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Geochemical and Petrographic Characteristics of Sn-W bearing Granitic rocks in
the Tagu Deposit, Myeik Region, Southern Myanmar: Implications for Regional
Tectonic Framework

Kyaw Thu Htun, Manager
No.2 Mining Enterprise

Abstract

The Tagu deposit, located in the Myeik District, Tanintharyi Region, southern Myanmar, hosts Sn-
W mineralization associated with granitic rocks intruding the Carboniferous metasedimentary
rocks of the Mergui Group. This study investigates the geochemical and petrographic
characteristics of these granitic rocks to elucidate their petrogenesis and tectonic implications. The
granites exhibit S-type and peraluminous characteristics, with geochemical signatures such as
enrichment in large-ion lithophile elements (LILES) like Rb and K, and depletion in high-field-
strength elements (HFSEs) such as Nb, P, and Ti. These features suggest a magma derived from
the partial melting of metasedimentary rocks in a syn-collisional tectonic setting, likely related to
the Himalayan orogeny. Petrographic analysis reveals the granites to be composed of quartz,
microcline, plagioclase, biotite, and minor muscovite, with textures ranging from coarsely
porphyritic to medium-grained. Geochemical data highlight high levels of differentiation,
consistent with the evolution of Sn-rich fluids favorable for tin-tungsten mineralization. These
findings enhance the understanding of Sn-W metallogenesis in the Myeik region and provide
insights into the regional tectonic framework, contributing to broader knowledge of the Southeast
Asian Tin Belt.

Keywords:  Sn—W mineralization, Tagu Deposit, Granitic Rocks, Geochemical Characteristics,

S-Type Granites
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Geochemical and Petrographic Characteristics of Sn-W bearing Granitic
rocks in the Tagu Deposit, Myeik Region, Southern Myanmar: Implications
for Regional Tectonic Framework

1. Introduction

The Tagu deposit, located in the Myeik region of southern Myanmar, is renowned for its
Sn-W (tin-tungsten) mineralization associated with granitic rocks. These mineralized systems are
of significant interest due to their economic importance and their role in understanding the
geodynamic evolution of Southeast Asia. Sn-W-bearing granitic systems are typically linked to
specialized magmatic processes and are often indicative of tectonic settings where crustal melting
and extensive differentiation occur. In Myanmar, such mineralized granites are closely related to
the evolution of the Southeast Asian Tin Belt, a prolific metallogenic province extending from the
southern Yunnan region of China to the Malay Peninsula.

The majority of tin—tungsten deposits are situated in the Tanintharyi (Tennanserim)
Region, especially in the Dawei (Tavoy) and Myeik (Mergui) districts, except the largest deposit
at Mawchi (Kayah State). The Dawei district has the largest and more important tin—tungsten lode
mines, whereas more tin-rich tin—tungsten lode mines, tin lode mines, and alluvial tin deposits are
found in the Myeik district (Than Htun et al., 2017; Kyaw Thu Htun et al., 2019). The magmatic
and hydrothermal activities related to the world’s main W and Sn resource in granite-related W-
Sn deposits are thought to have generated the formation of ore minerals in and associated
peraluminous granitic plutons (Burnham, 1979; Candela, 1997; Audetat et al., 2000; Pirajno,
2009). However, the nature and the origin of the ore-forming fluids appear to be variable and are
still debated (e.g., Marignac and Cathelineau, 2009). Despite the region's economic importance,
detailed studies of the geochemical and petrographic characteristics of these rocks remain limited.
The Tagu deposit provides an excellent opportunity to investigate the magmatic processes and
tectonic framework that have influenced Sn-W mineralization in southern Myanmar. This study
aims to elucidate the petrogenesis, geochemical characteristics, and metallogenic significance of
Sn-W-bearing granitic rocks in the Tagu deposit. By integrating petrographic and geochemical
analyses, this work also explores the implications of these findings for the broader regional tectonic
framework, offering valuable insights into the evolution of this segment of the Southeast Asian
Tin Belt.

