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Abstract
The Indosinian orogeny, which was regarded as the collision event between the South China and Indochina blocks that occurred in
Southeast Asia, including Vietnam, resulting in the formation of the Indosinian mountain range. However, the question of how many
times collision between these blocks occurred in the past and during which period remains unanswered. Furthermore, the closure of the
ancient ocean and the evidence of its remnants between the South China and Indochina Blocks are still the subjects of serious debate.
The underlying origin of the Indosinian thermo-tectonism is uncertain. The entire region was affected by the thermal-tectonic processes
in the west, caused by the collision of the Sibumasu plate and Indochina block. The absence of evidence supporting the Indosinian as a
significant mountain-building event is highlighted through an examination of regional paleogeography, as well as palaeontological and
thermochronological data. There is no conclusive evidence to suggest that the Indochina and South China blocks collided during the
Triassic times. A plate tectonic scenario that describes the Indosinian orogeny as a reactivation event triggered by the accretion of the

Sibumasu block to Indochina is favored.

Keywords: Indochina block, South China block, collision, Indosinian orogeny

1. Introduction

For years, the collision between the Indochina Block
(ICB) and South China Block (SCB) in Vietnam has been a
subject of debate among geologists (Lepvrier et al., 2004; Ma-
luski et al., 2001; 2005; Golonka et al., 2006; Faure et al., 2014;
2018; Thanh et al., 2018). Many assert that the collision took
place during the late Permian - early Triassic, around 240 to
260 Ma ago, and it is thought to have significantly contributed
to the formation of Vietnam's intricate geological structure
(Hanski et al., 2004; Hoa et al., 2008, Hieu et al., 2013; 2017;
Hieu, 2017). Moreover, the tectonic activities involving the
ICB and ICB are notably intricate. Geological boundaries,
which are defined as tectonic sutures representing the junc-
ture of two geological blocks, have been identified in various
locations within the ICB. At least three principal sutures have
been recognized: 1) The Ordovician-Silurian Tam Ky - Phuoc
Son suture, formed as a result of the amalgamation of the SCB
and ICB (Tran et al., 2014; Gardner et al., 2017). 2) The Mid-
dle Triassic Song Ma suture zone, arising from the fusion of
the ICB and SCB (Zhang et al., 2013); and 3) The Late Trias-
sic suture, which emerged from the convergence of the ICB,
SCB and Sibumasu blocks (Golonka et al., 2018). While some
of these sutures have undergone extensive research, such as
the Song Ma suture zone, others are in the initial stages of
investigation. Notably, the Sibumasu and ICB interaction
has garnered substantial attention in countries like Thailand,
Cambodia, Malaysia, and Laos, but has been relatively under-
studied in Vietnam.

Nevertheless, there is a divergence of opinions among
geologists regarding the collision's precise mechanism and
timing. Some propose that the collision was a gradual pro-

cess spanning millions of years, whereas others argue that it
was a sudden, violent event. Additionally, there is controversy
regarding the direction of the collision, with some suggesting
that the ICB moved northward into the SCB (Hung, 2010),
while others assert that the reverse happened (Maluski et al.,
2001; 2005). Despite these debates, most geologists concur
that the collision was a significant occurrence in Vietnam's
geological past and continues to shape the country's land-
scape and natural resources to this day. The goal of this re-
search is to provide a comprehensive outlook on the collision
between the SCB and the ICB by investigating the potential
timeframe of the collision and correlating the structures and
geological formations in this tectonic zone. Furthermore, this
research highlights the limitations that necessitate further ex-
ploration in the future.

2. Geological Background

East and Southeast Asia consist of various terranes and
blocks that originated from the northern edge of Gondwa-
naland (Leloup et al., 1995, 2001; Findlay, 1997, Findlay &
Trinh, 1997; Nam, 1998; Fan, 2000; Carter et al., 2001; Golon-
ka et al., 2006). Continental blocks were created through suc-
cessive rifting and breakup in the Palaeozoic and Mesozoic
eras, leading to the northward movement and amalgamation
of present-day Southeast Asia. The closing of Paleotethys be-
tween the blocks resulted in the creation of sutures such as
Song Ma, Song Da, and Nan-Uttaradit (Metcalfe 1994, 1996,
1998, 2011; Golonka et al., 2006). Vietnam includes parts of
the ICB and SCB. The SCB, which includes southern China
and a northeast fragment of Vietnam, is separated from North
China, ICB, the Sibumasu block, and the Songpan-Ganzi ac-
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Fig. 2. A — Tectonic sketch map of northern Vietnam showing the location of the study area (after Tri et al., 1979). B — Northwestern Vietnam marked
on the digital elevation model showing the Red River, Dien Bien-Lai Chau fault zones, Dien Bien-Sop Cop fault, and Phan Si Pan mountain range

