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Abstract: The Me Xi gold deposit is an underexplored hydrothermal gold system in the central Truong Son Belt, 
Vietnam. This study investigates the physico-chemical condition and origin of the ore-bearing fluids at Me Xi based 
on fluid inclusion analyses. Only primary fluid inclusions are studied, and they are two-phase (i.e., vapor and liquid) 
inclusions and predominantly less than 10 μm in size, with liquid occupying approximately 70-90% of the inclusion 
volume. They display homogenization temperatures ranging from 181°C to 394°C (n=77), with a dominant population 
clustering between 180°C and 260°C (n=56). Fluid salinities range from 0.3 to 16.9 wt.% NaCl (n=57) with the majority 
comprising moderate to high-salinity inclusions (5-17 wt.%; n=47), which suggests a significant magmatic contribution. 
The subordinate low-salinity inclusions (<5 wt.%; n=10) are possibly indicative of locally diluted hydrothermal fluids 
caused by meteoric water and fluid-carbonaceous host rocks interaction. The combined thermometric and salinity data 
support an isothermal mixing model between magmatic and meteoric fluids, which appears to be a key mechanism for 
gold precipitation. The magmatic-sourced fluids in the deposit are spatially associated with the nearby dolerite intrusions.
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INTRODUCTION
The Truong Son Belt (TSB) is a significant geological 

domain within the Indochina Block. Its northern boundary 
is marked by the Song Ma Suture Zone, and its southern 
boundary is defined by the Tam Ky-Phuoc Son Suture Zone 
(TPSZ) (Figure 1a). The geological history of the TSB is 
predominantly influenced by the Ordovician-Silurian (O-S) 
Caledonian and Permian-Early Triassic (P-T1) Indosinian 
orogenies (e.g., Dung et al., 2024). 

The TSB is a highly prospective metallogenic belt within 
the Indochina Block, particularly for gold (Au), copper 
(Cu), and lead-zinc (Pb-Zn) mineralisation (Khin Zaw et al., 
2014). These deposits occur in various mineralisation styles 
throughout the region and are primarily hosted in Cambrian 
to Devonian sedimentary sequences that have been mainly 
metamorphosed to greenschist facies (Lepvrier et al., 2004; 
Khin Zaw et al., 2014). The most prospective metallogenic 
region within the TSB and its adjacent geological structures 

is considered to be the TPSZ where various mineralisation 
styles and deposits have been discovered. These include the 
Bong Mieu skarn and sediment-hosted/orogenic Au (±W) 
systems and the Duc Bo Cu-Zn-Pb volcanic-hosted massive 
sulphide (VHMS) deposit in Vietnam (Khin Zaw et al., 
2014); the Phuoc Son intrusion-related Au-Pb-Zn deposit 
(Manaka, 2014); and the Sepon Cu-Au porphyry-skarn 
and Carlin-like Au deposits in Laos (Cromie, 2010). In the 
northern part of the TSB in Laos, the Phu Kham epithermal 
Au (Khin Zaw et al., 2014) and low-sulfidation epithermal 
Au deposits at Phu He and Ban Houayxai (Manaka, 2008) 
have been reported. 

In the central TSB in Vietnam (i.e., Quang Binh and 
Quang Tri provinces), approximately 30 gold prospects 
have been identified. In Quang Tri province, in addition 
to the Me Xi deposit, there are numerous similar types of 
deposits distributed throughout the region. Meanwhile, in 
Quang Binh province, notable prospects include Khe Nang 
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Figure 1: (a) The tectonic setting of the Me Xi Au deposit in the Indochina Block (modified from Dung et al., 
2024; Le et al., 2026); (b) Simplified geological map of the Indochina block showing O-S and P-T magmatism 
(geochronological data sources: Carter et al., 2001; Hoa et al., 2008; Liu et al., 2012; Żelaźniewicz et al., 2013; 
Hieu et al., 2013, 2015, 2017; Zhang et al., 2013; Tran et al., 2014; Roger et al., 2014; Shi et al., 2015; Wang et 
al., 2016; Minh et al., 2018; Thanh et al., 2019; Hung et al., 2022 and Dung et al., 2024). Note: in Vietnamese, 
Paracel Islands = Hoang Sa and Spratly Islands = Truong Sa.
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- Khe Net, Khe Dap - Khe Truong - Khe Da Trang, Suoi 
Kin, Xa Khia, Khe Reu, Bach Dan, Duong 10, Duong 16, 
Lang Ho, Thu Lu, and Dong Vang. These hydrothermal 
gold mineralisation systems are primarily hosted in by 
sedimentary rocks which have been metamorphosed at 
greenschist to amphibolite facies (Lepvrier et al., 2004) and 
most of them remain underexplored and poorly understood.

