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Abstract

Two contrasting parallel tectonic sutures can be recognised through the Yunnan-Thailand region of mainland Southeast
Asia; they are sutures of the Devonian—Triassic Palaeo-Tethys Ocean and a Permian back-arc basin. The Changning—Menglian
and Inthanon suture zones are regarded as the Palaeco-Tethys Suture Zone. The Jinghong—Nan—Sra Kaeo suture is regarded as a
closed back-arc basin. The Sukhothai Zone is no longer treated as a part of the Sibumasu Terrane, but is defined as the core part
of the Permian island-arc system developed on the western margin of the Indochina Terrane. Two tectonic events are interpreted
from the parallel sutures; a Late Permian collapse of the back-arc basin and a mid-Triassic collision of Sibumasu to the
Sukhothai Arc of Indochina (= closure of the Palaeo-Tethys). The Early—early Middle Triassic thermotectonism of Vietnam as
linked to the Indosinian orogeny by some authors is incompatible with the suggested timing of Sibumasu collision, but instead it
is temporally closer to the back-arc compression of western Indochina. To cite this article: M. Sone, 1. Metcalfe, C. R.
Geoscience 340 (2007).
© 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Zones de suture paralleles en Asie du Sud-Est : un nouvel éclairage sur la fermeture de la Paléotéthys et implications
pour ’orogenése indosinienne. Deux sutures paralleles peuvent étre distinguées dans la région du Yunnan et en Thailande, en
Asie du Sud-Est ; elles correspondent a la suture de la Paléotéthys ouverte du Dévonien au Trias et a la suture d’un bassin
arriere-arc d’age Permien. La suture de Jinghong—Nan-Sra Kaeo est considérée comme le reste d’un bassin arriere-arc. La
zone de Sukhothai ne peut étre désormais considérée comme faisant partie du bloc Sibumasu, mais comme la partie centrale
d’un arc insulaire d’4ge Permien, développé a la marge du bloc continental indochinois. Deux événements tectoniques
se rapportent a ces deux sutures : un effondrement, au Permien supérieur, du bassin arriere-are et une collision, au Trias
moyen, de Sibumasu avec ’arc de Sukhothai, a la marge de I’Indochine (fermeture de la Paléo-Téthys). L’événement
thermotectonique du Trias inférieur 2 moyen au Vietnam, qui se rapporte a 1’orogenese indosinienne, est incompatible avec
I’age suggéré de la collision de Sibumasu, mais est chronologiquement plus proche de celui de la compression ayant affecté le
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bassin arriere-arc dans la partie occidentale de I’'Indochine. Pour citer cet article : M. Sone, 1. Metcalfe, C. R. Geoscience 340

(2007).

© 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Keywords: Tethys; Suture; Permian; Triassic; Thailand; Yunnan; Indochina

Mots clés : Téthys ; Suture ; Permien ; Trias ; Thailande ; Yunnan ; Indochine

1. Introduction

In Southeast Asia, there are two major continental
masses, that is, the Indochina Terrane and the Sibumasu
Terrane. Sibumasu collided with Indochina after
prolonged subduction of the Devonian—Triassic
Palaco-Tethys Ocean [51]. We here recognise two
sub-parallel suture zones along the belt of convergence
between Sibumasu and Indochina; one wide suture zone
representing an extensive accretionary complex of the
Palaeo-Tethys (Changning—-Menglian and Inthanon
sutures), and one narrow suture zone representing a
closed back-arc basin (Jinghong, Nan and Sra Kaeo
sutures). These two sutures are more or less parallel to
each other, with a former island arc in between,
stretching from western Yunnan in the north through to
Thailand. A new tectonic framework for mainland
Southeast Asia is here proposed (Fig. 1).

The Nan and Sra Kaeo sutures in Thailand have
traditionally been regarded as representing the Palaeo-
Tethys Suture (e.g., [10,34]). However, this interpreta-
tion has been questioned by some authors [58,71,72]
who have suggested an alternative site for the true
Palaeo-Tethys subduction zone to the west, where
pelagic cherts of Devonian—Triassic ages are distrib-
uted, and instead regarded the Nan and Sra Kaeo sutures
as a closed back-arc basin. This view is supported, and
is further refined in this paper.

Our new interpretation proposes the existence of an
island-arc system and its back-arc basin developed
along the western margin of the Indochina Terrane. The
distribution patterns and emplacement periods of pre-
Cretaceous S- and I-type granitoids support this
proposal. Particular attention is paid to the chronos-
tratigraphic occurrence of pelagic or deep-sea sedi-
ments in these parallel sutures in order to analyse the
age ranges of the two closed seas.

2. Palaeo-Tethys Suture Zone
2.1. Changning—Menglian Suture Zone

The Changning—Menglian Suture Zone corresponds
to the widely used term Changning—Menglian Belt. It is

generally regarded as the main Palaeo-Tethys Suture
Zone in western Yunnan (e.g., [47,75]), and, to the
south, it is correlated with the Inthanon Suture Zone in
Thailand (Fig. 1). This suture zone contains ophiolitic
mélanges, volcanics, shallow-marine carbonates, and
deep-sea sedimentary rocks (with substantial pelagic
cherts).