cretionary complex by various sutures. The core of SCB was
formed diing Precambrian times. The southeastern margin
of South China is recently a passive margin connected to the
South China Sea by an extended continental crust.

The ICB consists of Vietnam, Laos, Cambodia, western
Thailand, and potentially other regions. It is separated from
the SCB by the Song Ma suture and from the Sibumasu plate
by various sutures (Fig. 1). The Ailao Shan-Red River (ASRR)
shear zone caused significant sinistral displacement around
27+22 Ma and resulted in the tectonic structure of Northwest-
ern Vietnam. The Song Ma belt, where mafic and ultramafic
masses are located, separates ICB from SCB and is thought to
be composed of ophiolitic fragments. Recent studies suggest
that the Indosinian event, which caused regional metamor-
phism and magmatism, occurred around 250 Ma, indicat-
ing that the final suturing between ICB and SCB took place
during the Early Triassic times. However, further research is
needed to fully understand the Indosinian orogeny and its
constituent rocks.

Vietnam is a country located in Southeast Asia, encom-
passing an area of discontinuous geology such as the Red
River and Dien Bien - Lai Chau fault zones (Fig. 2). It is bor-
dered by China to the north, Laos, and Cambodia to the west,
and the East Sea (South China Sea) to the east and south. The
area has distinct landforms varying from north to south due
to climatic, tectonic, and lithological factors. The geology of
the area comprises ophiolite complexes, intrusion complexes,
volcanic rocks, and terrigenous and carbonate sedimentary
rocks, with ages ranging from Proterozoic to the present. The
scope of this research includes the study of the Song Hong
(Red River), Song Da (Da River), Tu Le, Song Ma, and Sam
Nua regions, which correspond to northwestern Vietnam.

Northwestern Vietnam is bounded by the boundary between
China and Vietnam to the north, the boundary between Viet-
nam and Laos to the south, the Red River fault to the east, and
the Dien Bien-Sop Cop fault zone to the west.

3. Materials and methods
3.1. Sample collection and analysis methods

The authors conducted field work in several localities in
Northwestern Vietnam. This work was focused on magmatics
as well as sedimentary rocks and their tectonic relationship.
The granitoids and ophiolite complexes crop out along the SCB
and ICB boundary indicating various Paleozoic and Mesozoic
collisional stages. The studies of tectonic deformation revealed
several unconformities affecting both magmatic and sedimen-
tary rocks, the details are provided in the discussion chapter.

In order to determine age, provenance and tectonic set-
ting, approximately 5 kg of ultra-mafic to mafic rock samples
were collected along National Highway 4G in the Song Ma area
(Figs. 3, 4 & 5); are pulverized to a particle size of 0.5 mm, fol-
lowed by a washing and rinsing process using deionized water
to eliminate dust and lighter minerals. Zircon crystals are sub-
sequently isolated from the heavy mineral fraction through a
series of procedures that include drying, magnetic separation,
and enrichment via bromoform solvent. Manual selection of
zircon grains is then conducted under microscopic observation
to identify well-formed grains with minimal or no inclusions.
This entire sample preparation protocol is executed at Thuong
Pho Analytical Technology Co., Ltd., located in Wuhan, China.

Zircon grains selected from sample SL-03 are affixed to an
epoxy resin disc and polished until the central region of each
grain is exposed (Fig. 6). This facilitates subsequent structural
and compositional analyses, as well as cathodoluminescence
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Fig. 3. (a) Geological map of the Paleotethys Orogen in southwest China and southeast Asian (modified from Jian et al., 2009) showing the main
tectonic blocks and suture. (b) Simplified geologic map of Northwest Vietnam showing the Song Ma zone (after Bao & Luong, 1982)

Fig. 4. (a) Limestone of the Dong Giao formation overlying the Song Ma formation (photo from Thanh et al., 2015); (b) Undeformed limestone of the
Dong Do formation

(CL) imaging, which is performed using Scanning Electron
Microscopy (SEM). Prior to CL imaging, the zircon samples
undergo examination under a polarizing microscope, and re-
flected light micrographs are captured to identify optimal sites
for U-Pb isotopic analysis. Care is taken to avoid regions with
fractures or inclusions that could compromise the accuracy of
age determinations (Fig. 6).