The Me Xi Au deposit in Quang Tri province has 
been initially studied to investigate the Au mineralisation 
style of the central TSB. Le et al. (2015) presented pyrite 
morphologies and geochemistry from various hydrothermal 
stages at the deposit, confirming that they are different from 
the nearby Sepon Au-Carlin-like system. Le et al. (2024) 
recently studied the basic mineralisation characteristics 
of the deposit based on field mapping, core logging, and 
petrographic analyses of the lithologies and mineralisation 
zones. This study aims to examine the physico-chemical 
conditions and sources of ore-bearing fluids in the Me Xi 
deposit, central TSB based on fluid inclusion analyses.

GEOLOGICAL SETTING AND AU 
MINERALISATION 

Geological setting
Regional geology

The regional geology of the TSB is shown in Figure 
1b. The magmatic and tectonic evolution of the region 
is predominantly influenced by two major events: the 
Ordovician-Silurian (O-S) Caledonian and the Permian-
Early Triassic (P-T1) Indosinian orogenies. 

The Caledonian orogeny commenced with bilateral 
subduction between the TSB and the Kon Tum Massif (KTM) 
during ~520-450 Ma, followed by a subsequent collision during 
~450-430 Ma along the TPSZ (Dung et al., 2024). Magmatic 
activity in this event includes sporadic pre-collisional I-type 
granites (~452 Ma) located north of the TPSZ (Dung et al., 
2024), along with diorite (~470 Ma) and rhyolitic tuff (~476 
Ma) recorded in southeastern Laos (Gardner et al., 2017). In the 
KTM, extensive magmatic activity is recorded, characterized 
by mafic to felsic rocks (~476-488 Ma and ~457-467 Ma) 
west of the Poko Fault and diorite to granite (451-457 Ma, 
468 Ma, 473-485 Ma) in areas south of the TPSZ and east of 
the Poko Fault (Thuy et al., 2024; Hieu et al., 2015; Trong et 
al., 2021; Nagy et al., 2001). The collision between the KTM 
and TSB is evidenced by syn-collisional intrusive rocks (~455-
445 Ma) of the Chu Lai Complex located north of the TPSZ 
(Jiang et al., 2020; Minh et al., 2020) and by S-type granites 
(~428 Ma) of the Song Chay Complex in northeastern Vietnam 
(Roger et al., 2000). This collision triggered widespread 
greenschist-facies metamorphism, accompanied by local zones 
of higher-grade metamorphic rocks (Tran Van Tri et al., 2009). 
Post-collisional magmatism is represented by intermediate to 
granitic rocks of the Dai Loc Complex (~415-423 Ma) north 
of the TPSZ (Jiang et al., 2020; Trong et al., 2021), along 
with scattered O-S igneous rocks mapped south of the TSB 
(Duong et al., 1996).

The Indosinian orogeny began with subduction between 
the South China and Indochina Blocks during the Early 
Permian, culminating in a collision during the Early Triassic 
along the Song Ma Suture Zone (Dung et al., 2024). Evidence 
for the subduction phase includes intermediate to I-type 
granitic intrusions (~290–245 Ma) throughout the TSB and 
KTM, including ~260 Ma rocks of the Dien Bien Complex 
along the Song Ma Suture Zone and central TSB (Shi et 
al., 2015; Hieu et al., 2017). During the collision phase, 
S-type granites (~245–230 Ma) were emplaced (Hieu et al., 
2015), in conjunction with the formation of metamorphic 
rocks ranging from greenschist- to amphibolite-facies within 
the TSB (Carter et al., 2001; Lepvrier et al., 2004) and 
amphibolite to granulite facies metamorphism in the KTM 
(Maluski et al., 2005).

