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Hydrothermal Gold Mineralization of the Trabong District, Vietnam:
Mineralogical and Geochemical Study
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ABSTRACT : Hydrothermal gold deposits of the Trabong district in Vietnam occur as single-stage quartz + calcite
veins (0.3~1.2 m thick) which fill fault fractures in graphite-bearing gneiss and schist of the Chulai Complex and Kham
Duc Formation of the Proterozoic age. Ore grades are 1.3 to 92.4 gfton Au. Ore mineralogy is very simple, consisting
mainly of pyrite with minor amounts of base-metal sulfides and electrum. Gold grains occur in two assemblages as fol-
lows: (1) early, Fe-rich (7.2~10.4 mole % FeS) sphalerite + electrum (50.4~64.3 atom % Au) assemblage occurring as in-
clusions in pyrite; (2) late, Fe-poor (<4.7 mole % FeS) sphalerite + galena + electrum (47.6~81.7 atom % Au) as-
semblage occurring along fractures of pyrites. Based on fluid inclusion data and thermochemical considerations of ore
mineral assemblages, ore minerals were formed at high temperatures (about 230° to 420°C) from H,0-CO,(-CH,)-NaCl
fluids with the sulfur fugacity of about 10™° to 10~* atm. Fluid inclusion data also indicate that ore mineralization oc-
curred mainly as a result of fluid unmixing accompanying CO, effervescence. Calculated oxygen and measured hy-
drogen isotope compositions of mineralizing waters (8" Oy.gyow values =53 to 8.6%, 8Dy.gyow values= — 60 to —52%,),
along with the sulfur isotope compositions of vein sulfides (§*'Scy; values= —1.2 to 2.8%) and carbon isotope com-
positions of inclusion CO, (§"”Copy values= ~4.7 to —2.0%) indicate that the high temperature (mesohypothermal)

gold mineralization formed from a magmatic fluid.

Introduction

Hydrothermal fissure-filling gold deposits in the
Trabong district (Fig. 1), located in central part (15°13'
to 15°20' N in latitude, 108°15' to 108°30' E in lon-
gitude) of the Vietnam, form one of the most impor-
tant precious metal producers in the Vietnam. They
were first discovered in 1936, and have been exploited
intermittently until now. General ore grades are about 5.
2 to 92.4 g/ton Au and 0.2 to 63.5 gfton Ag (KORES,
1997), indicating the relatively gold-rich nature of
orebodies. Several areas in the district have been in
active exploration. These include: Tranu and Tragiang
areas with ore grades of trace to 92.4 g/ton Au without
economic quantitites of silver; and Trakot and Trathuy
areas with ore grades of 1.3 to 22.8 g/ton Au and 0.2
to 63.5 gfton Ag (Fig. 1).

Previous studies on the Trabong district were per-
formed mostly on stratigraphy, petrology, geological
structures and mineralogical characteristics. Therefore,
the genetic conditions and origin of gold mineralization
have not been understood. The aims of this study are
to document the nature of mineralization and to eluci-
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date the origin and physicochemical conditions of auri-
ferous fluids, based on mineralogical, fluid inclusion,
and stable isotope data. This study will be helpful to
guide the future exploration in the district.

General Geology and Ore Veins

Geology of the Trabong district consists of Protero-
zoic metamorphic rocks, Paleozoic metasedimentary
and granitic rocks, and Cenozoic igneous rocks (Fig. 1).
Detailed descriptions of geology are described in
KORES (1997). The distribution of rock units seems
to be largely controlled by an E-W-trending syncline
developed in the central part of the district. Therefore,
the younger rock units occur preferentially at central
parts (Fig. 1).

The Proterozoic metamorphic rocks consist of the
Kham Duc Formation and Chulai Complex. The
Kham Duc Formation consists mainly of schist and is
divided into three units (lower, middle, and upper
units). The lower unit is found mainly in the southern-
central part of the Trabong district, and is unconfor-
mable with the Chulai Complex. The unit is composed
mineralogically of quartz, feldspars, biotite, muscovite,
gamet and graphite. The middle unit are scattered
preferentially in the northern part of the district, and
consists of quartz, tremolite, biotite, pyroxene, feld-
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Fig. 1. Geologic map of the Trabong district, Vietnam (after KORES, 1997).