The U-Pb isotopic composition of the zircon is analyzed
using a single-spot laser ablation technique, employing a laser
with a 34-micrometer diameter, on an Inductively Coupled
Plasma Mass Spectrometer (ICP-MS). This analysis is con-
ducted at the National Key Laboratory of the China Universi-
ty of Geosciences in Wuhan.

3.2. Paleogeographic reconstruction maps

The recontraction of main tectonic events enable to posi-
tion ICB and SCB on the global paleogeographic maps. The
global maps are constructed using a plate tectonic model,
which describes the relative motions between approximately
300 plates and terranes (Golonka, 2007). His motion is based
on the Euler theorem (Euler, 1736, 1741), each plate travels
around the Euler pole - intersection of the Euler axis with the
Earth’s surface defined by latitude/longitude coordinates. The
plate’s movement is measured in degrees. The total distance
of the plate relocation from a given ancient time until present
constitutes the finite pole of rotation. The list of this finite poles
of rotation for tectonic elements is contained in the rotation
file. The examples of such rotation file are provided in Golonka
(2007 and 2020) papers. The global paleogeography for Triassic
times was reconstructed using this model (Figs. 7, 8).

4. Discussions
4.1. The collision between the SCB and ICB based on global
plate tectonics and paleogeography

Krobicki and Golonka's (2008) examination of plate tec-
tonics and paleogeography in Southeast Asia indicated that
SCB and ICB were separated by deep-water basins containing
thinned continental or possibly oceanic crust during the Or-
dovician times, which is supported by the presence of Ordovi-
cian-Silurian sediments and uplift and volcanic rocks (Hung,
2010). Shouxin and Yongyi (1991) reported that the southern
part of SCB was covered by deep water synorogenic clastic
deposits, which were also found on the margins of the ICB
and known as the Pa Ham Formation in Northern Vietnam.
These deep-water deposits were later replaced by shallow-wa-
ter sedimentary formations, including the continental Lower
Devonian red beds and Lower Devonian Nam Pia Formation
composed mainly of terrigenous sediments and marl, medi-
um-bedded to massive fine-grained limestone, representing
shallow water sediments (Hung, 2010; Son et al., 1978). The
Lower Paleozoic greenschists of deep-sea origin were uncon-
formably covered in many localities by Devonian redbeds.
The first time the ICB collided with the SCB during the colli-
sional process is likely to have been in the Late Silurian-Early
Devonian times (Golonka et al., 2023). The Song Chay com-
plex granitoid is connected to this event. Plate tectonic recon-
structions suggest that the Early Devonian deformation and
uplift may be linked to the rifting of the SCB from Gondwana-
land. This event may also be related to the global Caledonian
orogenic event. After Devonian shallow-water sedimentary
rocks, the area was covered by Carboniferous-Permian se-
quences, including limestone of the Carboniferous-Permian
Bac Son formation, clay shale of the Lower-Middle Permian
Si Phay formation, and limestone of the Middle Permian Na
Vang formation. A new oceanic basin was formed between
ICB and SCB during Late Permian times, recorded by the
ophiolite belt consisting of Nui Nua, Bo Xinh, Chieng Khuong
complexes, Huoi Hao formation, and perhaps ultramafic Ban
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Fig. 5. (a, b, ¢) Outcrop and deformed samples of ultra-mafic to mafic rocks, with an age of 257+5.5 Ma, along National Highway 4G in the Song Ma
area; (d, e, f) Outcrop and collected samples of ultra-mafic to mafic rocks along the Song Ma River, exhibiting undeformated, and with uncertain/
intrusive age within the Huoi Hao formation (Fig. 6)

Xang complex. The origin of this basin is related to the Pale-
otethys Ocean's closure between Sibumasu and ICB by sub-
duction below Indochina (Golonka et al., 2006; Hung, 2010).