Local geology
The sedimentary rocks in the Me Xi area are composed 

of two main units, siltstone-sandstone and siltstone-shale 
of the Long Dai Formation, which has been mapped as 
Ordovician-Early Silurian in age. The siltstone-sandstone 
unit comprises thinly-bedded siltstone interbedded with 
thin or lens-shaped sandstone (Le et al., 2024; Figure 2). 
The siltstone-shale unit consists of siltstone and calcareous 
siltstone alternating with shale, black shale, and calcareous 
shale (Le et al., 2024).

Magmatic rocks in the area include undated porphyritic 
dolerite and mafic dykes of which the dolerite has been 
recently dated as ~430 Ma (Le et al., 2026). The porphyritic 
dolerite located approximately 3 km southwest of the Me Xi 
deposit centre. This rock type contains ~40% dark minerals, 
including olivine, pyroxene, biotite and hornblende, and 
~60% plagioclase (Le et al., 2024). The rock exhibits intense 
hydrothermal alteration, with common secondary minerals 
such as chlorite, epidote, and sericite (Le et al., 2024). 
Mafic dykes are characterized by fine-grained textures and 
a greyish-green hue. They are observed in both drill cores 
and outcrops near the deposit (Le et al., 2024). Both rock 
types contain narrow quartz-sulphide veins hosting pyrite, 
pyrrhotite, sphalerite, galena, and chalcopyrite, along with 
associated alteration minerals (Le et al., 2024).

Au mineralisation in the Me Xi deposit
The Me Xi deposit consists of eight Au-bearing 

mineralized bodies distributed across two zones (Figure 2). 
The main mineralised zone extends approximately 640 m 
in length and ranges from 10 to 60 m in width. It hosts the 
most significant Au-bearing bodies, including a high-grade 
interval of 3m@51.7 g/t Au (Axiom, 2006). The second 
zone, located southwest of the main zone, contains two 
smaller Au-bearing bodies with a combined length of ~160 
m and an average thickness of 0.5-2 m (Le et al., 2024).

Au mineralisation is hosted within hydrothermal quartz-
sulphide stockwork veins cross cutting the metasedimentary 
rocks of the Long Dai Formation. Four distinct stages of 
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Figure 2: Geological map of the Me Xi Au deposit (Le et al., 2024).

mineralisation have been identified by Le et al. (2024), 
including: pre-Au Stage 1 (Quartz - pyrite – chalcopyrite); 
Syn-Au Stage 2 (Quartz - chlorite - calcite - pyrite - pyrrhotite 
- arsenopyrite - galena - chalcopyrite - gold); Syn-Au Stage 
3 (Quartz - sericite - chlorite - calcite - pyrite - chalcopyrite 
- galena – gold); and post-Au Stage 4 (Quartz - calcite - 
pyrite – chalcopyrite). 

SAMPLE COLLECTION 
Eight samples of quartz from Au-bearing hydrothermal 

vein stage were selected for fluid inclusion studies (Figure 
3). All mineralised zones have stockwork textures, in which 
quartz-sulphide veins are commonly less than 2-3 cm thick. 
Quartz associated with sulphides in the Au-bearing intervals 
was prioritized for fluid inclusion analysis. Thin sections 
of hand specimens were examined under a microscope to 
identify quartz crystals containing sufficient fluid inclusions. 
Selected samples were then prepared as double-polished 
thin sections for detailed fluid inclusion studies.

METHODOLOGY
The analyses were conducted at the Centre for Ore 

Deposit and Earth Sciences (CODES), University of 
Tasmania, Australia. A brief overview of the analytical 
techniques and thermal parameter measurements is provided 
below, while detailed descriptions of the methodology are 
available in Roedder (1984) and Wilkinson (2001).

