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Abstract

Eastern Myanmar is a crucial region linking SW Yunnan and northern Thailand,
critical for enhancing our comprehension of Tethyan evolution. The abundant and well-
preserved geological records in these regions provide an optimal setting for studying the
tectonic evolution of Proto- and Paleo-Tethys. However, the precise location and evolution of
the Tethyan suture zone in Eastern Myanmar remain obscure. This study focuses on the
geochronological, geochemical, and zircon Lu-Hf isotopic analysis of plutonic rocks in the
Tachileik area, including granite, diorite, and gabbroic rocks. In-situ zircon U-Pb dating of
these plutonic rocks indicates an Early Carboniferous emplacement, with weighted mean ages
approximating 353-355 Ma. The Tachileik granites exhibit characteristics typical of I-type
granites, being high-K calc-alkaline, weakly peraluminous, and possessing low P,Os content.
These granites display positive zircon epgy) values (+4.5 to +7.4) and Tpmp ages ranging from
981 to 825 Ma, suggesting a juvenile mafic lower crust source. The Tachileik gabbros and
diorites, classified under tholeiitic and calc-alkaline basalt series, display high Al,Os; and
Mgt levels, along with low TiO; and K,O contents. These intermediate-mafic rocks reveal
enrichment in large ion lithophile elements (LILE) and depletion in high field strength
elements (HFSE), resembling volcanic arc basalt with distinctly negative Nb and Ta
anomalies. Both zircon Hf isotopic signatures and geochemical data suggest that the genesis
of these intermediate-mafic rocks could be attributed to the partial melting of subduction-
metasomatized lithospheric mantle within an arc-related setting, specifically within the spinel
stability field. In summary, the Tachileik plutonic rocks originated within a subduction-
related environment, corresponding to the subduction of the Proto-Tethys during the Early
Carboniferous. This study provides persuasive evidence, indicating that the subduction of
Proto-Tethys began in the early Carboniferous in eastern Shan State, Myanmar.

Keywords: Tethys; Early Carboniferous; Plutonic rocks; Subduction; Tachileik; Eastern
Myanmar



1. Introduction

Southwest China (SW China) and Southeast Asia (SE Asia) serve as critical areas for
understanding the evolution of the Tethyan realm, making them focal points for investigating
Proto- and Paleo-Tethys evolution (Sengor et al., 1988; Metcalfe, 2013). Extensive research
has identified the Changning-Menglian Belt in SW Yunnan and the Chiang Mai Belt in
northern Thailand as significant regions, representing the sutures of the primary Paleo-
Tethyan oceanic basin and the collisional boundary between the Sibumasu and Indochina-
Yangtze blocks (Liu et al., 1991; Zhong, 1998; Feng, 2002; Metcalfe, 2011; Wang et al.,
2017). Eastern Shan State of Myanmar is a crucial link between SW Yunnan and northern
Thailand, providing essential insights into Tethyan evolution. However, conducting research
in this Myanmar region presents formidable challenges due to security issues, inadequate
transportation, dense vegetation, and extensive weathered granitic soil cover In past decade,
the study on the Paleo-Tethys in this area has made good progress (Ridd et al., 2015;
Gardiner et al., 2016; Barber et al., 2017; Mitchell, 2018; Hu et al., 2020; Cong et al., 2021),
but the research about Proto-Tethys has not been reported. How to extend the Proto-Tethys
orogenic belt southward in Yunnan is still a mystery (Nie et al., 2016; Zhao et al., 2017; Wei
et al., 2020; Liu et al., 2021).

Recently, the Early Carboniferous magmatic rocks, such as gabbro, diorite, and
granite, in the northern and western regions of Tachileik have been discovered. In this study,
we present a comprehensive analysis encompassing petrological, geochronological, bulk-rock
geochemical, and zircon Lu-Hf isotopic data on these rocks. We aim to research petrogenesis,
tectonic setting, and their potential linkage with the Proto-Tethyan orogenic zone in SW
Yunnan.

