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ABSTRACT

The Sakay gold deposit in Vientiane, Laos, is located in the Indochina landmass of the southeastern segment of the

Tethys orogenic belt, specifically within the Vientiane-Pakse micro-landmass and the Vientiane-Pakse metallogenic belt.

This area is regionally significant for the concentration of minerals such as gold, copper, and tin. The host rocks of the

deposit are intermediate volcanic lavas and volcanic tuffs, occurring in near-east-west brittle shear structural fractures

through hydrothermal filling and metasomatism. The ore exhibits granular texture, subhedral texture, porphyritic texture,

and oriented polycrystalline texture, with structural features such as disseminated, vein-like, and cataclastic breccia. The

main ore minerals are pyrite, sphalerite, galena, and chalcopyrite, while the gangue minerals are primarily quartz, calcite,

and dolomite. Gold is mainly present as included gold or fissure gold within the crystal lattices and microfractures of

minerals such as pyrite and sphalerite. Based on mineral assemblages and generation timing, the mineralization can be

divided into three stages: arsenopyrite-pyrite-dolomite-quartz (I), sphalerite-galena-chalcopyrite-calcite (II), and siderite

(III), with the latter stages often overlaying the former, showing evident cross-cutting and metasomatic phenomena. The

surrounding rocks in the mining area are altered, mainly showing silicification, carbonatization, limonitization, sericitization,

and chloritization. Preliminary studies suggest that this deposit is a low-temperature hydrothermal gold deposit within a

brittle shear zone.
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1. Introduction

The Sakay Gold Mine is situated in the Sakai village,

Sangthong District (M. Sangthong), Vientiane City, approx-

imately 60 km southeast of the city center. Highway 11

passes through the western part of the work area. In the

1990s, relevant companies conducted mineral geological

surveys and preliminary geological mappings in the region,

discovering gold anomalies and mineralized bodies. Subse-

quently, other companies carried out large-scale geological

investigations on the identified mineralized bodies, employ-

ing sparse trenching, drilling, and tunneling to expose and

trace them. Exploration control and surface weathered ore

body mining were also conducted on individual ore bodies.

Despite some progress made in previous work, basic geo-

logical research in most parts of Laos remains inadequate.

Many geological bodies lack evidence of geological age,

and there is insufficient basis for their spatial distribution

and correlation. The attributes of tectonic units have been a

subject of debate [1–7], in particular, some geological bodies

associated with large deposits have not been systematically

studied [8–11], making it impossible to conduct systematic ge-

ological correlation research in the region. As a result, it

is challenging to summarize the genesis and metallogenic

patterns of regional deposits, let alone carry out large-scale

metallogenic prediction and guide regional prospecting ef-

forts. Recently, our team has conducted basic geological

surveys and in-depth engineering explorations in the mining

area, collected and analyzed a considerable number of rock

and ore samples, and gained some fundamental geological

insights and prospecting achievements. We have preliminar-

ily determined the stratigraphic distribution and ore body

characteristics in the mining area, clarified the mineraliza-

tion stages, and tentatively proposed that the deposit is a

low-temperature hydrothermal gold deposit associated with

brittle shear zones. This article summarizes and organizes

the metallogenic geological background, geological features

of the mining area, and geological characteristics of the de-

posit, presenting an overview of the current geological work

and research findings in the mining area. This is intended to

provide technical guidance and a reference model for future

deep geological prospecting work in the mining area and

prospecting activities in the surrounding regions.

2. Data and Methods

2.1. Regional Geological Overview

The Sakay Gold Mine in Vientiane, Laos, is located

in the Indochina Block, Vientiane-Pakse Microcontinent

(III2), in the southeastern segment of the Tethyan orogenic

belt [12–18]. It belongs to the Vientiane-Pakse metallogenic

belt, which is an important concentration area for minerals

such as gold, copper, and tin in the region [19–21] (Figure 1).

The stratigraphic sequences in the area are well-developed.

From the Paleoproterozoic to the Early Paleozoic, they

mainly consist of terrigenous clastic sediments containing

carbonate rocks and intermediate-basic volcanic rocks, pri-

marily deposited in a passive continental margin setting.