The fluid inclusion sections were initially investigated 
under a ZEISS polarizing microscope for their textural 
features, including the sizes and phases of fluid inclusions. 
Primary inclusions are commonly observed in the crystal 

growth zone or as isolated occurrences, while secondary 
inclusions usually exhibit planar and linear distribution 
with smaller size. Secondary inclusions were excluded 
from this study. The sections were soaked in acetone for 
at least 24 hours to detach the sample from the glass base 
and were then cut into chips containing areas of primary 
inclusions (approximately <1 cm in diameter). These chips 
were analysed using a THMSG600 heating-freezing stage 
(Linkam, UK) to determine the initial and last melting 
temperatures and homogenization temperatures of the 
inclusions. The device can operate within a temperature range 
of -196°C to 600°C, with a heating/freezing rate adjustable 
from 0.01°C/min to 130°C/min and an accuracy of ±0.1°C.

Determination of homogenization temperatures
The process of determining homogenization temperatures 

involved a gradual and stable increase in temperature. 
Initially, the temperature was increased at a rate of 10°C/min. 
As the temperature approached the phase transition range 
of the fluid inclusions (between 140°C and 350°C for these 
analyses), the heating rate was reduced to 1°C/min. After the 
homogenization of the gas-liquid inclusion, the temperature 
was cycled around the initial transition point at 5°C/min and 
then stabilized back to 1°C/min for detailed observation and 
precise determination of the homogenization temperature.

Determination of freezing point temperature and 
salinity

The freezing point temperature was determined by 
cooling the samples. Initially, the temperature was reduced 
to -30°C at a rate of 20°C/min, followed by heating from 
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-30°C to 5°C at 5°C/min. Close observations were made to 
identify the complete freezing of the liquid and gas phases, 
as well as the phase transition point where the solid ice 
melts entirely (the freezing/melting point, Tm).

The salinity (W) of the solution was calculated based 
on the Tm value using a equation by Bodnar (1993), which 
excludes the influence of clathrate compounds (e.g., CO₂, 
CH₄) since these gases were not detected in the inclusions 
under the microscope except by Laser Raman Spectroscopy.

W=1.78Tm−0.0442Tm2+0.000557Tm3

Where W is the salinity (in weight percent NaCl), 
while Tm (°C) is the temperature at which freezing begins, 
equivalent to the last ice melting temperature after complete 
freezing of the liquid phase (Tm is taken as the absolute value).

RESULTS
Fluid inclusion petrography

Primary fluid inclusions in the hydrothermal veins from 
the Au-bearing stage at the Me Xi area are predominantly 
small (mostly <10 μm) and display various morphologies, 
ranging from elongated lenticular shapes to nearly spherical 
forms (Figure 4). In selected samples, only liquid-rich 
two-phase inclusions were recorded, with the liquid phase 
typically occupying approximately 70-90% of the inclusion 
volume (Figure 4). CO2 is not clearly observed by fluid 
inclusion petrographic studies.

Late-stage microfractures were frequently observed in 
the samples, often associated with secondary inclusions. 
These secondary inclusions are small and exhibit linear or 
planar distributions, and were not the focus of this study. 

Homogenisation temperature and salinity
Results of the thermal analysis of fluid inclusions, 

including homogenization temperature, last melting point and 
calculated salinity from Au-bearing stage, are summarized 
in Table 1 and presented in Figure 5.

The analysis shows that fluid inclusions in quartz have 
a wide homogenisation temperature range of 181-394°C 
(n=77), with an average value of ~240°C. Most fluid 
inclusions crystallised within the lower temperature range 
of ~180-260°C (n=56), compared to a smaller number that 
crystallised in the higher temperature range of ~280-350°C 
(n=18). Only a few inclusions (3 out of 77) have high 
temperatures of ~380-400°C.

The salinity of the solutions varies widely from ~0.3-
16.9 wt.% NaCl (n=57), with an average value of 8 wt.% 
NaCl. In this group, inclusions with salinity contents greater 
than 5 wt% account for ~82% of the total population (n= 
47) and predominate the dataset. 

Figure 3: A-D. Representative images of quartz-sulphide 
hydrothermal veins from the Au-bearing mineralisation zone at the Me 
Xi deposit, collected for fluid inclusion analyses; E. Representative 
image of a double-polished thin section prepared from the hand 
specimen shown in (A). 