2. Regional Geology

In Southeast Asia, two significant continental blocks, the Indochina and Sibumasu
blocks, play crucial roles in the region's geological evolution (Metcalfe, 2017). During the
Devonian, the Indochina Block initiated from Gondwana due to the opening of Paleo-Tethys,
while in the Late Carboniferous to Early Permian, the Sibumasu Block rifted away from
Gondwana (Metcalfe, 2017). The Sibumasu Block includes Eastern Myanmar (Shan State),
Northwest Thailand, Peninsular Burma and Thailand, western Malaya, Sumatra, and possibly
extends northwards into SW China and Tibet (Metcalfe, 1984).

Tectonically, Eastern Myanmar can be categorized into three parts: the Sibumasu
Block, the Mong Yang-Mong Ton Suture Zone, and the Indochina Block (Fig. 1). The Mong
Yang-Mong Ton Suture Zone links to the Changning—-Menglian Suture Zone in the north and
the Chiang Mai Suture Zone in the south, marking the position of the primary Paleo-Tethys
Ocean.

In Eastern Myanmar, the Indochina Block hosts two significant magmatic rock belts
known as the Main Range and Eastern Provinces (Fig. 1). The Main Range Province
comprises the Keng Tung granite and lower metamorphic rocks. The Keng Tung granite,
predominantly S-type granites, dates back to the Late Triassic to the early Jurassic, ~ 200-227
million years ago (Sone & Matcalfe, 2008; Gardiner et al., 2016), and correlated with the
Lincang granite in SW Yunnan. The lower metamorphic rocks are the equivalent of the
Lancang Group in SW Yunnan, spanning from the Ediacaran to Silurian (Wei et al., 2022).



< 21 |
~ "08°E 101°E N
China
Simao Block
=23°N
422 Ma (Mao et al., 2013)
419 435 Ma .
Myanmar (Wel etal,2021) °
', 1 !
—22°N N80500 378 Ma ¥
l f’(Nle ctal. 2016
o 3 %
Sibumasu - /
~ /
: \0 (-’
—21°N .
(This study)
[ cﬁfl? Laos
L 200 N @360 Ma (unplubished data)
¥ ‘! Indochina
:.c;Thailand'-"’ )
S‘ ' E g‘ 1. Mong Yang-Mong Ton Suture
'_H '0;5 1I. Keng Tung Granite
—19° N .’_5' Inth Sut "2 | IL Tachileik Arc
A LCTE nthanon sutur e‘ :6;' B Main Range Granite (Permain-Triassic)
'_ = (o] ‘ :é? Bl Eastern Province Granite
o g Chlang Mal r'? (Silurian-Carboniferous)
- > & b Seamount Sequences
Q KR A o
200 km < .‘ of5) A Ophiolite @ Town
— = o & Sample for U-Pb dating Samples

Figure 1: Tectonic units in Eastern Myanmar with adjacent Thailand and China (after Barber
etal., 2017)

The Eastern Province, stated as the Tachileik Arc, comprises Precambrian-Cambrian
metamorphic rocks, Carboniferous-Permian sedimentary strata, and magmatic rocks (Fig. 2).
These magmatic rocks include Permian-Triassic hornblende biotite granite and granodiorite,
diorite, gabbroic rocks, and andesite (Gardiner et al., 2016). They are classified as I-type
granite and island arc volcanic rocks associated with the Sukhothai Arc, formed by the
eastward subduction of Paleo-Tethys beneath the western margin of the Indochina block
(Sone & Matcalfe, 2008).



Moreover, besides the Permian-Triassic magmatic rocks, recent research includes
Early Carboniferous magmatic rocks, such as gabbro and granite, distributed in the north and
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Figure 2: Geological map and sample location map of the study area (After Aung Min et al.,
2016)

3. Studied Materials

The studied materials were collected from the Tachileik area, Eastern Shan State.
Sample S-26/8 is taken from the outcrop located to the north of Tachileik (Fig. 2), and the
rock is highly weathered. Therefore, it is only suitable for studying zircon chronology, but
not suitable for thin section and geochemical study. Investigation site S-26/1, located to the
west of Tachileik (Fig. 2), is the outcrop of a valley, and fresh rock outcrops appear
intermittently along a stream. Their lithology is different in the outcrops, which may be
structural fragments of different lithology. Three samples representing different lithologies
were collected, including granite, diorite, and amphibole gabbro. The petrological
characteristics of these three samples are as follows.