spars, homblende and graphite. The upper unit is crop- direction. Locally, dark graphite-rich bands with thick-

ped out sparsely and is composed of quartz, K-feldspar, ness of several centimeters are spatially associated with
plagioclase, hornblende, biotite and pyroxene. The Chu- mineralized veins, and are thought to act as a reducing
lai Complex consists of migmatitic gneiss and granitic agent during the mineralization. Due to the pervasive
gneiss. Migmatitic gneiss is widely distributed in the surface weathering, the outcrops of veins typically
mineralized area, and is composed of quartz, plagi- show deep reddish color.

oclase, microcline, biotite, sericite, chlorite and garnet. The Tranu-Tragiang area occupizs the northwestern

Granitic gneiss is also widespread in the district and is part of the Tragbong district, and comprises the Kham
composed of K-feldspar, quartz, plagioclase, biotite, Duc Formation (mainly graphite schist), Chulai Com-
muscovite, sericite, and small amounts of chlorite and plex (granitic gneiss and migmatitic gneiss), Trabong
actinolite. Granite, and Cenozoic Bana Complex (mainly diorite).
The Paleozoic granite (Trabong Granite or Complex) Outcrops of quartz veins are 0.3 to 1.2 m wide and 50
intrudes the Proterozoic metamorphic rocks and occurs to 300 m long. The veins are composed mainly of
as ubiquitous stocks (Fig. 1). It consists mainly of quartz with minor amounts of sulfides (mainly pyrite).
quartz, feldspars, biotite and homblende. Along with Sulfides in veins are generally poor (usually <10 vol
Proterozoic metamorphic rocks, this granite hosts the %) in amounts, but are locally enriched up to 70%.

gold-bearing veins. The Cenozoic Bana Complex The Trakot-Trathuy area occupies the northeastern
occurs largely as diorite intruding Proterozoic meta- part of the Trabong district, and comprises the Kham
morphic rocks. Duc Formation and Chulai Cornplex. Mineralized
Gold deposits in the Trabong district occur mostly quartz veins (0.5 to 0.7 m thick) are often paralle] to
as hydrothermal quartz veins that fill the open spaces the foliation of Proterozoic metamorphic rocks, and
along the faults and/or foliations in Proterozoic me- generally strike N30-60°E with dids of 20~40° south
tamorphic rocks and Paleozoic granite. However, a or north. Pyrite is only recognizable in vein outcrops.
few potential sites of gold mineralization also occur as
disseminations in hydrothermally altered metamorphic: Mineral paragenesis and
rocks. In this study, we exclude the disseminated ores. Thermochemical Conditions
Quartz veins in the Trabong district are usually of Ore Deposilion
massive in appearance, but are locally vuggy at veir
centers. The veins (several centimeters to 1.2 m wide) The mineral paragenesis in veins of the Trabong
are highly variable in strike and dip directions, and can district was constructed by examining the textures and

be traced at least by 10 to 300 m along the strike mineral assemblages (Fig. 2). Chemical compositions
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Fig. 2. Generalized paragenetic sequence of minerals
from hydrothermal veins of the Trabong district.

Table 1. Chemical compositions of electrum and spha-
lerite from the Trabong distric, Vietnam.

Are Type* Electrum Sphalerite
Tranu I - 7.2~8.3(N=7)
II 47.6~684(N=13)  0.5~4.7(N=25)
Trathuy I 50.4~64.3(N=6)  10.0~10.4(N=3)
)i - 3.4~4.0(N=15)
Trakot I - 1.4~3.1(N=11)

Il 65.0~81.7(N=3) -
Tragiang I - -
Ir 65.0~66.4(N=6) -

* type 1=occurring as inclusions in pyrite; type Il =occurring
as fracture fillings in pyrite.

of sphalerite and electrum were also measured by the
electron probe microanalyzer (JEOL Superprobe
8600SX at the Center for Mineral Resources Research),
in order to examine the general compositional varia-
tions (Table 1, Fig. 3).

Ore mineralogy of veins in the Trabong district is
very simple, consisting mainly of quartz with pyrite,
sphalerite, galena, and rare amounts of chalcopyrite,
electrum, magnetite, hematite and covellite, and is
similar in different ore deposits. Hematite and covellite
appear to be supergene alteration products.

Pyrite, the most abundant sulfide, occurs mainly as
subhedral to euhedral grains (1 to 10 mm in size)
which are disseminated throughout the veins. It is in-
tergrown with sphalerite and galena. Some pyrites are
fractured and infilled by gangues and ore minerals
such as sphalerite, chalcopyrite, galena and electrum.