Figure 4: Representative photomicrographs of liquid-rich two-
phase fluid inclusions in quartz veins from the Au-bearing stage 
at the Me Xi gold deposit, central Vietnam: A. Fluid inclusions in 
quartz trapped inside pyrite, sample No. MX03; B and C. Marked 
primary fluid inclusions in quartz trapped inside pyrite in (A) D, 
E and F. Primary fluid inclusions in quartz, sample No. MX05, 
MX27 and MX44, respectively. Abbreviations: L denotes liquid, 
V denotes vapour.
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Table 1: Results of fluid inclusion analyses for quartz from hydrothermal veins of the Au-bearing stage in the 
Me Xi deposit. Note: FI = fluid inclusion; Th1, Th2, Th3 = first, second and third measurement of homogenisation 
temperature, respectively; Thfn = averaged homogenisation temperature; Tm1, Tm2, Tm3 = first, second and 
third measurement of first-melting temperature, respectively; Tmfn = averaged first-melting temperature.

Order Spl. 
No.

FI. 
No.

Homogenisation temperature 
(oC)

Last melting temperature 
(oC) NaCl 

(wt%)
Th1 Th2 Th3 Thfn Tm1 Tm2 Tm3 Tmfn

1 MX03 1 182.7 182.4   182.6 -0.3 -0.4   -0.35 0.6
2 MX03 3 186.3 186.2   186.3 -2.5 -2.7   -2.60 4.3
3 MX03 5 189.8 189.8   189.8 -2.3 -2.3   -2.30 3.9
4 MX03 6 210 210.6 210.8 210.5 -3.7 -3.3   -3.50 5.7
5 MX03 8 188.7 187.8   188.3 -4.2 -4.0   -4.10 6.6
6 MX03 10 188 188.7   188.4 -4.2 -3.3   -3.75 6.1
7 MX05 1 199.9 200 200.3 200.1 -4.7 -4.7   -4.70 7.4
8 MX05 2 200 200.2 200.5 200.2 -3.2 -3.4   -3.30 5.4
9 MX05 5 183.8 184   183.9          
10 MX05 7 208.8 210.1 209.5 209.5 -5.1 -5.1   -5.10 8.0
11 MX05 8 217.7 219.7 217.7 218.4          
12 MX05 9 205 205.7   205.4 -4.5 -4.4   -4.45 7.1
13 MX05 11 340 340.33   340.2          
14 MX05 12 393 395 393.5 393.8          
15 MX05 13 387 388   387.5          
16 MX05 14 287 288   287.5          
17 MX05 15 215 215   215.0          
18 MX05 16 277 278   277.5          
19 MX11 1 253 252   252.5          
20 MX11 2 211 210.6   210.8 -0.1 -0.2   -0.15 0.3
21 MX11 3 206 205.4   205.7          
22 MX11 4 216 214   215.0 -4.2 -4.6   -4.40 7.0
23 MX11 5 309 311   310.0 -8.7 -8.7   -8.70 12.5
24 MX11 6 315 315   315.0 -8.5 -8.5   -8.50 12.3
25 MX11 7 310 311   310.5 -6.3 -7   -6.65 10.0
26 MX11 8 185 187   186.0 -8.9 -8.5   -8.70 12.5
27 MX11 9 323 323   323.0 -10.6 -10   -10.30 14.3
28 MX11 10 338 338.2   338.1          
29 MX27 6 245 245.6   245.3 -8.7 -9   -8.85 12.7
30 MX27 7 254 254.7   254.4 -8 -7.7   -7.85 11.5
31 MX27 8 203 203.5   203.3          
32 MX27 10 208 209   208.5 -9 -8.7   -8.85 12.7
33 MX27 11 325 326   325.5 -1.3 -1.5   -1.40 2.4
34 MX27 12 188 188.5   188.3          
35 MX27 13 328 329   328.5 -6.5 -6.3   -6.40 9.7
36 MX27 14 228 228.6   228.3          
37 MX27 15 248 248   248.0          
38 MX27 16 256 254.8   255.4 -5.3 -5   -5.15 8.1
39 MX27 2 295 300   297.5 -2.7 -2.8   -2.75 4.6
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Order Spl. 
No.

FI. 
No.