Three major ophiolitic mélanges, the Tongchangjia,
Shuanggou, and Menglian ophiolites, are known at the
northern, central, and southern parts of the suture zone,
respectively [83,84]. A series of tightly imbricate thrust
sheets are common in mélange matrices [87]. Zhong
et al. [87] pointed out that the structural vergence of the
thrust sheets is generally west-dipping, appearing
opposite to interpreted kinematics of the east-dipping
subduction (see below), and they explained this to be a
turn over owing to subsequent collisional compression.
This requires to be verified.

Some basaltic volcanics range in age from Devonian
to Late Permian, and are regarded as seamounts and/or
oceanic islands in origin (e.g., [22]). Pure carbonate
successions of the Carboniferous—Permian are closely
associated with intraplate basalts, and are interpreted as
limestone caps to seamounts (e.g., [35,75]).

The deep-sea sediments bear Devonian-Triassic
radiolarians (e.g., [26,28,30]), and twenty-two radi-
olarian assemblage zones are recognised [28]. The
oldest deep-sea sediment is represented by the
Eoalbaillella lilaensis radiolarian zone (here assigned
to the early Middle Devonian) of the Lalei Formation in
the Menglian area [25,28]. This sediment, however, is
unlikely a true pelagic deposit, because of its turbiditic
sedimentary facies and clastic inclusions (Q. Feng, pers.
commun., 2005). The Lalei Formation probably
represents a hemi-pelagic deposit during the rifting to
opening stage when Indochina was split from Gond-
wana in the Devonian. Unequivocal pelagic sediment of
the Changing—Menglian Suture Zone commences with
late Middle Devonian cherts with the Entactinia—
Entactinisphaera radiolarian assemblage [28]. The
youngest pelagic sediment is Late Anisian/Early
Ladinian (Middle Triassic) chert represented by the
Triassocampe deweveri radiolarian assemblage [28,31].
The chronostratigraphic range of pelagic sediments in
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Fig. 1. Proposed tectonic subdivision of mainland Southeast Asia, showing the Palaeco-Tethys Suture Zone and back-arc sutures. The occurrence of
deep-sea sediments in each local suture is indicated (for the Palaeo-Tethys Suture Zone in blue and for the back-arc basin in red). C-M

S.Z. = Changning—Menglian Suture Zone.

Fig. 1. Subdivisions tectoniques de I’Asie du Sud-Est montrant les zones de suture de la Paléotéthys et des bassins arriere-arc, ainsi que la
distribution des sédiments oc€aniques profonds dans chaque zone de suture (pour la Paléotéthys en bleu, pour le bassin arriere-arc en rouge).

the Changning—Menglian Suture Zone is therefore from
Middle Devonian to late Middle Triassic.

The eastern fringe of the Changning—Menglian
Suture Zone is intimately associated with paired
metamorphic belts (Lancang Metamorphic Belts),
which are constituted mainly of Permian—Triassic
greenschists and blueschists [20,85,86]. That is, a
low-P/T metamorphic belt in the east is associated with
the Lincang Batholith (island arc), and an outer high-P/T

metamorphic belt in the west is on the oceanward side to
the Changning—Menglian Suture Zone (i.e., the Palaeo-
Tethys subduction zone). Within the high-P/T belt, the
metamorphic grade increases eastwards [20,85], sug-
gesting an east-dipping subduction zone. The Lancang
Metamorphic Belts of Zhang et al. [85] are regarded as
representing typical paired metamorphic belts which can
be developed in a subduction zone associated with an
island arc (e.g., [1,54]), and this is taken as evidence of



M. Sone, 1. Metcalfe/C. R. Geoscience 340 (2008) 166—179 169

the Permo-Triassic east-dipping subduction beneath the
Lincang arc.

2.2. Inthanon Suture Zone

The Inthanon Suture Zone of Thailand is largely
equivalent to the Inthanon Zone described by Barr and
Macdonald [3]. It is interpreted as an extensive
accretionary complex of the closed Palaeo-Tethys
Ocean, following the view of Ueno and Hisada [71].
Note that the term Chiang Mai Suture used by Metcalfe
[52] is essentially equivalent to part of the Inthanon
Suture Zone (see [71,72]).

Various types of rocks are distributed within the
Inthanon Suture Zone, including Permian basaltic
volcanics, Carboniferous—Permian limestones, Devo-
nian—Triassic radiolarian cherts, Triassic S-type gran-
itoids, and mylonitic/migmatitic gneisses. The Permian
Chiang Mai Volcanics were analysed by Barr et al. [6]
and Phajuy et al. [57]. The former considered it to have
been generated in a back-arc rift setting within the
Shan-Thai Terrane, whereas the latter suggested an
oceanic island or a seamount in an oceanic within-plate
setting. The latter interpretation is here supported.