From the Devonian to the Middle Triassic, they are mainly

carbonate rocks containing volcanic rock series. In the

Middle-Late Permian, terrigenous clastic sediments con-

taining coal developed. The Indosinian movement lifted

the region, ending the history of marine deposition and ini-

tiating the evolution of inland deposition. It also caused

the collision between the Vientiane-Pakse Microcontinent

(III2) and the Northeast Truong Son Microcontinent (III3),

resulting in intense collisional volcanic activity in the re-

gion. The Yanshanian movement transformed the regional

tectonic framework, with compression stresses mainly in the

NE-SW direction, shaping the NW-trending tectonic distri-

bution in the area and developing a series of faulted basins.

Locally, intermediate-acidic magmatic intrusions occurred.

During the Himalayan period, the region experienced un-

even uplift, with the development of inland river and lake

sediments, and locally, basic volcanic activity. The regional

tectonic style is relatively uniform, mainly characterized

by NW-trending fault structures, while fold structures are

not well-developed. Magmatic activity is frequent, mainly

dominated by intermediate-acidic volcanic lavas and volcani-

clastic rocks, with local occurrences of intermediate-acidic

intrusive dikes.The regional basic geological survey work

is inadequate, lacking systematic research and comparison.

Based on current understanding, the work area mainly ex-

poses late Paleozoic to Early Triassic intermediate volcanic

rocks and acidic intrusive rocks, Middle to Late Triassic

intermediate-acidic volcanic rocks and intrusive rocks, as

well as Late Triassic to Jurassic sedimentary clastic rocks

and Quaternary alluvial-pluvial deposits.
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Figure 1. Geological sketch of the working area: (a) regional struc-

tural framework map; (b) geological sketch of the mining area.
Note: 1—Quaternary alluvium; 2—Upper Triassic-Jurassic siltstone; 3—Upper

Triassic-Jurassic sedimentary conglomerate; 4, 5, 6—Middle-Lower Triassic rhy-

olitic volcanic lava, tuff; 7—Middle-Lower Triassic granodiorite; 8—Middle-Lower

Triassic red siltstone; 9—Lower Triassic siliceous rocks (chert) layer; 10—Lower

Triassic-Permian volcaniclastic rocks, breccia; 11—Lower Triassic-Permian andesitic

volcanic rocks, volcanic tuff; 12—Lower Triassic-Permian granite porphyry; 13—Con-

tinental blocks and their numbers; 14—Microcontinental blocks and their numbers;

15—Faults delineating continental block boundaries; 16—Regional faults; 17—Faults

within the mining area; 18—Inferred faults within the mining area; 19—Location of

the mining area; 20—Location of gold ore bodies and samples. Figure 1a is modified

based on [17].

Based on the regional tectonic framework map (Figure

1a) and previous studies [22, 23], the study area is located in the

southwestern part of Laos, extending in a northwest-trending

belt. It is situated within the Vientiane-Pakse microcontinent

(III2) of the Indochina Block in the southeastern segment of

the Tethyan orogenic belt. The area is bounded by the F4 Phu

Pulei Fault to the northwest and the F5 Truong Son-Da Nang

Fault to the northeast, extending south and southwest into

neighboring countries. The tectonic features within the area

are predominantly northwest-trending fault structures, with

folds being relatively underdeveloped. The F4 Phu Pulei

Fault extends in a northeast direction, stretching over 300

kilometers within the study area. It serves as the boundary

fault between the Luang Prabang Island Arc Belt (III1) and

the Vientiane-Pakse microcontinent (III2). Along this fault, a

strong structural melange zone is developed, with suspected

tectonic ophiolite melange in the northern segment of the

fault. In the later stages of fault activity, it exhibited dextral

strike-slip movement, causing northeast-directed shear on the

western side of the adjacent tectonic framework and north-

west compression on the eastern side. The F5 Truong Son-Da

Nang Fault is located on the western slope of the Truong

Son Mountains in southeastern Laos, extending northwest

for 700 kilometers. It serves as the boundary fault between

the Vientiane-Pakse microcontinent (III2) and the Truong

Son microcontinent (III3). To the southeast of the fault, there

is stable and continuous deposition, while to the northeast,

Hercynian and Indosinian intermediate-acidic volcanic rocks

are developed. This fault may represent a deep major fault

zone controlling regional volcanic and magmatic activities.

2.2. Geological Characteristics of the Ore De-

posit

The mining area is mainly exposed to late Paleozoic to

Early Triassic intermediate volcanic rocks andMiddle to Late

Triassic felsic volcanic rocks, with most regions covered by

volcanic lavas and volcaniclastic rocks. The fault structures

within the area are well-developed, predominantly striking

northwest in alignment with the regional main structural

trend. Based on field geological surveys, it is preliminarily

inferred that the ore bodies occur within a set of northwest-

striking brittle shear zones. The fault to the east functions as

the ore-controlling fault, representing a sinistral strike-slip

fault. The ore bodies are primarily hosted in secondary fault

zones developed in near-east-west orientations within inter-

mediate volcanic lavas and volcanic tuffs, intersecting with

the northwest-striking faults.