Sample S-26/1A is granite (Fig.3a and b) which is composed mainly of feldspar and
quartz mosaic intergrown with the accessory constituents of biotite and chlorite. The feldspar
consists mainly of perthite and plagioclase. The perthites are anhedral to subhedral crystals
up to 5 mm, while the plagioclases are subhedral to euhedral crystals up to 4 mm in size.
Most of the plagioclases show polysynthetic twinning and a few amounts of plagioclases
show slightly zoned character. Some perthite crystals up to 0.5 ¢cm in size are also found. All
of the feldspars are turbid due to kaolinization and sericitization. Qurartz are observed as
anhedral crystals up to 5 mm in size. Some micas show yellowish-brown to dark brown
colored biotite, yellowish to green pleochroic color, and a few muscovites are colorless.
Some biotite flakes are more or less altered to green chlorite. The opaque specks are observed
as anhedral grains.

The sample S-26/1B diorite (Fig.3¢ and d) consists mainly of feldspar and hornblende
with smaller amounts of opaque minerals. Almost all of the feldspars are polysynthetically
twinned plagioclases and albites. They are subhedral to anhedral crystals up to 2 mm in size.

Sandstone, siltstone and conglomerate



Some plagioclases partially alter to saussurite. The hornblende crystals show subhedral in
shape and light brown to green pleochroic. Some hornblendes show simple twin, and some
are altered to chlorites.

Thin section observation of the sample gabbro S-26/1C (Fig.3e and f) shows that the
sample consists mainly of plagioclase feldspar, albite, amphibole and a few pyroxenes. Well
twinned plagioclase feldspars show subhedral prismatic shape up to 5 mm long. The
plagioclases are also altered to sericite and epidote. Anhedral crystals of augite are also
detected. Some pyroxenes are partially or totally replaced by fibrous amphibole. Light green
to green pleochroic colored hornblendes have been identified. The green-colored fibrous
chlorite is also noted. Minor sphene and opaque minerals up to 1.5 mm in size are
disseminated throughout the rock.

Figure 3: Photomicrographs of S-26/1A- Figure 4: Cathodoluminescence images (CL)

Granite, S-26/1B-Diorite, and S-26/1C- of the representative zircons and U-Pb
Amphibole Gabbro, under plane-polarized Concordia diagrams of the plutonic rocks

light (left) and cross-polarized light (right). from the Tachileik area, (a) S-26/1A, (b) S-
26/1B, (c) S-26/1C and (d) S-26/8.

Analytical Results
4.1 Zircon U-Pb ages

Four representative samples (S-26/1A, S-26/1B, S-26/1C, and S-26/8) were chosen for zircon
U-Pb dating. Zircon grains extracted from these samples (Fig. 4) generally exhibit subhedral
to euhedral morphology. Cathodoluminescence (CL) images reveal that these zircons
typically have luminescent (Low U) cores with well-defined fine-scale oscillatory igneous
zoning. The size of the zircon grains typically falls within the range of 30 to 160 pm in length
and 50-80 pm in width.

The analytical results of a coherent group yielded weighted mean 206Pb/238U ages
for the granite sample S-26/1A at 353.1+3 Ma (MSWD 1.4) (Fig. 4), the diorite sample S-
26/1B at 354.9+4 Ma (MSWD 2.0) (Fig. 4), the amphibole gabbro sample S-26/1C at



353.4+£3 Ma (MSWD 1.2) (Fig. 4), and the weathered granite sample S-26/8 at 353.3+7 Ma
(MSWD 2.0) (Fig. 4). These results indicate that the samples from this study area yielded
ages ranging approximately from 353.1 to 354.9 Ma, suggesting that the plutonic rocks were
formed during the Early Carboniferous.

4.2 Zircon Lu-Hf isotopic data

Three samples (S-26/1A, S-26/1B, and S-26/1C) were chosen for Hf isotopic analyses
based on the dated zircon samples.