Like the Changning—Menglian Suture Zone, the
Inthanon Suture Zone also contains pure carbonate
successions spanning from Early Carboniferous
through to Late Permian, which yield abundant
micro-fossils of warm-water Tethyan type [32,73,76].
These limestones are regarded as seamount caps
originally formed within the Palaco-Tethys Ocean [52].

The deep-sea sediments of the Inthanon Suture Zone
can be classified into two main units, the Fang Chert and
the Mae Sariang Group. The Fang Chert consists of
ribbon-bedded radiolarian cherts, and represents a
typical pelagic deposit of the Palaeo-Tethys. It ranges
from late Middle Devonian through to late Middle
Triassic in age [11,23,61,80]. The oldest strata
documented in the Fang Chert are Givetian (late
Middle Devonian) [80]. The youngest horizon is the
Late Anisian/Early Ladinian (Middle Triassic) repre-
sented by the Triassocampe deweveri radiolarian
assemblage [23].

The Mae Sariang Group is distributed around
westernmost Thailand, and consists of Middle-Late
Triassic radiolarian cherts and turbiditic clastics, with
the Carnian beds (early Late Triassic) being the
youngest [12,40,69]. Facies of the Mae Sariang Group
is non-pelagic, and represents deposits more proximal
to the Sibumasu passive margin than the Fang Chert
[40]. Totke et al. [69] interpreted these as typical pre- to
syn-orogenic  successions. The Middle Triassic

sequence of the Fang Chert, not the Late Triassic of
the Mae Sariang Group, is here regarded as the latest
pelagic deposit in the Inthanon Suture Zone.

The southern part of the Inthanon Suture Zone is not
well observed due to the extensive Cenozoic fluvial cover
of the Menam Delta. In East Thailand, a transcurrent fault
zone is recognised to the east of Chonburi through to near
Klaeng [42]. This fault zone, called the “Klaeng Fault”
by local geologists (P. Chaodumrong, pers. commun.,
2005), corresponds to the boundary between the S- and I-
type granitoid belts shown by Cobbing et al. [18,19], and
is here defined also as the eastern boundary of the
Inthanon Suture Zone (Figs. 1, 3).

Some deep-sea sediments of Devonian to Triassic
ages are sporadically recognised in the southern part of
the Inthanon Suture Zone (Fig. 1). In East Thailand,
pelagic radiolarian cherts of Late Devonian or Early
Carboniferous age near Rayong [62] and of Latest
Permian age near the Klaeng Fault [63] have been
reported. To the west of Bangkok (Kanchanaburi
Province), Middle Triassic radiolarian chert of the Bo
Phloi Formation was reported [64].

3. Back-arc basin suture

The Nan and Sra Kaeo sutures in Thailand and the
Jinghong Suture (new name) in Yunnan are here
regarded as the trace of a former back-arc basin. These
local sutures have traditionally been thought to
represent the Palaeo-Tethys Suture (e.g., [10,34,82]).
However, the limited Permian deep-sea record pre-
cludes these as representing the Devonian—Triassic
Palaeo-Tethys Ocean. Permian mélanges of possible
ophiolites are recognised consistently in these local
sutures, as noted below. Some authors (e.g., [55]) now
suggest that ophiolites can form in back-arc basin
environment, supporting the current case.

3.1. Nan Suture

The Nan Suture, also called the Nan—Uttaradit
Suture, forms the tectonic boundary between the
Sukhothai Terrane and the Indochina Terrane
(Fig. 1). It is a narrow zone of Permian ophiolites
and mélange. The Pha Som Metamorphic Complex
consists mainly of greenschist and minor blueschist
(crossite schist) associated with Permian bedded cherts
and basic/ultrabasic igneous rocks, and represents the
Nan ophiolitic mélange [2,5,66,67]. Actinolite from
mafic schist of the Pha Som Complex yields a K/Ar age
of 269 £ 12 Ma (i.e., Middle/Late Permian), indicating
its minimum metamorphic age [2].
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A late Middle Permian radiolarian chert in the Nan
Mine area reported by Hada et al. [34] is the only
evidence of deep-sea environment in this suture. The
Pha Som Complex only reveals a Permian deforma-
tional episode. Thus, available chronological evidence
suggests that the Nan basin was not a major Palaeo-
Tethyan ocean, but was a short-lived Permian basin.
Some authors [58,71] suggested it to be of back-arc
basin origin.

The Nam Pat Group is distributed in the east of the
Pha Som Complex, and it contains turbiditic sandstones
and volcaniclastic conglomerates of Late Triassic age
[49,65]. It overlies the Pak Pat Volcanics of possible
Permian—Triassic age, which then is in contact with
metasediments of the Pha Som Complex [65]. Thus, an
Early/Middle Triassic unconformity below the Nam Pat
Group is plausible (see [49,65]), and this may suggest
that the Nam Pat sediments were deposited after back-
arc uplift of the Nan Suture.