According to the study conducted by Hieu (et al., 2014),
the U-Pb zircon dating results of the intrusive gabbroic rock
phase within the ultra-mafic rocks of Nui Nua complex indi-
cate an age of 470 Ma. As a result, it can be deduced that the
ultra-mafic block of the Nui Nua complex predates the Mid-
dle Ordovician times. Additionally, the presence of freshwater
fish fossils in central Vietnam provides evidence supporting
the connection between the ICB and SCB prior to the Middle
Devonian times (Thanh et al., 1996).

In the Song Ma region, specifically in the Son La province,
there are Triassic limestone deposits with considerable thick-
nesses reaching hundreds of meters. Notably, these deposits
exhibit minimal disturbance from the Dong Do and Dong
Giao formations (Figs. 3, 4). This observation implies that
their formation took place in a passive continental margin
setting, as opposed to an active continental margin.

During the survey conducted from Hanoi to Son La, vari-
ous gabbroic blocks of relatively young age (257+5.5 Ma) were
encountered (Figs 5, 6), along with other blocks that exhibit
undeformation. This observation implies that these blocks were
formed subsequent to the collision between the SCB and the
ICB. The formation process is likely associated with extensional
activities within the SCB during the Indosinian orogeny, gradu-
ally subducting beneath the Song Ma suture zone. These blocks
now remain as fragments situated above smaller units. As a re-
sult, misconceptions have arisen regarding the chronological
sequence of the older ophiolitic belt's formation.

The distribution of Triassic limestone in Vietnam is ex-
tensive, stretching from northwester Vietnam to Quang Binh
province in the northeast direction, covering a distance of ap-
proximately 1000 km (Fig. 3). One notable characteristic of
the Middle Triassic limestone is its predominant occurrence
in the eastern part of Vietnam, rather than in the western part.
This observation suggests a subduction model where the oce-

anic crust adjacent to SCB subducts beneath the ICB, contrary
to the view presented by Hung (2010). However, explaining
the relationship between SCB and ICB presents difficulties in
accounting for the widespread distribution of Triassic lime-
stone formations in the region. Therefore, the proposed model
suggests that the passive continental margin environment on
the SCB provides a more plausible explanation for limestone
formation in this area, while limestone formation is absent
on the ICB. Additionally, this model offers a more reasonable
explanation for the presence of mafic, ultra-mafic, and basalt
rocks in the Da River zone as result of plume mantles activity.

During the Permian times, a volcanic eruption occurred
in the Song Da region, which is thought to be linked to the or-
igin of the Cam Thuy and Vien Nam formations. The cause of
this event is still the subject of hot debate. Some geologists ar-
gued that Cam Thuy and Vien Nam formations were perhaps
related to the plate reorganization and mantle plume activi-
ty, known in China and Indochina as Emeishan plumes and
related to Siberian basaltic traps (Hanski et al., 2004; Hoa et
al., 2008; Krobicki & Golonka, 2008 and references therein).
They were formed in within-plate (intraplate) settings, related
to back-arcs spreading (Lepvrier et al., 1997, 2004; Golonka
et al., 2006) or Song Da Rift of Tri (ed., 1979). The preferred
geodynamic reconstruction assumes that this magmatism was
formed during the convergence of the Sibumasu and the new-
ly formed ICB-SCB. The oceanic crust was subducted south-
ward under ICB (Hoa et al., 2008). This subduction led to the
origin of Late Permian — Triassic magmatic events and Song
Da volcanism (Hung, 2010).

Remnants of oceanic lithosphere were accreted into the
northern edge of the IDB and appeared in the Song Ma fault
zone and Sam Nua zone (Golonka et al., 2006; Trung et al.,
2007 and references therein). The Indosinian orogeny of Fro-
maget (1937, 1941) represents the final stage of this closure.
The orogeny was recorded by magmatic, metamorphic, and
deformation events in Truong Son, Sam Nua, Nam Co, and
Song Ma structural zones (Hutchison, 1989; Nam, 1998; Lep-
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Fig. 6. The CL images of zircon crystals extracted from the SL-03 gabbro sample in the Song Ma area, Son La province, are accompanied by the
corresponding locations of the analysis points using the LA-ICP-MS method; (a) The graphical representation illustrates the outcomes of the zircon
U-Pb analysis conducted on the SL-03 gabbro sample, employing the LA-ICP-MS technique. (b) A schematic diagram is presented to depict the
distribution of average ages observed in the dataset