2.2.1. Characteristics of Ore Bodies

Based on current exploration work, two industrial ore

bodies (Figures 2–4) have been delineated in the mining

area, as described below:

Figure 2. Open-pit mining face of orebody KT1.

Note: Ch, chloritization; Lm, limonitization.
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Ore Body KT1: The ore body extends approximately

300 meters along strike, with a dipping depth of about 200

meters. It has a thickness of 0.3–1.5 meters and a grade of

1.6–43.6 g t−1. It trends gently towards the south with dips

of 30°–40°, reaching a maximum of 50°. It exhibits char-

acteristics of steeper dips in the shallow parts and gentler

dips in the deeper parts, as well as steeper dips in the west

and gentler dips in the east. The ore body is distributed in a

near-east-west direction along the fault zone, pinching out

towards the east in an east-northeast direction and gradually

pinching out towards the west. It is strictly controlled by the

fault zone and has a lenticular shape, with local enlargement,

narrowing, pinch-out and reappearance, and branching and

composite features.

Ore Body KT2: The ore body extends approximately

280 meters along strike, with a dipping depth of about 200

meters. It has a thickness of 0.2–0.8 meters, with an average

thickness of 0.4 meters, and a grade of 3.56–8.8 g t−1. It

trends towards the southwest with dips of 40°–50°, reaching

a maximum of 60°. It exhibits characteristics of gentler dips

in the shallow parts and steeper dips in the deeper parts, as

well as steeper dips in the west and gentler dips in the east.

The ore body is distributed in a near-east-west direction along

the fault zone, approximately parallel to KT1. It pinches out

towards the east in an east-southeast direction and gradually

pinches out towards the west. It is strictly controlled by the

fault zone and has a lenticular shape, with pinch-out and

reappearance, and branching and composite features.

Figure 3. Images inside the pit of orebody KT1: (a) underground

mining face of orebody, and (b) silicified and carbonatized dissem-

inated and vein-like ore.
Note: Py, Pyrite; Sp, Sphalerite; Gl, Galena; Ccp(Cep), Chalcopyrite; Q, Quartz Silici-

fication; Cal, Carbonatization. (a) The mining face primarily consists of hydrothermal

fill-metasomatic veins within structural fracture zones. The veins are approximately

1.2 m in width, trending towards the southwest, with an inclination of around 50°. The

ore primarily exhibits brecciated and agglomerated textures due to silicification and

carbonatization. The fracture zones near the walls are mainly composed of sparsely

disseminated sulfide ores with silicification, while the center contains strongly car-

bonatized cemented brecciated ore. (b) The silicified ore veins or ores are notably

intersected and filled by carbonate veins. The silicification and carbonatization pro-

cesses have resulted in a disseminated and vein-like ore texture.

Figure 4. Typical exploratory line profile of orebody.
Note: 1 Acidic Volcanic Lava;2 Granite Porphyry Volcanic; 3 Breccia Lava; 4 Ore-

body and Number; 5 Low-Grade Orebody; 6 Gold Mineralized Vein;7 Boreholes and

Numbers (Plan View); 8 Tunnels (Profile View); 9 Tunnels and Numbers (Plan View);

10 Samples; 11 Occurrence (Geological Attitude); 12 Faults (Dashed Lines Indicate

Inferred Faults).

Based on field geological surveys and exposure of sur-

face and underground ore bodies, it is speculated that the ore

bodies may originate from a set of left-lateral brittle shear

zones, with the ore bodies confined to tension-compression

fracture zones formed by these brittle shear zones.

2.2.2. Characteristics of Ore

The main types of ore in the ore bodies include surface-

weathered limonite, quartz vein (silicified) sulfide, and car-

bonatized sulfide. Gold primarily occurs as lattice gold (in-

cluded gold) and fissure gold within sulfides or oxides. The

main ore minerals include pyrite, galena, sphalerite, limonite,

arsenopyrite, siderite, and a small amount of chalcopyrite.

The main gangue minerals include quartz, dolomite, and

calcite (Figure 5). The main textures of the ore include crys-

talline, microporous, inequigranular, subhedral, cataclastic,

and porphyritic-oriented crushed textures. The main struc-

tures include veinlet, breccia, lenticular, and disseminated

structures.