Homogenisation temperature 
(oC)

Last melting temperature 
(oC) NaCl 

(wt%)
Th1 Th2 Th3 Thfn Tm1 Tm2 Tm3 Tmfn

40 MX27 3 220 220   220.0 -3.4 -3.4   -3.40 5.6
41 MX27 4 190 190.5   190.3 -6.7 -6.4   -6.55 9.9
42 MX27 5 258 257   257.5 -5.4 -5.3   -5.35 8.3
43 MX44 1 215.4 215.6   215.5 -1.3 -1.6   -1.45 2.5
44 MX44 2 339 338.7   338.9 -5.8 -5.6   -5.70 8.8
45 MX44 3 290 290   290.0 -5 -5   -5.00 7.9
46 MX44 4 290 290   290.0 -2.6 -2.8   -2.70 4.5
47 MX44 5 389 390   389.5          
48 MX44 6 310 312   311.0 -4.8 -5   -4.90 7.7
49 MX44 7 206 206.2   206.1 -5.5 -5.5   -5.50 8.5
50 MX44 8 194 194   194.0 -13 -13.1   -13.05 16.9
51 MX44 11 182 182   182.0 -6.5 -6   -6.25 9.5
52 MX44 13 213 214   213.5 -10 -8.3   -9.15 13.0
53 MX44 14 227.9 227.5   227.7 -11.5 -11.5   -11.50 15.5
54 MX44 15 347.8 347.8   347.8          
55 MX44 16 260 260   260.0 -6 -6   -6.00 9.2
56 MX44 17 199 199   199.0 -1 -1   -1.00 1.7
57 MX44 18 330 330   330.0          
58 MX44 19 308.7 308.6   308.7          
59 MX31 1 187 187   187.0 -3.3 -3.3   -3.30 5.4
60 MX31 2 187.7 187.7   187.7 -2 -1.4   -1.70 2.9
61 MX31 4 182 182.2   182.1 -3.4 -3.4   -3.40 5.6
62 MX31 5 190 190.4   190.2 -3.2 -3.3   -3.25 5.3
63 MX31 6 181 181   181.0 -4 -4   -4.00 6.4
64 MX31 7 186.9 187   187.0 -3.6 -3.5   -3.55 5.8
65 MX31 8 192.8 193   192.9 -3.6 -3.5   -3.55 5.8
66 MX31 9 225 225.5   225.3 -3.4 -3.6   -3.50 5.7
67 MX31 10 205 205   205.0 -3 -3   -3.00 5.0
68 MX50 1 198 200   199.0 -7 -7   -7.00 10.5
69 MX50 2 218 218   218.0 -7.6 -7.9   -7.75 11.4
70 MX50 3 206 206   206.0 -5 -5.4   -5.20 8.1
71 MX50 4 203 202.2   202.6 -5 -5   -5.00 7.9
72 MX50 5 207 207   207.0 -7.5 -7.5   -7.50 11.1
73 MX50 6 209 209.2   209.1 -8 -8.2   -8.10 11.8
74 MX50 7 189 190   189.5 -9 -8.7   -8.85 12.7
75 MX50 8 207 207   207.0          
76 MX50 9 206 205.8   205.9 -5.6 -5.4   -5.50 8.5
77 MX50 10 193 192   192.5 -6 -6   -6.00 9.2

Table 1: Continued.



Truong Xuan Le, Khin Zaw, Hai Thanh Tran, Khang Quang Luong, Du Khac Nguyen, Ban Xuan To

Bulletin of the Geological Society of Malaysia, Volume 81, May 202638

DISCUSSION 
Source(s) of fluids

The salinity value is an important indication for the 
sources of fluids in a hydrothermal system (Wilkinson, 
2001; Bodnar et al., 2014). In general, fluids sourced from 
magmatic system, such as porphyry and skarn deposits, have 
moderate to high salinity values (commonly > 5%) whereas 
those from non-evaporite sedimentary sequences, sea water, 
or meteoric water have low salinity values (commonly <5%; 
Bodnar et al., 2014).