Sphalerite occurs as two types, based on time and
assemblage: (1) early, small inclusions within pyrite,
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Fig. 3. Histograms showing chemical compositions of
sphalerite and electrum from the Trabong district.

whose iron contents (number of analysis = 10) are 7.2
to 104 mole %; (2) late, anhedral grains occurring
within fractures of pyrite, whose iron contents (N =51)
range from 0.5 to 4.7 mole %. The second type typi-
cally contains tiny inclusions of chalcopyrite. Che-
mical compositions of sphalerite do not show any
spatial variation with different localities. Galena occurs
along grain boundaries or fractures of pyrite or
sphalerite, and is intergrown with late sphalerite and
electrum.

Based on the occurrence, electrums can be classified
into two types: (1) early, tiny inclusions (<5 um in size)
within pyrite, whose gold contents (N=6) are 504 to
64.3 atom %; (2) late, anhedral grains (up to 50 um
in size) associated with sphalerite and galena along
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Fig. 4. Fugacity of sulfur versus temperature diagram
showing depositional conditions of gold in the Trabong
district.

fractures of pyrites, whose gold contents (N = 22) are
47.6 to 81.7 atom %.

Assuming that hydrothermal fluids and mineral
assemblages were in chemical equilibrium, thermo-
dynamic considerations were attempted to estimate the
physicochemical conditions of hydrothermal fluids. A
temperature versus sulfur fugacity (fs,) diagram (Fig. 4)
was constructed using the observed mineral assem-
blages and compositional data in the systems Fe-Zn-S
(Barton, Toulmin, 1966; Barton, Skinner, 1979) and
Au-Ag-S (Barton, Toulmin, 1964).

The early assemblage consisting of pyrite + Fe-rich
sphalerite (7.2 to 10.4 mole % FeS) + electrum (50.4 to
64.3 atom % Au) was formed from the fluid with log
fs, and temperature values of —6.2 to —9.7 atm and
310° to 420°C, respectively. On the other hand, the
late assemblage consisting of Fe-poor sphalerite (0.5 to
4.7 mole % FeS)+ galena + late pyrite + chalcopyrite +
electrum (47.6 to 81.7 atom. % Au), occurring along
fractures of pyrite and quartz, was precipitated from
the fluid with log fs, and temperature conditions of
—-6.5 to —10.3 atm and 270" to 370°C (Fig. 4). This
calculation suggests that gold precipitation in the
Trabong district occurred mainly as a result of tempe-
rature decrease, possibly associated with the unmixing
of fluids (see below).

Fluid Inclusion Study

Thirty vein quartz samples were collected from
underground ore stopes and outcrops, and were exa-
mined for microthermometric measurements in order to
determine the temporal and spatial variations of tem-
perature and composition of auriferous hydrothermal

fluids. Sphalerite was not suitable for study because of
the opacity. Microthermometric data were obtained on
a FLUID Inc. gas-flow heating/freczing stage which
was calibrated with synthetic CO, and H,O inclusions.
Temperatures of total homogenization (Th-total) have
the standard error of +2°C, whereas temperatures of
carbonaceous phase homogenization (Th-CO,) and of
melting of carbonaceous phase (Tm-CO,), ice (Tm-ice),
and COy<clathrate (Tm-clathrate) have standard errors
of +£02°C. Salinity data were obtained based on
freezing-point depression in the system H,O-NaCl for
aqueous inclusions (Bodnar, 1993) and on clathrate
melting temperatures for liquid CO,-bearing inclusions
(Collins, 1979; Diamond, 1992).

Occurrence and composilional types of
fluid inclusions

Vein quartz samples examined are usually inclusion-
rich, probably due to repeated fracturing and healing
during and after the quartz deposition. The size of
fluid inclusions ranges widely from <3 to 30 um. Two
main types of fluid inclusions wer2 identified on the
basis of the phase relations recognized at room
temperatures or during freezing runs (Table 2): type I
(liquid-rich, aqueous) and type II (licuid CO,-bearing).

Type 1 inclusions consist of twc phases (H.O-rich,
liquid and vapor) at room temperatre. The gas bubble
comprises 5 to 45% of the total inclusion volume.
They occur either in isolated, regular-shaped inclusions
or in trails along healed fractures, indicating their both
primary and secondary origin (Roedder, 1984). Some
primary inclusions recognizably form clathrates during
freezing runs, indicating the presence of minor
amounts of CO, (about 0.85 molal; Hedenquist,
Henley, 1985). Type I inclusions homogenize to the
liquid phase upon heating.