The analysis of zircon dated at 353.1 Ma from granite sample S-26/1A revealed initial
176Hf/177Hf ratios ranging from 0.28510 to 0.282770, yielding eHf(t) values from -2.5 to
+7.4. These values correspond to single-stage model ages (TDM1) of 1128-698 Ma and two-
stage model ages (TDM2) of 1360-824 Ma. However, one sample showed a negative value of
-2.5, significantly deviating from the other data (mean=6.2), thus interpretation is unreliable
for discussion.

Zircons dated at 354.9 Ma from the diorite sample S-26/1B \yielded initial
176H1/177HTf ratios ranging from 0.282251 to 0.282757, with ¢Hf(t) values varying from -11
to 7.1. These values correspond to single-stage model ages (TDM1) of 1128-698 Ma and
two-stage model ages (TDM2) of 1441-703 Ma. Similarly, one sample exhibited a negative
value of -11, significantly deviating from the rest of the data (mean=5.4), and thus was
considered invalid.

Zircons from the 353.4 Ma amphibole gabbro S-26/1C displayed initial 176Hf/177Hf
ratios ranging from 0.282703 to 0.282768, with geHf(t) values ranging from 4.9 to 6.2. These
values correspond to single-stage model ages (TDM1) of 802 -716 Ma and two-stage model
ages (TDM2) of 959-839 Ma. The 176Lu/177Hf values are close to or less than 0.003,
indicating no significant radiogenic Hf accumulation after the crystallization of these zircons.
All analyzed spots exhibited positive zircon ¢Hf(t) values ranging from +2.5 to +7.4 (Fig.5),
suggesting that these rocks were primarily derived from the partial melting of juvenile crustal
material.
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Figure 5: Plots of U-Pb ages (Ma) vs. egg(t)of in-situ zircon from Tachileik area, Eastern Shan
State.

4.3 Geochemistry

All plutonic rock samples, including S-26/1A, S-26/1B, and S-26/1C, underwent
comprehensive whole-rock major, trace, and rare earth element (REE) analyses. Examination
of the QAP diagram (Fig. 6a; Streckeisen, 1967) and Na,O+K,0 vs. SiO, plot (Fig.6b; Le
Maitre, 1989) revealed that S-26/1A falls within the granite field, while the other two samples
(S-26/1B and S-26/1C) fall into the diorite and gabbro fields, respectively (Fig.6b).




Furthermore, according to the Plag/Px/Hb diagram, sample S-26/1C, representing gabbroic
rock, falls within the amphibole gabbro field (Fig.7).

The granite samples (S-26/1A) exhibit high SiO; (74.53 - 74.91 wt.%), Al,O3 (12.76-
12.94 wt.%), and K,0 (4.65-4.68 wt.%), but low TiO, (0.19-0.20 wt.%), MgO (0.20-0.22
wt.%), Mg# (16.6—-17.1), Cr (0.47-0.61 ppm), and V (5.23-5.86 ppm) contents. They display
relatively enriched LREEs ((La/Yb)N = 9.9-10.7) and flat heavy rare-earth element (HREE)
patterns ((Gd/Yb)N=1.-1.4) (Fig. 8). Additionally, they exhibit moderate negative Eu
anomalies with Eu/Eu* = 0.72—-0.75 (Fig. 8a). The granites also demonstrate strong negative
HFSEs (e.g., Nb, Ta, and Ti) and enrichment in LILEs (Rb and K), Th, and U. In the SiO, vs.
K0 diagram (Fig.9a; Rickwood, 1989), these samples align with the high-K calc-alkaline
series. They belong to the weak peraluminous series with A/CNK values of 1.0 -1.1 (Fig.9b).
The granite S-26/1A exhibits characteristics consistent with I-type granites, being weakly
peraluminous with high K;,O0/Na,O (>1), low CaO (<0.64 wt.%) and MgO (<0.20 wt.%), and
low Sr (91.1 ppm—94.7 ppm) and P,Os (0.02 ppm-0.03 ppm).