A curious find is that Hada et al. [34] reported a
single specimen of the Middle Triassic radiolarian
Triassocampe sp. found in a red-chert clast reworked in
the continental Khorat Group in the Nan area. Hada
et al. [34] presented it as evidence of a Triassic Palaeo-
Tethys ocean in the Nan Suture. However, no host
Triassic cherty sequence is so far known in the Nan
Suture or the Nam Pat Group. Therefore, there is doubt
that the Triassocampe clast was derived in situ. The
chert clast might have been transported from the Palaeo-
Tethys Suture Zone in the west, where Middle Triassic
cherts (e.g., the Fang Chert) are common, during post-
Triassic continental sedimentation. The Triassic chert in
question seems unlikely to be a genuine element of the
Nan Suture.

The deformational structure of the Pha Som
Metamorphic Complex shows the northwest dipping
vergence, and this has been interpreted to be an
accretionary prism of a west-dipping subduction zone
beneath the Sukhothai Terrane [10,66,67]. This sub-
duction was considered by those authors to have
produced the Permo-Triassic arc magmatism of the
Sukhothai Terrane. However, the cause of the Sukhothai
Arc magmatism is now better explained by the
eastwards Palaeo-Tethys subduction at the Inthanon
Suture Zone [71]. Considering that the Pha Som
Complex is a small accretionary prism of limited
Permian age, the occurrence of the prolonged west-
dipping subduction in the former Nan basin is
implausible.

In addition, some authors (e.g., [4,52]) correlated the
Nan Suture with the Ailaoshan Suture in China.
However, the Ailaoshan Suture likely represents a

longer-lived Carboniferous—Triassic ocean [78], unlike
the suggested Permian basin of the Nan Suture. The Nan
Suture is, therefore, more reasonably correlated with the
Jinghong Suture (southern Lancangjiang Suture) out-
lined later.

3.2. Sra Kaeo Suture

The Sra Kaeo Suture in East Thailand is regarded
as the southern extension of the Nan Suture and the
boundary between the Indochina Terrane and the
Chanthaburi Terrane (new name). It represents a
closed back-arc basin marginal to Indochina, as
suggested by Ueno and Hisada [71,72]. An ophiolitic
rock assembly called the Thung Kabin Mélange is
distributed in the Sra Kaeo Suture [34], and it consists
of bedded cherts, limestones, serpentinites, gabbros,
and pillow lavas (also pers. observation, 2002). The
cherts and limestones are dated with micro-fossils to
be Permian in age [34]. The radiolarians of
Sakmarian to Kungurian (Early Permian) [34] and
Capitanian to Wuchiapingian (late Middle to early
Late Permian) [60] are gained from the cherts,
suggesting a limited Permian age for the former Sra
Kaeo basin, similar to that of the Nan Suture. Thus, a
Permian back-arc basin is more plausible for the
origin of the Sra Kaeo Suture rather than a major
Palaeo-Tethys Ocean.

Middle Triassic radiolarian-bearing cherts and
black shales are distributed to the South of the Sra
Kaeo Suture, and they are called the Chanthaburi
Chert-clastic Sequence [34,60]. Hada et al. [34]
interpreted this Triassic unit to be sediment of the
former Sra Kaeo basin, and proposed the extended Sra
Kaeo—Chanthaburi Suture Zone to represent the
Palaeo-Tethys Suture. However, there is a certain
stratigraphic gap between the Permian and Middle
Triassic strata (Fig. 2). This may suggest an Early
Triassic unconformity due to the Late Permian uplift in
the Sra Kaeo back-arc basin. Moreover, the geographic
extent of the Triassic unit is clearly separable from the
Permian mélange of the Sra Kaeo Suture (see [34]). The
Triassic cherts/clastics may have been deposited in a
separate depression from the Sra Kaeo basin. The
Triassic strata are not regarded as a genuine element of
the Sra Kaeo Suture.

The Sra Kaeo Suture probably extends to Cambodia.
Just beyond the Thai-Cambodia border, another
mélange including basalts, peridotites, and possible
Late Palaeozoic pelagic cherts is exposed near Pailin
[9]. It is probably equivalent to the Permian Thung
Kabin Mélange of the Sra Kaeo Suture.
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Fig. 2. Chronostratigraphic range chart of deep-sea sediments in the
Palaeo-Tethys Suture Zone and the Jinghong—Nan—Sra Kaeo back-arc
basin suture.

Fig. 2. Tableau montrant la distribution chronostratigraphique des
sédiments océaniques profonds dans la zone de suture paléotéthy-
sienne et dans le bassin d’arriere-arc Jinghong—Nan-Sra Kaeo.

3.3. Jinghong Suture (new name)

The Jinghong Suture is named for a minor suture
between the Simao Subterrane of the Indochina Terrane
and the Lincang Terrane (Fig. 1). It is after the
‘Jinghong Mélange’ used by Chen et al. [15], and is
equivalent to that arbitrarily called the Lancangjiang
Belt or the southern Lancangjiang Suture by some
authors (e.g., [21,24,27,47,48]).

