indicates the involvement of more mete-
oritic waters. From early to late, the 8D values of fluid
inclusions tend to increase progressively ( Table 4).
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Fig. 5. 8D-8 '* O diagram of ore-forming fivids in the Jin-
longshan gold ore belt. 1. Au mineralization; 2. Sb miner-
alization; 3. carbonation. The base chart is after the Open
Lab of Ore Deposit Geochemistry, Institute of Geochemistry,
Chinese Academy of Sciences ( 1997).

The average 8D value of fluids at the main stage of
mineralization of the Jinlongshan ore deposit is
—87%c, while —65%o at the late stage. The 8D val-
ues for the Qiuling ore deposit vary between -83%.
and —69%o. All these 8D values fluctuate near those
of local meteoric waters of Mesozoic (J-K) age (8D =
—88%0) (Zhang Ligang, 1985). On the 8D - 3 "0
diagram of ore-forming fluids (Fig. 5) the points of
ore-forming fluids fall within the field of magmatic wa-
ter or on both sides of it, or near the lower boundary of
metamorphic water, with the majority of the samples
obviously shifting rightwards relative to the meteoric
water line, illustrating a full isotopic exchange between
the country rocks and the fluids, or the derivation of
fluids from the country rocks. As a result, the fluids
enriched in § ®0. It is also indicated that the ore-
forming fluids appear to have come from meteoric wa-
ter-source sedimentary formation water. As is shown in
Fig. 5, from early to late, the ore-forming fluids
showed a tendency of evolution toward meteoric water.
The distribution patterns of the points of the Jinlongs-
han gold ore field on the 8D — 3 '®0 diagram are close
to those of the Baguamiao gold deposit ( Fig. 1) [ the
dD and 80 values of inclusions in quartz are
—117.9%¢ — —53.5%c and -3.1%0c — 13.3%o0, re-
spectively ( Wei Longming et al. , 1994) and the
Shuangwang gold deposit (the 8D and & O values of
inclusions in quartz, calcite and ferrodolomite are
~62.2%0 — —131.9%0 and -8.3%¢ — 15.2%ec, re-
spectively) ( Fan Shuocheng and Jin Qinhai, 1994) ],
and also are approximate to those of the Carlin-type
gold deposits of China ( Liu Dongsheng et al. , 1994).
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Table 4. 8§ °C,yy, 8Dgyow and 8 *Ogy,ow values of minerals and fluid inclusions in
the Jinlongshan gold ore belt ( %o)
Deposit Sample No. Mineralization stage Mineral Dm0 8 0w 0 Omo 8"Cgug 8"Crjers  Remark
Jinlongshan JpPDS52-1 Au Quartz -79 25.1 13.65 - - *
J153-1 Au Caleite - 24.3 - - 1.5 *
J153-2 Au Quartz - 86 25.9 11.83 - - * %
JPD7-Ca Sb Fe-bearing calcite -97 22.7 13.16 - -4.0 *
J-mg-3 Carbonation Calcite -66 17.9 5.54 -1.8 0.2
J-mg4 Carbonation Calcite -63 16.5 4.14 -3.1 0.8
J-mg-5 Carbonation Calcite - 66 16.5 4.14 -2.8 1.0
Ji12 Country rock Bio-limestone - 23.4 - - 1.5 ® ok
Qinling qPDO-3-2 Au Quartz -80 25.3 13.85 - - *
Q64-5 Au Fe-bearing calcite - 20.4 - - -5.1 * %
qPD7-Ca Sb Calcite -105 21.8 12.26 - 0.3 #
Q304-7 Sb Calcite ~-76 22.3 11.64 -1.2 -0.7
Q304-7 Sb Quartz -71 25.5 13.07 -0.1 -
Q304-6-2 Carbonation Calcite -69 22.0 10.72 ~1.5 -1.6
Q304-6-5 Carbonation Calcite -69 22.1 10.82 -1.3 -3.6
Yaojian Y30-1 Au Quartz -77 23.0 8.93 - - * ok
Y36-3-1 Sh Fe-bearing calcite -100 6.7 -1.85 - -2.9 ® %
Y36-3-2 Calcite - 21.8 - - -2.6 ® ok
Guloushan D34 Au Quartz -78 24.6 10.53 - - * %
D1-2 Sb Fe-bearing calcite - 20.8 - - -3.9 * ok