Type II inclusions contain three dhases (liquid CO,,
vapor CO,, and a H,O-rich liquic)) at or near room
temperatures, and occur only as orimary inclusions.
They occupy more than about half of the numbers of
primary inclusions in all samples examined. Type II
inclusions can be further classified into two subtypes,
based on the relative abundance of carbonaceous
phase and the homogenization mode: type Ila (H,0=>
CO, in volume %, homogenizing to an aqueous
liquid) and type IIb (CO,>H,O, homogenizing to a
carbonaceous vapor). Volumetric “roportions of CO,
(liquid + vapor) at room temperature are usually
about 10 to 50% for type Ila inclusions and about 60
to 90% for type Ib inclusions. Type II inclusions
usually decrepitate upon heating due to the build-up
of high intenal pressures. Thes: two subtype in-
clusions occur together and show the whole range of
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Table 2. Summary of microthermometric data of fluid inclusions in vein quartz from gold deposits in Trabong district.

Inclusion Occurrence®  Tm-CO, Th-CO, Tm-clathrate  Tm-ice Th-total  Estimated salinity
Area type” €O €] (0 (0 (0 (wt. % NaCl)
Tranu and I P - - - -12~-92 232-357 2.1~13.1
Tragiang S - - - -04~-09 157-~238 0.7~1.6
Ila P ~56.6~-59.4 204~294 6.0~11.2 - 261~343 1.6~7.4
b P -56.8~-61.8 15.6~28.5 6.2~8.6 - 263~337 2.8~71
Trakot and 1 P - - - -04~-89 253~411 0.7~12.7
Trathuy S - - - -05~-76 181~254 0.9~11.1
Ila P ~-56.6~—65.6 17.3~29.8 5.9~11.6 - 240~344 0.6~7.6
b P -56.7~-58.7 11.5~28.7 6.1~9.7 - 253~399 0.6~7.3
 I=aqueous, liquid-rich; ITa=liquid CO,-bearing (H:0 >CO,); IIb=liquid CO»-bearing (CO,>H,0)
2 Based on normal criteria of Roedder (1984). P=primary; S=obvious secondary.
CO, volume within individual samples, indicating Tranu and Tragiang
the history of pervasive fluid unmixing accompa-
nying CO, effervescence.
Microthermometric data
Microthermometric data of fluid inclusions are
shown in Table 2 and Fig. 5 to 10.
The melting and homogenization of CO, in type II © typella
. . o Trakot and Trathuy =
inclusions occurred at temperatures of —56.6° to ®|[® typailb
-65.6°C and of 11.5° to 29.8°c (all to the liquid), .
respectively (Figs. 5 and 6). The low Tm-CO, values .
(down to —65.6°C, especially for the Trakot and o
Trathuy area; Fig. 5) suggest the presence of CH, in .
addition to CO, in carbonaceous phase, as the CH, Y
component which is miscible with CO, lowers Tm- RS
CO, considerably (Burruss, 1981; Heyen et al., 00
1982). However, for most type I inclusions the 56
closeness of the Tm-CO, data to those of pure CO, 88
(—56.6°C; see Fig. 5) indicates that the amounts of 29
CH, in most of type II inclusions are relatively low. 00
The Th-CO, values were variable within single sam- 5 o 80 o
000000000 _[Gq 0 O

ples, possibly suggesting that the density of car-
bonaceous phase was highly variable during the time
of entrapment. Assuming that the carbonaceous
phase is composed predo- minantly of CO, without
CH,, the measured Th-CO, data imply the density of
CO, ranging from about 0.60 to 0.85 g/em’ (Bodnar
et al., 1985).

The Tm-clathrate values of type II inclusions range
from 59° to 11.6°C (Fig. 7). Except for some
inclusions with the values of higher than 10.0°C
(corresponding to the Tm-clathrate value of pure CO,
clathrate; Bozzo et al., 1975), the measured Tm-
clathrate values correspond to the salinities of less than
7.6 wt. % eq. NaCl if we assume that type II inclu-
sions belong to the H,0-CO,-NaCl system without CH,
(Diamond, 1992). Some Tm-clathrate data of >10.0°C

frpeprprpeprprpreprpyg
66  -64 62  -60 -58 -56
Tm-CO2 (¢

Fig. 5. Melting temperatures of CO, (Tm-CO,) in car-
bonaceous (type IT) fluid inclusions in vein quartz.

are thought to indicate the presence of CH, in carbo-
naceous phase because the formation of CH, clathrate
will raise the clathrate melting temperature (Hollister,
Burruss, 1976; Burruss, 1981). Although many type II
inclusions decrepitated prior to the total homogeniza-
tion, we could obtain some numbers of Th-total data
through slow heating. The Th-total data obtained range
from 240° to 344°C (Fig. 8).