2.2.3. Wall Rock Alteration

Wall rock alteration is well-developed in the ore deposit,

mainly including silicification, carbonatization, sericitiza-

tion, chloritization, and limonitization. Based on surface and

underground exploration work, it can be roughly divided into:

mineralization-alteration zones characterized by silicifica-

tion and carbonatization; near-ore wall rock alteration zones

characterized by chloritization and sericitization; and surface

weathering alteration zones characterized by limonitization.
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Figure 5. Polarizing microscope plates of ore minerals. (a) Euhe-

dral quartz (Q) and dolomite (Do) in sulfide (S), plane-polarized

light, 100×; (b) Sphalerite (Sp) cut by calcite (Cal) veins, cross-

polarized light, 100×; (c) Mosaic-like crushed structure of pyrite

(Py), with gray sphalerite (Sp) grains containing fragmented pyrite

(Py) particles, plane-polarized light; (d) Pyrite (Py) cemented or

veined by sphalerite (Sp), plane-polarized light; (e) Galena (Gl),

chalcopyrite (Ccp/Cep), and sphalerite (Sp) distributed along frac-

tures in arsenopyrite (Apy), forming intersecting veinlet-stockwork

structures; chalcopyrite also intersects and replaces sphalerite,

plane-polarized light; (f) Fine veins of pyrite (Py) cutting through

arsenopyrite (Apy); gray areas are sphalerite (Sp) containing chal-

copyrite (Ccp/Cep) and galena (Gl), plane-polarized light.

Based on extensive collection and summary of previous

work, combined with the current mining area activities, we

have adopted methods such as observing geological points

and routes at certain intervals, measuring typical geologi-

cal sections, and identifying rock and ore samples under a

microscope. These methods and means have been used to

conduct detailed investigations and studies on geological

information including strata, rocks, ore bodies, wall rock

alterations, and structural distributions. With the limited

information resources currently available, we aim to sum-

marize the geological characteristics of the ore deposit and

explain its genesis.

3. Results and Analysis

3.1. Stratigraphic and Lithological Character-

istics

3.1.1. Late Paleozoic to Early Triassic

Intermediate-Acidic Volcanic Rocks and

Intrusive Rocks

Granite Porphyry (Figure 6): It exhibits a light flesh-

red hue and is mostly exposed as small rock stocks on the sur-

face. The rock is strongly weathered and heavily argillized.

It has a porphyritic texture with a microgranular matrix.

The rock is composed of phenocrysts and matrix. The phe-

nocrysts, which account for 5 to 10% of the rock, are euhedral

granular quartz, orthoclase, and plagioclase. The matrix is

composed of microgranular felsic minerals and very little

biotite, exhibiting a porphyritic and microgranular texture.

Quartz: It is colorless and occurs as phenocrysts and in the

matrix. The phenocrysts are euhedral, isometric, and cor-

roded, containing biotite inclusions. The matrix quartz is

microcrystalline and granular, accounting for 30 to 35% of

the rock. Orthoclase: It is colorless and has a dirty surface,

occurring as phenocrysts and in the matrix. The phenocrysts

are mostly euhedral tabular and show Kasperbauer twins

under crossed polars, and they have undergone argillization.

Plagioclase: It is colorless and occurs as phenocrysts and in

the matrix. The phenocrysts are euhedral tabular to prismatic

and show albite twins and sodium-feldspar twins (twinned

on 100) under crossed polars. Biotite: It occurs as flakes and

strips in the matrix and is present in very small quantities.

Figure 6. Plate of granitic porphyry orthogonal polarized light 50×.

(a) Porphyritic texture with clay-altered orthoclase (Qr) phenocrysts

distributed in a felsic matrix; (b) Porphyritic texture with plagio-

clase (Pl) phenocrysts distributed in a felsic matrix; (c) Porphyritic

texture with corroded quartz (Q) phenocrysts distributed in a felsic

matrix; (d) Porphyritic texture with orthoclase (Or) phenocrysts

distributed in a felsic matrix.
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Andesitic crystal-vitric plastic lapilli tuff (Figure 7)