Note: 3 '8 Oy,o is taken as the calculated value. The fractionation equations of quartz & calcite and water are: 1000 Ina
3.42x107%/7 -2.86 (Zhang Ligang, 1985, 200 —500%C ) and 1000 Ina

quartz-water

=2.78 x1075/T2 -2.89 (0O’ Neil, 1969, 0 —800C) ,

calcite-water

respectively. The others are all measured values. * From Zhang Fuxin et al. (1997); % #* from Zhao Liging (1997) ; those unmarked values

were measured at the Open Lab of Isotopes, Chinese Academy of Geosciences on a MAT251 mass spectrometer. The analytical precision of car-

bon and oxygen isotopes is 0. 2%o and that of hydrogen isotopes is 2%o;

Moreover, from the studies of the Shuangwang
gold deposit we can also see that from early to late, the
average 3D values of fluid inclusions are —96.0%o (4
samples), ~78.6%¢ (6 samples) and —-32.6%0
(one sample ), respectively ( Fan Shuocheng et al. ,
1994 ), showing a tendency of progressive increasing;
the average 8 '°0O wvalues of fluid inclusions are
13.9%¢, 10.8%c and —7.63%e, showing a tendency
of progressive decreasing. Such a variation tendency is
in accord with that of the Jinlongshan gold ore belt.
These similar features may be ascribed to the fact that
they have the identical geotectonic backgrounds, hence
leading to the similar processes of evolution of fluids.

The average 8 " C,py value of 10 calcite samples is
—0.87%0 (Table 4), close to the average value
(0.56%0 + 1.55%c) of marine carbonates determined
by Keith and Weber (1964) (From Wei Juying et al. ,
1988 ), but slightly lower than that (1.5%0¢) of bio-
genic limestones in the mining district, showing a sig-
nificant difference from the § “C,,, values of other
forms of carbon in the nature (Hoefs, 1997). All this
indicates that the carbon was derived predominantly
from the ore-host rock series. In addition, with the ex-
ception of Fe-bearing calcite, for either fluid or cal-
cite, their § ¥ C values show a tendency of decreasing,

-7 stands for “not detected”.

to some extent, from early to late. For example, at the
Sb mineralization stage the 8 °C values of fluids varied
—0.1%0 to ~1.2%c; at the late carbonation
stage the equivalent values varied from —1.3%c¢ to
~3.1%o. The decrease of  “C may be attributed to
the following: 1) formation water in late fluids (inclu-
ding the pent-up brines) was relatively small in volume
while meteoric water ( bearing atmospheric CO, ) was

from

relatively high; 2) the ore-host rocks commonly con-
tain organic matter ( Zhang Fuxin et al. , 2000), and
the orgamic matter would be oxidized and decomposed
to produce "> C-rich CO, or CH, and C,H, under the

action of high f, fluids, and the involvement of these

products into the fluids would decrease latter’ s & °C
values and lead to the simultaneous decrease of § " C of
hydrothermal calcite. Of these two possible factors, the
latter one is in consistency with the characteristics re-
vealed in previous studies on the composition of fluid
inclusions, i. e. , the contents of CO,, CH,, C,H, and
0, in late fluids increased, displaying that the latter is
the main factor that led to the decrease of & *C of late
fluids and calcite.