Primary type I (aqueous) inclusions have the Tm-ice
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Fig. 8. Total homogenization temperatures (Th-total) of fluid inclusions in vein quartz.
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Fig. 9. Salinities of fluid inclusions in vein quartz.

values of —04° to —9.2°C, cormesponding to the
salinities of 0.7 to 13.1 wt. % eq. NaCl (if neglect the
clathrate formation by which the ice melting points can
be depressed to some dregrees; Hedenquist, Henley,
1985). They homogenize totally to the liquid phase at
temperatures between 232° to 411°C (Figs. 8 and 9).
Obvious secondary fluid inclusions are all type I with
homogenization temperatures and salinities of 157° to
254°C and 0.7 to 11.1 wt. % eq. NaCl, respectively
(Figs. 8 and 9).

The Th-total data of primary fluid inclusions in vein
quartz range widely from about 230° to 410°C, and
indicate that the deposition of quartz was most active at
temperatures around 280~350°C (Fig. 8). The Th-total
data agree well with the calculated temperatures based
on the thermodynamic consideration of ore mineral
assemblage (270~420°C). The wide range of homo-
genization temperatures possibly resulted from long and
repeated history of fracturing and rehealing of veins (cf.
So, Yun, 1997). The coexisting, primary type I (aqu-
eous) and type 1I {carbonaceous) inclusions homogenize
at temperatures between about 240° and 340°C. We
consider that active CO, unmixing occurred at these
temperatures.

Temporal evolution of ore fluids, and gold
deposition

Fluid inclusion data characterized by both high
homogenization temperatures (up to about 410°C) and
common occurrence of liquid CO,-bearing inclusions
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Fig. 10. Total homogenizatior temperature versus salinity
diagram for fluid inclusions in vein quartz.

indicate the mesothermal to hypothermal conditions of
gold deposition in the Trabong district, as is also
indicated by the massive appearance and simple mi-
neralogy of ore veins. The observed Tm-CO, and Th-
CO, covariations for some type II inclusions indicate
the presence of minor amounts of CH, (less than about
20 mole %, but mostly <5 mole %) in CO, phase
(Heyen et al., 1982). Therefore, type II fluid inclusions
are thought to belong to the H,0-CO,-NaCl system
with minor amounts of CH..

The relationships between Th-total data and salinity
for fluid inclusions in vein quartz are shown in Fig. 10.
There is a trend of increasing salinity with decreasing
temperature for primary fluid inclusions (especially for
fluid inclusions from the Trakot-Trathuy area), al-
though the trend is not so distinct with scattering of
salinity. This relationship can be explained by the
heterogeneity of hydrothermal fluids, probably related
to the fluid unmixing accompanying CO, efferve-
scence. Both the coexistence of type 1 (aqueous) and
type II (carbonaceous) inclusions and the variability of
CO; phase volume for type II inclusions also evidence
that the fluid unmixing accompanying CO, efferve-
scence was a major control of the evolution of auri-
ferous fluids.

Fluid unmixing in hydrothermal systems would
effectively result in abrupt physicochemical changes of
hydrothermal fluids (e.g., decreases in temperature and
molalities of 2CO, and XH,S, and increase in pH).
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Gold is generally transported as Au(HS),™ in relatively
chloride-poor mesohypothermal fluids. Deposition of
gold through destabilization of Au(HS),” may be repre-
sented by the reaction Au(HS),™ + 1/2H(g) + H — Au +
2H,S(aq), and results either from the decrease of
Mryys (so-called the desulfidation; Neall, Phillips,
1987) and temperature or from the increase of pH (e.
g., Walsh et al., 1988; Lu, Seccombe, 1993; Groves,
Foster, 1993). Given the frequent association of
sulfide minerals (pyrite, sphalerite, galena) with
gold grains in the Trabong district, the role of sulfi-
de precipitation accompanying the decreases of msy
»s and temperature is possibly critical. Therefore, the
decreases of sulfur activity and temperature which
accompany CO, effervescence, through sulfide depo-
sition and/or H,S loss, is likely the most impor- tani
mechanism for gold deposition in high-temperature:
hydrothermal veins of the Trabong district.