1.1 Regional Geology

The Myeik region lies within the southern extension of the Southeast Asian Tin Belt, one
of the world's most significant metallogenic zones. This belt is characterized by a series of
granitoids ranging from the Late Triassic to Cretaceous periods, intruded during the complex
tectonic evolution of the Tethyan Ocean and its subsequent closure. The tectonic history of the
region is marked by multiple episodes of subduction, collision, and post-collisional magmatism,
which have collectively shaped the metallogenic architecture of the area. The Tagu deposit is part



of the Myeik granitoid complex, which is dominated by highly fractionated granites associated
with Sn-W mineralization. These granitoids are typically peraluminous and exhibit geochemical
signatures indicative of crustal anatexis, often linked to the reworking of older continental crust.
Regionally, the granitic intrusions are spatially and temporally associated with extensive shear
zones, which play a critical role in the emplacement and mineralization processes. Geotectonically,
the region is influenced by the interaction between the Indian Plate and the Southeast Asian Plate
along the Sagaing Fault and related structures. The granitoids of the Myeik region are believed to
have formed during the post-collisional stage of the Himalayan orogeny, driven by slab rollback
and subsequent lithospheric extension. These processes not only facilitated the generation of
granitic magmas but also provided pathways for mineralizing fluids, resulting in the formation of
Sn-W-bearing deposits.

The granites in the Mergui area form into three distinct ranges such as the eastern frontier
range along the Myanmar-Thai border, the central range, and the western (coastal) range (Figure
1). They are largely elongated bodies parallel to the NNW-SSE trend of the metasedimentary units
(Mergui Group). The important primary Sn—W mines such as Hermyingyi, Wagone, Bawapin,
Pagaye, Tagu and the tin placer deposit at Heinda are located in the Central Range (Bender, 1983;
Myint et al., 2014; Li et al., 2018; Kyaw Thu Htun et al., 2019). In the eastern frontier Myanmar-
Thai border regions, hornblende-bearing granitoids appear to be older, whereas younger W-Sn
bearing biotite-muscovite granitoids at the central and younger intrusive rocks are observed in the
western coastal region in the Mergui area. The intrusive rocks in the Mergui area are are affected
by regional greenschist to lower amphibolite facies metamorphism but appear that the contact
metamorphic aureoles are not so substantially form over a large area. The Mergui plutons are
notably related with Sn-W bearing quartz veins with greisen borders, and pegmatites, and medium-
grained biotite granite appears to be a more favourable to host the Sn-W mineralization than the
coarse-grained porphyritic and hornblende bearing granitoids. Biotite granites together with two
mica (biotite and muscovite) granites are the most common rock types with a minor amount of
porphyritic biotite granites (Khin Zaw, 1990).
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Kyaw Thu Htun et al., 2019).

1.2 Deposit Geology

The Tagu tin—tungsten deposit, situated approximately 45 km to the southeast of the Myeik
City and 15 km to the north-northwest of Tanintharyi town, is one of the largest tin—tungsten
deposits in the Myeik area (Figure 2). In this area, the mineralized quartz veins are hosted by both
metasedimentary rocks (Mergui Group) and intrusive igneous rocks (granitic rocks), which are the
main lithologic units of the study area. The country rocks (metasedimentary rocks) are structurally
deformed and greenschist to upper amphibolite facies ranging in age as early as Upper Proterozoic
to Upper Paleozoic and locally of fossiliferous, metaclastic rocks (Mid Jurassic to Lower
Cretaceous) (Khin Zaw, 1990). Elongated granite plutons are emplaced along NNW-SSE trend,
the regional strike of the Mergui Group. More than 30 mineralized quartz veins have been
discovered in the metasedimentary rocks which are discordant to the direction of the host rocks,
while massive quartz vein with 1 m to more than 5 m across are found only in the granite body.