exhibits a grayish-brown hue and displays a welded tuff tex-

ture with plastic deformation and pseudoflow structures. The

rock is composed of andesitic volcanic clasts and basement

(or debris from the volcanic conduit). The volcanic clasts,

accounting for more than 80% ± of the rock, are composed

of plastic lapilli, crystal fragments, plastic vitric fragments,

and volcanic ash. The plastic lapilli are molten masses com-

posed of intermediate vitric material, generally larger than 2

mm, and may contain phenocrysts, microcrystals, vesicles,

amygdales, etc. They often occur in flame-tongue, pancake,

lenticular, branched, and banded shapes. The crystal frag-

ments are all plagioclase, which are phenocrysts crystallized

early in themagma and fragmented during volcanic eruptions,

belonging to the same source component. Vitric fragments

refer to vitric debris less than 2 mm to 0.02 mm in size, of-

ten occurring in flame-tongue, lenticular, arcuate, polygonal

with curved surfaces, Y-shaped, and torn shapes. The vol-

canic ash consists of dust-like glass particles smaller than

0.02 mm, occurring as vein fillings. When the volcanic clasts

were in a high-temperature plastic state, they were flattened

into lenticular shapes. The vitric fragments and volcanic ash

underwent welding, and the plastic vitric fragments were

wave-like and orientationally arranged around the crystal

fragments, forming pseudoflow structures. The basement

rocks are composed of quartz crystal fragments, granite por-

phyry fragments, and felsic matrix, accounting for 15 to 20%

of the rock. Due to later stress, the rocks show crushing, and

quartz aggregates of varying crystallinity fill the fractures.

3.1.2. Intermediate-Acidic Volcanic Rocks and

Intrusive Rocks of the Middle to Late

Triassic

Rhyolitic tuff lava exhibits a grayish-brown to light

flesh-red hue, with a porphyritic and felsitic texture. The

rock is composed of phenocrysts, matrix, and crystal-vitric

tuffaceous material (Figure 8). The phenocrysts, account-

ing for approximately 40% ± of the rock, are mainly quartz

and plagioclase. Some of the quartz and plagioclase phe-

nocrysts are fragmented due to decompression during ascent,

forming angular crystal fragments (i.e., autoclastic debris)

distributed within the felsitic matrix. Plagioclase occurs as

phenocrysts and mostly as angular crystal fragments. Un-

der crossed polars, albite twins are visible, but most of the

plagioclase has been sericitized, accounting for 30 to 35%

of the rock. Quartz is colorless and occurs mainly as phe-

nocrysts and secondarily as angular crystal fragments, with

a small amount distributed in the matrix. The phenocrysts

are euhedral, isometric, fragmented, and corroded, while

the crystal fragments are angular to sharply angular. In the

matrix, quartz is microcrystalline, with low positive relief

and a first-order pale yellow interference color under crossed

polars, accounting for 25 to 30% of the rock. Orthoclase

occurs as felsitic material distributed within the matrix, with

very weak optical properties, accounting for approximately

35% ± of the rock.

Figure 7. Andesitic crystal-fragment and plastic-deformed lithic-

fragment weld tuff orthogonal polarized light, 50×. (a) Palimpsest

crystal-fragment tuff texture, with crystal fragments being altered

plagioclase (Pl) and a small amount of quartz (Q), cemented and

filled by volcanic ash and glass shards; (b) Marginally altered glass

shard muddification texture, pseudoflow texture, with devitrified

glass shards showing wavy, oriented arrangement (weak welding);

(c) Lithic muddification texture, with granite porphyry fragments

and a small amount of altered plagioclase (Pl) crystal fragments

distributed within the cement of volcanic ash and glass shards;

(d) Pseudoflow texture, formed by altered plastic-deformed glass

shards, with a small amount of quartz (Q) and plagioclase (Pl) crys-

tal fragments arranged in a wavy, oriented manner.

Diorite (Figure 9) exhibits a light grayish-green hue

and a euhedral fibrolitic-granular texture. The rock is pri-

marily composed of amphibole, plagioclase, and a small

amount of magnetite. Amphibole occurs as long, fibrolitic

columns distributed chaotically, with its framework filled by

subhedral fine-grained equiaxial plagioclase grains, forming

a fibrolitic-granular texture. Amphibole: Yellowish-green

in color, euhedral and long columnar in shape. The cross-

section may appear rhomboidal or hexagonal, though this

is not well-developed. It exhibits clear pleochroism, rang-

ing from yellow-green to light green. It has high positive

relief and two sets of rhomboidal cleavage. Under crossed

polars, it displays a brown anomalous interference color

238



Journal of Environmental & Earth Sciences | Volume 07 | Issue 05 | May 2025

and exhibits oblique extinction. Plagioclase: Colorless and

subhedral fine-grained equiaxial grains. Under crossed po-

lars, it exhibits albite twins. However, it has undergone

varying degrees of sericitization and carbonatization. The

maximum extinction angle Np’�(010) measured on a few

residual grains perpendicular to the (010) cleavage plane

is 27°, with an An content of 50%. Magnetite: Black and

opaque, with euhedral to subhedral quadrangular shapes. It

exhibits a metallic sheen that is iron-black under reflection.