Fluid inclusions in quartz from the hydrothermal Au-
bearing stages at the Me Xi deposit exhibit a wide range 
of salinity, from 0.3 to 17 wt. % NaCl, with an average of 
~8 wt.% NaCl. The salinity values of ore-bearing fluids 
are predominantly greater than 5 wt% (ie., ~5-17. wt.%), 
accounting for ~82% of the population (n=47/57), indicates 
a significant magmatic contribution (Bodnar, 1993; Bodnar 
et al., 2014). The sulphur isotopic study results (mainly 
from -4.6 ‰ to -2.5 ‰) at the Me Xi from Le et al. (2025) 
further support a predominantly magmatic fluid source. 

In the geological context of the Me Xi area where the 
mineralisation is about 3km from the ~430 Ma dolerite 

(Le et al., 2026), the magmatic-sourced fluids are most 
likely linked to this type of magma. On a regional scale, 
the magmatic history in the TSB encompasses two main 
stages: O-S Caledonian and the P-T1 Indosinian orogenies. 
The Caledonian mineralising events have been documented 
within the TSB, with Donken Cu-Au deposits in southern 
Laos (Gardner et al., 2017) and the Duc Bo Au-Pb-Zn deposit 
in central Vietnam (Khin Zaw et al., 2014). Regarding the 
late tectonic event, to date, no magmatic occurrence has been 
recorded at the Me Xi Au area, but regional magmatism is 
evident. About ~45 km to west of Me Xi, ~280-300 Ma 
rhyodacite porphyry associated with Cu-Au mineralisation 
at the Sepon Mineral District, Laos have been well defined 
(Cromie, 2010). To the southern end of TSB, in the TPSZ, 
~ 270-220 Ma igneous rocks and related Au mineralisation 
(~250-220 Ma; Manaka, 2014) at the Phuoc Son Au deposits 
and ~ 240 Ma leucocratic dyke and coeval skarn type Au-W 
system at Bong Mieu deposits (Khin Zaw et al., 2014) have 
been identified. Thus, a hidden P-T1 magmatic event at depth 
may have contributed to the late mineralising event at Me Xi.

In contrast, a minor population (~18%, n = 10/57) of 
low-salinity fluids (~0.3–5 wt.% NaCl equiv.), in comparison 

Figure 5: Analysis results for fluid inclusion from quartz in the Au-bearing stage: 
(a) Plot of homogenisation temperatures versus salinities (n=77, min = 181°C, 
max = 394°C, average = 240°C; (b) Frequency distribution chart of salinities 
(n=57, min = 0.3 wt% NaCl, max = 16.9 wt% NaCl, average = 8 wt.% NaCl).
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with the results from Roedder (1984) and Bodnar et al. 
(2014), these fluids could be derived from (1) the infiltration 
of meteoric water, (2) water-rock interaction at shallower 
crustal levels, (3) seawater, and/or (4) metamorphic water. 
The lack of metamorphic-derived gases such as CO2 and 
CH4 is generally suggests a limited contribution from 
metamorphic fluids although the sedimentary rocks that 
host gold mineralisation in this deposit, as well as in 
similar deposits nearby, have undergone metamorphism at 
greenschist to amphibolite facies (Wilkinson, 2001; Bodnar 
et al., 2014). The moderate to high salinity coupled with 
relatively low homogenization temperatures observed in 
the fluid inclusions are inconsistent with a significant 
metamorphic fluid contribution, which typically exhibits 
higher homogenization temperatures and lower salinities 
(generally <7 wt.% NaCl equiv.) (Wilkinson, 2001; Bodnar 
et al., 2014). Moreover, there is no direct evidence presented 
in the region to suggest a direct seawater source during the 
mineralization event at Me Xi.

Given the data set and the geological and metallogenic 
context of the Truong Son Belt, the fluid inclusion study 
results indicate that the ore-forming fluids at Me Xi 
were primarily magmatic in origin, with minor dilution 
or modification by meteoric waters and/ or water-rock 
interaction at shallower crustal levels, while metamorphic 
fluids played a negligible role in the mineralizing system. 