Most mineralized quartz veins, parallel to each other, trend nearly E-W in the metasedimentary
rocks dipping steeply to the southeast direction.
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Figure 2. Geological map with sample locations of the Tagu mine area (modified after Tagu mine
project map).

2. Objectives
The primary objectives of this research project are as follows:

(a) Toimprove the geological understanding of the tin-tungsten mineralization in the Tagu
area.

(b) To constrain the petrogenesis of granitic rocks and regional tectonic setting using
geochemical data.

3. Materials and Methods

A total of 30 samples of granitic rocks from the Tagu area in the Myeik District were
collected. Then, 10 representative samples were selected for petrography and whole-rock
geochemistry. The concentration of major and minor elements of 10 fresh granitic rocks was
determined by X-ray fluorescence Spectroscopy using a RIGAKU RIX-3100 (Rigaku Corporation,
Akishima City, Japan) at the Department of Earth Resources Engineering, Kyushu University.
Loss on ignition (LOI) was determined by heating the samples at 1000 oC for 2 h to determine
relative weight loss. The sample pellets for X-ray fluorescence (XRF) analysis were prepared by



pressing at 20 t for about 2 min in a vinyl chloride ring. The measurement conditions of analysis
were 30 kv and 70 mA and the standard JA-3 andesite (Imai, N et al., 1994) was used to monitor
the precision, yielding an error of less than 5%.

4. Results
4.1  Petrography

The petrographic and textural features of the granitic rocks and greywacke are shown in
Figure 4. The granitic rocks are coarse-grained, porphyritic, and have microcline, which is
associated with quartz, K-feldspar, plagioclase, and biotite (Figure 4A), and secondary muscovite
IS present as an alteration product of K-feldspar (Figure 4B). The essential constituents are quartz,
K-feldspar (orthoclase, microcline), plagioclase, biotite, and opaques (Figure 4B,C). Microcline is
predominant over orthoclase.The microcline phenocrysts have inclusions of quartz and twinned
plagioclase. The groundmass is composed of quartz, alkali feldspar, plagioclase, and biotite with
feldspars partially sericitized (Figure 4D,E). Most of the quartz grains exhibit undulose extinction
and plagioclase is highly sericitized. Greywacke of the metasedimentary sequence is fine- to
medium-grained. It is mainly composed of quartz, muscovite, and iron oxide minerals. Quartz
shows wavy extinction and is anhedral to polycrystalline and poorly sorted (Figure 4F).

> s < S50 um : -
Figure 3. Photomicrographs of granitoids and greywacke at the Tagu tin—tungsten deposit. (A).
Microcline associated with plagioclase and K-feldspar with a small amount of biotite ingranite;
(B). biotite associated with quartz and K-feldspar with the secondary muscovite in granite; (C).
plagioclase associated with microcline and biotite in granite; (D). K-feldspar associated with
biotite and plagioclase which is altered to sericite in granite; (E). Quartz occurring with plagioclase
and K-feldspar, which has opaque minerals in granite; and (F). greywacke under microscope.
Abbreviations: Qz = quartz, Pl = plagioclase, Kfs = K-feldspar, Bt = Biotite, Ms = muscovite, Mc
= microcline, Opq = opaque mineral.