The so-called Lancangjiang Suture in eastern Tibet is
generally accepted as the main Palaeo-Tethys Suture,
and is often mistakenly correlated with the southern
Lancangjiang Suture (i.e., Jinghong Suture) in Yunnan
along the lengthy Lancang River (Mekong River) (e.g.,
[82]). However, as outlined earlier, the Palaeo-Tethys
Suture in Yunnan is represented by the Changning—
Menglian Suture, to which the Langcangjiang Suture in
Tibet should be correlated. Hence, it is misleading to
treat both Tibetan and Yunnan sections of the Lancang
River together as the single Lancangjiang Suture. In
order to avoid any confusion, the term Lancangjiang
Suture should be restricted to Tibet. The (southern)
Lancangjiang Suture in Yunnan, which is not attribu-
table to the Palaco-Tethys Suture, is renamed the
Jinghong Suture, accordingly.

Volcanic and volcaniclastic rocks of possible Permo-
Triassic ages are distributed extensively in the Jinghong
Suture (e.g., [85]). Mélange-type deposits in this suture
include serpentinites, basalts, and cherts (e.g., [8,27]), and
these assemblages possibly represent ophiolites. The
deep-seacherts are dated by radiolarians, thatis, late Early
Permian cherts from the upper Longdonghe Formation
[29], 1ate Middle or earliest Late Permian red cherts of the
Daxinshan Formation [27], and Early Changhsingian
(Latest Permian) cherts from the Bangsha area near
Jinghong [26]. The Daxinshan cherts are associated with
tholeiitic basalts in the Jinghong Mélange [27]. These
deep-sea sediments found are limited to the Permian,
suggesting the existence of a minor short-lived basin
separate to the Devono-Triassic Palaeo-Tethys closed
in the Changning—Menglian Suture Zone in the west.

4. Sukhothai Arc terranes

It is proposed here that the Lincang Terrane of
Yunnan, the Sukhothai Terrane and the Chanthaburi
Terrane (new name) of Thailand were originally formed
as parts of the same island-arc system developed along
the margin of the Indochina Terrane, which was
subsequently amalgamated to Indochina due to back-
arc collapse and succeeded as a continental arc in the
Triassic. This Permo-Triassic magmatic arc is here
named “‘the Sukhothai Arc”’, with the Permian Sukhothai
island-arc system. The name is after the Sukhothai
tectonostratigraphic zone of Barr and Macdonald [3], to
which this magmatic arc principally corresponds in
Thailand. Ueno and Hisada [71,72] indicated that the
Sukhothai Terrane was developed as a Permian island arc
marginal to the Indochina Terrane with the opening of the
Nan back-arc basin, induced by the eastward subduction
of the Palaeo-Tethys in the Inthanon Suture Zone.
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4.1. Sukhothai Terrane

The Sukhothai Terrane of Barr and Macdonald [3]
not Barr et al. [4] is used herein. It is delineated by the
Inthanon Suture Zone to the west and by the Nan Suture
to the east (Fig. 1). It is dominated by folded and faulted
sequences of shallow-marine sedimentary rocks and
igneous rocks with I-type granitoids, mostly of Permian
and Triassic ages. There is general agreement that it is a
Permo-Triassic magmatic arc [4,7,10,56]. Two Middle
Triassic volcanics, the Lampang and Chiang Khong
suites, show chemical characteristics indicative of a
continental arc [4,7,56]. This may imply that the island
arc has a continental basement.

Some authors (e.g., [10,34]) have treated the
Sukhothai Terrane as part of the Shan-Thai (Sibumasu)
Terrane. However, Permian marine faunas of the
Sukhothai Terrane (e.g., [17,74,79]) are of warm-water
Tethyan type and show no linkage with Sibumasu of
Gondwanan origin.

4.2. Chanthaburi Terrane (new name)

The Chanthaburi Terrane introduced here is defined
as the southern extension of the Sukhothai Terrane
(Fig. 1). The name is after the Chanthaburi Pluton,
which constitutes the core of this magmatic arc terrane.
In East Thailand, the whole area west of the Sra Kaeo
Suture was previously considered to belong to the
Sibumasu Terrane (e.g., [10,34,52]). However, this area
is defined as largely being the Chanthaburi Terrane, a
magmatic arc of Indochina. The eastern boundary of the
Chanthaburi Terrane is marked by the Sra Kaeo Suture,
and the western boundary with the southern Inthanon
Suture Zone is drawn by the Klaeng Fault. The
Cambodian portion of the Chanthaburi Terrane is not
clearly definable, but, together with the Sra Kaeo
Suture, it likely extends to Cambodia, as mentioned
earlier.

The tectonic correlation with the Sukhothai Terrane
to the north is supported chiefly by the distribution of
Permian to Triassic I-type granitoids, that is, the Eastern
Granitoid Province (see later discussion in §7, Granitoid
Emplacement). For example, the Chanthaburi Pluton
yields I-type granitoids of “°Ar/*’Ar (ca. 210 Ma) age
[14], suggesting the fact that magmatism of the
Chanthaburi arc was active until the very Late Triassic.