As is seen in Table 4, not only the § “C values of
Fe-bearing calcite are obviously lower than those of cal-
cite, but also its 8 °C and 8D values are both lower
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than those of contemporaneous quartz or calcite. The
reason is that the Fe-O and C-O bonds in Fe-bearing
calcite are weaker than the Si-O bond in quartz. That
is because Fe’* or C is less capable to combine with
0 or OD "~ than Si, thus making the 8 O values of
the minerals and the 8D values of inclusion water lower
than those of quartz. As Fe’* belongs to the transition
acid while Ca’* belongs to the hard acid ( Dai Anbang
and Shen Mengchang, 1979), the former is easier to
coordinate with *C,,02” while the latter is easier to
coordinate with “C 0", thus leading to the lower
50 and 8 " C values of Fe-bearing calcite than those
of calcite. Therefore, the 8 °C values of siderite and
Fe-bearing caleite deseribed in this work are so low as
to be close to that ( —5%e) of the initial carbon from
the mantle, but it doesn’t mean the carbon or ore-
forming fluids were derived from the mantle.

4 Conclusions

(1) The Jinlongshan gold ore belt is a typical
Carlin-type gold ore belt, where the ore deposits were
formed under the action of mesothermal and epithermal
fluids. The ore-forming fluids belong to the Na*-Cl~
type. From the Au and Sb mineralization stages to the
late carbonation stage the total amounts of anions and
cations in fluid inclusions tend to decrease and the oxi-
dizability of fluids tends to increase progressively; the
involvement of meteoric water tends to intensify; the
mineralization depth tends to become small progressive-
ly; the ore deposits were formed in the process of crus-
tal uplifting and their tectonic settings are similar to
those of the orogene-type gold deposits.

(2) Although the ore-forming process and tecton-
ic setting of the Jinlongshan gold ore belt are similar to
those of the typical orogene-type gold deposits, fluid/
rock interaction and the evolutionary characteristics of
ore-forming fluids are different from those of the oro-
gene-type gold deposits hosted in greenstone belts and
volcanic terrains. The outstanding feature is; the
former’ s wall-rock alteration is characterized by decar-
bonation while the latter’s by carbonation; the
former’ s ore-forming fluids were derived from shallow
levels, as revealed by the progressive increase of CO,,
C0,/H,0 from early to late, while the latter’ s from
relatively deep levels, as evidenced by the progressive
decrease of CO,, CO,/H,O from early to late. The
main reason is that the country rock formations are dif-
ferent in nature but not ore-forming mechanism and
process are different.

(3) The H, O and C isotope data showed that
ore-forming fluids of the Jinlongshan gold ore belt were
derived predominantly from formation water and mete-
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oric water confined in the country rock formations, with
formation water being dominated at the early stage and
meteoric water at the late stage. Higher 8 *O and
8 C values of the country rocks led to the higher C
and O isotopic values of ore-forming fluids, and further
to the higher C and O isotopic values of quartz and car-
bonate minerals in the ore deposits. The increase of ox-
ygen fugacity of the ore-forming fluids led to the oxidiz-
ation of organic matter in the country rocks to produce
2C and CO, which then would find their way into flu-
ids. As a result, the & °C values of late calcite and
other carbonate minerals and fluids decreased.

(4) The contents of Na*, K*, SOZ™ and Cl~
and the total amounts of anions and cations in quartz
inclusions are all higher than those of inclusions in the
contemporaneously coexisting calcite, but the case is
opposite for Mg** and F~, which may be attributed,
as indicated by the theory of coordination chemistry, to
the interactions among different components in the
process of fluid action. This implies that the geological
fluid processes are very complicated and, therefore,
the similarities or differences in nature and composition
for fluid inclusions cannot be explained simply by fluid
sources or fluid processes.

(5) The 8 C and & O values of Fe-bearing cal-
cite and the 8D values of inclusions are both lower than
those of calcite and quariz, and their 3 “C values are
approximate to the carbon isotopic composition of the
initial carbon in the mantle. Coordination chemical and
isotope theoretical analyses revealed that the above data
neither reflect the duplicity of fluid sources (e. g. bi-
nary mixing), nor their derivation from the mantle or
magmas. That is the inevitable result of isotope frac-
tionation among different phases.
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