4.2 Geochemical Characteristics of Granitic Rocks
4.2.1 Major Oxide Elements

The SiO> contents ranged between 69.4 wt.% and 75.9 wt.%, corresponding to a felsic
composition. The concentration of Al,Os varied between 12.8 wt.% and 15.8 wt.%. KO ranged
from 4.4 wt.% to 7.3 wt.%, Na20 (from 1.6 wt.% to 2.5 wt.%), and total alkali content (Na,O +
K20) from 6.5 wt.% to 9.6 wt.%. MnO and P.Os concentrations were less than 0.5 wt.%, and LOI
values ranged from 0.8 wt.% to 1.7 wt.% (Table 1). These data were applied to construct several
discrimination and variation diagrams to distinguish the rocks types, identify their geochemical
characters, and constrain the tectonic setting of the granitic magmatism. Harker diagrams (Figure
5) were used for some major oxides relative to SiO,. Most of the major element oxides, NaO3,
MgO, TiO, Al,03, K20, and CaO, were negatively correlated with SiO> (Figure 5A—F) except the
slightly positively correlation with the P.Os contents (Figure 5G). Classification of the rock with
SiO2 versus the K20 + Na2O geochemical rock classification diagram of (Middlemost, 1994) for
plutonic rocks showed that they plotted in the granite field (Figure 6A). Almost all granite samples
from the Tagu area fell in the high-potassium calc-alkaline series in the K20 versus SiO. diagram
(Figure 6B) (Peccerillo and Taylor, 1976). The alumina saturation index (ASI) defined by
molecular ratio Al203/(Na20 + K20 + CaO) is greater than unity (one) in all the rock samples
ranging from 1.17 wt.% to 1.41 wt.%, implying that the granitic rocks were peraluminous S-type
(Figure 6C) (Shand, 1943). The alkali-iron-magnesium (AFM) diagram and the relative
proportions of the oxides of (Na2O + K20) (A), (FeO + Fe20z3) (F), and MgO (M) show a calc-
alkaline trend (Figure 6D).



Table 1. Results of major (in wt.%) and trace elements (in ppm) data for theTagu granite

samples, Southern Myanmar.

Sample No. Gt G2 G G+ G5 Go6 G7 G8 GY GI10
Major oxide elements (wt%)
510, 7153 7356 7165 7179 7234 7115 7115 6948 7168 7598
TiO, 031 038 032 036 030 027 031 031 036 030
AL Oy 1367 1368 1495 1472 1445 1506 1509 1588 1436 1283
FeO 208 227 207 208 206 18 18 158 218 168
MnO 004 004 004 004 003 003 006 002 004 006
MgO 071 079 077 078 067 061 065 064 072 057
Ca0 123 125 111 100 105 104 116 071 118 061
Na,O 162 219 228 207 250 239 237 230 224 189
K,0 670 461 501 502 446 592 549 737 559 462
P05 016 020 018 017 017 014 015 018 017 015
LOI 174 08 14 178 151 135 151 130 127 109
Total 9979 9983 9980 9981 9954 9979 9981 9978 9978 99.77
Trace elements (ppm)
Sc 3 08 0 22 1¢ 21 21 18 & 19
\ 31 % 24 25 28 ¥ B 27 3 21
Co 45 30 40 46 38 30 38 4 29 26
Ni 15 15 1 12 15 13 16 15 14 13
Cu 22 nd 6 64 34 14 11 3 1 97
Zn 91 2 283 14 81 74 nd 22 153 6l
Pb 4 24 U 6 3 5 5% R 720 109
As 1 9 7 n.d 7 nd nd nd 9 148
Mo 12 16 18 15 13 11 11 14 18 15
Rb 911 633 634 621 680 801 846 757 727 835
Sr 2 3 3% 3% 26 40 46 66 49 25
Ba 349 202 250 264 159 257 318 437 320 234
Y 31 I 2 2 B 3 B AU 31 35
Zr 18 204 197 200 154 158 181 192 210 217
Nb 28 2 2 2B X L ¥ B 2 27
Th 56 61 58 58 47 #4 46 O 58 53
U 5 3 4 2 31 19 2 21 13 15
Sb 18 20 ¥ A 19 18 15 16 21 15
Sn 14 5 5 5% 6 58 72 49 59 1582
W % R 5l 60 48 3 349 8 23 35

*n.d = not detected.