Its content is ≤1%.

Figure 8. Plate of rhyolitic tuff lava under crossed polarized light,

100×. (a) Porphyritic texture with a felsic phyric groundmass, phe-

nocrysts including sericitized plagioclase (Pl) and a small amount

of quartz (Q) crystal fragments; (b) Porphyritic texture with a felsic

phyric groundmass, phenocrysts being subhedral corroded quartz

(Q); (c) Crystal-lava texture, angular quartz (Q) and sericitized

plagioclase (Pl) distributed within the felsic phyric groundmass; (d)

Cataclastic porphyritic texture, euhedral cataclastic quartz (Q) phe-

nocrysts distributed within the felsic phyric groundmass. (e) Flow

texture with sericitized plagioclase (Pl) crystal fragments oriented

within a felsitic groundmass, reflecting the flow characteristics of

the magma; (f) Crystal-tuff lava texture, where plagioclase (Pl)

phenocrysts are fragmented into angular crystal fragments due to

explosion and distributed within a felsitic groundmass, with Cal

representing secondary calcite.

Altered Diorite Porphyry (Figure 10) exhibits a

grayish-green hue, with a relict porphyritic texture and a

relict microcrystalline platy-prismatic texture in the matrix.

The rock is composed of phenocrysts and matrix. The phe-

nocrysts are predominantly short-prismatic altered amphi-

boles, with very few plagioclases, accounting for 5 to 10%

of the rock. The matrix consists of euhedral platy-prismatic

microcrystals of plagioclase and a small amount of dust-like

iron oxides, exhibiting relic porphyritic and relic microcrys-

talline platy-prismatic textures. Plagioclase: Occasionally

occurring as phenocrysts, it mainly occurs as platy-prismatic

microcrystals and has been completely replaced by sericite.

Main altered dark minerals: Amphibole, light green in color

and short-prismatic in shape, with equiaxial granular cross-

sections. It has been completely replaced by chlorite and

iron oxide or has been leached out leaving voids, accounting

for approximately 15% ± of the rock. Iron oxides: Black and

dust-like in appearance.

Figure 9. Diorite plate. (a) Semi-idiomorphic fibrous-prismatic

granular texture, composed of semi-idiomorphic hornblende (Hbl)

and prismatic plagioclase (Pl) with a small amount of magnetite, in

plane-polarized light, 50×; (b) Semi-idiomorphic fibrous-prismatic

granular texture, composed of semi-idiomorphic hornblende (Hbl)

and prismatic plagioclase (Pl) with a small amount of magnetite, in

cross-polarized light, 50×.

Figure 10. Altered dioritic porphyry. (a) Relict Porphyritic Texture,

with phenocrysts of chloritized Diorite (Hbl) distributed within a

matrix of sericitized prismatic plagioclase (Pl) and quartz (Q) micro-

crystals. Orthogonal polarized light, 100×; (b) Relict Poikiloblastic

Texture, where the relict poikiloblasts are aggregated chloritized

Diorite (Hbl). Plane polarized light, 100×.

3.2. Ore-Forming Processes and Mineraliza-

tion Stages

Based on field observations of geological points and

routes, indoor identification using optical and thin section

microscopy, as well as exploration engineering controls, and

in conjunction with the macroscopic distribution of the ore

bodies and the microscopic characteristics of the rocks and

ores, this paper speculates that the ore deposit is primarily

formed through hydrothermal filling-metasomatic mineral-

ization, the metallic minerals composing the ore include
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arsenopyrite, pyrite, sphalerite, galena, chalcopyrite, and

siderite. The gangue minerals constituting the ore mainly in-

clude quartz, dolomite, and calcite. According to the mineral

assemblage and temporal relationships, the mineralization

period can be divided into three stages: arsenopyrite-pyrite-

dolomite-quartz (Stage I), sphalerite-galena-chalcopyrite-

calcite (Stage II), and siderite (Stage III). The latter stages

often overlay the former, with obvious interpenetration and

metasomatism phenomena. In Stage I mineralization, pyrite

can be seen as veins cutting through arsenopyrite, indicating

that arsenopyrite formed earlier than pyrite. Due to tectonic

activity, arsenopyrite and pyrite are mostly fragmented, with

chalcopyrite, galena, and sphalerite distributed in the frac-

tures, often forming cross-veined and reticulated structures.