The present results of fluid inclusion study (sec
Fig. 8) tend to show the more abundance of carbona-
ceous type II inclusions (relative to aqueous type I
inclusions) in vein quartz from the Trakot-Trathy
area (eastern part in the Trabong district) than the
Tranu-Tragiang area (western part). If considered
that the dominance of type II inclusions reflects the
more intensive CO, effervescence of hydrothermal
fluids, we may suggest that the Trakot-Trathy area
seems to be more promising target of economic gold
mineralization than other areas. Furthermore, the
following features may be used to estimate the mine-
ralization potential in the district: (1) more intensivi
hydrothermal alteration with larger amounts of disse-
minated pyrites and other sulfide minerals, which
may reflect the larger degrees of desulfidation reac-
tion, (2) the occurrence of veins with larger amounts
of sulfide minerals (mainly pyrites) and carbonate
minerals, and (3) the more frequent occurrence cf
type II fluid inclusions in vein quartz.

Table 3. Sulfur isotope data of sulfide minerals from
mesothermal Au deposits in the Trabong district.

Sample . 6”8 o) 53431-[25

ea No. Mineral %) T(C) %)
Tranmn  V3-Al-1 Pyrite 15 280 14
V3-Al-1 sphaleritt —0.1 280 -04
V3-A2-1 pyrite 28 330 1.7
V3-A2-2 galena -12 290 -1.0
V3-Ad-1 pyrite 2.0 330 0.9
V3-A4-2 galena ~0.1 300 1.8
Tragiang V7-D-1  pyrite 2.3 350 13
Trakot NI1-D-1  pyrite ~0.1 300 -13
Trathuy T6-A-1  pyrite 1.7 310 0.5
T6-A-2  sphaleritt 0.6 280 03

" Based on homogenization temperatures of fluid inclusions
? Calculated based on isotope fractionation equations in Ohmo-
to, Rye (1979).

Light Stable Isotope Study

In this study, we measured sulfur isotope compo-
sitions of sulfides, oxygen isotope compositions of
quartz, and hydrogen and carbon isotope compositions
of inclusion fluids extracted by crushing of quartz.
Standard techniques for extraction and analysis were
used, as described by McCrea (1950), Grinenko (1962),
and Hall, Friedman (1963). Isotopic data are reported
in standard notation relative to the CDT standard for
sulfur, the PDB standard for C, and the V-SMOW
standard for oxygen and hydrogen, The standard error
of each analysis is about £0.1%, for C, O and S, and
+2% for H (Tables 3 and 4).

Sulfur isotope

Sulfur isotope analysis was performed on 10 hand-
picked sulfide minerals. Sulfide minerals have the

Table 4. Oxygen, carbon, and hydrogen isotope data of quartz and their inclusion fluids from mesothermal Au de-

posits in the Trabong district.

Area Sample No. Mineral 3“0(%) 8Ceor(%)” T(Cy? 3"*0uued %)’ Duued%)
Tranu V3-A2 quartz 132 ' 320 70 - 60
Trakot N1-B-1 quartz 122 -31 300 5.3 -52
N1-C-1 quartz 139 -47 350 8.3 -56
N1-C-2 quartz 134 340 73 -58
N1-D-2 quartz 135 330 7.5 -59
Trathuy T6-B-1 quartz 14.2 =20 330 83 -56
T6-B-2 quartz 143 330 8.4 -55

" Carbon isotope compositions of CO, in inclusion fluids

% Based on fluid inclusion homogenization temperatures (average value of each sample) and paragenetic constraints
* Calculated based on quartz-water oxygen isotope fractionation equation in Matsuhisa et al. (1979).
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following S values (Table 3): pyrite, —0.1 to 2.8%;
sphalerite, — 0.1 to 0.6%; galena, — 0.1 to - 1.2%.