4.3. Lincang Terrane

The Lincang Terrane in Yunnan is defined as the
northern extension of the Sukhothai Terrane (Fig. 1).

Such correlation has been suggested by some authors
(e.g., [7,48,82]), although the tectonic interpretations
differ from author to author. The term Lincang Terrane
is used after Liu et al. [47], and a core part of the terrane
is referred to the so-called Lincang Batholith. This
terrane has been variously called, for example, the
Lincang Arc Terrane [46] or the Lincang Massif [70].

The Lincang Batholith has been commonly inter-
preted to be of magmatic arc origin [e.g. 7,46,82]. Rb/Sr
isotopic ages on Lincang granitoids range between 280
and 210 Ma [16], that is, from Early Permian to Late
Triassic. This range closely fits with that (280-200 Ma)
of the Eastern Granitoid Province of Cobbing et al. [18],
supporting the current inclusion of the Lincang Terrane
to the Sukhothai Arc.

5. Indochina Terrane

The Indochina Terrane is the most substantial
tectonic block in Southeast Asia. Nevertheless, recent
studies reveal that Indochina may be a composite
terrane including micro-terranes, metamorphic com-
plexes, possible sutures, and mylonitic fault zones [44].
The Truong Son Belt and the Kontum Massif occupy
much of central Vietnam to eastern Laos. They are sites
of Early Triassic ductile deformation and high-
temperature metamorphism, which may have been
caused by the collision between South China and
Indochina [44,45,50].

The Simao block occupies a narrow triangle region
in western Yunnan to northern Laos. It was interpreted
by some authors [52,81] as being separated from the
South China and Indochina terranes by the Ailaoshan
Suture and the Nan Suture possibly connected along the
Dien Bien Phu Fault. However, the Dien Bien Phu Fault
does not seem to be the substantive boundary between
the Simao block and the Indochina Terrane. This fault is
one of the most seismically active zones in Indochina
today [88]. It does not show evidence of pre-Cenozoic
activity, and there is no evidence of tectonic collision
along this fault zone. Correlation between the Ailaoshan
suture and the Nan sutures via the Dien Bien Phu Fault
is unlikely. We here suggest that the Simao block is
more likely a semi-detached portion of the Indochina
Terrane, here renamed ‘‘the Simao Subterrane” (Fig. 1).

6. Chronostratigraphic comparison between the
two parallel sutures

As outlined earlier, two tectonic sutures of contrast-
ing stratigraphic records are apparent, that is, the
Palaeo-Tethys Suture Zone in the west and the back-arc
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suture in the east. Chronostratigraphic ranges of deep-
sea sediments recovered from these two sutures are
summarised below and in Fig. 2.

Both the Changning—Menglian and Inthanon suture
zones reveal similar age ranges of deep-sea environ-
ments from the early Middle Devonian through to the
Late Triassic. Of them, the early Middle Devonian beds
(the Lalei Formation in Yunnan) and the Late Triassic
beds (the Mae Sariang Group in NW Thailand) are not
assignable to proper pelagic sediments, because they
show rather proximal facies to continental sources.
Thus, unequivocal pelagic deposits are confined to an
age range of late Middle Devonian (Givetian) to late
Middle Triassic (Ladinian) (Fig. 2). This is a plausible
age span of the Palaco-Tethys Ocean that existed
between the Indochina Terrane and the Sibumasu
Terrane.

Facies change from early to late Middle Devonian
sediments of the Changning—Menglian Suture Zone
suggests that the rifting and initial spreading of the
Palaeo-Tethys already started in the early Middle
Devonian and its fuller oceanic stage commenced from
the late Middle Devonian. The Mae Sariang Group
shows typical pre- to syn-orogenic successions [69],
suggesting that closure of the Palaco-Tethys was
already in progress in the Middle Triassic.

In contrast to the Palaeo-Tethys Suture Zone, a
relatively minor mélange zone along the Jinghong, Nan,
and Sra Kaeo local sutures yields much shorter records
of deep-sea sedimentation. The Jinghong Suture reveals
deep-sea environment of the late Early Permian up to
Latest Permian (Early Changhsingian). The Nan Suture
provides only late Middle Permian chert as deep-sea
evidence. The Sra Kaeo Suture preserves deep-sea
records spanning from the Sakmarian to the Wuchia-
pingian (Early to early Late Permian). In summary,
overall deep-sea records of the Jinghong—Nan-Sra
Kaeo suture are limited to the Permian, with a
maximum age span from the Sakmarian to the Early
Changhsingian (Fig. 2). This means that some part of
the back-arc basin (e.g., Sra Kaeo) already gained a
substantial depth in the Sakmarian. This further implies
the probability that the initial back-arc rifting and
opening already occurred in the Asselian (Earliest
Permian) or even earlier. This Early Permian opening
correlates well with the earliest magmatic age (280 Ma,
middle Early Permian) recorded for the Sukhothai
island-arc system (as in the Lincang Batholith). The
Early Changhsingian marks the latest stage of deep-sea
environment for the back-arc basin. Thus, it is plausible
that the basin was tectonically closed before the
Triassic.