L

Fig. 7. Global plate tectonic map of Late Triassic at 224 Ma ago. Molweide Projection. 1-oceanic spreading center and transform faults, 2-
subduction zone, 3-thrust fault, 4-normal fault, 5-transform fault

vrier et al., 1997, 2004, 2008; Lan et al., 2000). The folded Tri-
assic and older rocks were unconformably covered by Upper
Triassic coal-bearing molasse beds of the Suoi Bang Forma-
tion. A plate tectonic scenario that describes the Indosinian as
a reactivation event triggered by the accretion of the Sibuma-
su block to Indochina is preferred (Golonka et al., 2018). The
new large Chinese-SE Asian plate including North and South
China, Mongolia, and eastern Cimmerian plates was consoli-
dated at the Triassic-Jurassic boundary (Figs 7, 8).

4.2. The collision between the SCB and ICB based on struc-
tural and collision timing

In northwestern Vietnam, the Song Ma structural zone is
regarded as the "hinge" between the SCB and ICB (Dovijkov,
1965). The studied area is known as the Sam Nua-Hoanh Son
pre-rift basin (Tung and Tri, 1992). The basin has an S-shape,
bulging in the middle and narrowing at both ends. The north-
ern end of the basin is adjacent to the western edge of the
Song Ma fold belt. The Sam Nua-Hoanh Son basin underwent
significant evolution during the Triassic, and it was filled with
shallow marine sedimentary rocks of the Carboniferous-Low-
er Permian system, with a thickness of 1000-1500m (Bao &
Luong, 1982).

According to Wang et al. (2021), the Vit Thu Lu calc-al-
kaline arc-like granodiorite and granite, along with the Thanh
Long plagiogranite, have been dated to approximately 475-
470 Ma (Bui et al.,, 2018). In the Huoi Tong massif in western
Dien Bien area, the granitoids formed between 446 and 415
Ma (Nguyen et al., 2005). Monazite inclusions found in gar-
nets from schist yielded a Sm-Nd isochron metamorphic age
of 424 + 15 Ma (Maluski et al., 2005; Tran et al., 2014).

These observations, combined with the regional angular
unconformity between the Silurian and Devonian sequences
located to the north of the Song Ma zone (Thanh et al., 1996;
Janvier et al., 1997, 2003; Tran and Vu, 2011; Tran et al,, 2014,
2020), provide evidence for the northward subduction and
consumption of the Tam Ky-Phuoc Son Ocean, resulting in its
accretion with the southern Yangtze in the Ordovician-Siluri-
an times, approximately between 480-415 Ma. This geological
process was also contemporaneous with the northward ac-
cretion of the Kontum terrane and its southern counterparts
(Gardner et al., 2017; Tran et al., 2020).

Faure et al. (2018) utilized zircon and monazite U/Pb ra-
diometric dating techniques to establish an age of approxi-
mately 250-240 Ma for the crustal melting process (Fig. 9).
Concurrently, ductile shearing with a top-to-the-NW move-
ment occurred, coinciding with the formation of the Ngoc
Linh MCC. This period of extensional tectonics was suc-
ceeded by dextral strike-slip faulting at around 240-230 Ma,
preceding the emplacement of two-mica granitic plutons at
approximately 240-224 Ma. Additionally, in the Ngoc Linh
and Kan Nack complexes, zircon and monazite analyses yield-
ed U-Pb ages from the Early Paleozoic era. In the Kham Duc
complex, a metamorphic event featuring garnet-biotite-stau-
rolite-kyanite minerals occurred at around 460 Ma (MP/MT),
followed by migmatites at approximately 450 Ma. The Dai
Loc plutonic suite, dated to 420-400 Ma, and the Dien Binh
calc-alkaline granodiorite, dated to 450-425 Ma, provide evi-
dence of an Early Paleozoic geological event.

Zircon U-Pb dating of silicic igneous rocks in the Pingx-
iang area, southwest China, reveals that the rhyolites and bi-
otite granites were emplaced at 251-250 and 249 Ma (Early
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Triassic), respectively (Huang et al., 2023). By synthesizing all
available data in conjunction with the regional tectonic evolu-
tion of the southwestern Youjiang Basin and adjacent regions,
we ascribe the origin of the peraluminous A2-type rhyolites
and biotite granites to the extensional setting that prevailed
during oceanic subduction. This subduction was initiated by
the rollback of the Paleotethys oceanic lithosphere around
251-249 Ma. This study underscores that subduction-related
magmatism associated with the Paleotethys oceanic litho-
sphere remained active during the Early Triassic.