Figure 4. Harker variation diagrams; silica (SiO2 wt.%) plotted against a range of major oxides (in
wt.%) for the granites of the Tagu area. (A). MgO is negatively correlated with SiO2; (B). CaO is
negatively correlated with SiO2; (C). AlbOz is negatively correlated with SiO,; (D). K20 is
negatively correlated with SiO2; (E). TiO2 is negatively correlated with SiO2; (F). NaO; is
negatively correlated with SiO2; (G). P2Os is slightly positively correlated with SiOa.
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Figure 5. Oxide element geochemical data of granitic rocks from the Tagu area. (A). SiO; versus
Na>O + KO binary diagram shows that the majority of samples fell in the granitoid field; (B).
K>0 wt.% versus SiO, wt.%; the subdivisions are by; (C). Alumina saturation index diagram:
The A/CNK (molar Al:O3/(CaO + Na;O + K;O) ratio is greater than 7.7 and it can be assumed
that the granite is peraluminous and S-type; (D). AFM triangular diagram for granitoids after. A
= (Na;O + K;0) wt.%, F = (FeO + Fe;O3) wt.%, and M = MgO wt.%.



4.2.2 Trace Elements

Trace element concentrations of the granite rocks from the Tagu are listed in Table 1. The
concentrations of large ion lithophile elements, such as Ba (159-437 ppm), Rb (621-911 ppm), Sr
(2549 ppm), and Pb (31-109 ppm), were high. It was noted that the high field strength elements
(HFSE), such as Zr (154-217 ppm), Nb (23-36 ppm), Y (28-35 ppm), Th (44-61 ppm), and U
(13-44 ppm) were also enriched. The ternary diagram Rb—Ba—Sr was applied to understand the
processes for both the classification and genetic types of plutonic rocks (Irvine and Baragar, 1971)
(Figure 7A). Trace element discrimination (Y + Nb) versus Rb diagrams (Pearce and Harris, 1984)
indicated that the granites of the Tagu area fall in the syn-collisional setting (Figure 7B). A
primitive mantle-normalized spider diagram of (Sun and McDonough, 1989) for the granitic rock
samples (Figure 7C) reveals the enrichment of large-ion lithophile elements (LILES), such as Rb,
Pb, and K, exhibiting distinct negative anomalies for high-field-strength elements (HFSESs), such
as Nb, P, and Ti, and negative anomalies of Ba and Sr from Rb, which are remarkable.

1000
L

(B) s

syn-COLG WPG

/

s VAG

100
1

Rb(ppm)

ORG

\ - T T T
1 10 100 1000

S¢ Y+Nb (ppm)

Figure 6. Rb—Sr—Ba triangular diagram. (A). Rb—Sr—Ba triangular plot pointing out the genetic
aspect of the Tagu granitoid; (B). Y + Nb versus Rb diagram showing the tectonic setting of the
Tagu granitic rocks. (C) Trace element spider diagram. Syn-COLG = syncollisional granites;
VAG = volcanic-arc granites; WPG = within-plate granites; ORG = oceanic ridge granites.
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5. Discussions
5.1.  Petrogenesis of Granitic Rocks

Strongly peraluminous S-type granite formed from the partial melting of peraluminous
clastic sediments is common in continental collisional zones, even in Neoarchean time (Yang and
Drayson, 2018). The granite of the Tagu tin-tungsten deposit is peraluminous, which is
characterized by the A/CNK (molar Al03/(CaO + Na2O + K;0)) value ranging from 1.17 to 1.41.
The SiO2 content is negatively correlated with Na2O, MgO, TiO2, Al203, K20, and CaO contents
(Figure 5). The content of P2Os in highly fractionated S-type granites was high compared to I-type
granites (Chappell and White, 1992; Champion and Bultitude, 2013). In the Tagu tin—tungsten
deposit, the P2Os contents of biotite granite were slightly positively correlated with the content of
SiO2. A highly fractionated S-type granitic magma was revealed (Figure 5) and the relationship
between Rb—Ba-Sr also exhibited highly fractionated granite (Figure 7A). The granite at Tagu is
characterized by generally elevated REE contents with negative Eu anomaly, which can be
produced by either partial melting of a plagioclase-rich source or fraction of plagioclase, or a
combination of both (Cullers and Graf, 1984). According to the primitive mantle-normalized
spider diagram of (Sun and McDonough, 1989), the granite at Tagu (Figure 8B) revealed an
enrichment of LILEs, such as Rb, K, and Pb, exhibiting distinct negative anomalies of HFSEs,
such as Nb, P, and Ti. Most of these features, such as negative Ba, Sr, Nb, and Ti anomalies and
positive Rb, Th, and La anomalies, are compatible to those of typical crustal melt, e.g., S-type
granites in North Queensland (Champion and Bultitude, 2013) and the Himalayan leucogranite
(Harris and Pearce, 1986). Furthermore, enrichment of Rb, Th, and Y is also consistent with crustal
derivation. Thus, parental magma of the granites at Tagu may have been derived from the crustal
source.