From the overall chronostratigraphic ranges of deep-
sea sediments in the Palaco-Tethys Suture Zone and the
Jinghong—Nan-Sra Kaeo back-arc suture, it is clear that
these two former seas had contrasting age spans (Fig. 2),
and should therefore be treated separately as an ocean
and a marginal sea.

7. Granitoid emplacement

The tectonic feature of the parallel sutures with the
island arc between fits well with the observed two
granitoid provinces of contrasting geochemical char-
acters, that is, the Main-Range Province and the Eastern
Province (Fig. 3), originally recognised by Cobbing
et al. [18]. These two granitoid provinces are also
characterised by having distinct age ranges of their pre-
Cretaceous plutonic activities.

The Main-Range Province consists mainly of S-type
granitoids, whose ages range from early Late Triassic to
late Early Jurassic (ca. 230-180 Ma) [14,18,41]. The
petrogenesis of those S-type granitoids is explained by
partial melting of the Sibumasu crust subducted beneath
the Palaeo-Tethys accretionary complex [37,53]. This
explains that the distribution of Main-Range granitoids
overlaps the Palaco-Tethys Suture Zone (Fig. 3). Thus,
the granitoids are interpreted as orogenic and due to the
collision of Sibumasu to the Sukhothai Arc. The earliest
magmatic age (230 Ma) implies that the collisional
orogeny (crustal thickening) started in or prior to the
early Late Triassic. This appears consistent with the
suggested late Middle Triassic closure of the Palaeo-
Tethys.

By contrast, the granitoids of the Eastern Province
are chiefly I type, and thus are regarded of magmatic arc
origin [18,37,41,53]. The magmatism is considered to
have been induced by the eastward subduction of the
Palaeo-Tethys beneath the margin of Indochina [53,71].
These granitoids range from Early Permian to Latest
Triassic in age (ca. 280-200 Ma), with occasional
Cretaceous intrusions [14,18,41], the main period
indicating the likely life span of the Sukhothai Arc
magmatism. In summary, the collision of Sibumasu
involved two plutonic episodes, that is, the initiation of
Main-Range orogenic magmatism in the early Late
Triassic and the cessation of the Sukhothai Arc
magmatism at the end of the Triassic.

Meantime, the Eastern Province of Cobbing et al.
[18] originally included the Loei-Phetchabun Volcanic
Belt of the western Indochina Terrane. This volcanic
belt was previously considered by Bunopas [10] to be a
Permo-Triassic magmatic arc induced by the eastward
subduction of the Nan—Sra Kaeo Sea. However, it is
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here noted that there is no clear evidence of such east-
dipping subduction and resultant arc magmatism. No
isotopic data of Permo-Triassic I-type granitoids is
available from the same volcanic belt. Moreover, some
igneous rocks in this volcanic belt are now confirmed
much older (Devonian) or younger (Cenozoic)
[38,39].

Some granodiorites from the Paklay Volcanics in
Laos, which is the northern extension of the Loei-
Phetchabun Volcanic Belt, are Triassic in age [77].

Even Late Triassic and Cretaceous granites were
reported from the Paklay Volcanics by Stokes [68]. In
addition, granites of the Tasal Pluton in central
Cambodia (Fig. 3), which may be relevant to the
Loei-Phetchabun Volcanic Belt, are Late Triassic in
age, and show S-type affinity [43]. Thus, so-called
Permo-Triassic granitoids of the Loei-Phetchabun
Volcanic Belt are supposed to be mostly Mesozoic in
age. Their genesis is here interpreted to be related to the
crustal thickening of western Indochina induced by
back-arc compression and enhanced later by the
Sibumasu collision. Therefore, subduction-induced
arc magmatism for the Loei-Phetchabun Volcanic Belt
is unlikely. The Eastern Province is here revised to
consist only of the Sukhothai Arc granitoids delimited
to the west of the Jinghong—Nan—Sra Kaeo back-arc
suture and to exclude those in the Indochina Terrane
(Fig. 3).

8. Tectonic evolution: brief summary

A new tectonic scenario is here proposed incorpor-
ating the two parallel sutures (Fig. 4). In the margin of
Gondwana, rifting and initial spreading of the Palaeo-
Tethys started by the Middle Devonian, and its fuller
oceanic stage started from the late Middle Devonian
(Givetian). It probably gained its greatest oceanic width
during the Carboniferous.

Subduction of the Palaeo-Tethys oceanic floor
beneath Indochina likely started in the Latest Carbo-
niferous or very Early Permian. As a result, arc
magmatism started along the margin of the Indochina
Terrane. The Jinghong—Nan—Sra Kaeo back-arc Basin
probably started to open as early as the Asselian
(Earliest Permian), and the Sukhothai island-arc system
emerged. The back-arc basin already gained a
substantial depth by the Sakmarian (in Sra Kaeo).
Back-arc opening further proceeded during the Early
Permian. An extensive carbonate platform (e.g.,
Saraburi and Sisophon limestones in Thailand and
Cambodia) developed over the western Indochina
Terrane inboard of the back-arc basin from Early to
late Middle Permian.