(a) Q (b)

Na,0+K,0

A

Figure 6: Whole-rock composition of the Plutonic rocks from Tachileik area, (a). QAP Modal
classification (after Streckeisen, 1967), (b) Na,O+K,0 Vs SiO, (after LeMaitre, 1989)

The diorite samples S-26/1B have low SiO, content ranging from 62.61 - 62.89 wt.%,
K70 (0.87-0.88 wt.%), and K,O + Na,O (5.21-5.35 wt.%), but high concentrations of Al,O3
(15.51-15.56 wt.%), MgO (2.22-2.26 wt.%), and CaO (4.55-4.58 wt.%) (Table 1). They
exhibit subalkaline and medium-K calc-alkaline character in the total alkali—silica (TAS)
diagram (Fig. 7), and medium-K calc-alkaline character (Fig. 10a). The diorite are
characterized by high Na,O/K,0 ratios (4.9-5.0) and low A/CNK (0.93-0.95), indicating
metaluminous compositions (Fig. 10b). They also display LREEs enrichment features
((La/Yb)N = 6.18-12.98) with weakly negative Eu anomalies (Eu/Eu* = 0.93-0.95) (Fig. 8a)
and enrichment in LILEs (such as Rb, Ba, and K) and depletion in HFSE (Nb, Ta, Zr, Hf, and
Ti), consistent with the geochemical characteristics of subduction-related magmas.

Plag

Anorthosite

Hb

Figure 7: Plag-Px-Hb diagram for Sample-S-26/1C yields Amphibole gabbro.



The amphibole gabbro S-26/1C exhibits low SiO, (46.24-46.61 wt.%) and K,0 (0.49-
0.50 wt.%) contents but high values of MgO (7.63—7.67 wt.%), Mg# (57.5-57.6), TFe,0;
(13.06-13.22 wt.%), Cr (84-85 ppm), and V (325-328 ppm). The sample S-26/1C belongs to
the calc-alkaline series (Fig. 9a). These samples are dominantly metaluminous, as indicated
by their low aluminum saturation index A/CNK (0.69-0.71, Fig. 9b). The amphibole gabbro
is slightly enriched in LREE and shows relatively flat heavy rare-earth element (HREE)
patterns, similar to Enriched Mid-Ocean Ridge Basalts (E-MORB) (Fig. 9a). They exhibit
weak positive Eu anomalies with Eu/Eu* = 1.03-1.09 (Fig. 8a) and show enrichment in large
ion lithophile elements (LILEs; e.g., Rb, Ba, and K) and depletion in high field-strength
elements (HFSEs; e.g., Nb, Ta, and Ti) (Fig. 8b).
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Figure 8: Diagrams REE and trace elements of the studied rocks from Tachileik area, Eastern
Shan State. (a) Chondrite normalized REEs; (b) primitive mantle normalized trace elements
distribution patterns. Chondrite and primitive mantle-normalized data are taken from Sun and
McDonough (1989)
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Figure 9: Classification of the plutonic rocks from the Tachileik area, Eastern Shan State. (a)
Si0,—K,0 diagram (Rickwood, 1989). (b) A/CNK—A/NK diagram (Manilar and Piccoli,
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KZO + NaQO]

5. Discussion

The Tachileik I-type granite (S-26/1A) exhibits high SiO, and Al,O3, and low MgO
and Cr contents, along with uniform positive zircon Hf isotopic values, indicative of



derivation from a single juvenile mafic continental crust. These granites display very low
St/Y (6.1-6.3) and (La/YDb)y (9.9-10.7) values, enriched LILE and LREE, and depleted HFSE
(Nb, Ta, and Ti), resembling typical modern subduction-related rocks (Pearce et al., 1984).
Additionally, they fall within the volcanic arc granite field in the Nb-Y diagram and Rb/10-
Hf-Ta*3(Fig. 10).

Rb/30

100

Nb (ppm)

VAG+syn-COLG

o late or
[e) post-collision granite
ORG

within-plate granite

1 10 100 Hf Ta'3

Y (ppm)

Figure 10. (a) Y-Nb discrimination diagram (Pearce, 1984) and (b) Hf-Rb/30-Ta*3
discrimination diagram (Harris et.al., 1986) for Tachileik granite tectonic setting. WPG=
within plate granite; VAG= volcanic arc granite; Syn-COLG=Syn-collision granite; ORG=
ocean-ridge granites.