Assuming appropriate depositional temperatures
(based on the temperature estimates by fluid inclusions
and thermochemical studies: see Table 3), the &S
values of H,S in hydrothermal fluids were calculated
using the fractionation equations in Ohmoto, Rye
(1979). The calculated &Siys values range from
-13 to 1.8% and do not show any temporal and
spatial change (Table 3). Assuming that the estimated
8“Sws values represent the sulfur isotope com-
position of the entire fluid (§*Sys), as is indicated by
both the pyrite-dominant sulfide mineralogy and the
sericite- and quartz-rich alteration mineralogy (Ohmoto,
Rye, 1979), we consider that the sulfur isotope data
likely indicate an igneous source of sulfur.

Carbon, oxygen, and hydrogen isotopes

The 8°C, 8"°0 and D values for vein quartz and
extracted inclusion fluids are summarized in Table 4.

Inclusion waters from vein quartz have the §"Ceo,
values of —4.7 to —2.0%. Seven samples of vein
quartz were measured for oxygen isotope composi-
tions, and have the 8"Oy.gvow Vvalues ranging narro-
wly from 12.2 to 14.3%. Using the quartz-water
oxygen isotope fractionation equation of Matsuhisa
et al. (1979), coupled with average homogenization
temperatures of fluid inclusions in each sample, the
calculated 8"Oy.syow values of waters range from 5.3
to 8.6%. Seven inclusion waters were extracted from
quartz samples which were selected to contain large
proportions of primary fluid inclusions. They have
very uniform dDy.gvow values falling between —52
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Fig. 11. Hydrogen versus oxygen isotope diagram showing
isotope compositions of hydrothermal fluids formed in the
Trabong district. The general magmatic and metamorphic
water boxes are from Taylor (1979). Note that the fluid's &
%0-3D estimates fall in the magmatic water box.

and - 60% (Table 4).

The measured and calculated, oxygen and hydrogen
isotope compositions of the hydrothermal fluids can be
used to assess the importance of meteoric, magmatic,
and metamorphic waters in the auriferous hydrothermal
system (Fig. 11). Our data fall within the primary
magmatic water box (Taylor, 1979). Therefore, we
consider that the mesothermal to hypothermal mine-
ralization in the Trabong district formed from a mag-
matic fluid, possibly from nearby granitic rocks.

Summary

1. Gold vein deposits of the Trabong district in
Vietnam are found in the Trakot, Trathuy, Tranu, and
Tragiang areas. These deposits consist of minera-
logically simple quartz * calcite veins infilling the
fault fractures in Proterozoic, graphite-bearing gneiss
and schist of the Chulai Complex and Kham Duc
Forma- tion. The veins are gold-rich with ore grades
of 1.3 to 92.4 g/ton Au.

2. Vein mineralogy consists dominantly of pyrite
with minor amounts of base-metal sulfides such as
sphalerite, galena and chalcopyrite. Gold occurs as
electrums associated with sulfide minerals, and form
two distinct assemblages: (1) early assemblage occur-
ring as inclusions in pyrite and consisting of Fe-rich
sphalerite (7.2~104 mole % FeS) and electrum (50.4~
64.3 atom % Au); (2) late assemblage occurring within
fractures of pyrite and consisting of Fe-poor sphalerite
(<4.7 mole % FeS), galena and electrum (47.6~81.7
atom % Au). Thermochemical considerations of ore
mineral assemblages indicate that gold deposition
occurred from high-temperature (270~420°C) fluids
with the sulfur fugacity of about 10 to 10™*° atm.

3. Fluid inclusions in vein quartz comsist of two
types: liquid CO,-bearing, and aqueous liquid-rich.
Liquid CO,-bearing inclusions characteristically
occur in the district, and are highly variable in CO,
content. Low melting temperatures of frozen CO,
(down to —65.6°C) indicate the presence of CH, (<5
to 20 mole %) in carbonaceous phase. Ore minera-
lization formed at high temperatures (230~420°C)
from H,0-CO,(-CH,)-NaCl fluids, and occurred ma-
inly through fluid unmixing accompanying CO, effe-
rvescence. Within the Trabong district, the Trakot-
Trathuy area (eastern part) seems to be more promi-
sing target of economic gold mineralization than
other areas.

4. Calculated oxygen and measured hydrogen isotope
compositions of hydrothermal waters (3"°Oy.quow Vvalues
=53 to 8.6%, ODvsuow values=—60 to —52%),
along with the sulfur isotope compositions of vein
sulfides (8**Scpr values= —1.2 to 2.8%) and carbon
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isotope compositions of inclusion CO, (8"°Cppp va-
lues= —4.7 to —2.0%) indicate that mesohypother-
mal gold mineralization formed from a magmatic
fluid.
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