The back-arc basin started to collapse in the Middle
to Late Permian, and, in the Nan back-arc basin, the
short-term west-dipping subduction took place and
formed the narrow Pha Som Metamorphic Complex.
The entire back-arc basin was probably closed and
uplifted by the end of the Permian, leaving ophiolitic
mélanges in the Jinghong, Nan, and Sra Kaeo local
sutures. The carbonate platform of western Indochina
was uplifted in the Late Permian. Thus, the Late
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Permian was the main phase of back-arc compression.
Consequently, the Sukhothai island-arc system was
amalgamated to marginal Indochina.

In the Early-Middle Triassic, the Palaeo-Tethys
subduction beneath the continental Sukhothai Arc
continued. Seamounts carrying Carboniferous—Permian
limestone caps were accreted over the subduction zone.
In the Triassic, orogenic plutonism after the back-arc
collapse occurred in the western Indochina Terrane
(e.g., Pak Lay to Loei areas).

By the early Late Triassic, the Sibumasu Terrane
(including the Baoshan and Tenchong blocks) collided
with the continental Sukhothai Arc of western Indo-
china. Thus, the Palaeo-Tethys Ocean was closed,
forming the extensive accretionary prism of the Palaeo-
Tethys Suture Zone upon the subducted part of
Sibumasu. Some syn-orogenic sedimentation remained
in a remnant fore-deep basin (Mae Sariang Group)
during the Late Triassic. From the early Late Triassic,
plutonism in the Main-Range Province started, stitching
the Palaeo-Tethys Suture Zone as a consequence of
collisional crustal thickening. In concert, the Sukhothai
Arc ceased magmatism by the end of the Triassic, as a
consequence of the termination of the Palaeco-Tethys
subduction.

9. Conclusions and implications for the timing of
the Indosinian orogeny

e The Sukhothai Terrane is not part of the Sibumasu (or
Shan-Thai) Terrane, but forms part of a former island
arc marginal to the Indochina Terrane.

e The Changning—Menglian Suture and the Inthanon

Suture represent the Palaco-Tethys Suture Zone in

Yunnan and Thailand.

The Jinghong, Nan, and Sra Kaeo sutures do not

represent the Palaeo-Tethys Suture, but rather a

closed Permian back-arc basin behind the Sukhothai

island-arc system.

e Permo-Triassic double subduction zones in the Nan
Suture suggested by Bunopas [10] are highly unlikely,
and the so-called Loei-Petchabun magmatic arc is
unsubstantiated.

e The Nan Suture is unlikely to correlate with the

Ailaoshan Suture.

The Jinghong—Nan—Sra Kaeo back-arc Basin closed

at about the end of the Permian.

o The Palaeo-Tethys Ocean closed as Sibumasu
collided with the continental Sukhothai Arc of
Indochina in the late Middle Triassic—early Late
Triassic (post-Anisian).
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Fig. 5. Comparaison chronologique des événements tectoniques
d’age Indosinien dans I’Ouest indochinois (cette étude) et dans les
parties nord et est de I'Indochine (études antérieures).

Are the end-Permian and mid-Triassic suturing
events described in this paper (Fig. 5) related to the
so-called Indosinian orogeny? Two peaks of folding
episodes recognised in Indochina by Fontaine and
Workman [33] have often been linked with the
Indosinian orogeny, that is, Indosinian I (latest
Permian—Early Triassic) and Indosinian II (Late
Triassic). Helmcke and Lindenberg [36] then recog-
nised two correlatable tectonic phases in central and
northern Thailand, that is, Middle-Late Permian
deformation in the Phetchabun Foldbelt and Late
Triassic deformation in the Sukhothai Foldbelt. These
two phases can be more or less correlated with the two
suturing events recognised in this study. It is here
proposed that the Late Permian deformation in the
Phetchabun Foldbelt is related to the closure of the
Jinghong—Nan-Sra Kaeo back-arc Basin and that the
Late Triassic deformation in the Sukhothai Arc/Foldbelt
is due to the collision of Sibumasu.

Further to the east, Early—early Middle Triassic
thermotectonism (ca. 250-240 Ma) of the Truong Son
Belt and the Kontum Massif in Vietnam was recently
advocated by several authors [13,44,50,59] to corre-
spond with the Indosinian orogeny. Some [44,50]
interpreted this to be related with the South China—
Indochina collision, and it seems plausible. Carter et al.
[13], on the other hand, proposed that it was affected by

collision of Sibumasu—Indochina. However, the present
study indicates that the Sibumasu collision with
Indochina must have been younger than the Vietnamese
event (Fig. 5). Instead, the end-Permian collapse of the
Jinghong—Nan—-Sra Kaeo back-arc Basin appears
temporally closer. It is still an open question as to
whether the Indosinian orogeny was a result of a single
or multiple collisional episodes, but we favour the latter.
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