In Xu's (2023) study, granitoids within the SCB were in-
vestigated. The results revealed that Late Triassic granitoids
exhibit a singular peak age of approximately 230 Ma and
predominantly consist of granites, as evidenced in SiO2 vs
Na20+K:O diagrams. The youngest U-Pb ages obtained from
detrital zircons suggest a maximum depositional age rang-
ing from 196 to 180 Ma (Meng et al., 2015; Xu et al., 2021).
Furthermore, the NNE-striking structures were intruded by
a Late Jurassic granitic pluton. Consequently, it is plausible
that the NNE-striking eastern Hunan thrust belt might have
formed during the Middle Jurassic.

Detrital zircon U-Pb dating results from eleven samples
within the Ailaoshan-Song Ma suture zone reveal prominent
age peaks at 245 Ma, 440 Ma, and 970 Ma, corresponding
to tectonic events recognized in the SCB and ICB (Li et al,,
2021). In-situ Hf isotopic analyses suggest that these Neopro-
terozoic and Early Paleozoic events indicate significant epi-
sodes of continental growth with mantle contributions. Along
the suture zone, the ophiolitic mélange zone has been sub-
divided into three units, denoted as M1, M2, and M3, based
on disparities in zircon age and Hf isotopic signatures. M1
exhibits two primary age groups, peaking at approximately
435 Ma and 970 Ma. The source of M1 is likely the Paleozoic
sedimentary cover, predominantly Silurian sedimentary rocks
from ICB, with a minor contribution from magmatic rocks
within the ophiolitic mélange.

M2 is characterized by a dominant Late Permian (260
Ma) age group with eHf{(t) values ranging from -1 to +7 and a
significant peak at approximately 0.85 Ga in model ages. The
primary source of M2 is considered to be the Eastern Lha-
sa Indus-Yarlung Zangbo suture (ELIP) and related rocks
in SCB, with a minor fraction of detrital zircons originating
from recycled sedimentary rocks in ICB.

M3 exhibits a distinct Mesozoic age peak at 250 Ma, with
eHf(t) values ranging from -17 to -5 and two-stage mod-
el ages primarily concentrated in the range of 1.3 Ga to 1.8
Ga. M3 materials were primarily supplied from the magmat-
ic arc in ICB (Western Ailaoshan-Truong Son belt), with a
minor contribution from the southwest margin of SCB. The
observed differences between these three units highlight sig-
nificant lateral heterogeneity within the suture zone. These
findings provide valuable insights into understanding the
paleogeographic reconstructions of the postulated positions
of Asian continental blocks from the Early Carboniferous to
the Middle Triassic. Supplementary data related to this arti-
cle can be accessed online at https://doi.org/10.1016/j.earsci-
rev.2021.103789.

In the study conducted by Liu et al. (2023), they present
findings concerning the heterogeneity within the Ailaoshan-
Song Ma ophiolitic mélange. All examined samples exhibit

a consistent zircon age spectrum, featuring two distinct age
peaks at 430 and 960 Ma, which closely align with the char-
acteristics of the previously identified M1 unit. These results
suggest that the northwestern segment of the Ailaoshan ophi-
olitic mélange can be more accurately subdivided into two
units, namely M1 in the interior and M2 in the exterior, as
opposed to the previous classification. This observation un-
derscores the presence of strike-perpendicular heterogeneity
within the region. Furthermore, considering the geometries
of these units, characterized by a northeast-dipping orienta-
tion, and their respective depositional ages (M1, 310-270 Ma;
M2, 260-240 Ma), it becomes evident that the older M1 unit
has been thrust upon the younger M2 unit. This indicates a
tectonic inversion process..

M2 is situated within the northwestern segment and
displays a solitary age peak at 260 Ma (Li et al., 2021). Con-
versely, M3 is distributed in the southeastern segment of the
Ailaoshan-Song Ma ophiolitic mélange, with its most promi-
nent age peak recorded at 245 Ma (Li et al., 2021). The distri-
bution pattern of M1, M2, and M3 along the Ailaoshan-Song
Ma ophiolitic mélange reveals a substantial heterogeneity,
highlighting variations in provenance among distinct seg-
ments of the Ailaoshan-Song Ma Ocean (Li et al., 2021; Lin
et al., 2022). These differing provenances of the three units
correspond to the various evolutionary stages of the eastern
Palaeo-Tethys (Li et al., 2021; Wang et al., 2021).