The diorite (S-26/1B) and gabbro (S-26/1C) specimens exhibit comparable epgy
values ranging from +4.7 to +7.1 and +4.9 to +7, respectively. Their positive engy) values,
coupled with high Mg# (45-57), indicate a shared origin from depleted mantle sources. Such
sources may have resulted from prior melt extraction in the mantle wedge (Cai et al., 2019).
Plotting above the MORB-OIB array in the Ta/Yb-Ce/YDb diagram (Fig. 11a) indicates that
their mantle source underwent modification by subduction-related components (Pearce, 1982).
In Fig. 11b, the alignment of Tachileik diorite S-26/1B and gabbro S-26/1C with the
sediment-derived melt trend suggests metasomatism by sediment-derived melt in their mantle
sources. Additionally, the diorite and gabbro reveal flat Chondrite-normalized HREE patterns
(Fig. 8a), indicating formation at relatively shallower mantle S(Ji et al., 2018). Examining the
Dy/Yb vs. Gd/Yb diagram (Fig. 12, Walter, 1998) places the Tachileik diorite and gabbro
within the region around the melting trend, suggesting a partial melting degree of
approximately 5%-10% of upper mantle sources within the spinel stability field.

Furthermore, both diorite (S-26/1B) and gabbro (S-26/1C) present consistent REE and
primitive mantle normalized trace-element patterns (Fig. 8b), resembling subduction-related
rocks characterized by enrichment in large ion lithophile elements (LILEs) like Th, U, and Pb,
and depletion in high field strength elements (HFSEs) such as Nb, Ta, and Ti (White and
Patchett, 1984) (Fig. 8b). The Ti/Y-TZr/Y diagram (Fig.13a) indicates their formation in a
plate margin setting. Moreover, in the Y/15-La/10-Nb/8 diagram (Fig.13b), the samples align
with the volcanic arc basalts region, hinting at the involvement of subducted oceanic crust
beneath the Indochina Block.

In summary, it is proposed that the mafic-intermediate intrusions from the earliest
Carboniferous period were likely derived through the partial melting of subduction-
metasomatized lithospheric mantle within the spinel stability field.
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The Paleo-Tethys comprising the Changning-Menglian Ocean and Chiang Mai Ocean,
began its formation during the Devonian (Liu et al., 1993; Fang et al., 1994; Fang and Feng,
1996; Zhong, 1998; Jian et al., 2009; Henning et al., 2009; Wang et al., 2016, 2018; Zhao et
al., 2017), while collisional orogenesis commenced in the Late Triassic (Dong et al., 2013;
Peng et al., 2013; Deng et al., 2018). Previous researchers have focused on unraveling the
tectonic framework of the Eastern Shan State, particularly east of the Salween/Thanlwin
River, and have proposed correlations with the Chiang Mai and Changning-Meglian belts in
Thailand and Yunnan.

Gardiner et al. (2016) documented a zircon U-Pb age of 266 Ma with a negative Hf
isotope value of -9.6+1.0 Ma on a biotite granite from north of Tachileik, near the western
boundary of the Permian Sukhothai-Jinggu magmatic arc belt, suggesting it is an evolved I-
type granite linked to the Sukhothai-Jinggu magmatic arc belt, formed from eastward
subduction of Paleo-Tethys beneath the western margin of the Indochina Block. The closure
of Paleo-Tethys, likely occurring from the Late Permian to Late Triassic, resulted in the
collision of the Sibumasu block with Indochina, giving rise to Main Range and Eastern
Province granites in eastern Myanmar (Gardiner et al., 2016; Metcalfe, 2013; Sone and
Metcalfe, 2008; Cong et al., 2021). Hence, the Main Range and Eastern Province granitoids
with Permian—Triassic ages are generally attributed to the subduction and closure of Paleo-
Tethys (Searle et al., 2012; Dong et al., 2013; Peng et al., 2013; Gardiner et al., 2016; Wang
etal., 2017; Deng et al., 2018; Cong et al., 2020; Liu et al., 2020).