Quartz through dolomite fracture cleavages, reflecting that

dolomite precipitated earlier than quartz. In Stage II min-

eralization, sphalerite is commonly and metasomatized by

chalcopyrite and galena in veins, indicating that sphalerite

formed earlier than chalcopyrite and galena. Chalcopyrite

simultaneously metasomatizes galena, which formed later.

Meanwhile, calcite veins obviously through sphalerite and

fill and cement breccia-type sulfides. The third type of bands

has the characteristic of cutting through the second type of

bands, and the bands contain sphalerite fragments. Under

polarized light, pyrite exhibits crushed spotty, mottled, and

oriented pressure-fission crystalline structures, reflecting

strong compressive stress characteristics. This may indicate

that both the tectonic stress background field and ore-forming

fluids underwent significant changes after the first stage of

mineralization, clearly shifting towards compressive stress

and fluids rich in CO3²⁻ ions and lead-zinc ions. The abun-

dance of Mg²⁺ and Ca²⁺ in the host rocks of moderately acidic

volcanic lavas and volcanic tuffs provided the material com-

position and chemical environment for hydrothermal metaso-

matism, facilitating the precipitation and deposition of gold

and gold-bearing minerals, and forming intense carbonate

and chloritization alteration zones in the surrounding rocks

near the ore deposit.

4. Discussion

Many scholars have conducted relevant research on

the geological characteristics of gold deposits in Laos and

attempted to summarize the metallogenic regularities [24, 25].

Currently, it is mainly believed that the gold deposits within

the Truong Sonmetallogenic belt in Laos were formed during

the Late Carboniferous to Early Permian, while those within

the Loei metallogenic belt were formed during the Late Per-

mian to Early-Middle Triassic [26]. Additionally, the source

of gold material has not been discussed. The metallogenic

epoch of the deposit and related issues will be studied and

discussed in subsequent papers.Based on the geological char-

acteristics of the ore deposit, combined with studies of ore

body distribution and ore assemblage patterns, it is believed

that the ore deposit is a low-temperature hydrothermal filling-

metasomatic gold deposit produced in brittle shear zones.The

ore deposit is strictly confined and occurs within fault struc-

tures, and it does not have a direct genetic relationship with

the widespread volcanic activity in the region. It shares

similar ore-controlling characteristics with gold deposits in

the Ailaoshan area of Yunnan, southwestern China, and the

Jiaodong area of Shandong, China [27, 28], all of these deposits

are significantly controlled by fault structures, however, the

ore deposit studied in this research is predominantly con-

trolled by brittle shear structural fractures, whereas the gold

deposits in the other two regions are controlled by ductile

shear zones in their respective areas.In terms of the sources

of gold, sub-basic volcanic rocks are considered significant

contributors to the gold deposits in the Ailaoshan region of

Yunnan and the Jiaodong region of Shandong. Currently, it

is believed that sub-acidic porphyry may be an important

source of gold material for this type of ore deposit. More

formally, the analysis in this paper suggests that tectonic

activity during the Hercynian and earlier periods resulted in

widespread intermediate-basic magmatic activity, which may

have constituted the material basis and abundant hydrother-

mal fluids for gold,during the Indosinian movement, intense

collisional orogeny accompanied by intermediate-acidic vol-

canic magmatic activity, coupled with regional tectonic trans-

formation, formed a northwest-trending structural pattern

and compressive-shear-tension fracture zones in the mining

area, providing space for the ascent of hydrothermal fluids

and the emplacement of ore bodies,moderately acidic vol-

canic lavas and volcanic tuffs provided the chemical environ-

ment for hydrothermal metasomatism and the precipitation

and deposition of gold and gold-bearing minerals, in the late

Indosinian period, intermediate-acidic porphyry intrusions,

mixed with multiple episodes of volcanic hydrothermal flu-
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ids, continuously extracted and activated gold from earlier

magmatic activity and gold carried within themselves, under

the background of regional compressive-shear stress, they

ascended into the underpressured brittle shear zones and

formed gold ore bodies through filling-metasomatism.