To sum up, there are varying views regarding the timing
of the amalgamation of the SCB and the ICB, as well as the age
of the Song Ma suture zone, which include the Permian-Trias-
sic (Indosinian orogeny) and Silurian-Early Devonian (Cale-
donian orogeny). These issues require further elucidation.

Similarly to the Triassic volcanic formations, the Jurassic
intrusive-volcanic complex of the Muong Hin-Ban Muong
type also requires further detailed investigation. Some stud-
ies, based on geological relationships and structural features,
have disputed the existence of Jurassic magma activity in the
study area and instead have merged it into the Triassic magma
complex (Truong, 1999). However, detailed research data for
these formations is still very limited and lacks reliable quan-
titative data, especially for trace elements and isotopes. It is
necessary to determine the U-Pb zircon isotope age for the
Muong Hin volcanic formation and the Ban Muong intrusive
volcanic features. Additionally, comparing their trace element
geochemical characteristics with those of the middle Triassic
magmatism (Dong Trau-Song Ma) would enable more defin-
itive conclusions.

The Sam Nua depression basin is considered a unique
tectonic-structural zone in the Truong Son fold belt (Dovjik-
ov, 1965). While in the past, the Permian-Triassic granitoid
without associated volcanic rocks were regarded as part of the
basement of the Mesozoic north central Vietnam basin, the
current perspective views the Nui Chua-Phia Bioc contrast-
ing magma complex as a product of the continental crustal
re-melting process (anatexis), similar to the Triassic volca-
nic-intrusive formations. As a result, the crystalline basement
of the Sam Nua basin could be even older. Therefore, the evo-
lutionary history of the north central Vietnam Mesozoic basin
needs to be associated with modern tectonic concepts, partic-
ularly the linkage between the SCB and ICB.
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Fig. 8. Global plate tectonic map of Late Triassic at 200 Ma ago. Molweide Projection. 1-oceanic spreading center and transform faults, 2-
subduction zone, 3-thrust fault, 4-normal fault, 5-transform fault

# darky Paleopos raracomuneria
4 b of South China
#

motion, and the Triassic dextral strike-slip along the late Indosinian faults. In this reconstruction, the Emeishan-Song Da LIP is about 1200 km from
the Ngoc Linh MCC. B: schematic crustal scale cross section from N. China to Kon Tum massif (after Faure et al., 2018)

5. Conclusion

The complex tectonic, magmatic, metamorphic, and de-
formation events that took place and were overprinted in
northwestern Vietnam have made it challenging to pinpoint
the timing of the collision between SCB and ICB in the area.
Despite the complexity of the geological events in this region,
the current recorded evidence suggests that the timing of the
collision is as follows.

During the Ordovician times, the SCB and ICB were sepa-
rated by deep-water basins with thinned continental or possibly
oceanic crust. The first collision between ICB and SCB possibly
occurred during the Late Silurian-Early Devonian, leading to
the formation of a new oceanic basin between the two blocks
during the Late Permian times. This basin's origin is related to
the subduction of the Paleotethys Ocean below ICB, and it is re-
corded by the ophiolite belt consisting of several complexes and
formations. The Indosinian orogeny represents the final stage of
this closure and was marked by magmatic, metamorphic, and
deformation events in various structural zones. The orogeny
was triggered by the accretion of the Sibumasu block to ICB,

leading to the consolidation of a new large Chinese-SE Asian
plate at the Triassic-Jurassic boundary.

The issues that require further clarification from the
aforementioned explanations persist. For instance, there is
limited evidence of oceanic crust remnants during the Ear-
ly Devonian times. Specifically, the specific evidence for the
Permian-Triassic magma period in northwestern Vietnam
does not exhibit typical characteristics of mountain-building
magma but rather is associated with an intra-plate geody-
namic environment. To address this issue, it is necessary to
clarify the nature of Triassic sedimentary-volcanic formations
using quantitative data on their chemical composition, trace
elements, and isotope content, which can be interpreted based
on the principles of petrogenesis.
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