Recently, Hu et al. (2020,2022) identified ~340 Ma Tachileik basalt formed by the
partial melting of a relatively enriched mantle in the Eastern Shan State. These mafic rocks in
the northern Tachileik area exhibit typical arc-like geochemical features, suggesting the
initiation of the Sukhothai Arc from at least the Early Carboniferous in the Eastern Shan
State.The petrological analysis of plutonic rocks from the study area near Tachileik in the
Eastern Shan State reveals a range of compositions from acid to intermediate-mafic rocks,
including granite, diorite, and amphibole gabbro. New zircon U-Pb dating indicates
emplacement ages of 353.1-354.9 Ma, within the earliest Carboniferous.

The tectonic evolution of the Proto- and Paleo-Tethyan oceans has played an
important role in determining the assembly of blocks within Gondwana and the Pangea
Supercontinent in Southwest China and Southeast Asia (Li et al., 2018; Zhao et al., 2018).
The Eastern Shan State serves as a crucial tectonic region linking Southwest China and
Northwest Thailand, exhibiting a complex tectonic evolution from the Cambrian to the
Triassic, closely associated with the Proto-Tethys and Paleo-Tethys oceans (Liu et al., 2002;
Li et al., 2018; Liu et al., 2021). However, the absence of Tethyan evolution records in
eastern Myanmar presents a significant challenge to comparative analysis, highlighting the
necessity for investigations in this region.

Recent studies have identified two Tethyan suture belts in Southwest Yunnan,
represented by the Proto-Tethyan belt and the Paleo-Tethyan belt (Liu et al., 1991; Zhong,
1998). The Changning-Menglian Suture Belt, representing the primary oceanic basin of the
Paleo-Tethys in Southwest China, underwent opening in the Late Devonian, followed by
subduction and closure during the Late Carboniferous to Triassic (Liu et al., 1991, 1993;
Fang et al., 1994; Fang and Feng, 1996; Zhong, 1998; Wang et al., 2018). Clastic rocks of the
Upper Devonian and Lower Carboniferous in this region indicate typical passive continental
margin deposits on the east side of the Changning-Menglian Paleo-Tethyan Ocean, with
active continental margin deposits emerging in the Upper Carboniferous, signifying eastward
subduction of the oceanic crust beneath the Simao block (Liu et al., 1991, 1993; Fang et al.,
1994; Fang and Feng, 1996; Zhong, 1998). The Proto-Tethyan suture belt, known as the
Yunxian-Menghai Belt, comprises remnants of the Proto-Tethyan orogenic belt transformed
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and destroyed by the Paleo-Tethyan orogeny (Liu et al, 2021). Silurian to Early
Carboniferous volcanic arcs associated with the subduction of the Proto-Tethyan Ocean crust
extend into Southwest Yunnan and Tibet (Feng et al., 2000; Mao et al., 2012; Lehmann et al.,
2013; Nie et al., 2016; Wei et al., 2021; Xie et al., 2021).

Recent data also suggest the presence of a subduction-related magmatic arc in the
Early Carboniferous near Tachileik in the Eastern Shan State, potentially extending into more
northerly areas, including Tibet (Shi et al., 2009; Hu et al., 2013). Thus, the Silurian to Early
Carboniferous volcanic arc zone of the Proto-Tethys likely extended to the Tachileik region,
east of the Keng Tung Granite, with further investigation required to confirm its continuation
southward to Thailand.

6. Conclusions
The present investigation yields:

1) The granite samples from the Tachileik area in Eastern Myanmar exhibit zircon U-Pb
ages of 353 Ma and 354 Ma, while the gabbro and diorite samples yield LA-ICP-MS
zircon U-Pb dating ages of 353 Ma and 355 Ma, respectively. Early Carboniferous
magmatic rocks are firstly reported in the eastern Shan State, Myanmar.

2) Analysis of geochemical and Lu-Hf isotopic data suggests that these rocks were
emplaced within a subduction-related arc setting. Furthermore, they may potentially
correlate with the Silurian to Early Carboniferous volcanic arc zone observed in
Southwest Yunnan.

3) The Early Carboniferous subduction-related magmatic arc in the eastern Shan State,
Myanmar, is attributed to the eastward subduction of the Proto-Tethys. Consequently,
the presence of the Proto-Tethyan magmatic arc alongside the Paleo-Tethyan volcanic
island arc is evident in the Tachileik area.
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