Currently, the mining area is simultaneously carrying

out prospecting and exploration work in the directions of the

ore body’s dipping extension, strike extension, and the sur-

rounding areas. The revelation of the ore deposit’s genesis,

metallogenic regularities, and main ore-controlling factors

will directly influence the prospecting methods and explo-

ration directions for this mine and the surrounding mines. If,

as analyzed in this paper, the ore deposit is a low-temperature

hydrothermal filling and replacement gold deposit in brittle

shear zones, strictly controlled and occurring within fault

structures, then the subsequent prospecting work in the min-

ing area will be organized around the ore-controlling faults,

with fault structures being the primary target for prospect-

ing efforts in their distribution areas. If the ore deposit is

a skarn-type deposit occurring at the contact zone between

intermediate-acidic magmatic rocks and carbonate rocks, the

prospecting approach would necessarily focus on deploying

exploration work around the intrusive bodies and carbon-

ate rock contact zones, rather than seeking fault structures.

However, the ore deposit under study does not exhibit char-

acteristics of a skarn-type deposit. In the upcoming research

work, we will fully leverage geochemical methods for ore

deposits, analyzing the sulfur isotopes of ore metal sulfides,

the C, H, and O isotopes of gangue minerals, ore fluid in-

clusions, and the geochemical characteristics of rock masses

genetically related to the ore body, to comprehensively reveal

the genesis and metallogenic process of this gold deposit.

This will guide the prospecting work in the mine and its

surrounding areas.

5. Conclusions

Based on previous research and the summary of this

study, the following understandings are obtained:

1. The exposed strata in the mining area are pri-

marily composed of Late Paleozoic and Early Meso-

zoic intermediate-acidic volcanic lava, volcanic tuff, and

intermediate-acidic intrusive rocks, as well as a portion of

Middle-Late Mesozoic sedimentary clastic rocks, indicat-

ing active tectonic-magmatic activity. The ore bodies are

mainly hosted in intermediate volcanic lavas and volcanic

tuffs, occurring in brittle shear structural fractures within

the left-lateral strike-slip fault zone through hydrothermal

filling and metasomatism. The ore bodies are gently dipping

towards the south, distributed in a near-east-west direction

along the fault zone, strictly controlled by the fault zone, and

morphologically lens-shaped with local enlargement, narrow-

ing, pinch-outs, reappearances, branching, and compositing

characteristics. The ores exhibit granular structure, subhedral

structure, porphyroclastic structure, and oriented crystalline

texture, with structures such as disseminated, vein-like, and

cataclastic breccia. The main ore minerals are pyrite, spha-

lerite, galena, and chalcopyrite, while the gangue minerals

are mainly quartz, calcite, and dolomite. Gold mainly occurs

as included gold or fissure gold within the crystal lattices

and microfractures of minerals such as pyrite and sphalerite.

The wall rock alteration can be broadly classified into: a min-

eralized alteration zone characterized by silicification and

carbonatization; a near-ore wall rock alteration zone char-

acterized by chloritization and sericitization; and a surface

weathering alteration zone characterized by limonitization;

2. Based on the mineral assemblages and their ge-

netic timing relationships, the mineralization can be divided

into three stages: arsenopyrite-pyrite-dolomite-quartz (I),

sphalerite-galena-chalcopyrite-calcite (II), and siderite (III),

with the latter stages often overprinting the earlier ones, show-

ing obvious cross-cutting and metasomatic phenomena;

3. It is believed that this deposit is a low-temperature

hydrothermal filling-metasomatic gold deposit produced

within a brittle shear zone. The tectonic activity dur-

ing the Hercynian period and earlier caused widespread

intermediate-basic magmatic activity in the region, which

may have constituted the gold material basis and abundant

hydrothermal fluids. During the Indosinian period, intense

collision orogenesis in the study area was accompanied by

intermediate-acidic volcanic magmatic activity, coinciding

with regional tectonic transformation, forming a northwest-

trending tectonic framework and compressive-shear to ten-

sile fracture zones in the mining area, providing space for

the ascent of hydrothermal fluids and the emplacement of

ore bodies. The intermediate volcanic lavas and volcanic

tuffs provided a chemical environment for hydrothermal

metasomatism and the precipitation and deposition of gold
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and gold-bearing minerals. In the late Indosinian period,

intermediate-acidic porphyry bodies intruded, mixing with

multiple episodes of volcanic hydrothermal fluids, continu-

ously extracting and activating gold from earlier magmatic

activity and gold carried by themselves. Under the back-

ground of regional compressive-shear stress, they ascended

into the underpressured brittle shear zones, forming gold ore

bodies through filling-metasomatic processes.
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