5.2  Tectonic Setting

The tin granites of WGP have been shown to have been derived from the partial melting
of the crust (Gardiner et al., 2016; Myint, A.Z et al., 2017) and the emplacement of these granites
has been variously related to the Cretaceous—Paleogene subduction and Himalayan orogeny-
related collision (Gardiner et al., 2015), back-arc extension, or post-collisional, syncollisional
extension related granitic magmatism (Hobson, 1941; Chen et al., 2015, 2018; Jiang et al., 2017)
. Gardiner et al., 2016 considered that tin—tungsten mineralized granites of the Mogok—Mandalay—
Mergui (MMM) Belt intruded into the Slate Belt (e.g., at Hermyingyi, Mawchi, and Yadanabon).
The zircon U-Pb ages of both mineralized and presumed coeval non-mineralized granites within
the MMM Belt are largely of Palaeogene age (Gardiner et al., 2016). The zircon U-Pb ages of 75—
50 Ma from granites within the southern MMM Belt suggest that the collision occurred during
Late Cretaceous (Gardiner et al., 2016). Mlynarczyk and Williams-Jones, 2005 also noted similar
collisional setting from the metallogeny of the Central Andean Tin Belt. (Mitchell et al., 2012)
proposed that the Slate Belt represents a separate continental fragment, which was derived from
the Gondwana margin and was accreted onto the western Sibumasu margin, probably during the
Jurassic period. There is an agreement that by the Early Cretaceous period the subduction of the
Mesotethys Ocean beneath the western margin of the Slate Belt—Sibumasu Block was responsible
for the growth of a continental-margin plutonic arc. This plutonic arc was described by as the
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“Western Granite Province of Southeast Asia” and involved the emplacement of both I- and S-
type granites during the Early and Late Cretaceous—Eocene period. S-type granites occur in various
settings that are generally related to plate convergence. Perhaps the best constrained are the S-type
granites that clearly formed because of the collision of India and Asia (Christiansen and Keith,
1996). Moreover, many S-types are synkinematic. These facts led to the notion that S-type granites
are syn-collisiorial granites (Christiansen and Keith, 1996), as in the geochemical classification of
(Pearce and Harris, 1984). The granite of the Tagu deposit is highly fractionated and peraluminous
and it has the tectonic signature of syn-collisional granites, which confirms that they were
emplaced during the collision following the westward subduction of West Myanmar Terrane
beneath Sibumasu during the Cretaceous to Tertiary periods.

6. Conclusions

In the Tagu tin—tungsten deposit, nearly E-W trending vertical or steeply dipping
mineralized quartz veins are hosted by both Cretaceous to Eocene granite and Carboniferous to
Early Permian metasedimentary rocks. The granitic rocks are composed of quartz, feldspars
(plagioclase, orthoclase, and microcline), and micas (muscovite and biotite). They are S-type and
peraluminous granite, formed in a syn-collisional setting. The granites at Tagu show enrichment
of LILEs, such as Rb, and K, and exhibit distinct negative anomalies of HFSESs, such as Nb, P, and
Ti, indicating derivation of magma from the lower continental crust. The S-type granites at Tagu
were produced through partial melting of the metasedimentary rocks.
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