Temperature of the ore formation 
The homogenization temperatures (Th) for fluid 

inclusions from the Au-bearing stage at the Me Xi deposit 
range from 181-394°C, with most inclusions homogenizing 
between 180-260°C. This dataset provides insights into 
the mineralisation styles and the physical condition of 
mineralisation. The low-temperature range (180-260°C), 
which dominates the population (n=56), indicate that the 
hydrothermal fluids and metals at the Me Xi area were mainly 
accumulated at low temperatures (i.e., 180-260°C), which is 
consistent with the dominant stockwork textures recorded 
in the mineralisation zones. This dominantly low Th range 
at the Me Xi area suggests that the mineralisation occurred 
at shallow crustal levels, with the potential for deeper zones 
where mineralisation likely formed under higher temperature 
conditions. The small number of inclusions with moderate 
(280-350°C, n=18) and high (380-400°C, n=3) temperature 
ranges suggest a potential of deeper-seated hydrothermal 
activity and/or magmatic input.

Ore precipitation  
Shepherd et al. (1985) proposed a plot for dynamic 

hydrothermal systems based on homogenisation temperature 
against salinity for fluid inclusions to constrain the fluid 
processes, such as fluid mixing, boiling, cooling and 
dilution. In comparison to the model for fluid evolution of 
Shepherd et al. (1985), the homogenisation temperature 
and salinity values at the Me Xi area are consistent with 

an isothermal mixing trend between high and low salinity 
fluids (Figure 6). This mixing process possibly occurred 
between magmatic-sourced fluids and meteoric fluids 
or water-rock interaction involving the carbonaceous 
sedimentary host rocks respectively, as being discussed 
above. The suggested magmatic fluid is supported by the 
coeval timing of mineralisation and intrusive event at the 
Me Xi area (Le et al., 2026). 

The studied results provide new insights into fluid 
evolution, temperature regimes and sources of ore-bearing 
fluids at the Me Xi Au deposit in central Truong Son Belt. The 
findings not only provide a valuable fluid inclusion dataset 
and corresponding interpretations for mineralisation at the 
Me Xi but also confirm the role of magmatic contributions 
in Au metallogeny in the central Truong Son Belt. This 
contributes to the regional Au metallogenic models and 
helps guide future exploration strategies.

CONCLUSIONS 
The fluid inclusion studies from the Me Xi Au deposit 

in the central TSB provide critical insights into the physico-
chemical conditions and origin of Au mineralisation. 
The primary fluid inclusions in selected samples are 
predominantly small (mostly <10 μm), consisting exclusively 
of two-phase (liquid and vapor) inclusions, with liquid 
occupying approximately of 70-90% of volumes. The studied 
results reveal a wide range of homogenisation temperatures 
(181-394°C), with the majority of low temperatures (180-
260°C, n=56), which correlates well with the stockwork 
textures observed. A smaller population of inclusions formed 
at higher temperatures (280-394°C, n=21), suggesting 
deeper-seated hydrothermal and/or magmatic input. Fluid 
salinities also exhibit a broad range (0.3-16.9 wt.% NaCl), 
with an average of ~8 wt.% NaCl, indicating a mixed 
origin of hydrothermal fluids. Low-salinity fluids (~0.3-5 
wt.% NaCl) are likely linked to meteoric water or diluted 
hydrothermal fluids, whereas moderate- to high-salinity 
inclusions (~5-17 wt.% NaCl) suggest a significant magmatic 

Figure 6: Plot of homogenisation temperatures against salinities for 
primary fluid inclusions from Au-bearing hydrothermal stages at 
the Me Xi deposit, central Vietnam compared to the model of fluid 
processes defined by Shepherd et al. (1985) as shown in the inset figure.
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contribution, potentially sourced from the nearby ~430 Ma 
dolerite and/or hidden Permian-Triassic magmatic activities. 

The fluid inclusion data support an isothermal mixing 
model involving low-salinity fluids and high-salinity 
magmatic fluids. This mixing process likely occurred in a 
shallow-crustal environment, consistent with the stockwork 
vein observed at Me Xi. 

The study results provide the first comprehensive fluid 
inclusion evidence for magmatic and meteoric fluid mixing or 
water-rock interaction at the Me Xi deposit, and highlight the 
importance of fluid evolution in gold mineralisation systems 
in central Vietnam. The study significantly contributes to 
the metallogenic framework of the central Truong Son 
Belt and may guide future exploration models for similar 
deposits in the region.
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